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Disclosing D⇤D̄⇤ molecules in the
<latexit sha1_base64="4wYGGYBjla2DK6pd+WCG1wYXOps=">AAACFXicbVDLTgIxFO3gC/GFunTTCCaGBZlho0uiLFxiIo+EAdIpl6Gh007ajgmZ8B36M7oy6sLEtX9jQRYKntW595yb9pwg5kwb1/1yMmvrG5tb2e3czu7e/kH+8KipZaIoNKjkUrUDooEzAQ3DDId2rIBEAYdWML6e6a17UJpJcWcmMXQjEgo2ZJQYu+rnKz4nKoS0xjTlUjMR4mKtV/IDotLatFcq4khyoAkHjZnAZgTTfr7glt058CrxFqSAFqj38x/+QNIkAmEoJ1p3PDc23ZQowyiHac5PNMSEjkkIHUsFiUB303m2KT4bSjV7Fs/n396URFpPosB6ImJGelmbLf/TOokZXnZTJuLEgKDWYrVhwrGReFYRHjAF1PCJJYQqZn+J6YgoQo0tMmfje8thV0mzUvbcsndbKVSvFkVk0Qk6RefIQxeoim5QHTUQRY/oGb2hd+fBeXJenNcfa8ZZ3ByjP3A+vwGve55q</latexit><latexit sha1_base64="4wYGGYBjla2DK6pd+WCG1wYXOps=">AAACFXicbVDLTgIxFO3gC/GFunTTCCaGBZlho0uiLFxiIo+EAdIpl6Gh007ajgmZ8B36M7oy6sLEtX9jQRYKntW595yb9pwg5kwb1/1yMmvrG5tb2e3czu7e/kH+8KipZaIoNKjkUrUDooEzAQ3DDId2rIBEAYdWML6e6a17UJpJcWcmMXQjEgo2ZJQYu+rnKz4nKoS0xjTlUjMR4mKtV/IDotLatFcq4khyoAkHjZnAZgTTfr7glt058CrxFqSAFqj38x/+QNIkAmEoJ1p3PDc23ZQowyiHac5PNMSEjkkIHUsFiUB303m2KT4bSjV7Fs/n396URFpPosB6ImJGelmbLf/TOokZXnZTJuLEgKDWYrVhwrGReFYRHjAF1PCJJYQqZn+J6YgoQo0tMmfje8thV0mzUvbcsndbKVSvFkVk0Qk6RefIQxeoim5QHTUQRY/oGb2hd+fBeXJenNcfa8ZZ3ByjP3A+vwGve55q</latexit><latexit sha1_base64="4wYGGYBjla2DK6pd+WCG1wYXOps=">AAACFXicbVDLTgIxFO3gC/GFunTTCCaGBZlho0uiLFxiIo+EAdIpl6Gh007ajgmZ8B36M7oy6sLEtX9jQRYKntW595yb9pwg5kwb1/1yMmvrG5tb2e3czu7e/kH+8KipZaIoNKjkUrUDooEzAQ3DDId2rIBEAYdWML6e6a17UJpJcWcmMXQjEgo2ZJQYu+rnKz4nKoS0xjTlUjMR4mKtV/IDotLatFcq4khyoAkHjZnAZgTTfr7glt058CrxFqSAFqj38x/+QNIkAmEoJ1p3PDc23ZQowyiHac5PNMSEjkkIHUsFiUB303m2KT4bSjV7Fs/n396URFpPosB6ImJGelmbLf/TOokZXnZTJuLEgKDWYrVhwrGReFYRHjAF1PCJJYQqZn+J6YgoQo0tMmfje8thV0mzUvbcsndbKVSvFkVk0Qk6RefIQxeoim5QHTUQRY/oGb2hd+fBeXJenNcfa8ZZ3ByjP3A+vwGve55q</latexit><latexit sha1_base64="4wYGGYBjla2DK6pd+WCG1wYXOps=">AAACFXicbVDLTgIxFO3gC/GFunTTCCaGBZlho0uiLFxiIo+EAdIpl6Gh007ajgmZ8B36M7oy6sLEtX9jQRYKntW595yb9pwg5kwb1/1yMmvrG5tb2e3czu7e/kH+8KipZaIoNKjkUrUDooEzAQ3DDId2rIBEAYdWML6e6a17UJpJcWcmMXQjEgo2ZJQYu+rnKz4nKoS0xjTlUjMR4mKtV/IDotLatFcq4khyoAkHjZnAZgTTfr7glt058CrxFqSAFqj38x/+QNIkAmEoJ1p3PDc23ZQowyiHac5PNMSEjkkIHUsFiUB303m2KT4bSjV7Fs/n396URFpPosB6ImJGelmbLf/TOokZXnZTJuLEgKDWYrVhwrGReFYRHjAF1PCJJYQqZn+J6YgoQo0tMmfje8thV0mzUvbcsndbKVSvFkVk0Qk6RefIQxeoim5QHTUQRY/oGb2hd+fBeXJenNcfa8ZZ3ByjP3A+vwGve55q</latexit>

B�
c ! ⇡�J/ ! decay

<latexit sha1_base64="+1EbBlB7mFmFuQzJWM7sc8VdwCw=">AAACE3icbZC7TgJBFIZn8YZ4Qy1tJoKJjbhLoyXBxlhhIpeERXJ2OMDE2UtmZk02Gx5DX0Yro1b6AL6NA26h4Km+Of8/yfl/LxJcadv+snJLyyura/n1wsbm1vZOcXevpcJYMmyyUISy44FCwQNsaq4FdiKJ4HsC297dxVRv36NUPAxudBJhz4dRwIecgTarftF2BcgRprRc76dscntCXR1SN+KGrk7dSHHqhj6OoEwHyCCZ9Islu2LPhi6Ck0GJZNPoFz/cQchiHwPNBCjVdexI91KQmjOBk4IbK4yA3cEIuwYD8FH10lmyCT0ahpLqMdLZ+7c3BV+pxPeMxwc9VvPadPmf1o318LyX8iCKNQbMWIw2jAU1sacF0QGXyLRIDACT3FxJ2RgkMG1qLJj4znzYRWhVK45dca6rpVo9KyJPDsghOSYOOSM1ckkapEkYeSTP5I28Ww/Wk/Vivf5Yc1b2Z5/8GevzG4dbnJc=</latexit><latexit sha1_base64="+1EbBlB7mFmFuQzJWM7sc8VdwCw=">AAACE3icbZC7TgJBFIZn8YZ4Qy1tJoKJjbhLoyXBxlhhIpeERXJ2OMDE2UtmZk02Gx5DX0Yro1b6AL6NA26h4Km+Of8/yfl/LxJcadv+snJLyyura/n1wsbm1vZOcXevpcJYMmyyUISy44FCwQNsaq4FdiKJ4HsC297dxVRv36NUPAxudBJhz4dRwIecgTarftF2BcgRprRc76dscntCXR1SN+KGrk7dSHHqhj6OoEwHyCCZ9Islu2LPhi6Ck0GJZNPoFz/cQchiHwPNBCjVdexI91KQmjOBk4IbK4yA3cEIuwYD8FH10lmyCT0ahpLqMdLZ+7c3BV+pxPeMxwc9VvPadPmf1o318LyX8iCKNQbMWIw2jAU1sacF0QGXyLRIDACT3FxJ2RgkMG1qLJj4znzYRWhVK45dca6rpVo9KyJPDsghOSYOOSM1ckkapEkYeSTP5I28Ww/Wk/Vivf5Yc1b2Z5/8GevzG4dbnJc=</latexit><latexit sha1_base64="+1EbBlB7mFmFuQzJWM7sc8VdwCw=">AAACE3icbZC7TgJBFIZn8YZ4Qy1tJoKJjbhLoyXBxlhhIpeERXJ2OMDE2UtmZk02Gx5DX0Yro1b6AL6NA26h4Km+Of8/yfl/LxJcadv+snJLyyura/n1wsbm1vZOcXevpcJYMmyyUISy44FCwQNsaq4FdiKJ4HsC297dxVRv36NUPAxudBJhz4dRwIecgTarftF2BcgRprRc76dscntCXR1SN+KGrk7dSHHqhj6OoEwHyCCZ9Islu2LPhi6Ck0GJZNPoFz/cQchiHwPNBCjVdexI91KQmjOBk4IbK4yA3cEIuwYD8FH10lmyCT0ahpLqMdLZ+7c3BV+pxPeMxwc9VvPadPmf1o318LyX8iCKNQbMWIw2jAU1sacF0QGXyLRIDACT3FxJ2RgkMG1qLJj4znzYRWhVK45dca6rpVo9KyJPDsghOSYOOSM1ckkapEkYeSTP5I28Ww/Wk/Vivf5Yc1b2Z5/8GevzG4dbnJc=</latexit><latexit sha1_base64="+1EbBlB7mFmFuQzJWM7sc8VdwCw=">AAACE3icbZC7TgJBFIZn8YZ4Qy1tJoKJjbhLoyXBxlhhIpeERXJ2OMDE2UtmZk02Gx5DX0Yro1b6AL6NA26h4Km+Of8/yfl/LxJcadv+snJLyyura/n1wsbm1vZOcXevpcJYMmyyUISy44FCwQNsaq4FdiKJ4HsC297dxVRv36NUPAxudBJhz4dRwIecgTarftF2BcgRprRc76dscntCXR1SN+KGrk7dSHHqhj6OoEwHyCCZ9Islu2LPhi6Ck0GJZNPoFz/cQchiHwPNBCjVdexI91KQmjOBk4IbK4yA3cEIuwYD8FH10lmyCT0ahpLqMdLZ+7c3BV+pxPeMxwc9VvPadPmf1o318LyX8iCKNQbMWIw2jAU1sacF0QGXyLRIDACT3FxJ2RgkMG1qLJj4znzYRWhVK45dca6rpVo9KyJPDsghOSYOOSM1ckkapEkYeSTP5I28Ww/Wk/Vivf5Yc1b2Z5/8GevzG4dbnJc=</latexit>



  Heavy meson decays

FSI

Heavy Meson M1
<latexit sha1_base64="mC4RI1bBACvJcm3XLc4Gh5+V7FU=">AAAB5HicbZDLSgNBEEVr4ivGV9Slm8YguAozIugy6MaNENE8IAmhp1OTNOl50F0jhCF/oCtRd36RP+Df2Imz0MS7Ol33NtQtP1HSkOt+OYWV1bX1jeJmaWt7Z3evvH/QNHGqBTZErGLd9rlBJSNskCSF7UQjD32FLX98PfNbj6iNjKMHmiTYC/kwkoEUnOzo/rbv9csVt+rOxZbBy6ECuer98md3EIs0xIiE4sZ0PDehXsY1SaFwWuqmBhMuxnyIHYsRD9H0svmqU3YSxJrRCNn8/Tub8dCYSejbTMhpZBa92fA/r5NScNnLZJSkhJGwEesFqWIUs1ljNpAaBamJBS60tFsyMeKaC7J3Kdn63mLZZWieVT236t2dV2pX+SGKcATHcAoeXEANbqAODRAwhGd4g3cncJ6cF+f1J1pw8j+H8EfOxze8tYsK</latexit><latexit sha1_base64="mC4RI1bBACvJcm3XLc4Gh5+V7FU=">AAAB5HicbZDLSgNBEEVr4ivGV9Slm8YguAozIugy6MaNENE8IAmhp1OTNOl50F0jhCF/oCtRd36RP+Df2Imz0MS7Ol33NtQtP1HSkOt+OYWV1bX1jeJmaWt7Z3evvH/QNHGqBTZErGLd9rlBJSNskCSF7UQjD32FLX98PfNbj6iNjKMHmiTYC/kwkoEUnOzo/rbv9csVt+rOxZbBy6ECuer98md3EIs0xIiE4sZ0PDehXsY1SaFwWuqmBhMuxnyIHYsRD9H0svmqU3YSxJrRCNn8/Tub8dCYSejbTMhpZBa92fA/r5NScNnLZJSkhJGwEesFqWIUs1ljNpAaBamJBS60tFsyMeKaC7J3Kdn63mLZZWieVT236t2dV2pX+SGKcATHcAoeXEANbqAODRAwhGd4g3cncJ6cF+f1J1pw8j+H8EfOxze8tYsK</latexit><latexit sha1_base64="mC4RI1bBACvJcm3XLc4Gh5+V7FU=">AAAB5HicbZDLSgNBEEVr4ivGV9Slm8YguAozIugy6MaNENE8IAmhp1OTNOl50F0jhCF/oCtRd36RP+Df2Imz0MS7Ol33NtQtP1HSkOt+OYWV1bX1jeJmaWt7Z3evvH/QNHGqBTZErGLd9rlBJSNskCSF7UQjD32FLX98PfNbj6iNjKMHmiTYC/kwkoEUnOzo/rbv9csVt+rOxZbBy6ECuer98md3EIs0xIiE4sZ0PDehXsY1SaFwWuqmBhMuxnyIHYsRD9H0svmqU3YSxJrRCNn8/Tub8dCYSejbTMhpZBa92fA/r5NScNnLZJSkhJGwEesFqWIUs1ljNpAaBamJBS60tFsyMeKaC7J3Kdn63mLZZWieVT236t2dV2pX+SGKcATHcAoeXEANbqAODRAwhGd4g3cncJ6cF+f1J1pw8j+H8EfOxze8tYsK</latexit><latexit sha1_base64="mC4RI1bBACvJcm3XLc4Gh5+V7FU=">AAAB5HicbZDLSgNBEEVr4ivGV9Slm8YguAozIugy6MaNENE8IAmhp1OTNOl50F0jhCF/oCtRd36RP+Df2Imz0MS7Ol33NtQtP1HSkOt+OYWV1bX1jeJmaWt7Z3evvH/QNHGqBTZErGLd9rlBJSNskCSF7UQjD32FLX98PfNbj6iNjKMHmiTYC/kwkoEUnOzo/rbv9csVt+rOxZbBy6ECuer98md3EIs0xIiE4sZ0PDehXsY1SaFwWuqmBhMuxnyIHYsRD9H0svmqU3YSxJrRCNn8/Tub8dCYSejbTMhpZBa92fA/r5NScNnLZJSkhJGwEesFqWIUs1ljNpAaBamJBS60tFsyMeKaC7J3Kdn63mLZZWieVT236t2dV2pX+SGKcATHcAoeXEANbqAODRAwhGd4g3cncJ6cF+f1J1pw8j+H8EfOxze8tYsK</latexit>

M2
<latexit sha1_base64="MGroLhVzIIMgbolD32Wv+6wwUrk=">AAAB5HicbZDLSgNBEEVrfMb4irp00xgEV2EmCLoMunEjRDQPSIbQ06lJmvQ86K4RQsgf6ErUnV/kD/g3duIsNPGuTte9DXUrSJU05Lpfzsrq2vrGZmGruL2zu7dfOjhsmiTTAhsiUYluB9ygkjE2SJLCdqqRR4HCVjC6nvmtR9RGJvEDjVP0Iz6IZSgFJzu6v+1Ve6WyW3HnYsvg5VCGXPVe6bPbT0QWYUxCcWM6npuSP+GapFA4LXYzgykXIz7AjsWYR2j8yXzVKTsNE81oiGz+/p2d8MiYcRTYTMRpaBa92fA/r5NReOlPZJxmhLGwEeuFmWKUsFlj1pcaBamxBS60tFsyMeSaC7J3Kdr63mLZZWhWK55b8e7Oy7Wr/BAFOIYTOAMPLqAGN1CHBggYwDO8wbsTOk/Oi/P6E11x8j9H8EfOxze+M4sL</latexit><latexit sha1_base64="MGroLhVzIIMgbolD32Wv+6wwUrk=">AAAB5HicbZDLSgNBEEVrfMb4irp00xgEV2EmCLoMunEjRDQPSIbQ06lJmvQ86K4RQsgf6ErUnV/kD/g3duIsNPGuTte9DXUrSJU05Lpfzsrq2vrGZmGruL2zu7dfOjhsmiTTAhsiUYluB9ygkjE2SJLCdqqRR4HCVjC6nvmtR9RGJvEDjVP0Iz6IZSgFJzu6v+1Ve6WyW3HnYsvg5VCGXPVe6bPbT0QWYUxCcWM6npuSP+GapFA4LXYzgykXIz7AjsWYR2j8yXzVKTsNE81oiGz+/p2d8MiYcRTYTMRpaBa92fA/r5NReOlPZJxmhLGwEeuFmWKUsFlj1pcaBamxBS60tFsyMeSaC7J3Kdr63mLZZWhWK55b8e7Oy7Wr/BAFOIYTOAMPLqAGN1CHBggYwDO8wbsTOk/Oi/P6E11x8j9H8EfOxze+M4sL</latexit><latexit sha1_base64="MGroLhVzIIMgbolD32Wv+6wwUrk=">AAAB5HicbZDLSgNBEEVrfMb4irp00xgEV2EmCLoMunEjRDQPSIbQ06lJmvQ86K4RQsgf6ErUnV/kD/g3duIsNPGuTte9DXUrSJU05Lpfzsrq2vrGZmGruL2zu7dfOjhsmiTTAhsiUYluB9ygkjE2SJLCdqqRR4HCVjC6nvmtR9RGJvEDjVP0Iz6IZSgFJzu6v+1Ve6WyW3HnYsvg5VCGXPVe6bPbT0QWYUxCcWM6npuSP+GapFA4LXYzgykXIz7AjsWYR2j8yXzVKTsNE81oiGz+/p2d8MiYcRTYTMRpaBa92fA/r5NReOlPZJxmhLGwEeuFmWKUsFlj1pcaBamxBS60tFsyMeSaC7J3Kdr63mLZZWhWK55b8e7Oy7Wr/BAFOIYTOAMPLqAGN1CHBggYwDO8wbsTOk/Oi/P6E11x8j9H8EfOxze+M4sL</latexit><latexit sha1_base64="MGroLhVzIIMgbolD32Wv+6wwUrk=">AAAB5HicbZDLSgNBEEVrfMb4irp00xgEV2EmCLoMunEjRDQPSIbQ06lJmvQ86K4RQsgf6ErUnV/kD/g3duIsNPGuTte9DXUrSJU05Lpfzsrq2vrGZmGruL2zu7dfOjhsmiTTAhsiUYluB9ygkjE2SJLCdqqRR4HCVjC6nvmtR9RGJvEDjVP0Iz6IZSgFJzu6v+1Ve6WyW3HnYsvg5VCGXPVe6bPbT0QWYUxCcWM6npuSP+GapFA4LXYzgykXIz7AjsWYR2j8yXzVKTsNE81oiGz+/p2d8MiYcRTYTMRpaBa92fA/r5NReOlPZJxmhLGwEeuFmWKUsFlj1pcaBamxBS60tFsyMeSaC7J3Kdr63mLZZWhWK55b8e7Oy7Wr/BAFOIYTOAMPLqAGN1CHBggYwDO8wbsTOk/Oi/P6E11x8j9H8EfOxze+M4sL</latexit>

M3
<latexit sha1_base64="1dAR0cuAuOm0D08bgny5y3T/c6M=">AAAB5HicbZDLSgNBEEVr4ivGV9Slm8YguAozKugy6MaNENE8IAmhp1OTNOl50F0jhCF/oCtRd36RP+Df2Imz0Ohdna57G+qWnyhpyHU/ncLS8srqWnG9tLG5tb1T3t1rmjjVAhsiVrFu+9ygkhE2SJLCdqKRh77Clj++mvmtB9RGxtE9TRLshXwYyUAKTnZ0d9M/7ZcrbtWdi/0FL4cK5Kr3yx/dQSzSECMSihvT8dyEehnXJIXCaambGky4GPMhdixGPETTy+arTtlREGtGI2Tz989sxkNjJqFvMyGnkVn0ZsP/vE5KwUUvk1GSEkbCRqwXpIpRzGaN2UBqFKQmFrjQ0m7JxIhrLsjepWTre4tl/0LzpOq5Ve/2rFK7zA9RhAM4hGPw4BxqcA11aICAITzBK7w5gfPoPDsv39GCk//Zh19y3r8Av7GLDA==</latexit><latexit sha1_base64="1dAR0cuAuOm0D08bgny5y3T/c6M=">AAAB5HicbZDLSgNBEEVr4ivGV9Slm8YguAozKugy6MaNENE8IAmhp1OTNOl50F0jhCF/oCtRd36RP+Df2Imz0Ohdna57G+qWnyhpyHU/ncLS8srqWnG9tLG5tb1T3t1rmjjVAhsiVrFu+9ygkhE2SJLCdqKRh77Clj++mvmtB9RGxtE9TRLshXwYyUAKTnZ0d9M/7ZcrbtWdi/0FL4cK5Kr3yx/dQSzSECMSihvT8dyEehnXJIXCaambGky4GPMhdixGPETTy+arTtlREGtGI2Tz989sxkNjJqFvMyGnkVn0ZsP/vE5KwUUvk1GSEkbCRqwXpIpRzGaN2UBqFKQmFrjQ0m7JxIhrLsjepWTre4tl/0LzpOq5Ve/2rFK7zA9RhAM4hGPw4BxqcA11aICAITzBK7w5gfPoPDsv39GCk//Zh19y3r8Av7GLDA==</latexit><latexit sha1_base64="1dAR0cuAuOm0D08bgny5y3T/c6M=">AAAB5HicbZDLSgNBEEVr4ivGV9Slm8YguAozKugy6MaNENE8IAmhp1OTNOl50F0jhCF/oCtRd36RP+Df2Imz0Ohdna57G+qWnyhpyHU/ncLS8srqWnG9tLG5tb1T3t1rmjjVAhsiVrFu+9ygkhE2SJLCdqKRh77Clj++mvmtB9RGxtE9TRLshXwYyUAKTnZ0d9M/7ZcrbtWdi/0FL4cK5Kr3yx/dQSzSECMSihvT8dyEehnXJIXCaambGky4GPMhdixGPETTy+arTtlREGtGI2Tz989sxkNjJqFvMyGnkVn0ZsP/vE5KwUUvk1GSEkbCRqwXpIpRzGaN2UBqFKQmFrjQ0m7JxIhrLsjepWTre4tl/0LzpOq5Ve/2rFK7zA9RhAM4hGPw4BxqcA11aICAITzBK7w5gfPoPDsv39GCk//Zh19y3r8Av7GLDA==</latexit><latexit sha1_base64="1dAR0cuAuOm0D08bgny5y3T/c6M=">AAAB5HicbZDLSgNBEEVr4ivGV9Slm8YguAozKugy6MaNENE8IAmhp1OTNOl50F0jhCF/oCtRd36RP+Df2Imz0Ohdna57G+qWnyhpyHU/ncLS8srqWnG9tLG5tb1T3t1rmjjVAhsiVrFu+9ygkhE2SJLCdqKRh77Clj++mvmtB9RGxtE9TRLshXwYyUAKTnZ0d9M/7ZcrbtWdi/0FL4cK5Kr3yx/dQSzSECMSihvT8dyEehnXJIXCaambGky4GPMhdixGPETTy+arTtlREGtGI2Tz989sxkNjJqFvMyGnkVn0ZsP/vE5KwUUvk1GSEkbCRqwXpIpRzGaN2UBqFKQmFrjQ0m7JxIhrLsjepWTre4tl/0LzpOq5Ve/2rFK7zA9RhAM4hGPw4BxqcA11aICAITzBK7w5gfPoPDsv39GCk//Zh19y3r8Av7GLDA==</latexit>



  Heavy meson decays

FSI

Heavy Meson

B+
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structure used in Refs. [1,2], and ΓXð4140Þ ¼ 19 MeV. In
Refs. [1,2] the authors use both a Breit-Wigner and a
structure incorporating the DsD̄$

s threshold, as suggested
in Ref. [33].
The freedom to fit the data are the parametersA,B, andΓ0.

A suitable fit to the data is obtained as shown in Fig. 5 with
Γ0 ¼ 65.0 % 7.1 MeV (at 68% confidence level), which
together with ΓJ=ψϕ ≃ 22.0 MeV would provide ΓXð4160Þ ≃
87.0 % 7.1 MeV which is compatible with the experimental
width from the PDG of Γ ¼ 139þ111

−61 % 21 MeV. With the
fitted parameters, our results (red solid curve, labeled as
“Full”) are in good agreement with the experimental data
at low J=ψϕ invariant masses, and we also present the
uncertainties of our results in Fig. 5. As we can see in the
figure, we obtain a contribution from the Xð4140Þ (blue
dotted curve) that is dominant at low invariant masses, and is
responsible for the peak observed in the experiment around
4135MeV. TheXð4160Þ (green dashed curve) is responsible
for most of the strength and produces a broader peak around
4170 MeV (we take the mass MXð4160Þ ¼ 4169 MeV as
obtained inRef. [23]).And finally a cusp appears at theD$

sD̄$
s

threshold as it shows up in the experiment. This cusp comes
from the factor GD$

s D̄$
s
ðMinvÞ and reflects the analytical

structure of this functionwith a discontinuity of the derivative
at threshold. One must stress that this factor appears here as
a consequence of analyticity, with a large strength due to
theD$

sD̄$
s molecular structure of the Xð4160Þ. In an analysis

like the one of Refs. [1,2], where a sum of amplitudes for
resonance excitation and some background are fitted to the
data, this factor is not considered, and as a consequence the
cusp aroundD$

sD̄$
s in the data is missed in the fit. To quantify

the improvement in the fit we compute our χ2 up to the datum
of 4240MeV, and compare it with the one of Refs. [1,2]. We
obtained χ2 ¼ 15.3 versus χ2 ¼ 22.8 inRefs. [1,2]. Yetmore
significative than this is the fact thatweobtain the structure of
the peaks in good agreement with experiment, while this is
not the case in Refs. [1,2].
The Flatté effect is visible in Fig. 5 as a sharp fall down of

the invariant mass distribution above the D$
sD̄$

s threshold.

From there on, our fit starts diverting from experiment, but
so it should, since definitely, other contributions from
resonances and backgrounds as discussed in Refs. [1,2],
should be considered. Our point is that the lower part of
the spectrum can be obtained from the contribution of the
Xð4140Þ ð1þþÞ andXð4160Þ ð2þþÞ resonances, theXð4140Þ
is narrow, like determined in most experiments, and the cusp
of the distribution at the D$

sD̄$
s threshold indicates that the

resonance to which the J=ψϕ is coupled in that region is
strongly tied to the D$

sD̄$
s channel.

We have conducted the same fit using MXð4140Þ ¼
4140 MeV (pink dash-dotted curve in Fig. 5, labeled as
“Full*”), and the fit is acceptable but slightly worse in the
first several points of the spectrum.
We should note that, some added 2þþ structures were not

compelling in Refs. [1,2], but once again, our point is that
the 2þþ state that we add comes in the form of an amplitude
Gt that cannot be accommodated by a Breit-Wigner
amplitude as in Refs. [1,2].
To finish the work, and as a test of the explanation given

here, we present in Fig. 6 theD$
sD̄$

s mass distribution above
threshold obtained with the same parameters as in Fig. 5.
This should allow a quantitative comparison with the J=ψϕ
mass distribution of Fig. 5, once this experiment is done,
which we very much encourage.
As we can see in Fig. 6, there is a peak close to threshold,

which should not be misidentified with a new resonance,
but it is the reflection of the Xð4160Þ which in our fit has
the mass at 4169 MeV. The strength at the peak is about
twice the one of the X(4140) in the J=ψϕ distribution,
which guarantees its observability. The B− → K−D$

sD̄$
s

mode is not reported in the PDG, but many modes with one
D$

s already exist. The present work and the prediction, tied
to the interpretation given for the B− → K−J=ψϕ spectrum,
should act as an incentive to measure this reaction and learn
about properties of the Xð4140Þ and Xð4160Þ.
Since there are more observables in the experiment, like

angular distributions, and other information not available to
us, it would also be most convenient that the present ideas
and the new algorithm for the analysis are implemented in
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Heavy Meson

structure used in Refs. [1,2], and ΓXð4140Þ ¼ 19 MeV. In
Refs. [1,2] the authors use both a Breit-Wigner and a
structure incorporating the DsD̄$

s threshold, as suggested
in Ref. [33].
The freedom to fit the data are the parametersA,B, andΓ0.

A suitable fit to the data is obtained as shown in Fig. 5 with
Γ0 ¼ 65.0 % 7.1 MeV (at 68% confidence level), which
together with ΓJ=ψϕ ≃ 22.0 MeV would provide ΓXð4160Þ ≃
87.0 % 7.1 MeV which is compatible with the experimental
width from the PDG of Γ ¼ 139þ111

−61 % 21 MeV. With the
fitted parameters, our results (red solid curve, labeled as
“Full”) are in good agreement with the experimental data
at low J=ψϕ invariant masses, and we also present the
uncertainties of our results in Fig. 5. As we can see in the
figure, we obtain a contribution from the Xð4140Þ (blue
dotted curve) that is dominant at low invariant masses, and is
responsible for the peak observed in the experiment around
4135MeV. TheXð4160Þ (green dashed curve) is responsible
for most of the strength and produces a broader peak around
4170 MeV (we take the mass MXð4160Þ ¼ 4169 MeV as
obtained inRef. [23]).And finally a cusp appears at theD$

sD̄$
s

threshold as it shows up in the experiment. This cusp comes
from the factor GD$

s D̄$
s
ðMinvÞ and reflects the analytical

structure of this functionwith a discontinuity of the derivative
at threshold. One must stress that this factor appears here as
a consequence of analyticity, with a large strength due to
theD$

sD̄$
s molecular structure of the Xð4160Þ. In an analysis

like the one of Refs. [1,2], where a sum of amplitudes for
resonance excitation and some background are fitted to the
data, this factor is not considered, and as a consequence the
cusp aroundD$

sD̄$
s in the data is missed in the fit. To quantify

the improvement in the fit we compute our χ2 up to the datum
of 4240MeV, and compare it with the one of Refs. [1,2]. We
obtained χ2 ¼ 15.3 versus χ2 ¼ 22.8 inRefs. [1,2]. Yetmore
significative than this is the fact thatweobtain the structure of
the peaks in good agreement with experiment, while this is
not the case in Refs. [1,2].
The Flatté effect is visible in Fig. 5 as a sharp fall down of

the invariant mass distribution above the D$
sD̄$

s threshold.

From there on, our fit starts diverting from experiment, but
so it should, since definitely, other contributions from
resonances and backgrounds as discussed in Refs. [1,2],
should be considered. Our point is that the lower part of
the spectrum can be obtained from the contribution of the
Xð4140Þ ð1þþÞ andXð4160Þ ð2þþÞ resonances, theXð4140Þ
is narrow, like determined in most experiments, and the cusp
of the distribution at the D$

sD̄$
s threshold indicates that the

resonance to which the J=ψϕ is coupled in that region is
strongly tied to the D$

sD̄$
s channel.

We have conducted the same fit using MXð4140Þ ¼
4140 MeV (pink dash-dotted curve in Fig. 5, labeled as
“Full*”), and the fit is acceptable but slightly worse in the
first several points of the spectrum.
We should note that, some added 2þþ structures were not

compelling in Refs. [1,2], but once again, our point is that
the 2þþ state that we add comes in the form of an amplitude
Gt that cannot be accommodated by a Breit-Wigner
amplitude as in Refs. [1,2].
To finish the work, and as a test of the explanation given

here, we present in Fig. 6 theD$
sD̄$

s mass distribution above
threshold obtained with the same parameters as in Fig. 5.
This should allow a quantitative comparison with the J=ψϕ
mass distribution of Fig. 5, once this experiment is done,
which we very much encourage.
As we can see in Fig. 6, there is a peak close to threshold,

which should not be misidentified with a new resonance,
but it is the reflection of the Xð4160Þ which in our fit has
the mass at 4169 MeV. The strength at the peak is about
twice the one of the X(4140) in the J=ψϕ distribution,
which guarantees its observability. The B− → K−D$

sD̄$
s

mode is not reported in the PDG, but many modes with one
D$

s already exist. The present work and the prediction, tied
to the interpretation given for the B− → K−J=ψϕ spectrum,
should act as an incentive to measure this reaction and learn
about properties of the Xð4140Þ and Xð4160Þ.
Since there are more observables in the experiment, like

angular distributions, and other information not available to
us, it would also be most convenient that the present ideas
and the new algorithm for the analysis are implemented in
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FIG. 5. The J=ψϕ mass distribution of the B− → K−J=ψϕ
decay. The band comes considering the errors in A, B and Γ0 from
the fit, and represents the 68% confidence level.
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structure used in Refs. [1,2], and ΓXð4140Þ ¼ 19 MeV. In
Refs. [1,2] the authors use both a Breit-Wigner and a
structure incorporating the DsD̄$

s threshold, as suggested
in Ref. [33].
The freedom to fit the data are the parametersA,B, andΓ0.

A suitable fit to the data is obtained as shown in Fig. 5 with
Γ0 ¼ 65.0 % 7.1 MeV (at 68% confidence level), which
together with ΓJ=ψϕ ≃ 22.0 MeV would provide ΓXð4160Þ ≃
87.0 % 7.1 MeV which is compatible with the experimental
width from the PDG of Γ ¼ 139þ111

−61 % 21 MeV. With the
fitted parameters, our results (red solid curve, labeled as
“Full”) are in good agreement with the experimental data
at low J=ψϕ invariant masses, and we also present the
uncertainties of our results in Fig. 5. As we can see in the
figure, we obtain a contribution from the Xð4140Þ (blue
dotted curve) that is dominant at low invariant masses, and is
responsible for the peak observed in the experiment around
4135MeV. TheXð4160Þ (green dashed curve) is responsible
for most of the strength and produces a broader peak around
4170 MeV (we take the mass MXð4160Þ ¼ 4169 MeV as
obtained inRef. [23]).And finally a cusp appears at theD$

sD̄$
s

threshold as it shows up in the experiment. This cusp comes
from the factor GD$

s D̄$
s
ðMinvÞ and reflects the analytical

structure of this functionwith a discontinuity of the derivative
at threshold. One must stress that this factor appears here as
a consequence of analyticity, with a large strength due to
theD$

sD̄$
s molecular structure of the Xð4160Þ. In an analysis

like the one of Refs. [1,2], where a sum of amplitudes for
resonance excitation and some background are fitted to the
data, this factor is not considered, and as a consequence the
cusp aroundD$

sD̄$
s in the data is missed in the fit. To quantify

the improvement in the fit we compute our χ2 up to the datum
of 4240MeV, and compare it with the one of Refs. [1,2]. We
obtained χ2 ¼ 15.3 versus χ2 ¼ 22.8 inRefs. [1,2]. Yetmore
significative than this is the fact thatweobtain the structure of
the peaks in good agreement with experiment, while this is
not the case in Refs. [1,2].
The Flatté effect is visible in Fig. 5 as a sharp fall down of

the invariant mass distribution above the D$
sD̄$

s threshold.

From there on, our fit starts diverting from experiment, but
so it should, since definitely, other contributions from
resonances and backgrounds as discussed in Refs. [1,2],
should be considered. Our point is that the lower part of
the spectrum can be obtained from the contribution of the
Xð4140Þ ð1þþÞ andXð4160Þ ð2þþÞ resonances, theXð4140Þ
is narrow, like determined in most experiments, and the cusp
of the distribution at the D$

sD̄$
s threshold indicates that the

resonance to which the J=ψϕ is coupled in that region is
strongly tied to the D$

sD̄$
s channel.

We have conducted the same fit using MXð4140Þ ¼
4140 MeV (pink dash-dotted curve in Fig. 5, labeled as
“Full*”), and the fit is acceptable but slightly worse in the
first several points of the spectrum.
We should note that, some added 2þþ structures were not

compelling in Refs. [1,2], but once again, our point is that
the 2þþ state that we add comes in the form of an amplitude
Gt that cannot be accommodated by a Breit-Wigner
amplitude as in Refs. [1,2].
To finish the work, and as a test of the explanation given

here, we present in Fig. 6 theD$
sD̄$

s mass distribution above
threshold obtained with the same parameters as in Fig. 5.
This should allow a quantitative comparison with the J=ψϕ
mass distribution of Fig. 5, once this experiment is done,
which we very much encourage.
As we can see in Fig. 6, there is a peak close to threshold,

which should not be misidentified with a new resonance,
but it is the reflection of the Xð4160Þ which in our fit has
the mass at 4169 MeV. The strength at the peak is about
twice the one of the X(4140) in the J=ψϕ distribution,
which guarantees its observability. The B− → K−D$

sD̄$
s

mode is not reported in the PDG, but many modes with one
D$

s already exist. The present work and the prediction, tied
to the interpretation given for the B− → K−J=ψϕ spectrum,
should act as an incentive to measure this reaction and learn
about properties of the Xð4140Þ and Xð4160Þ.
Since there are more observables in the experiment, like

angular distributions, and other information not available to
us, it would also be most convenient that the present ideas
and the new algorithm for the analysis are implemented in
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FIG. 5. The J=ψϕ mass distribution of the B− → K−J=ψϕ
decay. The band comes considering the errors in A, B and Γ0 from
the fit, and represents the 68% confidence level.
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<latexit sha1_base64="FJRZglp2S15r8gpfykvWEaNJv5I=">AAAB+XicbVDLSsNAFL2pr1pfUcGNm8EiCIWaiKDLUjeimwr2AU1aJtNJM3TyYGYilNiP0ZWoO3/DH/BvnNYstPWszr3nXLjneAlnUlnWl1FYWl5ZXSuulzY2t7Z3zN29loxTQWiTxDwWHQ9LyllEm4opTjuJoDj0OG17o6up3n6gQrI4ulfjhLohHkbMZwQrveqbB/VexVExujl1EsmQkwQM3fYqfbNsVa0Z0CKxc1KGHI2++ekMYpKGNFKEYym7tpUoN8NCMcLppOSkkiaYjPCQdjWNcEilm83+n6BjPxZIBRTN5t/eDIdSjkNPe0KsAjmvTZf/ad1U+ZduxqIkVTQi2qI1P+VIR53WgAZMUKL4WBNMBNNfIhJggYnSZZV0fHs+7CJpnVVtq2rfnZdr9byIIhzCEZyADRdQg2toQBMIPMIzvMG7kRlPxovx+mMtGPnNPvyB8fENXoKSGA==</latexit><latexit sha1_base64="FJRZglp2S15r8gpfykvWEaNJv5I=">AAAB+XicbVDLSsNAFL2pr1pfUcGNm8EiCIWaiKDLUjeimwr2AU1aJtNJM3TyYGYilNiP0ZWoO3/DH/BvnNYstPWszr3nXLjneAlnUlnWl1FYWl5ZXSuulzY2t7Z3zN29loxTQWiTxDwWHQ9LyllEm4opTjuJoDj0OG17o6up3n6gQrI4ulfjhLohHkbMZwQrveqbB/VexVExujl1EsmQkwQM3fYqfbNsVa0Z0CKxc1KGHI2++ekMYpKGNFKEYym7tpUoN8NCMcLppOSkkiaYjPCQdjWNcEilm83+n6BjPxZIBRTN5t/eDIdSjkNPe0KsAjmvTZf/ad1U+ZduxqIkVTQi2qI1P+VIR53WgAZMUKL4WBNMBNNfIhJggYnSZZV0fHs+7CJpnVVtq2rfnZdr9byIIhzCEZyADRdQg2toQBMIPMIzvMG7kRlPxovx+mMtGPnNPvyB8fENXoKSGA==</latexit><latexit sha1_base64="FJRZglp2S15r8gpfykvWEaNJv5I=">AAAB+XicbVDLSsNAFL2pr1pfUcGNm8EiCIWaiKDLUjeimwr2AU1aJtNJM3TyYGYilNiP0ZWoO3/DH/BvnNYstPWszr3nXLjneAlnUlnWl1FYWl5ZXSuulzY2t7Z3zN29loxTQWiTxDwWHQ9LyllEm4opTjuJoDj0OG17o6up3n6gQrI4ulfjhLohHkbMZwQrveqbB/VexVExujl1EsmQkwQM3fYqfbNsVa0Z0CKxc1KGHI2++ekMYpKGNFKEYym7tpUoN8NCMcLppOSkkiaYjPCQdjWNcEilm83+n6BjPxZIBRTN5t/eDIdSjkNPe0KsAjmvTZf/ad1U+ZduxqIkVTQi2qI1P+VIR53WgAZMUKL4WBNMBNNfIhJggYnSZZV0fHs+7CJpnVVtq2rfnZdr9byIIhzCEZyADRdQg2toQBMIPMIzvMG7kRlPxovx+mMtGPnNPvyB8fENXoKSGA==</latexit><latexit sha1_base64="FJRZglp2S15r8gpfykvWEaNJv5I=">AAAB+XicbVDLSsNAFL2pr1pfUcGNm8EiCIWaiKDLUjeimwr2AU1aJtNJM3TyYGYilNiP0ZWoO3/DH/BvnNYstPWszr3nXLjneAlnUlnWl1FYWl5ZXSuulzY2t7Z3zN29loxTQWiTxDwWHQ9LyllEm4opTjuJoDj0OG17o6up3n6gQrI4ulfjhLohHkbMZwQrveqbB/VexVExujl1EsmQkwQM3fYqfbNsVa0Z0CKxc1KGHI2++ekMYpKGNFKEYym7tpUoN8NCMcLppOSkkiaYjPCQdjWNcEilm83+n6BjPxZIBRTN5t/eDIdSjkNPe0KsAjmvTZf/ad1U+ZduxqIkVTQi2qI1P+VIR53WgAZMUKL4WBNMBNNfIhJggYnSZZV0fHs+7CJpnVVtq2rfnZdr9byIIhzCEZyADRdQg2toQBMIPMIzvMG7kRlPxovx+mMtGPnNPvyB8fENXoKSGA==</latexit>

PRD 95, 012002 (2017)

K+
<latexit sha1_base64="P1xILCX+UP4iHdgjykww1f0E2M8=">AAAB5HicbZDNSgMxFIXv1L9a/6ou3QSLIAhlRgRdFt0IbiraH2jHkknvtKHJzJBkhDL0DXQl6s4n8gV8G9M6C209qy/3nMA9N0gE18Z1v5zC0vLK6lpxvbSxubW9U97da+o4VQwbLBaxagdUo+ARNgw3AtuJQioDga1gdDX1W4+oNI+jezNO0Jd0EPGQM2rs6O7m4aRXrrhVdyayCF4OFchV75U/u/2YpRIjwwTVuuO5ifEzqgxnAielbqoxoWxEB9ixGFGJ2s9mq07IURgrYoZIZu/f2YxKrccysBlJzVDPe9Phf14nNeGFn/EoSQ1GzEasF6aCmJhMG5M+V8iMGFugTHG7JWFDqigz9i4lW9+bL7sIzdOq51a927NK7TI/RBEO4BCOwYNzqME11KEBDAbwDG/w7oTOk/PivP5EC07+Zx/+yPn4Bq9CiwE=</latexit><latexit sha1_base64="P1xILCX+UP4iHdgjykww1f0E2M8=">AAAB5HicbZDNSgMxFIXv1L9a/6ou3QSLIAhlRgRdFt0IbiraH2jHkknvtKHJzJBkhDL0DXQl6s4n8gV8G9M6C209qy/3nMA9N0gE18Z1v5zC0vLK6lpxvbSxubW9U97da+o4VQwbLBaxagdUo+ARNgw3AtuJQioDga1gdDX1W4+oNI+jezNO0Jd0EPGQM2rs6O7m4aRXrrhVdyayCF4OFchV75U/u/2YpRIjwwTVuuO5ifEzqgxnAielbqoxoWxEB9ixGFGJ2s9mq07IURgrYoZIZu/f2YxKrccysBlJzVDPe9Phf14nNeGFn/EoSQ1GzEasF6aCmJhMG5M+V8iMGFugTHG7JWFDqigz9i4lW9+bL7sIzdOq51a927NK7TI/RBEO4BCOwYNzqME11KEBDAbwDG/w7oTOk/PivP5EC07+Zx/+yPn4Bq9CiwE=</latexit><latexit sha1_base64="P1xILCX+UP4iHdgjykww1f0E2M8=">AAAB5HicbZDNSgMxFIXv1L9a/6ou3QSLIAhlRgRdFt0IbiraH2jHkknvtKHJzJBkhDL0DXQl6s4n8gV8G9M6C209qy/3nMA9N0gE18Z1v5zC0vLK6lpxvbSxubW9U97da+o4VQwbLBaxagdUo+ARNgw3AtuJQioDga1gdDX1W4+oNI+jezNO0Jd0EPGQM2rs6O7m4aRXrrhVdyayCF4OFchV75U/u/2YpRIjwwTVuuO5ifEzqgxnAielbqoxoWxEB9ixGFGJ2s9mq07IURgrYoZIZu/f2YxKrccysBlJzVDPe9Phf14nNeGFn/EoSQ1GzEasF6aCmJhMG5M+V8iMGFugTHG7JWFDqigz9i4lW9+bL7sIzdOq51a927NK7TI/RBEO4BCOwYNzqME11KEBDAbwDG/w7oTOk/PivP5EC07+Zx/+yPn4Bq9CiwE=</latexit><latexit sha1_base64="P1xILCX+UP4iHdgjykww1f0E2M8=">AAAB5HicbZDNSgMxFIXv1L9a/6ou3QSLIAhlRgRdFt0IbiraH2jHkknvtKHJzJBkhDL0DXQl6s4n8gV8G9M6C209qy/3nMA9N0gE18Z1v5zC0vLK6lpxvbSxubW9U97da+o4VQwbLBaxagdUo+ARNgw3AtuJQioDga1gdDX1W4+oNI+jezNO0Jd0EPGQM2rs6O7m4aRXrrhVdyayCF4OFchV75U/u/2YpRIjwwTVuuO5ifEzqgxnAielbqoxoWxEB9ixGFGJ2s9mq07IURgrYoZIZu/f2YxKrccysBlJzVDPe9Phf14nNeGFn/EoSQ1GzEasF6aCmJhMG5M+V8iMGFugTHG7JWFDqigz9i4lW9+bL7sIzdOq51a927NK7TI/RBEO4BCOwYNzqME11KEBDAbwDG/w7oTOk/PivP5EC07+Zx/+yPn4Bq9CiwE=</latexit>

J/ 
<latexit sha1_base64="p3sSbxIDKpDrxUF3bXTs+G+tFGc=">AAAB53icbZDLSgNBEEVrfMb4irp00xgEV3FGBF0G3YirCOYByRB6OpWkTc+D7hohDPkGXYm683/8Af/GTpyFJt7V6bq3oW4FiZKGXPfLWVpeWV1bL2wUN7e2d3ZLe/sNE6daYF3EKtatgBtUMsI6SVLYSjTyMFDYDEbXU7/5iNrIOLqncYJ+yAeR7EvByY4at6edxMhuqexW3JnYIng5lCFXrVv67PRikYYYkVDcmLbnJuRnXJMUCifFTmow4WLEB9i2GPEQjZ/Ntp2w436sGQ2Rzd6/sxkPjRmHgc2EnIZm3psO//PaKfUv/UxGSUoYCRuxXj9VjGI2Lc16UqMgNbbAhZZ2SyaGXHNB9jRFW9+bL7sIjbOK51a8u/Ny9So/RAEO4QhOwIMLqMIN1KAOAh7gGd7g3ZHOk/PivP5El5z8zwH8kfPxDRKijGw=</latexit><latexit sha1_base64="p3sSbxIDKpDrxUF3bXTs+G+tFGc=">AAAB53icbZDLSgNBEEVrfMb4irp00xgEV3FGBF0G3YirCOYByRB6OpWkTc+D7hohDPkGXYm683/8Af/GTpyFJt7V6bq3oW4FiZKGXPfLWVpeWV1bL2wUN7e2d3ZLe/sNE6daYF3EKtatgBtUMsI6SVLYSjTyMFDYDEbXU7/5iNrIOLqncYJ+yAeR7EvByY4at6edxMhuqexW3JnYIng5lCFXrVv67PRikYYYkVDcmLbnJuRnXJMUCifFTmow4WLEB9i2GPEQjZ/Ntp2w436sGQ2Rzd6/sxkPjRmHgc2EnIZm3psO//PaKfUv/UxGSUoYCRuxXj9VjGI2Lc16UqMgNbbAhZZ2SyaGXHNB9jRFW9+bL7sIjbOK51a8u/Ny9So/RAEO4QhOwIMLqMIN1KAOAh7gGd7g3ZHOk/PivP5El5z8zwH8kfPxDRKijGw=</latexit><latexit sha1_base64="p3sSbxIDKpDrxUF3bXTs+G+tFGc=">AAAB53icbZDLSgNBEEVrfMb4irp00xgEV3FGBF0G3YirCOYByRB6OpWkTc+D7hohDPkGXYm683/8Af/GTpyFJt7V6bq3oW4FiZKGXPfLWVpeWV1bL2wUN7e2d3ZLe/sNE6daYF3EKtatgBtUMsI6SVLYSjTyMFDYDEbXU7/5iNrIOLqncYJ+yAeR7EvByY4at6edxMhuqexW3JnYIng5lCFXrVv67PRikYYYkVDcmLbnJuRnXJMUCifFTmow4WLEB9i2GPEQjZ/Ntp2w436sGQ2Rzd6/sxkPjRmHgc2EnIZm3psO//PaKfUv/UxGSUoYCRuxXj9VjGI2Lc16UqMgNbbAhZZ2SyaGXHNB9jRFW9+bL7sIjbOK51a8u/Ny9So/RAEO4QhOwIMLqMIN1KAOAh7gGd7g3ZHOk/PivP5El5z8zwH8kfPxDRKijGw=</latexit><latexit sha1_base64="p3sSbxIDKpDrxUF3bXTs+G+tFGc=">AAAB53icbZDLSgNBEEVrfMb4irp00xgEV3FGBF0G3YirCOYByRB6OpWkTc+D7hohDPkGXYm683/8Af/GTpyFJt7V6bq3oW4FiZKGXPfLWVpeWV1bL2wUN7e2d3ZLe/sNE6daYF3EKtatgBtUMsI6SVLYSjTyMFDYDEbXU7/5iNrIOLqncYJ+yAeR7EvByY4at6edxMhuqexW3JnYIng5lCFXrVv67PRikYYYkVDcmLbnJuRnXJMUCifFTmow4WLEB9i2GPEQjZ/Ntp2w436sGQ2Rzd6/sxkPjRmHgc2EnIZm3psO//PaKfUv/UxGSUoYCRuxXj9VjGI2Lc16UqMgNbbAhZZ2SyaGXHNB9jRFW9+bL7sIjbOK51a8u/Ny9So/RAEO4QhOwIMLqMIN1KAOAh7gGd7g3ZHOk/PivP5El5z8zwH8kfPxDRKijGw=</latexit>

�
<latexit sha1_base64="yixwQ70z/Elfk16CV7OmFxd9NYc=">AAAB5XicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy6MZlBfsDbSiT6U0zdJIJMxOhhD6CrkTd+UK+gG/jpGahrWf1zT1n4J4bpIJr47pfTmVtfWNzq7pd29nd2z+oHx51tcwUww6TQqp+QDUKnmDHcCOwnyqkcSCwF0xvC7/3iEpzmTyYWYp+TCcJDzmjphgN04iP6g236S5EVsEroQGl2qP653AsWRZjYpigWg88NzV+TpXhTOC8Nsw0ppRN6QQHFhMao/bzxa5zchZKRUyEZPH+nc1prPUsDmwmpibSy14x/M8bZCa89nOepJnBhNmI9cJMECNJUZmMuUJmxMwCZYrbLQmLqKLM2MPUbH1vuewqdC+antv07i8brZvyEFU4gVM4Bw+uoAV30IYOMIjgGd7g3Zk4T86L8/oTrTjln2P4I+fjGwGYi9Q=</latexit><latexit sha1_base64="yixwQ70z/Elfk16CV7OmFxd9NYc=">AAAB5XicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy6MZlBfsDbSiT6U0zdJIJMxOhhD6CrkTd+UK+gG/jpGahrWf1zT1n4J4bpIJr47pfTmVtfWNzq7pd29nd2z+oHx51tcwUww6TQqp+QDUKnmDHcCOwnyqkcSCwF0xvC7/3iEpzmTyYWYp+TCcJDzmjphgN04iP6g236S5EVsEroQGl2qP653AsWRZjYpigWg88NzV+TpXhTOC8Nsw0ppRN6QQHFhMao/bzxa5zchZKRUyEZPH+nc1prPUsDmwmpibSy14x/M8bZCa89nOepJnBhNmI9cJMECNJUZmMuUJmxMwCZYrbLQmLqKLM2MPUbH1vuewqdC+antv07i8brZvyEFU4gVM4Bw+uoAV30IYOMIjgGd7g3Zk4T86L8/oTrTjln2P4I+fjGwGYi9Q=</latexit><latexit sha1_base64="yixwQ70z/Elfk16CV7OmFxd9NYc=">AAAB5XicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy6MZlBfsDbSiT6U0zdJIJMxOhhD6CrkTd+UK+gG/jpGahrWf1zT1n4J4bpIJr47pfTmVtfWNzq7pd29nd2z+oHx51tcwUww6TQqp+QDUKnmDHcCOwnyqkcSCwF0xvC7/3iEpzmTyYWYp+TCcJDzmjphgN04iP6g236S5EVsEroQGl2qP653AsWRZjYpigWg88NzV+TpXhTOC8Nsw0ppRN6QQHFhMao/bzxa5zchZKRUyEZPH+nc1prPUsDmwmpibSy14x/M8bZCa89nOepJnBhNmI9cJMECNJUZmMuUJmxMwCZYrbLQmLqKLM2MPUbH1vuewqdC+antv07i8brZvyEFU4gVM4Bw+uoAV30IYOMIjgGd7g3Zk4T86L8/oTrTjln2P4I+fjGwGYi9Q=</latexit><latexit sha1_base64="yixwQ70z/Elfk16CV7OmFxd9NYc=">AAAB5XicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy6MZlBfsDbSiT6U0zdJIJMxOhhD6CrkTd+UK+gG/jpGahrWf1zT1n4J4bpIJr47pfTmVtfWNzq7pd29nd2z+oHx51tcwUww6TQqp+QDUKnmDHcCOwnyqkcSCwF0xvC7/3iEpzmTyYWYp+TCcJDzmjphgN04iP6g236S5EVsEroQGl2qP653AsWRZjYpigWg88NzV+TpXhTOC8Nsw0ppRN6QQHFhMao/bzxa5zchZKRUyEZPH+nc1prPUsDmwmpibSy14x/M8bZCa89nOepJnBhNmI9cJMECNJUZmMuUJmxMwCZYrbLQmLqKLM2MPUbH1vuewqdC+antv07i8brZvyEFU4gVM4Bw+uoAV30IYOMIjgGd7g3Zk4T86L8/oTrTjln2P4I+fjGwGYi9Q=</latexit>

B+
<latexit sha1_base64="b+HmLjBASxYPnJUKox3gA/vRtcE=">AAAB5HicbZDNSgMxFIXv1L9a/6ou3QSLIAhlRgRdlrpxWdH+QDuWTHqnDc1MhiQjlKFvoCtRdz6RL+DbmNZZaOtZfbnnBO65QSK4Nq775RRWVtfWN4qbpa3tnd298v5BS8tUMWwyKaTqBFSj4DE2DTcCO4lCGgUC28H4eua3H1FpLuN7M0nQj+gw5iFn1NjRXf3hrF+uuFV3LrIMXg4VyNXolz97A8nSCGPDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUY0wi1n81XnZKTUCpiRkjm79/ZjEZaT6LAZiJqRnrRmw3/87qpCa/8jMdJajBmNmK9MBXESDJrTAZcITNiYoEyxe2WhI2ooszYu5RsfW+x7DK0zqueW/VuLyq1en6IIhzBMZyCB5dQgxtoQBMYDOEZ3uDdCZ0n58V5/YkWnPzPIfyR8/ENocKK+A==</latexit><latexit sha1_base64="b+HmLjBASxYPnJUKox3gA/vRtcE=">AAAB5HicbZDNSgMxFIXv1L9a/6ou3QSLIAhlRgRdlrpxWdH+QDuWTHqnDc1MhiQjlKFvoCtRdz6RL+DbmNZZaOtZfbnnBO65QSK4Nq775RRWVtfWN4qbpa3tnd298v5BS8tUMWwyKaTqBFSj4DE2DTcCO4lCGgUC28H4eua3H1FpLuN7M0nQj+gw5iFn1NjRXf3hrF+uuFV3LrIMXg4VyNXolz97A8nSCGPDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUY0wi1n81XnZKTUCpiRkjm79/ZjEZaT6LAZiJqRnrRmw3/87qpCa/8jMdJajBmNmK9MBXESDJrTAZcITNiYoEyxe2WhI2ooszYu5RsfW+x7DK0zqueW/VuLyq1en6IIhzBMZyCB5dQgxtoQBMYDOEZ3uDdCZ0n58V5/YkWnPzPIfyR8/ENocKK+A==</latexit><latexit sha1_base64="b+HmLjBASxYPnJUKox3gA/vRtcE=">AAAB5HicbZDNSgMxFIXv1L9a/6ou3QSLIAhlRgRdlrpxWdH+QDuWTHqnDc1MhiQjlKFvoCtRdz6RL+DbmNZZaOtZfbnnBO65QSK4Nq775RRWVtfWN4qbpa3tnd298v5BS8tUMWwyKaTqBFSj4DE2DTcCO4lCGgUC28H4eua3H1FpLuN7M0nQj+gw5iFn1NjRXf3hrF+uuFV3LrIMXg4VyNXolz97A8nSCGPDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUY0wi1n81XnZKTUCpiRkjm79/ZjEZaT6LAZiJqRnrRmw3/87qpCa/8jMdJajBmNmK9MBXESDJrTAZcITNiYoEyxe2WhI2ooszYu5RsfW+x7DK0zqueW/VuLyq1en6IIhzBMZyCB5dQgxtoQBMYDOEZ3uDdCZ0n58V5/YkWnPzPIfyR8/ENocKK+A==</latexit><latexit sha1_base64="b+HmLjBASxYPnJUKox3gA/vRtcE=">AAAB5HicbZDNSgMxFIXv1L9a/6ou3QSLIAhlRgRdlrpxWdH+QDuWTHqnDc1MhiQjlKFvoCtRdz6RL+DbmNZZaOtZfbnnBO65QSK4Nq775RRWVtfWN4qbpa3tnd298v5BS8tUMWwyKaTqBFSj4DE2DTcCO4lCGgUC28H4eua3H1FpLuN7M0nQj+gw5iFn1NjRXf3hrF+uuFV3LrIMXg4VyNXolz97A8nSCGPDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUY0wi1n81XnZKTUCpiRkjm79/ZjEZaT6LAZiJqRnrRmw3/87qpCa/8jMdJajBmNmK9MBXESDJrTAZcITNiYoEyxe2WhI2ooszYu5RsfW+x7DK0zqueW/VuLyq1en6IIhzBMZyCB5dQgxtoQBMYDOEZ3uDdCZ0n58V5/YkWnPzPIfyR8/ENocKK+A==</latexit>

PRD 80, 114013 (2017)

X(4160)
<latexit sha1_base64="OObD+fuIq7Js+mnoFBQQNJ0+Ieo=">AAAB6HicbZDNTgIxFIXv+Iv4h7p000hMcENmDFGXRDcuMZGfBCakU+5ApTOdtB0TMuEddGXUnc/jC/g2FpyFgmf19Z7T5J4bJIJr47pfzsrq2vrGZmGruL2zu7dfOjhsaZkqhk0mhVSdgGoUPMam4UZgJ1FIo0BgOxjfzPz2IyrNZXxvJgn6ER3GPOSMGjtqdyo178I965fKbtWdiyyDl0MZcjX6pc/eQLI0wtgwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi3GNELtZ/N1p+Q0lIqYEZL5+3c2o5HWkyiwmYiakV70ZsP/vG5qwis/43GSGoyZjVgvTAUxksxakwFXyIyYWKBMcbslYSOqKDP2NkVb31ssuwyt86rnVr27Wrl+nR+iAMdwAhXw4BLqcAsNaAKDMTzDG7w7D86T8+K8/kRXnPzPEfyR8/ENNZeLyQ==</latexit><latexit sha1_base64="OObD+fuIq7Js+mnoFBQQNJ0+Ieo=">AAAB6HicbZDNTgIxFIXv+Iv4h7p000hMcENmDFGXRDcuMZGfBCakU+5ApTOdtB0TMuEddGXUnc/jC/g2FpyFgmf19Z7T5J4bJIJr47pfzsrq2vrGZmGruL2zu7dfOjhsaZkqhk0mhVSdgGoUPMam4UZgJ1FIo0BgOxjfzPz2IyrNZXxvJgn6ER3GPOSMGjtqdyo178I965fKbtWdiyyDl0MZcjX6pc/eQLI0wtgwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi3GNELtZ/N1p+Q0lIqYEZL5+3c2o5HWkyiwmYiakV70ZsP/vG5qwis/43GSGoyZjVgvTAUxksxakwFXyIyYWKBMcbslYSOqKDP2NkVb31ssuwyt86rnVr27Wrl+nR+iAMdwAhXw4BLqcAsNaAKDMTzDG7w7D86T8+K8/kRXnPzPEfyR8/ENNZeLyQ==</latexit><latexit sha1_base64="OObD+fuIq7Js+mnoFBQQNJ0+Ieo=">AAAB6HicbZDNTgIxFIXv+Iv4h7p000hMcENmDFGXRDcuMZGfBCakU+5ApTOdtB0TMuEddGXUnc/jC/g2FpyFgmf19Z7T5J4bJIJr47pfzsrq2vrGZmGruL2zu7dfOjhsaZkqhk0mhVSdgGoUPMam4UZgJ1FIo0BgOxjfzPz2IyrNZXxvJgn6ER3GPOSMGjtqdyo178I965fKbtWdiyyDl0MZcjX6pc/eQLI0wtgwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi3GNELtZ/N1p+Q0lIqYEZL5+3c2o5HWkyiwmYiakV70ZsP/vG5qwis/43GSGoyZjVgvTAUxksxakwFXyIyYWKBMcbslYSOqKDP2NkVb31ssuwyt86rnVr27Wrl+nR+iAMdwAhXw4BLqcAsNaAKDMTzDG7w7D86T8+K8/kRXnPzPEfyR8/ENNZeLyQ==</latexit><latexit sha1_base64="OObD+fuIq7Js+mnoFBQQNJ0+Ieo=">AAAB6HicbZDNTgIxFIXv+Iv4h7p000hMcENmDFGXRDcuMZGfBCakU+5ApTOdtB0TMuEddGXUnc/jC/g2FpyFgmf19Z7T5J4bJIJr47pfzsrq2vrGZmGruL2zu7dfOjhsaZkqhk0mhVSdgGoUPMam4UZgJ1FIo0BgOxjfzPz2IyrNZXxvJgn6ER3GPOSMGjtqdyo178I965fKbtWdiyyDl0MZcjX6pc/eQLI0wtgwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi3GNELtZ/N1p+Q0lIqYEZL5+3c2o5HWkyiwmYiakV70ZsP/vG5qwis/43GSGoyZjVgvTAUxksxakwFXyIyYWKBMcbslYSOqKDP2NkVb31ssuwyt86rnVr27Wrl+nR+iAMdwAhXw4BLqcAsNaAKDMTzDG7w7D86T8+K8/kRXnPzPEfyR8/ENNZeLyQ==</latexit>
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structure used in Refs. [1,2], and ΓXð4140Þ ¼ 19 MeV. In
Refs. [1,2] the authors use both a Breit-Wigner and a
structure incorporating the DsD̄$

s threshold, as suggested
in Ref. [33].
The freedom to fit the data are the parametersA,B, andΓ0.

A suitable fit to the data is obtained as shown in Fig. 5 with
Γ0 ¼ 65.0 % 7.1 MeV (at 68% confidence level), which
together with ΓJ=ψϕ ≃ 22.0 MeV would provide ΓXð4160Þ ≃
87.0 % 7.1 MeV which is compatible with the experimental
width from the PDG of Γ ¼ 139þ111

−61 % 21 MeV. With the
fitted parameters, our results (red solid curve, labeled as
“Full”) are in good agreement with the experimental data
at low J=ψϕ invariant masses, and we also present the
uncertainties of our results in Fig. 5. As we can see in the
figure, we obtain a contribution from the Xð4140Þ (blue
dotted curve) that is dominant at low invariant masses, and is
responsible for the peak observed in the experiment around
4135MeV. TheXð4160Þ (green dashed curve) is responsible
for most of the strength and produces a broader peak around
4170 MeV (we take the mass MXð4160Þ ¼ 4169 MeV as
obtained inRef. [23]).And finally a cusp appears at theD$

sD̄$
s

threshold as it shows up in the experiment. This cusp comes
from the factor GD$

s D̄$
s
ðMinvÞ and reflects the analytical

structure of this functionwith a discontinuity of the derivative
at threshold. One must stress that this factor appears here as
a consequence of analyticity, with a large strength due to
theD$

sD̄$
s molecular structure of the Xð4160Þ. In an analysis

like the one of Refs. [1,2], where a sum of amplitudes for
resonance excitation and some background are fitted to the
data, this factor is not considered, and as a consequence the
cusp aroundD$

sD̄$
s in the data is missed in the fit. To quantify

the improvement in the fit we compute our χ2 up to the datum
of 4240MeV, and compare it with the one of Refs. [1,2]. We
obtained χ2 ¼ 15.3 versus χ2 ¼ 22.8 inRefs. [1,2]. Yetmore
significative than this is the fact thatweobtain the structure of
the peaks in good agreement with experiment, while this is
not the case in Refs. [1,2].
The Flatté effect is visible in Fig. 5 as a sharp fall down of

the invariant mass distribution above the D$
sD̄$

s threshold.

From there on, our fit starts diverting from experiment, but
so it should, since definitely, other contributions from
resonances and backgrounds as discussed in Refs. [1,2],
should be considered. Our point is that the lower part of
the spectrum can be obtained from the contribution of the
Xð4140Þ ð1þþÞ andXð4160Þ ð2þþÞ resonances, theXð4140Þ
is narrow, like determined in most experiments, and the cusp
of the distribution at the D$

sD̄$
s threshold indicates that the

resonance to which the J=ψϕ is coupled in that region is
strongly tied to the D$

sD̄$
s channel.

We have conducted the same fit using MXð4140Þ ¼
4140 MeV (pink dash-dotted curve in Fig. 5, labeled as
“Full*”), and the fit is acceptable but slightly worse in the
first several points of the spectrum.
We should note that, some added 2þþ structures were not

compelling in Refs. [1,2], but once again, our point is that
the 2þþ state that we add comes in the form of an amplitude
Gt that cannot be accommodated by a Breit-Wigner
amplitude as in Refs. [1,2].
To finish the work, and as a test of the explanation given

here, we present in Fig. 6 theD$
sD̄$

s mass distribution above
threshold obtained with the same parameters as in Fig. 5.
This should allow a quantitative comparison with the J=ψϕ
mass distribution of Fig. 5, once this experiment is done,
which we very much encourage.
As we can see in Fig. 6, there is a peak close to threshold,

which should not be misidentified with a new resonance,
but it is the reflection of the Xð4160Þ which in our fit has
the mass at 4169 MeV. The strength at the peak is about
twice the one of the X(4140) in the J=ψϕ distribution,
which guarantees its observability. The B− → K−D$

sD̄$
s

mode is not reported in the PDG, but many modes with one
D$

s already exist. The present work and the prediction, tied
to the interpretation given for the B− → K−J=ψϕ spectrum,
should act as an incentive to measure this reaction and learn
about properties of the Xð4140Þ and Xð4160Þ.
Since there are more observables in the experiment, like

angular distributions, and other information not available to
us, it would also be most convenient that the present ideas
and the new algorithm for the analysis are implemented in
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FIG. 5. The J=ψϕ mass distribution of the B− → K−J=ψϕ
decay. The band comes considering the errors in A, B and Γ0 from
the fit, and represents the 68% confidence level.
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PRD 95, 012002 (2017)

K+
<latexit sha1_base64="P1xILCX+UP4iHdgjykww1f0E2M8=">AAAB5HicbZDNSgMxFIXv1L9a/6ou3QSLIAhlRgRdFt0IbiraH2jHkknvtKHJzJBkhDL0DXQl6s4n8gV8G9M6C209qy/3nMA9N0gE18Z1v5zC0vLK6lpxvbSxubW9U97da+o4VQwbLBaxagdUo+ARNgw3AtuJQioDga1gdDX1W4+oNI+jezNO0Jd0EPGQM2rs6O7m4aRXrrhVdyayCF4OFchV75U/u/2YpRIjwwTVuuO5ifEzqgxnAielbqoxoWxEB9ixGFGJ2s9mq07IURgrYoZIZu/f2YxKrccysBlJzVDPe9Phf14nNeGFn/EoSQ1GzEasF6aCmJhMG5M+V8iMGFugTHG7JWFDqigz9i4lW9+bL7sIzdOq51a927NK7TI/RBEO4BCOwYNzqME11KEBDAbwDG/w7oTOk/PivP5EC07+Zx/+yPn4Bq9CiwE=</latexit><latexit sha1_base64="P1xILCX+UP4iHdgjykww1f0E2M8=">AAAB5HicbZDNSgMxFIXv1L9a/6ou3QSLIAhlRgRdFt0IbiraH2jHkknvtKHJzJBkhDL0DXQl6s4n8gV8G9M6C209qy/3nMA9N0gE18Z1v5zC0vLK6lpxvbSxubW9U97da+o4VQwbLBaxagdUo+ARNgw3AtuJQioDga1gdDX1W4+oNI+jezNO0Jd0EPGQM2rs6O7m4aRXrrhVdyayCF4OFchV75U/u/2YpRIjwwTVuuO5ifEzqgxnAielbqoxoWxEB9ixGFGJ2s9mq07IURgrYoZIZu/f2YxKrccysBlJzVDPe9Phf14nNeGFn/EoSQ1GzEasF6aCmJhMG5M+V8iMGFugTHG7JWFDqigz9i4lW9+bL7sIzdOq51a927NK7TI/RBEO4BCOwYNzqME11KEBDAbwDG/w7oTOk/PivP5EC07+Zx/+yPn4Bq9CiwE=</latexit><latexit sha1_base64="P1xILCX+UP4iHdgjykww1f0E2M8=">AAAB5HicbZDNSgMxFIXv1L9a/6ou3QSLIAhlRgRdFt0IbiraH2jHkknvtKHJzJBkhDL0DXQl6s4n8gV8G9M6C209qy/3nMA9N0gE18Z1v5zC0vLK6lpxvbSxubW9U97da+o4VQwbLBaxagdUo+ARNgw3AtuJQioDga1gdDX1W4+oNI+jezNO0Jd0EPGQM2rs6O7m4aRXrrhVdyayCF4OFchV75U/u/2YpRIjwwTVuuO5ifEzqgxnAielbqoxoWxEB9ixGFGJ2s9mq07IURgrYoZIZu/f2YxKrccysBlJzVDPe9Phf14nNeGFn/EoSQ1GzEasF6aCmJhMG5M+V8iMGFugTHG7JWFDqigz9i4lW9+bL7sIzdOq51a927NK7TI/RBEO4BCOwYNzqME11KEBDAbwDG/w7oTOk/PivP5EC07+Zx/+yPn4Bq9CiwE=</latexit><latexit sha1_base64="P1xILCX+UP4iHdgjykww1f0E2M8=">AAAB5HicbZDNSgMxFIXv1L9a/6ou3QSLIAhlRgRdFt0IbiraH2jHkknvtKHJzJBkhDL0DXQl6s4n8gV8G9M6C209qy/3nMA9N0gE18Z1v5zC0vLK6lpxvbSxubW9U97da+o4VQwbLBaxagdUo+ARNgw3AtuJQioDga1gdDX1W4+oNI+jezNO0Jd0EPGQM2rs6O7m4aRXrrhVdyayCF4OFchV75U/u/2YpRIjwwTVuuO5ifEzqgxnAielbqoxoWxEB9ixGFGJ2s9mq07IURgrYoZIZu/f2YxKrccysBlJzVDPe9Phf14nNeGFn/EoSQ1GzEasF6aCmJhMG5M+V8iMGFugTHG7JWFDqigz9i4lW9+bL7sIzdOq51a927NK7TI/RBEO4BCOwYNzqME11KEBDAbwDG/w7oTOk/PivP5EC07+Zx/+yPn4Bq9CiwE=</latexit>

J/ 
<latexit sha1_base64="p3sSbxIDKpDrxUF3bXTs+G+tFGc=">AAAB53icbZDLSgNBEEVrfMb4irp00xgEV3FGBF0G3YirCOYByRB6OpWkTc+D7hohDPkGXYm683/8Af/GTpyFJt7V6bq3oW4FiZKGXPfLWVpeWV1bL2wUN7e2d3ZLe/sNE6daYF3EKtatgBtUMsI6SVLYSjTyMFDYDEbXU7/5iNrIOLqncYJ+yAeR7EvByY4at6edxMhuqexW3JnYIng5lCFXrVv67PRikYYYkVDcmLbnJuRnXJMUCifFTmow4WLEB9i2GPEQjZ/Ntp2w436sGQ2Rzd6/sxkPjRmHgc2EnIZm3psO//PaKfUv/UxGSUoYCRuxXj9VjGI2Lc16UqMgNbbAhZZ2SyaGXHNB9jRFW9+bL7sIjbOK51a8u/Ny9So/RAEO4QhOwIMLqMIN1KAOAh7gGd7g3ZHOk/PivP5El5z8zwH8kfPxDRKijGw=</latexit><latexit sha1_base64="p3sSbxIDKpDrxUF3bXTs+G+tFGc=">AAAB53icbZDLSgNBEEVrfMb4irp00xgEV3FGBF0G3YirCOYByRB6OpWkTc+D7hohDPkGXYm683/8Af/GTpyFJt7V6bq3oW4FiZKGXPfLWVpeWV1bL2wUN7e2d3ZLe/sNE6daYF3EKtatgBtUMsI6SVLYSjTyMFDYDEbXU7/5iNrIOLqncYJ+yAeR7EvByY4at6edxMhuqexW3JnYIng5lCFXrVv67PRikYYYkVDcmLbnJuRnXJMUCifFTmow4WLEB9i2GPEQjZ/Ntp2w436sGQ2Rzd6/sxkPjRmHgc2EnIZm3psO//PaKfUv/UxGSUoYCRuxXj9VjGI2Lc16UqMgNbbAhZZ2SyaGXHNB9jRFW9+bL7sIjbOK51a8u/Ny9So/RAEO4QhOwIMLqMIN1KAOAh7gGd7g3ZHOk/PivP5El5z8zwH8kfPxDRKijGw=</latexit><latexit sha1_base64="p3sSbxIDKpDrxUF3bXTs+G+tFGc=">AAAB53icbZDLSgNBEEVrfMb4irp00xgEV3FGBF0G3YirCOYByRB6OpWkTc+D7hohDPkGXYm683/8Af/GTpyFJt7V6bq3oW4FiZKGXPfLWVpeWV1bL2wUN7e2d3ZLe/sNE6daYF3EKtatgBtUMsI6SVLYSjTyMFDYDEbXU7/5iNrIOLqncYJ+yAeR7EvByY4at6edxMhuqexW3JnYIng5lCFXrVv67PRikYYYkVDcmLbnJuRnXJMUCifFTmow4WLEB9i2GPEQjZ/Ntp2w436sGQ2Rzd6/sxkPjRmHgc2EnIZm3psO//PaKfUv/UxGSUoYCRuxXj9VjGI2Lc16UqMgNbbAhZZ2SyaGXHNB9jRFW9+bL7sIjbOK51a8u/Ny9So/RAEO4QhOwIMLqMIN1KAOAh7gGd7g3ZHOk/PivP5El5z8zwH8kfPxDRKijGw=</latexit><latexit sha1_base64="p3sSbxIDKpDrxUF3bXTs+G+tFGc=">AAAB53icbZDLSgNBEEVrfMb4irp00xgEV3FGBF0G3YirCOYByRB6OpWkTc+D7hohDPkGXYm683/8Af/GTpyFJt7V6bq3oW4FiZKGXPfLWVpeWV1bL2wUN7e2d3ZLe/sNE6daYF3EKtatgBtUMsI6SVLYSjTyMFDYDEbXU7/5iNrIOLqncYJ+yAeR7EvByY4at6edxMhuqexW3JnYIng5lCFXrVv67PRikYYYkVDcmLbnJuRnXJMUCifFTmow4WLEB9i2GPEQjZ/Ntp2w436sGQ2Rzd6/sxkPjRmHgc2EnIZm3psO//PaKfUv/UxGSUoYCRuxXj9VjGI2Lc16UqMgNbbAhZZ2SyaGXHNB9jRFW9+bL7sIjbOK51a8u/Ny9So/RAEO4QhOwIMLqMIN1KAOAh7gGd7g3ZHOk/PivP5El5z8zwH8kfPxDRKijGw=</latexit>

�
<latexit sha1_base64="yixwQ70z/Elfk16CV7OmFxd9NYc=">AAAB5XicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy6MZlBfsDbSiT6U0zdJIJMxOhhD6CrkTd+UK+gG/jpGahrWf1zT1n4J4bpIJr47pfTmVtfWNzq7pd29nd2z+oHx51tcwUww6TQqp+QDUKnmDHcCOwnyqkcSCwF0xvC7/3iEpzmTyYWYp+TCcJDzmjphgN04iP6g236S5EVsEroQGl2qP653AsWRZjYpigWg88NzV+TpXhTOC8Nsw0ppRN6QQHFhMao/bzxa5zchZKRUyEZPH+nc1prPUsDmwmpibSy14x/M8bZCa89nOepJnBhNmI9cJMECNJUZmMuUJmxMwCZYrbLQmLqKLM2MPUbH1vuewqdC+antv07i8brZvyEFU4gVM4Bw+uoAV30IYOMIjgGd7g3Zk4T86L8/oTrTjln2P4I+fjGwGYi9Q=</latexit><latexit sha1_base64="yixwQ70z/Elfk16CV7OmFxd9NYc=">AAAB5XicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy6MZlBfsDbSiT6U0zdJIJMxOhhD6CrkTd+UK+gG/jpGahrWf1zT1n4J4bpIJr47pfTmVtfWNzq7pd29nd2z+oHx51tcwUww6TQqp+QDUKnmDHcCOwnyqkcSCwF0xvC7/3iEpzmTyYWYp+TCcJDzmjphgN04iP6g236S5EVsEroQGl2qP653AsWRZjYpigWg88NzV+TpXhTOC8Nsw0ppRN6QQHFhMao/bzxa5zchZKRUyEZPH+nc1prPUsDmwmpibSy14x/M8bZCa89nOepJnBhNmI9cJMECNJUZmMuUJmxMwCZYrbLQmLqKLM2MPUbH1vuewqdC+antv07i8brZvyEFU4gVM4Bw+uoAV30IYOMIjgGd7g3Zk4T86L8/oTrTjln2P4I+fjGwGYi9Q=</latexit><latexit sha1_base64="yixwQ70z/Elfk16CV7OmFxd9NYc=">AAAB5XicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy6MZlBfsDbSiT6U0zdJIJMxOhhD6CrkTd+UK+gG/jpGahrWf1zT1n4J4bpIJr47pfTmVtfWNzq7pd29nd2z+oHx51tcwUww6TQqp+QDUKnmDHcCOwnyqkcSCwF0xvC7/3iEpzmTyYWYp+TCcJDzmjphgN04iP6g236S5EVsEroQGl2qP653AsWRZjYpigWg88NzV+TpXhTOC8Nsw0ppRN6QQHFhMao/bzxa5zchZKRUyEZPH+nc1prPUsDmwmpibSy14x/M8bZCa89nOepJnBhNmI9cJMECNJUZmMuUJmxMwCZYrbLQmLqKLM2MPUbH1vuewqdC+antv07i8brZvyEFU4gVM4Bw+uoAV30IYOMIjgGd7g3Zk4T86L8/oTrTjln2P4I+fjGwGYi9Q=</latexit><latexit sha1_base64="yixwQ70z/Elfk16CV7OmFxd9NYc=">AAAB5XicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy6MZlBfsDbSiT6U0zdJIJMxOhhD6CrkTd+UK+gG/jpGahrWf1zT1n4J4bpIJr47pfTmVtfWNzq7pd29nd2z+oHx51tcwUww6TQqp+QDUKnmDHcCOwnyqkcSCwF0xvC7/3iEpzmTyYWYp+TCcJDzmjphgN04iP6g236S5EVsEroQGl2qP653AsWRZjYpigWg88NzV+TpXhTOC8Nsw0ppRN6QQHFhMao/bzxa5zchZKRUyEZPH+nc1prPUsDmwmpibSy14x/M8bZCa89nOepJnBhNmI9cJMECNJUZmMuUJmxMwCZYrbLQmLqKLM2MPUbH1vuewqdC+antv07i8brZvyEFU4gVM4Bw+uoAV30IYOMIjgGd7g3Zk4T86L8/oTrTjln2P4I+fjGwGYi9Q=</latexit>

B+
<latexit sha1_base64="b+HmLjBASxYPnJUKox3gA/vRtcE=">AAAB5HicbZDNSgMxFIXv1L9a/6ou3QSLIAhlRgRdlrpxWdH+QDuWTHqnDc1MhiQjlKFvoCtRdz6RL+DbmNZZaOtZfbnnBO65QSK4Nq775RRWVtfWN4qbpa3tnd298v5BS8tUMWwyKaTqBFSj4DE2DTcCO4lCGgUC28H4eua3H1FpLuN7M0nQj+gw5iFn1NjRXf3hrF+uuFV3LrIMXg4VyNXolz97A8nSCGPDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUY0wi1n81XnZKTUCpiRkjm79/ZjEZaT6LAZiJqRnrRmw3/87qpCa/8jMdJajBmNmK9MBXESDJrTAZcITNiYoEyxe2WhI2ooszYu5RsfW+x7DK0zqueW/VuLyq1en6IIhzBMZyCB5dQgxtoQBMYDOEZ3uDdCZ0n58V5/YkWnPzPIfyR8/ENocKK+A==</latexit><latexit sha1_base64="b+HmLjBASxYPnJUKox3gA/vRtcE=">AAAB5HicbZDNSgMxFIXv1L9a/6ou3QSLIAhlRgRdlrpxWdH+QDuWTHqnDc1MhiQjlKFvoCtRdz6RL+DbmNZZaOtZfbnnBO65QSK4Nq775RRWVtfWN4qbpa3tnd298v5BS8tUMWwyKaTqBFSj4DE2DTcCO4lCGgUC28H4eua3H1FpLuN7M0nQj+gw5iFn1NjRXf3hrF+uuFV3LrIMXg4VyNXolz97A8nSCGPDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUY0wi1n81XnZKTUCpiRkjm79/ZjEZaT6LAZiJqRnrRmw3/87qpCa/8jMdJajBmNmK9MBXESDJrTAZcITNiYoEyxe2WhI2ooszYu5RsfW+x7DK0zqueW/VuLyq1en6IIhzBMZyCB5dQgxtoQBMYDOEZ3uDdCZ0n58V5/YkWnPzPIfyR8/ENocKK+A==</latexit><latexit sha1_base64="b+HmLjBASxYPnJUKox3gA/vRtcE=">AAAB5HicbZDNSgMxFIXv1L9a/6ou3QSLIAhlRgRdlrpxWdH+QDuWTHqnDc1MhiQjlKFvoCtRdz6RL+DbmNZZaOtZfbnnBO65QSK4Nq775RRWVtfWN4qbpa3tnd298v5BS8tUMWwyKaTqBFSj4DE2DTcCO4lCGgUC28H4eua3H1FpLuN7M0nQj+gw5iFn1NjRXf3hrF+uuFV3LrIMXg4VyNXolz97A8nSCGPDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUY0wi1n81XnZKTUCpiRkjm79/ZjEZaT6LAZiJqRnrRmw3/87qpCa/8jMdJajBmNmK9MBXESDJrTAZcITNiYoEyxe2WhI2ooszYu5RsfW+x7DK0zqueW/VuLyq1en6IIhzBMZyCB5dQgxtoQBMYDOEZ3uDdCZ0n58V5/YkWnPzPIfyR8/ENocKK+A==</latexit><latexit sha1_base64="b+HmLjBASxYPnJUKox3gA/vRtcE=">AAAB5HicbZDNSgMxFIXv1L9a/6ou3QSLIAhlRgRdlrpxWdH+QDuWTHqnDc1MhiQjlKFvoCtRdz6RL+DbmNZZaOtZfbnnBO65QSK4Nq775RRWVtfWN4qbpa3tnd298v5BS8tUMWwyKaTqBFSj4DE2DTcCO4lCGgUC28H4eua3H1FpLuN7M0nQj+gw5iFn1NjRXf3hrF+uuFV3LrIMXg4VyNXolz97A8nSCGPDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUY0wi1n81XnZKTUCpiRkjm79/ZjEZaT6LAZiJqRnrRmw3/87qpCa/8jMdJajBmNmK9MBXESDJrTAZcITNiYoEyxe2WhI2ooszYu5RsfW+x7DK0zqueW/VuLyq1en6IIhzBMZyCB5dQgxtoQBMYDOEZ3uDdCZ0n58V5/YkWnPzPIfyR8/ENocKK+A==</latexit>

PRD 80, 114013 (2017)

X(4160)
<latexit sha1_base64="OObD+fuIq7Js+mnoFBQQNJ0+Ieo=">AAAB6HicbZDNTgIxFIXv+Iv4h7p000hMcENmDFGXRDcuMZGfBCakU+5ApTOdtB0TMuEddGXUnc/jC/g2FpyFgmf19Z7T5J4bJIJr47pfzsrq2vrGZmGruL2zu7dfOjhsaZkqhk0mhVSdgGoUPMam4UZgJ1FIo0BgOxjfzPz2IyrNZXxvJgn6ER3GPOSMGjtqdyo178I965fKbtWdiyyDl0MZcjX6pc/eQLI0wtgwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi3GNELtZ/N1p+Q0lIqYEZL5+3c2o5HWkyiwmYiakV70ZsP/vG5qwis/43GSGoyZjVgvTAUxksxakwFXyIyYWKBMcbslYSOqKDP2NkVb31ssuwyt86rnVr27Wrl+nR+iAMdwAhXw4BLqcAsNaAKDMTzDG7w7D86T8+K8/kRXnPzPEfyR8/ENNZeLyQ==</latexit><latexit sha1_base64="OObD+fuIq7Js+mnoFBQQNJ0+Ieo=">AAAB6HicbZDNTgIxFIXv+Iv4h7p000hMcENmDFGXRDcuMZGfBCakU+5ApTOdtB0TMuEddGXUnc/jC/g2FpyFgmf19Z7T5J4bJIJr47pfzsrq2vrGZmGruL2zu7dfOjhsaZkqhk0mhVSdgGoUPMam4UZgJ1FIo0BgOxjfzPz2IyrNZXxvJgn6ER3GPOSMGjtqdyo178I965fKbtWdiyyDl0MZcjX6pc/eQLI0wtgwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi3GNELtZ/N1p+Q0lIqYEZL5+3c2o5HWkyiwmYiakV70ZsP/vG5qwis/43GSGoyZjVgvTAUxksxakwFXyIyYWKBMcbslYSOqKDP2NkVb31ssuwyt86rnVr27Wrl+nR+iAMdwAhXw4BLqcAsNaAKDMTzDG7w7D86T8+K8/kRXnPzPEfyR8/ENNZeLyQ==</latexit><latexit sha1_base64="OObD+fuIq7Js+mnoFBQQNJ0+Ieo=">AAAB6HicbZDNTgIxFIXv+Iv4h7p000hMcENmDFGXRDcuMZGfBCakU+5ApTOdtB0TMuEddGXUnc/jC/g2FpyFgmf19Z7T5J4bJIJr47pfzsrq2vrGZmGruL2zu7dfOjhsaZkqhk0mhVSdgGoUPMam4UZgJ1FIo0BgOxjfzPz2IyrNZXxvJgn6ER3GPOSMGjtqdyo178I965fKbtWdiyyDl0MZcjX6pc/eQLI0wtgwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi3GNELtZ/N1p+Q0lIqYEZL5+3c2o5HWkyiwmYiakV70ZsP/vG5qwis/43GSGoyZjVgvTAUxksxakwFXyIyYWKBMcbslYSOqKDP2NkVb31ssuwyt86rnVr27Wrl+nR+iAMdwAhXw4BLqcAsNaAKDMTzDG7w7D86T8+K8/kRXnPzPEfyR8/ENNZeLyQ==</latexit><latexit sha1_base64="OObD+fuIq7Js+mnoFBQQNJ0+Ieo=">AAAB6HicbZDNTgIxFIXv+Iv4h7p000hMcENmDFGXRDcuMZGfBCakU+5ApTOdtB0TMuEddGXUnc/jC/g2FpyFgmf19Z7T5J4bJIJr47pfzsrq2vrGZmGruL2zu7dfOjhsaZkqhk0mhVSdgGoUPMam4UZgJ1FIo0BgOxjfzPz2IyrNZXxvJgn6ER3GPOSMGjtqdyo178I965fKbtWdiyyDl0MZcjX6pc/eQLI0wtgwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi3GNELtZ/N1p+Q0lIqYEZL5+3c2o5HWkyiwmYiakV70ZsP/vG5qwis/43GSGoyZjVgvTAUxksxakwFXyIyYWKBMcbslYSOqKDP2NkVb31ssuwyt86rnVr27Wrl+nR+iAMdwAhXw4BLqcAsNaAKDMTzDG7w7D86T8+K8/kRXnPzPEfyR8/ENNZeLyQ==</latexit>

D⇤
sD̄

⇤
s
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structure used in Refs. [1,2], and ΓXð4140Þ ¼ 19 MeV. In
Refs. [1,2] the authors use both a Breit-Wigner and a
structure incorporating the DsD̄$

s threshold, as suggested
in Ref. [33].
The freedom to fit the data are the parametersA,B, andΓ0.

A suitable fit to the data is obtained as shown in Fig. 5 with
Γ0 ¼ 65.0 % 7.1 MeV (at 68% confidence level), which
together with ΓJ=ψϕ ≃ 22.0 MeV would provide ΓXð4160Þ ≃
87.0 % 7.1 MeV which is compatible with the experimental
width from the PDG of Γ ¼ 139þ111

−61 % 21 MeV. With the
fitted parameters, our results (red solid curve, labeled as
“Full”) are in good agreement with the experimental data
at low J=ψϕ invariant masses, and we also present the
uncertainties of our results in Fig. 5. As we can see in the
figure, we obtain a contribution from the Xð4140Þ (blue
dotted curve) that is dominant at low invariant masses, and is
responsible for the peak observed in the experiment around
4135MeV. TheXð4160Þ (green dashed curve) is responsible
for most of the strength and produces a broader peak around
4170 MeV (we take the mass MXð4160Þ ¼ 4169 MeV as
obtained inRef. [23]).And finally a cusp appears at theD$

sD̄$
s

threshold as it shows up in the experiment. This cusp comes
from the factor GD$

s D̄$
s
ðMinvÞ and reflects the analytical

structure of this functionwith a discontinuity of the derivative
at threshold. One must stress that this factor appears here as
a consequence of analyticity, with a large strength due to
theD$

sD̄$
s molecular structure of the Xð4160Þ. In an analysis

like the one of Refs. [1,2], where a sum of amplitudes for
resonance excitation and some background are fitted to the
data, this factor is not considered, and as a consequence the
cusp aroundD$

sD̄$
s in the data is missed in the fit. To quantify

the improvement in the fit we compute our χ2 up to the datum
of 4240MeV, and compare it with the one of Refs. [1,2]. We
obtained χ2 ¼ 15.3 versus χ2 ¼ 22.8 inRefs. [1,2]. Yetmore
significative than this is the fact thatweobtain the structure of
the peaks in good agreement with experiment, while this is
not the case in Refs. [1,2].
The Flatté effect is visible in Fig. 5 as a sharp fall down of

the invariant mass distribution above the D$
sD̄$

s threshold.

From there on, our fit starts diverting from experiment, but
so it should, since definitely, other contributions from
resonances and backgrounds as discussed in Refs. [1,2],
should be considered. Our point is that the lower part of
the spectrum can be obtained from the contribution of the
Xð4140Þ ð1þþÞ andXð4160Þ ð2þþÞ resonances, theXð4140Þ
is narrow, like determined in most experiments, and the cusp
of the distribution at the D$

sD̄$
s threshold indicates that the

resonance to which the J=ψϕ is coupled in that region is
strongly tied to the D$

sD̄$
s channel.

We have conducted the same fit using MXð4140Þ ¼
4140 MeV (pink dash-dotted curve in Fig. 5, labeled as
“Full*”), and the fit is acceptable but slightly worse in the
first several points of the spectrum.
We should note that, some added 2þþ structures were not

compelling in Refs. [1,2], but once again, our point is that
the 2þþ state that we add comes in the form of an amplitude
Gt that cannot be accommodated by a Breit-Wigner
amplitude as in Refs. [1,2].
To finish the work, and as a test of the explanation given

here, we present in Fig. 6 theD$
sD̄$

s mass distribution above
threshold obtained with the same parameters as in Fig. 5.
This should allow a quantitative comparison with the J=ψϕ
mass distribution of Fig. 5, once this experiment is done,
which we very much encourage.
As we can see in Fig. 6, there is a peak close to threshold,

which should not be misidentified with a new resonance,
but it is the reflection of the Xð4160Þ which in our fit has
the mass at 4169 MeV. The strength at the peak is about
twice the one of the X(4140) in the J=ψϕ distribution,
which guarantees its observability. The B− → K−D$

sD̄$
s

mode is not reported in the PDG, but many modes with one
D$

s already exist. The present work and the prediction, tied
to the interpretation given for the B− → K−J=ψϕ spectrum,
should act as an incentive to measure this reaction and learn
about properties of the Xð4140Þ and Xð4160Þ.
Since there are more observables in the experiment, like

angular distributions, and other information not available to
us, it would also be most convenient that the present ideas
and the new algorithm for the analysis are implemented in
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FIG. 5. The J=ψϕ mass distribution of the B− → K−J=ψϕ
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the fit, and represents the 68% confidence level.
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<latexit sha1_base64="P1xILCX+UP4iHdgjykww1f0E2M8=">AAAB5HicbZDNSgMxFIXv1L9a/6ou3QSLIAhlRgRdFt0IbiraH2jHkknvtKHJzJBkhDL0DXQl6s4n8gV8G9M6C209qy/3nMA9N0gE18Z1v5zC0vLK6lpxvbSxubW9U97da+o4VQwbLBaxagdUo+ARNgw3AtuJQioDga1gdDX1W4+oNI+jezNO0Jd0EPGQM2rs6O7m4aRXrrhVdyayCF4OFchV75U/u/2YpRIjwwTVuuO5ifEzqgxnAielbqoxoWxEB9ixGFGJ2s9mq07IURgrYoZIZu/f2YxKrccysBlJzVDPe9Phf14nNeGFn/EoSQ1GzEasF6aCmJhMG5M+V8iMGFugTHG7JWFDqigz9i4lW9+bL7sIzdOq51a927NK7TI/RBEO4BCOwYNzqME11KEBDAbwDG/w7oTOk/PivP5EC07+Zx/+yPn4Bq9CiwE=</latexit><latexit sha1_base64="P1xILCX+UP4iHdgjykww1f0E2M8=">AAAB5HicbZDNSgMxFIXv1L9a/6ou3QSLIAhlRgRdFt0IbiraH2jHkknvtKHJzJBkhDL0DXQl6s4n8gV8G9M6C209qy/3nMA9N0gE18Z1v5zC0vLK6lpxvbSxubW9U97da+o4VQwbLBaxagdUo+ARNgw3AtuJQioDga1gdDX1W4+oNI+jezNO0Jd0EPGQM2rs6O7m4aRXrrhVdyayCF4OFchV75U/u/2YpRIjwwTVuuO5ifEzqgxnAielbqoxoWxEB9ixGFGJ2s9mq07IURgrYoZIZu/f2YxKrccysBlJzVDPe9Phf14nNeGFn/EoSQ1GzEasF6aCmJhMG5M+V8iMGFugTHG7JWFDqigz9i4lW9+bL7sIzdOq51a927NK7TI/RBEO4BCOwYNzqME11KEBDAbwDG/w7oTOk/PivP5EC07+Zx/+yPn4Bq9CiwE=</latexit><latexit sha1_base64="P1xILCX+UP4iHdgjykww1f0E2M8=">AAAB5HicbZDNSgMxFIXv1L9a/6ou3QSLIAhlRgRdFt0IbiraH2jHkknvtKHJzJBkhDL0DXQl6s4n8gV8G9M6C209qy/3nMA9N0gE18Z1v5zC0vLK6lpxvbSxubW9U97da+o4VQwbLBaxagdUo+ARNgw3AtuJQioDga1gdDX1W4+oNI+jezNO0Jd0EPGQM2rs6O7m4aRXrrhVdyayCF4OFchV75U/u/2YpRIjwwTVuuO5ifEzqgxnAielbqoxoWxEB9ixGFGJ2s9mq07IURgrYoZIZu/f2YxKrccysBlJzVDPe9Phf14nNeGFn/EoSQ1GzEasF6aCmJhMG5M+V8iMGFugTHG7JWFDqigz9i4lW9+bL7sIzdOq51a927NK7TI/RBEO4BCOwYNzqME11KEBDAbwDG/w7oTOk/PivP5EC07+Zx/+yPn4Bq9CiwE=</latexit><latexit sha1_base64="P1xILCX+UP4iHdgjykww1f0E2M8=">AAAB5HicbZDNSgMxFIXv1L9a/6ou3QSLIAhlRgRdFt0IbiraH2jHkknvtKHJzJBkhDL0DXQl6s4n8gV8G9M6C209qy/3nMA9N0gE18Z1v5zC0vLK6lpxvbSxubW9U97da+o4VQwbLBaxagdUo+ARNgw3AtuJQioDga1gdDX1W4+oNI+jezNO0Jd0EPGQM2rs6O7m4aRXrrhVdyayCF4OFchV75U/u/2YpRIjwwTVuuO5ifEzqgxnAielbqoxoWxEB9ixGFGJ2s9mq07IURgrYoZIZu/f2YxKrccysBlJzVDPe9Phf14nNeGFn/EoSQ1GzEasF6aCmJhMG5M+V8iMGFugTHG7JWFDqigz9i4lW9+bL7sIzdOq51a927NK7TI/RBEO4BCOwYNzqME11KEBDAbwDG/w7oTOk/PivP5EC07+Zx/+yPn4Bq9CiwE=</latexit>

J/ 
<latexit sha1_base64="p3sSbxIDKpDrxUF3bXTs+G+tFGc=">AAAB53icbZDLSgNBEEVrfMb4irp00xgEV3FGBF0G3YirCOYByRB6OpWkTc+D7hohDPkGXYm683/8Af/GTpyFJt7V6bq3oW4FiZKGXPfLWVpeWV1bL2wUN7e2d3ZLe/sNE6daYF3EKtatgBtUMsI6SVLYSjTyMFDYDEbXU7/5iNrIOLqncYJ+yAeR7EvByY4at6edxMhuqexW3JnYIng5lCFXrVv67PRikYYYkVDcmLbnJuRnXJMUCifFTmow4WLEB9i2GPEQjZ/Ntp2w436sGQ2Rzd6/sxkPjRmHgc2EnIZm3psO//PaKfUv/UxGSUoYCRuxXj9VjGI2Lc16UqMgNbbAhZZ2SyaGXHNB9jRFW9+bL7sIjbOK51a8u/Ny9So/RAEO4QhOwIMLqMIN1KAOAh7gGd7g3ZHOk/PivP5El5z8zwH8kfPxDRKijGw=</latexit><latexit sha1_base64="p3sSbxIDKpDrxUF3bXTs+G+tFGc=">AAAB53icbZDLSgNBEEVrfMb4irp00xgEV3FGBF0G3YirCOYByRB6OpWkTc+D7hohDPkGXYm683/8Af/GTpyFJt7V6bq3oW4FiZKGXPfLWVpeWV1bL2wUN7e2d3ZLe/sNE6daYF3EKtatgBtUMsI6SVLYSjTyMFDYDEbXU7/5iNrIOLqncYJ+yAeR7EvByY4at6edxMhuqexW3JnYIng5lCFXrVv67PRikYYYkVDcmLbnJuRnXJMUCifFTmow4WLEB9i2GPEQjZ/Ntp2w436sGQ2Rzd6/sxkPjRmHgc2EnIZm3psO//PaKfUv/UxGSUoYCRuxXj9VjGI2Lc16UqMgNbbAhZZ2SyaGXHNB9jRFW9+bL7sIjbOK51a8u/Ny9So/RAEO4QhOwIMLqMIN1KAOAh7gGd7g3ZHOk/PivP5El5z8zwH8kfPxDRKijGw=</latexit><latexit sha1_base64="p3sSbxIDKpDrxUF3bXTs+G+tFGc=">AAAB53icbZDLSgNBEEVrfMb4irp00xgEV3FGBF0G3YirCOYByRB6OpWkTc+D7hohDPkGXYm683/8Af/GTpyFJt7V6bq3oW4FiZKGXPfLWVpeWV1bL2wUN7e2d3ZLe/sNE6daYF3EKtatgBtUMsI6SVLYSjTyMFDYDEbXU7/5iNrIOLqncYJ+yAeR7EvByY4at6edxMhuqexW3JnYIng5lCFXrVv67PRikYYYkVDcmLbnJuRnXJMUCifFTmow4WLEB9i2GPEQjZ/Ntp2w436sGQ2Rzd6/sxkPjRmHgc2EnIZm3psO//PaKfUv/UxGSUoYCRuxXj9VjGI2Lc16UqMgNbbAhZZ2SyaGXHNB9jRFW9+bL7sIjbOK51a8u/Ny9So/RAEO4QhOwIMLqMIN1KAOAh7gGd7g3ZHOk/PivP5El5z8zwH8kfPxDRKijGw=</latexit><latexit sha1_base64="p3sSbxIDKpDrxUF3bXTs+G+tFGc=">AAAB53icbZDLSgNBEEVrfMb4irp00xgEV3FGBF0G3YirCOYByRB6OpWkTc+D7hohDPkGXYm683/8Af/GTpyFJt7V6bq3oW4FiZKGXPfLWVpeWV1bL2wUN7e2d3ZLe/sNE6daYF3EKtatgBtUMsI6SVLYSjTyMFDYDEbXU7/5iNrIOLqncYJ+yAeR7EvByY4at6edxMhuqexW3JnYIng5lCFXrVv67PRikYYYkVDcmLbnJuRnXJMUCifFTmow4WLEB9i2GPEQjZ/Ntp2w436sGQ2Rzd6/sxkPjRmHgc2EnIZm3psO//PaKfUv/UxGSUoYCRuxXj9VjGI2Lc16UqMgNbbAhZZ2SyaGXHNB9jRFW9+bL7sIjbOK51a8u/Ny9So/RAEO4QhOwIMLqMIN1KAOAh7gGd7g3ZHOk/PivP5El5z8zwH8kfPxDRKijGw=</latexit>

�
<latexit sha1_base64="yixwQ70z/Elfk16CV7OmFxd9NYc=">AAAB5XicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy6MZlBfsDbSiT6U0zdJIJMxOhhD6CrkTd+UK+gG/jpGahrWf1zT1n4J4bpIJr47pfTmVtfWNzq7pd29nd2z+oHx51tcwUww6TQqp+QDUKnmDHcCOwnyqkcSCwF0xvC7/3iEpzmTyYWYp+TCcJDzmjphgN04iP6g236S5EVsEroQGl2qP653AsWRZjYpigWg88NzV+TpXhTOC8Nsw0ppRN6QQHFhMao/bzxa5zchZKRUyEZPH+nc1prPUsDmwmpibSy14x/M8bZCa89nOepJnBhNmI9cJMECNJUZmMuUJmxMwCZYrbLQmLqKLM2MPUbH1vuewqdC+antv07i8brZvyEFU4gVM4Bw+uoAV30IYOMIjgGd7g3Zk4T86L8/oTrTjln2P4I+fjGwGYi9Q=</latexit><latexit sha1_base64="yixwQ70z/Elfk16CV7OmFxd9NYc=">AAAB5XicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy6MZlBfsDbSiT6U0zdJIJMxOhhD6CrkTd+UK+gG/jpGahrWf1zT1n4J4bpIJr47pfTmVtfWNzq7pd29nd2z+oHx51tcwUww6TQqp+QDUKnmDHcCOwnyqkcSCwF0xvC7/3iEpzmTyYWYp+TCcJDzmjphgN04iP6g236S5EVsEroQGl2qP653AsWRZjYpigWg88NzV+TpXhTOC8Nsw0ppRN6QQHFhMao/bzxa5zchZKRUyEZPH+nc1prPUsDmwmpibSy14x/M8bZCa89nOepJnBhNmI9cJMECNJUZmMuUJmxMwCZYrbLQmLqKLM2MPUbH1vuewqdC+antv07i8brZvyEFU4gVM4Bw+uoAV30IYOMIjgGd7g3Zk4T86L8/oTrTjln2P4I+fjGwGYi9Q=</latexit><latexit sha1_base64="yixwQ70z/Elfk16CV7OmFxd9NYc=">AAAB5XicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy6MZlBfsDbSiT6U0zdJIJMxOhhD6CrkTd+UK+gG/jpGahrWf1zT1n4J4bpIJr47pfTmVtfWNzq7pd29nd2z+oHx51tcwUww6TQqp+QDUKnmDHcCOwnyqkcSCwF0xvC7/3iEpzmTyYWYp+TCcJDzmjphgN04iP6g236S5EVsEroQGl2qP653AsWRZjYpigWg88NzV+TpXhTOC8Nsw0ppRN6QQHFhMao/bzxa5zchZKRUyEZPH+nc1prPUsDmwmpibSy14x/M8bZCa89nOepJnBhNmI9cJMECNJUZmMuUJmxMwCZYrbLQmLqKLM2MPUbH1vuewqdC+antv07i8brZvyEFU4gVM4Bw+uoAV30IYOMIjgGd7g3Zk4T86L8/oTrTjln2P4I+fjGwGYi9Q=</latexit><latexit sha1_base64="yixwQ70z/Elfk16CV7OmFxd9NYc=">AAAB5XicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy6MZlBfsDbSiT6U0zdJIJMxOhhD6CrkTd+UK+gG/jpGahrWf1zT1n4J4bpIJr47pfTmVtfWNzq7pd29nd2z+oHx51tcwUww6TQqp+QDUKnmDHcCOwnyqkcSCwF0xvC7/3iEpzmTyYWYp+TCcJDzmjphgN04iP6g236S5EVsEroQGl2qP653AsWRZjYpigWg88NzV+TpXhTOC8Nsw0ppRN6QQHFhMao/bzxa5zchZKRUyEZPH+nc1prPUsDmwmpibSy14x/M8bZCa89nOepJnBhNmI9cJMECNJUZmMuUJmxMwCZYrbLQmLqKLM2MPUbH1vuewqdC+antv07i8brZvyEFU4gVM4Bw+uoAV30IYOMIjgGd7g3Zk4T86L8/oTrTjln2P4I+fjGwGYi9Q=</latexit>

B+
<latexit sha1_base64="b+HmLjBASxYPnJUKox3gA/vRtcE=">AAAB5HicbZDNSgMxFIXv1L9a/6ou3QSLIAhlRgRdlrpxWdH+QDuWTHqnDc1MhiQjlKFvoCtRdz6RL+DbmNZZaOtZfbnnBO65QSK4Nq775RRWVtfWN4qbpa3tnd298v5BS8tUMWwyKaTqBFSj4DE2DTcCO4lCGgUC28H4eua3H1FpLuN7M0nQj+gw5iFn1NjRXf3hrF+uuFV3LrIMXg4VyNXolz97A8nSCGPDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUY0wi1n81XnZKTUCpiRkjm79/ZjEZaT6LAZiJqRnrRmw3/87qpCa/8jMdJajBmNmK9MBXESDJrTAZcITNiYoEyxe2WhI2ooszYu5RsfW+x7DK0zqueW/VuLyq1en6IIhzBMZyCB5dQgxtoQBMYDOEZ3uDdCZ0n58V5/YkWnPzPIfyR8/ENocKK+A==</latexit><latexit sha1_base64="b+HmLjBASxYPnJUKox3gA/vRtcE=">AAAB5HicbZDNSgMxFIXv1L9a/6ou3QSLIAhlRgRdlrpxWdH+QDuWTHqnDc1MhiQjlKFvoCtRdz6RL+DbmNZZaOtZfbnnBO65QSK4Nq775RRWVtfWN4qbpa3tnd298v5BS8tUMWwyKaTqBFSj4DE2DTcCO4lCGgUC28H4eua3H1FpLuN7M0nQj+gw5iFn1NjRXf3hrF+uuFV3LrIMXg4VyNXolz97A8nSCGPDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUY0wi1n81XnZKTUCpiRkjm79/ZjEZaT6LAZiJqRnrRmw3/87qpCa/8jMdJajBmNmK9MBXESDJrTAZcITNiYoEyxe2WhI2ooszYu5RsfW+x7DK0zqueW/VuLyq1en6IIhzBMZyCB5dQgxtoQBMYDOEZ3uDdCZ0n58V5/YkWnPzPIfyR8/ENocKK+A==</latexit><latexit sha1_base64="b+HmLjBASxYPnJUKox3gA/vRtcE=">AAAB5HicbZDNSgMxFIXv1L9a/6ou3QSLIAhlRgRdlrpxWdH+QDuWTHqnDc1MhiQjlKFvoCtRdz6RL+DbmNZZaOtZfbnnBO65QSK4Nq775RRWVtfWN4qbpa3tnd298v5BS8tUMWwyKaTqBFSj4DE2DTcCO4lCGgUC28H4eua3H1FpLuN7M0nQj+gw5iFn1NjRXf3hrF+uuFV3LrIMXg4VyNXolz97A8nSCGPDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUY0wi1n81XnZKTUCpiRkjm79/ZjEZaT6LAZiJqRnrRmw3/87qpCa/8jMdJajBmNmK9MBXESDJrTAZcITNiYoEyxe2WhI2ooszYu5RsfW+x7DK0zqueW/VuLyq1en6IIhzBMZyCB5dQgxtoQBMYDOEZ3uDdCZ0n58V5/YkWnPzPIfyR8/ENocKK+A==</latexit><latexit sha1_base64="b+HmLjBASxYPnJUKox3gA/vRtcE=">AAAB5HicbZDNSgMxFIXv1L9a/6ou3QSLIAhlRgRdlrpxWdH+QDuWTHqnDc1MhiQjlKFvoCtRdz6RL+DbmNZZaOtZfbnnBO65QSK4Nq775RRWVtfWN4qbpa3tnd298v5BS8tUMWwyKaTqBFSj4DE2DTcCO4lCGgUC28H4eua3H1FpLuN7M0nQj+gw5iFn1NjRXf3hrF+uuFV3LrIMXg4VyNXolz97A8nSCGPDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUY0wi1n81XnZKTUCpiRkjm79/ZjEZaT6LAZiJqRnrRmw3/87qpCa/8jMdJajBmNmK9MBXESDJrTAZcITNiYoEyxe2WhI2ooszYu5RsfW+x7DK0zqueW/VuLyq1en6IIhzBMZyCB5dQgxtoQBMYDOEZ3uDdCZ0n58V5/YkWnPzPIfyR8/ENocKK+A==</latexit>
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X(4160)
<latexit sha1_base64="OObD+fuIq7Js+mnoFBQQNJ0+Ieo=">AAAB6HicbZDNTgIxFIXv+Iv4h7p000hMcENmDFGXRDcuMZGfBCakU+5ApTOdtB0TMuEddGXUnc/jC/g2FpyFgmf19Z7T5J4bJIJr47pfzsrq2vrGZmGruL2zu7dfOjhsaZkqhk0mhVSdgGoUPMam4UZgJ1FIo0BgOxjfzPz2IyrNZXxvJgn6ER3GPOSMGjtqdyo178I965fKbtWdiyyDl0MZcjX6pc/eQLI0wtgwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi3GNELtZ/N1p+Q0lIqYEZL5+3c2o5HWkyiwmYiakV70ZsP/vG5qwis/43GSGoyZjVgvTAUxksxakwFXyIyYWKBMcbslYSOqKDP2NkVb31ssuwyt86rnVr27Wrl+nR+iAMdwAhXw4BLqcAsNaAKDMTzDG7w7D86T8+K8/kRXnPzPEfyR8/ENNZeLyQ==</latexit><latexit sha1_base64="OObD+fuIq7Js+mnoFBQQNJ0+Ieo=">AAAB6HicbZDNTgIxFIXv+Iv4h7p000hMcENmDFGXRDcuMZGfBCakU+5ApTOdtB0TMuEddGXUnc/jC/g2FpyFgmf19Z7T5J4bJIJr47pfzsrq2vrGZmGruL2zu7dfOjhsaZkqhk0mhVSdgGoUPMam4UZgJ1FIo0BgOxjfzPz2IyrNZXxvJgn6ER3GPOSMGjtqdyo178I965fKbtWdiyyDl0MZcjX6pc/eQLI0wtgwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi3GNELtZ/N1p+Q0lIqYEZL5+3c2o5HWkyiwmYiakV70ZsP/vG5qwis/43GSGoyZjVgvTAUxksxakwFXyIyYWKBMcbslYSOqKDP2NkVb31ssuwyt86rnVr27Wrl+nR+iAMdwAhXw4BLqcAsNaAKDMTzDG7w7D86T8+K8/kRXnPzPEfyR8/ENNZeLyQ==</latexit><latexit sha1_base64="OObD+fuIq7Js+mnoFBQQNJ0+Ieo=">AAAB6HicbZDNTgIxFIXv+Iv4h7p000hMcENmDFGXRDcuMZGfBCakU+5ApTOdtB0TMuEddGXUnc/jC/g2FpyFgmf19Z7T5J4bJIJr47pfzsrq2vrGZmGruL2zu7dfOjhsaZkqhk0mhVSdgGoUPMam4UZgJ1FIo0BgOxjfzPz2IyrNZXxvJgn6ER3GPOSMGjtqdyo178I965fKbtWdiyyDl0MZcjX6pc/eQLI0wtgwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi3GNELtZ/N1p+Q0lIqYEZL5+3c2o5HWkyiwmYiakV70ZsP/vG5qwis/43GSGoyZjVgvTAUxksxakwFXyIyYWKBMcbslYSOqKDP2NkVb31ssuwyt86rnVr27Wrl+nR+iAMdwAhXw4BLqcAsNaAKDMTzDG7w7D86T8+K8/kRXnPzPEfyR8/ENNZeLyQ==</latexit><latexit sha1_base64="OObD+fuIq7Js+mnoFBQQNJ0+Ieo=">AAAB6HicbZDNTgIxFIXv+Iv4h7p000hMcENmDFGXRDcuMZGfBCakU+5ApTOdtB0TMuEddGXUnc/jC/g2FpyFgmf19Z7T5J4bJIJr47pfzsrq2vrGZmGruL2zu7dfOjhsaZkqhk0mhVSdgGoUPMam4UZgJ1FIo0BgOxjfzPz2IyrNZXxvJgn6ER3GPOSMGjtqdyo178I965fKbtWdiyyDl0MZcjX6pc/eQLI0wtgwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi3GNELtZ/N1p+Q0lIqYEZL5+3c2o5HWkyiwmYiakV70ZsP/vG5qwis/43GSGoyZjVgvTAUxksxakwFXyIyYWKBMcbslYSOqKDP2NkVb31ssuwyt86rnVr27Wrl+nR+iAMdwAhXw4BLqcAsNaAKDMTzDG7w7D86T8+K8/kRXnPzPEfyR8/ENNZeLyQ==</latexit>

D⇤
sD̄

⇤
s

<latexit sha1_base64="Xv56ieEjGhUreiko1AHpovZqhcw=">AAAB83icbZDLSsNAFIZPvNZ6i7p0M1gEcVESEXRZtAuXFewF2hgm09N26OTCzKRQQp9EV6LufBNfwLdxUrPQ1n/1zfn/gXP+IBFcacf5slZW19Y3Nktb5e2d3b19++CwpeJUMmyyWMSyE1CFgkfY1FwL7CQSaRgIbAfj29xvT1AqHkcPepqgF9JhxAecUW1Gvm3XffV43guozOqzHH274lSducgyuAVUoFDDtz97/ZilIUaaCapU13US7WVUas4Ezsq9VGFC2ZgOsWswoiEqL5tvPiOng1gSPUIyf//OZjRUahoGJhNSPVKLXj78z+umenDtZTxKUo0RMxHjDVJBdEzyAkifS2RaTA1QJrnZkrARlZRpU1PZnO8uHrsMrYuq61Td+8tK7aYoogTHcAJn4MIV1OAOGtAEBhN4hjd4t1LryXqxXn+iK1bx5wj+yPr4BpCokKU=</latexit><latexit sha1_base64="Xv56ieEjGhUreiko1AHpovZqhcw=">AAAB83icbZDLSsNAFIZPvNZ6i7p0M1gEcVESEXRZtAuXFewF2hgm09N26OTCzKRQQp9EV6LufBNfwLdxUrPQ1n/1zfn/gXP+IBFcacf5slZW19Y3Nktb5e2d3b19++CwpeJUMmyyWMSyE1CFgkfY1FwL7CQSaRgIbAfj29xvT1AqHkcPepqgF9JhxAecUW1Gvm3XffV43guozOqzHH274lSducgyuAVUoFDDtz97/ZilIUaaCapU13US7WVUas4Ezsq9VGFC2ZgOsWswoiEqL5tvPiOng1gSPUIyf//OZjRUahoGJhNSPVKLXj78z+umenDtZTxKUo0RMxHjDVJBdEzyAkifS2RaTA1QJrnZkrARlZRpU1PZnO8uHrsMrYuq61Td+8tK7aYoogTHcAJn4MIV1OAOGtAEBhN4hjd4t1LryXqxXn+iK1bx5wj+yPr4BpCokKU=</latexit><latexit sha1_base64="Xv56ieEjGhUreiko1AHpovZqhcw=">AAAB83icbZDLSsNAFIZPvNZ6i7p0M1gEcVESEXRZtAuXFewF2hgm09N26OTCzKRQQp9EV6LufBNfwLdxUrPQ1n/1zfn/gXP+IBFcacf5slZW19Y3Nktb5e2d3b19++CwpeJUMmyyWMSyE1CFgkfY1FwL7CQSaRgIbAfj29xvT1AqHkcPepqgF9JhxAecUW1Gvm3XffV43guozOqzHH274lSducgyuAVUoFDDtz97/ZilIUaaCapU13US7WVUas4Ezsq9VGFC2ZgOsWswoiEqL5tvPiOng1gSPUIyf//OZjRUahoGJhNSPVKLXj78z+umenDtZTxKUo0RMxHjDVJBdEzyAkifS2RaTA1QJrnZkrARlZRpU1PZnO8uHrsMrYuq61Td+8tK7aYoogTHcAJn4MIV1OAOGtAEBhN4hjd4t1LryXqxXn+iK1bx5wj+yPr4BpCokKU=</latexit><latexit sha1_base64="Xv56ieEjGhUreiko1AHpovZqhcw=">AAAB83icbZDLSsNAFIZPvNZ6i7p0M1gEcVESEXRZtAuXFewF2hgm09N26OTCzKRQQp9EV6LufBNfwLdxUrPQ1n/1zfn/gXP+IBFcacf5slZW19Y3Nktb5e2d3b19++CwpeJUMmyyWMSyE1CFgkfY1FwL7CQSaRgIbAfj29xvT1AqHkcPepqgF9JhxAecUW1Gvm3XffV43guozOqzHH274lSducgyuAVUoFDDtz97/ZilIUaaCapU13US7WVUas4Ezsq9VGFC2ZgOsWswoiEqL5tvPiOng1gSPUIyf//OZjRUahoGJhNSPVKLXj78z+umenDtZTxKUo0RMxHjDVJBdEzyAkifS2RaTA1QJrnZkrARlZRpU1PZnO8uHrsMrYuq61Td+8tK7aYoogTHcAJn4MIV1OAOGtAEBhN4hjd4t1LryXqxXn+iK1bx5wj+yPr4BpCokKU=</latexit>
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structure used in Refs. [1,2], and ΓXð4140Þ ¼ 19 MeV. In
Refs. [1,2] the authors use both a Breit-Wigner and a
structure incorporating the DsD̄$

s threshold, as suggested
in Ref. [33].
The freedom to fit the data are the parametersA,B, andΓ0.

A suitable fit to the data is obtained as shown in Fig. 5 with
Γ0 ¼ 65.0 % 7.1 MeV (at 68% confidence level), which
together with ΓJ=ψϕ ≃ 22.0 MeV would provide ΓXð4160Þ ≃
87.0 % 7.1 MeV which is compatible with the experimental
width from the PDG of Γ ¼ 139þ111

−61 % 21 MeV. With the
fitted parameters, our results (red solid curve, labeled as
“Full”) are in good agreement with the experimental data
at low J=ψϕ invariant masses, and we also present the
uncertainties of our results in Fig. 5. As we can see in the
figure, we obtain a contribution from the Xð4140Þ (blue
dotted curve) that is dominant at low invariant masses, and is
responsible for the peak observed in the experiment around
4135MeV. TheXð4160Þ (green dashed curve) is responsible
for most of the strength and produces a broader peak around
4170 MeV (we take the mass MXð4160Þ ¼ 4169 MeV as
obtained inRef. [23]).And finally a cusp appears at theD$

sD̄$
s

threshold as it shows up in the experiment. This cusp comes
from the factor GD$

s D̄$
s
ðMinvÞ and reflects the analytical

structure of this functionwith a discontinuity of the derivative
at threshold. One must stress that this factor appears here as
a consequence of analyticity, with a large strength due to
theD$

sD̄$
s molecular structure of the Xð4160Þ. In an analysis

like the one of Refs. [1,2], where a sum of amplitudes for
resonance excitation and some background are fitted to the
data, this factor is not considered, and as a consequence the
cusp aroundD$

sD̄$
s in the data is missed in the fit. To quantify

the improvement in the fit we compute our χ2 up to the datum
of 4240MeV, and compare it with the one of Refs. [1,2]. We
obtained χ2 ¼ 15.3 versus χ2 ¼ 22.8 inRefs. [1,2]. Yetmore
significative than this is the fact thatweobtain the structure of
the peaks in good agreement with experiment, while this is
not the case in Refs. [1,2].
The Flatté effect is visible in Fig. 5 as a sharp fall down of

the invariant mass distribution above the D$
sD̄$

s threshold.

From there on, our fit starts diverting from experiment, but
so it should, since definitely, other contributions from
resonances and backgrounds as discussed in Refs. [1,2],
should be considered. Our point is that the lower part of
the spectrum can be obtained from the contribution of the
Xð4140Þ ð1þþÞ andXð4160Þ ð2þþÞ resonances, theXð4140Þ
is narrow, like determined in most experiments, and the cusp
of the distribution at the D$

sD̄$
s threshold indicates that the

resonance to which the J=ψϕ is coupled in that region is
strongly tied to the D$

sD̄$
s channel.

We have conducted the same fit using MXð4140Þ ¼
4140 MeV (pink dash-dotted curve in Fig. 5, labeled as
“Full*”), and the fit is acceptable but slightly worse in the
first several points of the spectrum.
We should note that, some added 2þþ structures were not

compelling in Refs. [1,2], but once again, our point is that
the 2þþ state that we add comes in the form of an amplitude
Gt that cannot be accommodated by a Breit-Wigner
amplitude as in Refs. [1,2].
To finish the work, and as a test of the explanation given

here, we present in Fig. 6 theD$
sD̄$

s mass distribution above
threshold obtained with the same parameters as in Fig. 5.
This should allow a quantitative comparison with the J=ψϕ
mass distribution of Fig. 5, once this experiment is done,
which we very much encourage.
As we can see in Fig. 6, there is a peak close to threshold,

which should not be misidentified with a new resonance,
but it is the reflection of the Xð4160Þ which in our fit has
the mass at 4169 MeV. The strength at the peak is about
twice the one of the X(4140) in the J=ψϕ distribution,
which guarantees its observability. The B− → K−D$

sD̄$
s

mode is not reported in the PDG, but many modes with one
D$

s already exist. The present work and the prediction, tied
to the interpretation given for the B− → K−J=ψϕ spectrum,
should act as an incentive to measure this reaction and learn
about properties of the Xð4140Þ and Xð4160Þ.
Since there are more observables in the experiment, like

angular distributions, and other information not available to
us, it would also be most convenient that the present ideas
and the new algorithm for the analysis are implemented in
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FIG. 5. The J=ψϕ mass distribution of the B− → K−J=ψϕ
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the fit, and represents the 68% confidence level.
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J/ 
<latexit sha1_base64="p3sSbxIDKpDrxUF3bXTs+G+tFGc=">AAAB53icbZDLSgNBEEVrfMb4irp00xgEV3FGBF0G3YirCOYByRB6OpWkTc+D7hohDPkGXYm683/8Af/GTpyFJt7V6bq3oW4FiZKGXPfLWVpeWV1bL2wUN7e2d3ZLe/sNE6daYF3EKtatgBtUMsI6SVLYSjTyMFDYDEbXU7/5iNrIOLqncYJ+yAeR7EvByY4at6edxMhuqexW3JnYIng5lCFXrVv67PRikYYYkVDcmLbnJuRnXJMUCifFTmow4WLEB9i2GPEQjZ/Ntp2w436sGQ2Rzd6/sxkPjRmHgc2EnIZm3psO//PaKfUv/UxGSUoYCRuxXj9VjGI2Lc16UqMgNbbAhZZ2SyaGXHNB9jRFW9+bL7sIjbOK51a8u/Ny9So/RAEO4QhOwIMLqMIN1KAOAh7gGd7g3ZHOk/PivP5El5z8zwH8kfPxDRKijGw=</latexit><latexit sha1_base64="p3sSbxIDKpDrxUF3bXTs+G+tFGc=">AAAB53icbZDLSgNBEEVrfMb4irp00xgEV3FGBF0G3YirCOYByRB6OpWkTc+D7hohDPkGXYm683/8Af/GTpyFJt7V6bq3oW4FiZKGXPfLWVpeWV1bL2wUN7e2d3ZLe/sNE6daYF3EKtatgBtUMsI6SVLYSjTyMFDYDEbXU7/5iNrIOLqncYJ+yAeR7EvByY4at6edxMhuqexW3JnYIng5lCFXrVv67PRikYYYkVDcmLbnJuRnXJMUCifFTmow4WLEB9i2GPEQjZ/Ntp2w436sGQ2Rzd6/sxkPjRmHgc2EnIZm3psO//PaKfUv/UxGSUoYCRuxXj9VjGI2Lc16UqMgNbbAhZZ2SyaGXHNB9jRFW9+bL7sIjbOK51a8u/Ny9So/RAEO4QhOwIMLqMIN1KAOAh7gGd7g3ZHOk/PivP5El5z8zwH8kfPxDRKijGw=</latexit><latexit sha1_base64="p3sSbxIDKpDrxUF3bXTs+G+tFGc=">AAAB53icbZDLSgNBEEVrfMb4irp00xgEV3FGBF0G3YirCOYByRB6OpWkTc+D7hohDPkGXYm683/8Af/GTpyFJt7V6bq3oW4FiZKGXPfLWVpeWV1bL2wUN7e2d3ZLe/sNE6daYF3EKtatgBtUMsI6SVLYSjTyMFDYDEbXU7/5iNrIOLqncYJ+yAeR7EvByY4at6edxMhuqexW3JnYIng5lCFXrVv67PRikYYYkVDcmLbnJuRnXJMUCifFTmow4WLEB9i2GPEQjZ/Ntp2w436sGQ2Rzd6/sxkPjRmHgc2EnIZm3psO//PaKfUv/UxGSUoYCRuxXj9VjGI2Lc16UqMgNbbAhZZ2SyaGXHNB9jRFW9+bL7sIjbOK51a8u/Ny9So/RAEO4QhOwIMLqMIN1KAOAh7gGd7g3ZHOk/PivP5El5z8zwH8kfPxDRKijGw=</latexit><latexit sha1_base64="p3sSbxIDKpDrxUF3bXTs+G+tFGc=">AAAB53icbZDLSgNBEEVrfMb4irp00xgEV3FGBF0G3YirCOYByRB6OpWkTc+D7hohDPkGXYm683/8Af/GTpyFJt7V6bq3oW4FiZKGXPfLWVpeWV1bL2wUN7e2d3ZLe/sNE6daYF3EKtatgBtUMsI6SVLYSjTyMFDYDEbXU7/5iNrIOLqncYJ+yAeR7EvByY4at6edxMhuqexW3JnYIng5lCFXrVv67PRikYYYkVDcmLbnJuRnXJMUCifFTmow4WLEB9i2GPEQjZ/Ntp2w436sGQ2Rzd6/sxkPjRmHgc2EnIZm3psO//PaKfUv/UxGSUoYCRuxXj9VjGI2Lc16UqMgNbbAhZZ2SyaGXHNB9jRFW9+bL7sIjbOK51a8u/Ny9So/RAEO4QhOwIMLqMIN1KAOAh7gGd7g3ZHOk/PivP5El5z8zwH8kfPxDRKijGw=</latexit>

�
<latexit sha1_base64="yixwQ70z/Elfk16CV7OmFxd9NYc=">AAAB5XicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy6MZlBfsDbSiT6U0zdJIJMxOhhD6CrkTd+UK+gG/jpGahrWf1zT1n4J4bpIJr47pfTmVtfWNzq7pd29nd2z+oHx51tcwUww6TQqp+QDUKnmDHcCOwnyqkcSCwF0xvC7/3iEpzmTyYWYp+TCcJDzmjphgN04iP6g236S5EVsEroQGl2qP653AsWRZjYpigWg88NzV+TpXhTOC8Nsw0ppRN6QQHFhMao/bzxa5zchZKRUyEZPH+nc1prPUsDmwmpibSy14x/M8bZCa89nOepJnBhNmI9cJMECNJUZmMuUJmxMwCZYrbLQmLqKLM2MPUbH1vuewqdC+antv07i8brZvyEFU4gVM4Bw+uoAV30IYOMIjgGd7g3Zk4T86L8/oTrTjln2P4I+fjGwGYi9Q=</latexit><latexit sha1_base64="yixwQ70z/Elfk16CV7OmFxd9NYc=">AAAB5XicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy6MZlBfsDbSiT6U0zdJIJMxOhhD6CrkTd+UK+gG/jpGahrWf1zT1n4J4bpIJr47pfTmVtfWNzq7pd29nd2z+oHx51tcwUww6TQqp+QDUKnmDHcCOwnyqkcSCwF0xvC7/3iEpzmTyYWYp+TCcJDzmjphgN04iP6g236S5EVsEroQGl2qP653AsWRZjYpigWg88NzV+TpXhTOC8Nsw0ppRN6QQHFhMao/bzxa5zchZKRUyEZPH+nc1prPUsDmwmpibSy14x/M8bZCa89nOepJnBhNmI9cJMECNJUZmMuUJmxMwCZYrbLQmLqKLM2MPUbH1vuewqdC+antv07i8brZvyEFU4gVM4Bw+uoAV30IYOMIjgGd7g3Zk4T86L8/oTrTjln2P4I+fjGwGYi9Q=</latexit><latexit sha1_base64="yixwQ70z/Elfk16CV7OmFxd9NYc=">AAAB5XicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy6MZlBfsDbSiT6U0zdJIJMxOhhD6CrkTd+UK+gG/jpGahrWf1zT1n4J4bpIJr47pfTmVtfWNzq7pd29nd2z+oHx51tcwUww6TQqp+QDUKnmDHcCOwnyqkcSCwF0xvC7/3iEpzmTyYWYp+TCcJDzmjphgN04iP6g236S5EVsEroQGl2qP653AsWRZjYpigWg88NzV+TpXhTOC8Nsw0ppRN6QQHFhMao/bzxa5zchZKRUyEZPH+nc1prPUsDmwmpibSy14x/M8bZCa89nOepJnBhNmI9cJMECNJUZmMuUJmxMwCZYrbLQmLqKLM2MPUbH1vuewqdC+antv07i8brZvyEFU4gVM4Bw+uoAV30IYOMIjgGd7g3Zk4T86L8/oTrTjln2P4I+fjGwGYi9Q=</latexit><latexit sha1_base64="yixwQ70z/Elfk16CV7OmFxd9NYc=">AAAB5XicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy6MZlBfsDbSiT6U0zdJIJMxOhhD6CrkTd+UK+gG/jpGahrWf1zT1n4J4bpIJr47pfTmVtfWNzq7pd29nd2z+oHx51tcwUww6TQqp+QDUKnmDHcCOwnyqkcSCwF0xvC7/3iEpzmTyYWYp+TCcJDzmjphgN04iP6g236S5EVsEroQGl2qP653AsWRZjYpigWg88NzV+TpXhTOC8Nsw0ppRN6QQHFhMao/bzxa5zchZKRUyEZPH+nc1prPUsDmwmpibSy14x/M8bZCa89nOepJnBhNmI9cJMECNJUZmMuUJmxMwCZYrbLQmLqKLM2MPUbH1vuewqdC+antv07i8brZvyEFU4gVM4Bw+uoAV30IYOMIjgGd7g3Zk4T86L8/oTrTjln2P4I+fjGwGYi9Q=</latexit>

B+
<latexit sha1_base64="b+HmLjBASxYPnJUKox3gA/vRtcE=">AAAB5HicbZDNSgMxFIXv1L9a/6ou3QSLIAhlRgRdlrpxWdH+QDuWTHqnDc1MhiQjlKFvoCtRdz6RL+DbmNZZaOtZfbnnBO65QSK4Nq775RRWVtfWN4qbpa3tnd298v5BS8tUMWwyKaTqBFSj4DE2DTcCO4lCGgUC28H4eua3H1FpLuN7M0nQj+gw5iFn1NjRXf3hrF+uuFV3LrIMXg4VyNXolz97A8nSCGPDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUY0wi1n81XnZKTUCpiRkjm79/ZjEZaT6LAZiJqRnrRmw3/87qpCa/8jMdJajBmNmK9MBXESDJrTAZcITNiYoEyxe2WhI2ooszYu5RsfW+x7DK0zqueW/VuLyq1en6IIhzBMZyCB5dQgxtoQBMYDOEZ3uDdCZ0n58V5/YkWnPzPIfyR8/ENocKK+A==</latexit><latexit sha1_base64="b+HmLjBASxYPnJUKox3gA/vRtcE=">AAAB5HicbZDNSgMxFIXv1L9a/6ou3QSLIAhlRgRdlrpxWdH+QDuWTHqnDc1MhiQjlKFvoCtRdz6RL+DbmNZZaOtZfbnnBO65QSK4Nq775RRWVtfWN4qbpa3tnd298v5BS8tUMWwyKaTqBFSj4DE2DTcCO4lCGgUC28H4eua3H1FpLuN7M0nQj+gw5iFn1NjRXf3hrF+uuFV3LrIMXg4VyNXolz97A8nSCGPDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUY0wi1n81XnZKTUCpiRkjm79/ZjEZaT6LAZiJqRnrRmw3/87qpCa/8jMdJajBmNmK9MBXESDJrTAZcITNiYoEyxe2WhI2ooszYu5RsfW+x7DK0zqueW/VuLyq1en6IIhzBMZyCB5dQgxtoQBMYDOEZ3uDdCZ0n58V5/YkWnPzPIfyR8/ENocKK+A==</latexit><latexit sha1_base64="b+HmLjBASxYPnJUKox3gA/vRtcE=">AAAB5HicbZDNSgMxFIXv1L9a/6ou3QSLIAhlRgRdlrpxWdH+QDuWTHqnDc1MhiQjlKFvoCtRdz6RL+DbmNZZaOtZfbnnBO65QSK4Nq775RRWVtfWN4qbpa3tnd298v5BS8tUMWwyKaTqBFSj4DE2DTcCO4lCGgUC28H4eua3H1FpLuN7M0nQj+gw5iFn1NjRXf3hrF+uuFV3LrIMXg4VyNXolz97A8nSCGPDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUY0wi1n81XnZKTUCpiRkjm79/ZjEZaT6LAZiJqRnrRmw3/87qpCa/8jMdJajBmNmK9MBXESDJrTAZcITNiYoEyxe2WhI2ooszYu5RsfW+x7DK0zqueW/VuLyq1en6IIhzBMZyCB5dQgxtoQBMYDOEZ3uDdCZ0n58V5/YkWnPzPIfyR8/ENocKK+A==</latexit><latexit sha1_base64="b+HmLjBASxYPnJUKox3gA/vRtcE=">AAAB5HicbZDNSgMxFIXv1L9a/6ou3QSLIAhlRgRdlrpxWdH+QDuWTHqnDc1MhiQjlKFvoCtRdz6RL+DbmNZZaOtZfbnnBO65QSK4Nq775RRWVtfWN4qbpa3tnd298v5BS8tUMWwyKaTqBFSj4DE2DTcCO4lCGgUC28H4eua3H1FpLuN7M0nQj+gw5iFn1NjRXf3hrF+uuFV3LrIMXg4VyNXolz97A8nSCGPDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUY0wi1n81XnZKTUCpiRkjm79/ZjEZaT6LAZiJqRnrRmw3/87qpCa/8jMdJajBmNmK9MBXESDJrTAZcITNiYoEyxe2WhI2ooszYu5RsfW+x7DK0zqueW/VuLyq1en6IIhzBMZyCB5dQgxtoQBMYDOEZ3uDdCZ0n58V5/YkWnPzPIfyR8/ENocKK+A==</latexit>

PRD 80, 114013 (2017)

X(4160)
<latexit sha1_base64="OObD+fuIq7Js+mnoFBQQNJ0+Ieo=">AAAB6HicbZDNTgIxFIXv+Iv4h7p000hMcENmDFGXRDcuMZGfBCakU+5ApTOdtB0TMuEddGXUnc/jC/g2FpyFgmf19Z7T5J4bJIJr47pfzsrq2vrGZmGruL2zu7dfOjhsaZkqhk0mhVSdgGoUPMam4UZgJ1FIo0BgOxjfzPz2IyrNZXxvJgn6ER3GPOSMGjtqdyo178I965fKbtWdiyyDl0MZcjX6pc/eQLI0wtgwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi3GNELtZ/N1p+Q0lIqYEZL5+3c2o5HWkyiwmYiakV70ZsP/vG5qwis/43GSGoyZjVgvTAUxksxakwFXyIyYWKBMcbslYSOqKDP2NkVb31ssuwyt86rnVr27Wrl+nR+iAMdwAhXw4BLqcAsNaAKDMTzDG7w7D86T8+K8/kRXnPzPEfyR8/ENNZeLyQ==</latexit><latexit sha1_base64="OObD+fuIq7Js+mnoFBQQNJ0+Ieo=">AAAB6HicbZDNTgIxFIXv+Iv4h7p000hMcENmDFGXRDcuMZGfBCakU+5ApTOdtB0TMuEddGXUnc/jC/g2FpyFgmf19Z7T5J4bJIJr47pfzsrq2vrGZmGruL2zu7dfOjhsaZkqhk0mhVSdgGoUPMam4UZgJ1FIo0BgOxjfzPz2IyrNZXxvJgn6ER3GPOSMGjtqdyo178I965fKbtWdiyyDl0MZcjX6pc/eQLI0wtgwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi3GNELtZ/N1p+Q0lIqYEZL5+3c2o5HWkyiwmYiakV70ZsP/vG5qwis/43GSGoyZjVgvTAUxksxakwFXyIyYWKBMcbslYSOqKDP2NkVb31ssuwyt86rnVr27Wrl+nR+iAMdwAhXw4BLqcAsNaAKDMTzDG7w7D86T8+K8/kRXnPzPEfyR8/ENNZeLyQ==</latexit><latexit sha1_base64="OObD+fuIq7Js+mnoFBQQNJ0+Ieo=">AAAB6HicbZDNTgIxFIXv+Iv4h7p000hMcENmDFGXRDcuMZGfBCakU+5ApTOdtB0TMuEddGXUnc/jC/g2FpyFgmf19Z7T5J4bJIJr47pfzsrq2vrGZmGruL2zu7dfOjhsaZkqhk0mhVSdgGoUPMam4UZgJ1FIo0BgOxjfzPz2IyrNZXxvJgn6ER3GPOSMGjtqdyo178I965fKbtWdiyyDl0MZcjX6pc/eQLI0wtgwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi3GNELtZ/N1p+Q0lIqYEZL5+3c2o5HWkyiwmYiakV70ZsP/vG5qwis/43GSGoyZjVgvTAUxksxakwFXyIyYWKBMcbslYSOqKDP2NkVb31ssuwyt86rnVr27Wrl+nR+iAMdwAhXw4BLqcAsNaAKDMTzDG7w7D86T8+K8/kRXnPzPEfyR8/ENNZeLyQ==</latexit><latexit sha1_base64="OObD+fuIq7Js+mnoFBQQNJ0+Ieo=">AAAB6HicbZDNTgIxFIXv+Iv4h7p000hMcENmDFGXRDcuMZGfBCakU+5ApTOdtB0TMuEddGXUnc/jC/g2FpyFgmf19Z7T5J4bJIJr47pfzsrq2vrGZmGruL2zu7dfOjhsaZkqhk0mhVSdgGoUPMam4UZgJ1FIo0BgOxjfzPz2IyrNZXxvJgn6ER3GPOSMGjtqdyo178I965fKbtWdiyyDl0MZcjX6pc/eQLI0wtgwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi3GNELtZ/N1p+Q0lIqYEZL5+3c2o5HWkyiwmYiakV70ZsP/vG5qwis/43GSGoyZjVgvTAUxksxakwFXyIyYWKBMcbslYSOqKDP2NkVb31ssuwyt86rnVr27Wrl+nR+iAMdwAhXw4BLqcAsNaAKDMTzDG7w7D86T8+K8/kRXnPzPEfyR8/ENNZeLyQ==</latexit>

D⇤
sD̄

⇤
s

<latexit sha1_base64="Xv56ieEjGhUreiko1AHpovZqhcw=">AAAB83icbZDLSsNAFIZPvNZ6i7p0M1gEcVESEXRZtAuXFewF2hgm09N26OTCzKRQQp9EV6LufBNfwLdxUrPQ1n/1zfn/gXP+IBFcacf5slZW19Y3Nktb5e2d3b19++CwpeJUMmyyWMSyE1CFgkfY1FwL7CQSaRgIbAfj29xvT1AqHkcPepqgF9JhxAecUW1Gvm3XffV43guozOqzHH274lSducgyuAVUoFDDtz97/ZilIUaaCapU13US7WVUas4Ezsq9VGFC2ZgOsWswoiEqL5tvPiOng1gSPUIyf//OZjRUahoGJhNSPVKLXj78z+umenDtZTxKUo0RMxHjDVJBdEzyAkifS2RaTA1QJrnZkrARlZRpU1PZnO8uHrsMrYuq61Td+8tK7aYoogTHcAJn4MIV1OAOGtAEBhN4hjd4t1LryXqxXn+iK1bx5wj+yPr4BpCokKU=</latexit><latexit sha1_base64="Xv56ieEjGhUreiko1AHpovZqhcw=">AAAB83icbZDLSsNAFIZPvNZ6i7p0M1gEcVESEXRZtAuXFewF2hgm09N26OTCzKRQQp9EV6LufBNfwLdxUrPQ1n/1zfn/gXP+IBFcacf5slZW19Y3Nktb5e2d3b19++CwpeJUMmyyWMSyE1CFgkfY1FwL7CQSaRgIbAfj29xvT1AqHkcPepqgF9JhxAecUW1Gvm3XffV43guozOqzHH274lSducgyuAVUoFDDtz97/ZilIUaaCapU13US7WVUas4Ezsq9VGFC2ZgOsWswoiEqL5tvPiOng1gSPUIyf//OZjRUahoGJhNSPVKLXj78z+umenDtZTxKUo0RMxHjDVJBdEzyAkifS2RaTA1QJrnZkrARlZRpU1PZnO8uHrsMrYuq61Td+8tK7aYoogTHcAJn4MIV1OAOGtAEBhN4hjd4t1LryXqxXn+iK1bx5wj+yPr4BpCokKU=</latexit><latexit sha1_base64="Xv56ieEjGhUreiko1AHpovZqhcw=">AAAB83icbZDLSsNAFIZPvNZ6i7p0M1gEcVESEXRZtAuXFewF2hgm09N26OTCzKRQQp9EV6LufBNfwLdxUrPQ1n/1zfn/gXP+IBFcacf5slZW19Y3Nktb5e2d3b19++CwpeJUMmyyWMSyE1CFgkfY1FwL7CQSaRgIbAfj29xvT1AqHkcPepqgF9JhxAecUW1Gvm3XffV43guozOqzHH274lSducgyuAVUoFDDtz97/ZilIUaaCapU13US7WVUas4Ezsq9VGFC2ZgOsWswoiEqL5tvPiOng1gSPUIyf//OZjRUahoGJhNSPVKLXj78z+umenDtZTxKUo0RMxHjDVJBdEzyAkifS2RaTA1QJrnZkrARlZRpU1PZnO8uHrsMrYuq61Td+8tK7aYoogTHcAJn4MIV1OAOGtAEBhN4hjd4t1LryXqxXn+iK1bx5wj+yPr4BpCokKU=</latexit><latexit sha1_base64="Xv56ieEjGhUreiko1AHpovZqhcw=">AAAB83icbZDLSsNAFIZPvNZ6i7p0M1gEcVESEXRZtAuXFewF2hgm09N26OTCzKRQQp9EV6LufBNfwLdxUrPQ1n/1zfn/gXP+IBFcacf5slZW19Y3Nktb5e2d3b19++CwpeJUMmyyWMSyE1CFgkfY1FwL7CQSaRgIbAfj29xvT1AqHkcPepqgF9JhxAecUW1Gvm3XffV43guozOqzHH274lSducgyuAVUoFDDtz97/ZilIUaaCapU13US7WVUas4Ezsq9VGFC2ZgOsWswoiEqL5tvPiOng1gSPUIyf//OZjRUahoGJhNSPVKLXj78z+umenDtZTxKUo0RMxHjDVJBdEzyAkifS2RaTA1QJrnZkrARlZRpU1PZnO8uHrsMrYuq61Td+8tK7aYoogTHcAJn4MIV1OAOGtAEBhN4hjd4t1LryXqxXn+iK1bx5wj+yPr4BpCokKU=</latexit>

0+(2++)
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Cusp!

So, we can look for this behavior to 
test the molecular nature of some 
states!
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structure used in Refs. [1,2], and ΓXð4140Þ ¼ 19 MeV. In
Refs. [1,2] the authors use both a Breit-Wigner and a
structure incorporating the DsD̄$

s threshold, as suggested
in Ref. [33].
The freedom to fit the data are the parametersA,B, andΓ0.

A suitable fit to the data is obtained as shown in Fig. 5 with
Γ0 ¼ 65.0 % 7.1 MeV (at 68% confidence level), which
together with ΓJ=ψϕ ≃ 22.0 MeV would provide ΓXð4160Þ ≃
87.0 % 7.1 MeV which is compatible with the experimental
width from the PDG of Γ ¼ 139þ111

−61 % 21 MeV. With the
fitted parameters, our results (red solid curve, labeled as
“Full”) are in good agreement with the experimental data
at low J=ψϕ invariant masses, and we also present the
uncertainties of our results in Fig. 5. As we can see in the
figure, we obtain a contribution from the Xð4140Þ (blue
dotted curve) that is dominant at low invariant masses, and is
responsible for the peak observed in the experiment around
4135MeV. TheXð4160Þ (green dashed curve) is responsible
for most of the strength and produces a broader peak around
4170 MeV (we take the mass MXð4160Þ ¼ 4169 MeV as
obtained inRef. [23]).And finally a cusp appears at theD$

sD̄$
s

threshold as it shows up in the experiment. This cusp comes
from the factor GD$

s D̄$
s
ðMinvÞ and reflects the analytical

structure of this functionwith a discontinuity of the derivative
at threshold. One must stress that this factor appears here as
a consequence of analyticity, with a large strength due to
theD$

sD̄$
s molecular structure of the Xð4160Þ. In an analysis

like the one of Refs. [1,2], where a sum of amplitudes for
resonance excitation and some background are fitted to the
data, this factor is not considered, and as a consequence the
cusp aroundD$

sD̄$
s in the data is missed in the fit. To quantify

the improvement in the fit we compute our χ2 up to the datum
of 4240MeV, and compare it with the one of Refs. [1,2]. We
obtained χ2 ¼ 15.3 versus χ2 ¼ 22.8 inRefs. [1,2]. Yetmore
significative than this is the fact thatweobtain the structure of
the peaks in good agreement with experiment, while this is
not the case in Refs. [1,2].
The Flatté effect is visible in Fig. 5 as a sharp fall down of

the invariant mass distribution above the D$
sD̄$

s threshold.

From there on, our fit starts diverting from experiment, but
so it should, since definitely, other contributions from
resonances and backgrounds as discussed in Refs. [1,2],
should be considered. Our point is that the lower part of
the spectrum can be obtained from the contribution of the
Xð4140Þ ð1þþÞ andXð4160Þ ð2þþÞ resonances, theXð4140Þ
is narrow, like determined in most experiments, and the cusp
of the distribution at the D$

sD̄$
s threshold indicates that the

resonance to which the J=ψϕ is coupled in that region is
strongly tied to the D$

sD̄$
s channel.

We have conducted the same fit using MXð4140Þ ¼
4140 MeV (pink dash-dotted curve in Fig. 5, labeled as
“Full*”), and the fit is acceptable but slightly worse in the
first several points of the spectrum.
We should note that, some added 2þþ structures were not

compelling in Refs. [1,2], but once again, our point is that
the 2þþ state that we add comes in the form of an amplitude
Gt that cannot be accommodated by a Breit-Wigner
amplitude as in Refs. [1,2].
To finish the work, and as a test of the explanation given

here, we present in Fig. 6 theD$
sD̄$

s mass distribution above
threshold obtained with the same parameters as in Fig. 5.
This should allow a quantitative comparison with the J=ψϕ
mass distribution of Fig. 5, once this experiment is done,
which we very much encourage.
As we can see in Fig. 6, there is a peak close to threshold,

which should not be misidentified with a new resonance,
but it is the reflection of the Xð4160Þ which in our fit has
the mass at 4169 MeV. The strength at the peak is about
twice the one of the X(4140) in the J=ψϕ distribution,
which guarantees its observability. The B− → K−D$

sD̄$
s

mode is not reported in the PDG, but many modes with one
D$

s already exist. The present work and the prediction, tied
to the interpretation given for the B− → K−J=ψϕ spectrum,
should act as an incentive to measure this reaction and learn
about properties of the Xð4140Þ and Xð4160Þ.
Since there are more observables in the experiment, like

angular distributions, and other information not available to
us, it would also be most convenient that the present ideas
and the new algorithm for the analysis are implemented in
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FIG. 5. The J=ψϕ mass distribution of the B− → K−J=ψϕ
decay. The band comes considering the errors in A, B and Γ0 from
the fit, and represents the 68% confidence level.
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<latexit sha1_base64="p3sSbxIDKpDrxUF3bXTs+G+tFGc=">AAAB53icbZDLSgNBEEVrfMb4irp00xgEV3FGBF0G3YirCOYByRB6OpWkTc+D7hohDPkGXYm683/8Af/GTpyFJt7V6bq3oW4FiZKGXPfLWVpeWV1bL2wUN7e2d3ZLe/sNE6daYF3EKtatgBtUMsI6SVLYSjTyMFDYDEbXU7/5iNrIOLqncYJ+yAeR7EvByY4at6edxMhuqexW3JnYIng5lCFXrVv67PRikYYYkVDcmLbnJuRnXJMUCifFTmow4WLEB9i2GPEQjZ/Ntp2w436sGQ2Rzd6/sxkPjRmHgc2EnIZm3psO//PaKfUv/UxGSUoYCRuxXj9VjGI2Lc16UqMgNbbAhZZ2SyaGXHNB9jRFW9+bL7sIjbOK51a8u/Ny9So/RAEO4QhOwIMLqMIN1KAOAh7gGd7g3ZHOk/PivP5El5z8zwH8kfPxDRKijGw=</latexit><latexit sha1_base64="p3sSbxIDKpDrxUF3bXTs+G+tFGc=">AAAB53icbZDLSgNBEEVrfMb4irp00xgEV3FGBF0G3YirCOYByRB6OpWkTc+D7hohDPkGXYm683/8Af/GTpyFJt7V6bq3oW4FiZKGXPfLWVpeWV1bL2wUN7e2d3ZLe/sNE6daYF3EKtatgBtUMsI6SVLYSjTyMFDYDEbXU7/5iNrIOLqncYJ+yAeR7EvByY4at6edxMhuqexW3JnYIng5lCFXrVv67PRikYYYkVDcmLbnJuRnXJMUCifFTmow4WLEB9i2GPEQjZ/Ntp2w436sGQ2Rzd6/sxkPjRmHgc2EnIZm3psO//PaKfUv/UxGSUoYCRuxXj9VjGI2Lc16UqMgNbbAhZZ2SyaGXHNB9jRFW9+bL7sIjbOK51a8u/Ny9So/RAEO4QhOwIMLqMIN1KAOAh7gGd7g3ZHOk/PivP5El5z8zwH8kfPxDRKijGw=</latexit><latexit sha1_base64="p3sSbxIDKpDrxUF3bXTs+G+tFGc=">AAAB53icbZDLSgNBEEVrfMb4irp00xgEV3FGBF0G3YirCOYByRB6OpWkTc+D7hohDPkGXYm683/8Af/GTpyFJt7V6bq3oW4FiZKGXPfLWVpeWV1bL2wUN7e2d3ZLe/sNE6daYF3EKtatgBtUMsI6SVLYSjTyMFDYDEbXU7/5iNrIOLqncYJ+yAeR7EvByY4at6edxMhuqexW3JnYIng5lCFXrVv67PRikYYYkVDcmLbnJuRnXJMUCifFTmow4WLEB9i2GPEQjZ/Ntp2w436sGQ2Rzd6/sxkPjRmHgc2EnIZm3psO//PaKfUv/UxGSUoYCRuxXj9VjGI2Lc16UqMgNbbAhZZ2SyaGXHNB9jRFW9+bL7sIjbOK51a8u/Ny9So/RAEO4QhOwIMLqMIN1KAOAh7gGd7g3ZHOk/PivP5El5z8zwH8kfPxDRKijGw=</latexit><latexit sha1_base64="p3sSbxIDKpDrxUF3bXTs+G+tFGc=">AAAB53icbZDLSgNBEEVrfMb4irp00xgEV3FGBF0G3YirCOYByRB6OpWkTc+D7hohDPkGXYm683/8Af/GTpyFJt7V6bq3oW4FiZKGXPfLWVpeWV1bL2wUN7e2d3ZLe/sNE6daYF3EKtatgBtUMsI6SVLYSjTyMFDYDEbXU7/5iNrIOLqncYJ+yAeR7EvByY4at6edxMhuqexW3JnYIng5lCFXrVv67PRikYYYkVDcmLbnJuRnXJMUCifFTmow4WLEB9i2GPEQjZ/Ntp2w436sGQ2Rzd6/sxkPjRmHgc2EnIZm3psO//PaKfUv/UxGSUoYCRuxXj9VjGI2Lc16UqMgNbbAhZZ2SyaGXHNB9jRFW9+bL7sIjbOK51a8u/Ny9So/RAEO4QhOwIMLqMIN1KAOAh7gGd7g3ZHOk/PivP5El5z8zwH8kfPxDRKijGw=</latexit>

�
<latexit sha1_base64="yixwQ70z/Elfk16CV7OmFxd9NYc=">AAAB5XicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy6MZlBfsDbSiT6U0zdJIJMxOhhD6CrkTd+UK+gG/jpGahrWf1zT1n4J4bpIJr47pfTmVtfWNzq7pd29nd2z+oHx51tcwUww6TQqp+QDUKnmDHcCOwnyqkcSCwF0xvC7/3iEpzmTyYWYp+TCcJDzmjphgN04iP6g236S5EVsEroQGl2qP653AsWRZjYpigWg88NzV+TpXhTOC8Nsw0ppRN6QQHFhMao/bzxa5zchZKRUyEZPH+nc1prPUsDmwmpibSy14x/M8bZCa89nOepJnBhNmI9cJMECNJUZmMuUJmxMwCZYrbLQmLqKLM2MPUbH1vuewqdC+antv07i8brZvyEFU4gVM4Bw+uoAV30IYOMIjgGd7g3Zk4T86L8/oTrTjln2P4I+fjGwGYi9Q=</latexit><latexit sha1_base64="yixwQ70z/Elfk16CV7OmFxd9NYc=">AAAB5XicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy6MZlBfsDbSiT6U0zdJIJMxOhhD6CrkTd+UK+gG/jpGahrWf1zT1n4J4bpIJr47pfTmVtfWNzq7pd29nd2z+oHx51tcwUww6TQqp+QDUKnmDHcCOwnyqkcSCwF0xvC7/3iEpzmTyYWYp+TCcJDzmjphgN04iP6g236S5EVsEroQGl2qP653AsWRZjYpigWg88NzV+TpXhTOC8Nsw0ppRN6QQHFhMao/bzxa5zchZKRUyEZPH+nc1prPUsDmwmpibSy14x/M8bZCa89nOepJnBhNmI9cJMECNJUZmMuUJmxMwCZYrbLQmLqKLM2MPUbH1vuewqdC+antv07i8brZvyEFU4gVM4Bw+uoAV30IYOMIjgGd7g3Zk4T86L8/oTrTjln2P4I+fjGwGYi9Q=</latexit><latexit sha1_base64="yixwQ70z/Elfk16CV7OmFxd9NYc=">AAAB5XicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy6MZlBfsDbSiT6U0zdJIJMxOhhD6CrkTd+UK+gG/jpGahrWf1zT1n4J4bpIJr47pfTmVtfWNzq7pd29nd2z+oHx51tcwUww6TQqp+QDUKnmDHcCOwnyqkcSCwF0xvC7/3iEpzmTyYWYp+TCcJDzmjphgN04iP6g236S5EVsEroQGl2qP653AsWRZjYpigWg88NzV+TpXhTOC8Nsw0ppRN6QQHFhMao/bzxa5zchZKRUyEZPH+nc1prPUsDmwmpibSy14x/M8bZCa89nOepJnBhNmI9cJMECNJUZmMuUJmxMwCZYrbLQmLqKLM2MPUbH1vuewqdC+antv07i8brZvyEFU4gVM4Bw+uoAV30IYOMIjgGd7g3Zk4T86L8/oTrTjln2P4I+fjGwGYi9Q=</latexit><latexit sha1_base64="yixwQ70z/Elfk16CV7OmFxd9NYc=">AAAB5XicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy6MZlBfsDbSiT6U0zdJIJMxOhhD6CrkTd+UK+gG/jpGahrWf1zT1n4J4bpIJr47pfTmVtfWNzq7pd29nd2z+oHx51tcwUww6TQqp+QDUKnmDHcCOwnyqkcSCwF0xvC7/3iEpzmTyYWYp+TCcJDzmjphgN04iP6g236S5EVsEroQGl2qP653AsWRZjYpigWg88NzV+TpXhTOC8Nsw0ppRN6QQHFhMao/bzxa5zchZKRUyEZPH+nc1prPUsDmwmpibSy14x/M8bZCa89nOepJnBhNmI9cJMECNJUZmMuUJmxMwCZYrbLQmLqKLM2MPUbH1vuewqdC+antv07i8brZvyEFU4gVM4Bw+uoAV30IYOMIjgGd7g3Zk4T86L8/oTrTjln2P4I+fjGwGYi9Q=</latexit>

B+
<latexit sha1_base64="b+HmLjBASxYPnJUKox3gA/vRtcE=">AAAB5HicbZDNSgMxFIXv1L9a/6ou3QSLIAhlRgRdlrpxWdH+QDuWTHqnDc1MhiQjlKFvoCtRdz6RL+DbmNZZaOtZfbnnBO65QSK4Nq775RRWVtfWN4qbpa3tnd298v5BS8tUMWwyKaTqBFSj4DE2DTcCO4lCGgUC28H4eua3H1FpLuN7M0nQj+gw5iFn1NjRXf3hrF+uuFV3LrIMXg4VyNXolz97A8nSCGPDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUY0wi1n81XnZKTUCpiRkjm79/ZjEZaT6LAZiJqRnrRmw3/87qpCa/8jMdJajBmNmK9MBXESDJrTAZcITNiYoEyxe2WhI2ooszYu5RsfW+x7DK0zqueW/VuLyq1en6IIhzBMZyCB5dQgxtoQBMYDOEZ3uDdCZ0n58V5/YkWnPzPIfyR8/ENocKK+A==</latexit><latexit sha1_base64="b+HmLjBASxYPnJUKox3gA/vRtcE=">AAAB5HicbZDNSgMxFIXv1L9a/6ou3QSLIAhlRgRdlrpxWdH+QDuWTHqnDc1MhiQjlKFvoCtRdz6RL+DbmNZZaOtZfbnnBO65QSK4Nq775RRWVtfWN4qbpa3tnd298v5BS8tUMWwyKaTqBFSj4DE2DTcCO4lCGgUC28H4eua3H1FpLuN7M0nQj+gw5iFn1NjRXf3hrF+uuFV3LrIMXg4VyNXolz97A8nSCGPDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUY0wi1n81XnZKTUCpiRkjm79/ZjEZaT6LAZiJqRnrRmw3/87qpCa/8jMdJajBmNmK9MBXESDJrTAZcITNiYoEyxe2WhI2ooszYu5RsfW+x7DK0zqueW/VuLyq1en6IIhzBMZyCB5dQgxtoQBMYDOEZ3uDdCZ0n58V5/YkWnPzPIfyR8/ENocKK+A==</latexit><latexit sha1_base64="b+HmLjBASxYPnJUKox3gA/vRtcE=">AAAB5HicbZDNSgMxFIXv1L9a/6ou3QSLIAhlRgRdlrpxWdH+QDuWTHqnDc1MhiQjlKFvoCtRdz6RL+DbmNZZaOtZfbnnBO65QSK4Nq775RRWVtfWN4qbpa3tnd298v5BS8tUMWwyKaTqBFSj4DE2DTcCO4lCGgUC28H4eua3H1FpLuN7M0nQj+gw5iFn1NjRXf3hrF+uuFV3LrIMXg4VyNXolz97A8nSCGPDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUY0wi1n81XnZKTUCpiRkjm79/ZjEZaT6LAZiJqRnrRmw3/87qpCa/8jMdJajBmNmK9MBXESDJrTAZcITNiYoEyxe2WhI2ooszYu5RsfW+x7DK0zqueW/VuLyq1en6IIhzBMZyCB5dQgxtoQBMYDOEZ3uDdCZ0n58V5/YkWnPzPIfyR8/ENocKK+A==</latexit><latexit sha1_base64="b+HmLjBASxYPnJUKox3gA/vRtcE=">AAAB5HicbZDNSgMxFIXv1L9a/6ou3QSLIAhlRgRdlrpxWdH+QDuWTHqnDc1MhiQjlKFvoCtRdz6RL+DbmNZZaOtZfbnnBO65QSK4Nq775RRWVtfWN4qbpa3tnd298v5BS8tUMWwyKaTqBFSj4DE2DTcCO4lCGgUC28H4eua3H1FpLuN7M0nQj+gw5iFn1NjRXf3hrF+uuFV3LrIMXg4VyNXolz97A8nSCGPDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUY0wi1n81XnZKTUCpiRkjm79/ZjEZaT6LAZiJqRnrRmw3/87qpCa/8jMdJajBmNmK9MBXESDJrTAZcITNiYoEyxe2WhI2ooszYu5RsfW+x7DK0zqueW/VuLyq1en6IIhzBMZyCB5dQgxtoQBMYDOEZ3uDdCZ0n58V5/YkWnPzPIfyR8/ENocKK+A==</latexit>

PRD 80, 114013 (2017)

0+(2++)
<latexit sha1_base64="c6jG8PKyiUPHeqV3f31OBbU214k=">AAAB7HicbZDNTgIxFIXv4B/iH+rSTSMxwZCQGWKiS6Ibl5gIkgwD6ZQONHTaSdsxIRPeQldG3fk0voBvY8FZKHhWX+85Te65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRR8tUEdomkkvVDbGmnAnaNsxw2k0UxXHI6UM4uZn7D49UaSbFvZkmNIjxSLCIEWzsyHf7tWqjn9Vqs/NBueLW3YXQKng5VCBXa1D+7A0lSWMqDOFYa99zExNkWBlGOJ2VeqmmCSYTPKK+RYFjqoNssfIMnUVSITOmaPH+nc1wrPU0Dm0mxmasl7358D/PT010FWRMJKmhgtiI9aKUIyPRvDkaMkWJ4VMLmChmt0RkjBUmxt6nZOt7y2VXodOoe27du7uoNK/zQxThBE6hCh5cQhNuoQVtICDhGd7g3RHOk/PivP5EC07+5xj+yPn4Bv2KjWU=</latexit><latexit sha1_base64="c6jG8PKyiUPHeqV3f31OBbU214k=">AAAB7HicbZDNTgIxFIXv4B/iH+rSTSMxwZCQGWKiS6Ibl5gIkgwD6ZQONHTaSdsxIRPeQldG3fk0voBvY8FZKHhWX+85Te65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRR8tUEdomkkvVDbGmnAnaNsxw2k0UxXHI6UM4uZn7D49UaSbFvZkmNIjxSLCIEWzsyHf7tWqjn9Vqs/NBueLW3YXQKng5VCBXa1D+7A0lSWMqDOFYa99zExNkWBlGOJ2VeqmmCSYTPKK+RYFjqoNssfIMnUVSITOmaPH+nc1wrPU0Dm0mxmasl7358D/PT010FWRMJKmhgtiI9aKUIyPRvDkaMkWJ4VMLmChmt0RkjBUmxt6nZOt7y2VXodOoe27du7uoNK/zQxThBE6hCh5cQhNuoQVtICDhGd7g3RHOk/PivP5EC07+5xj+yPn4Bv2KjWU=</latexit><latexit sha1_base64="c6jG8PKyiUPHeqV3f31OBbU214k=">AAAB7HicbZDNTgIxFIXv4B/iH+rSTSMxwZCQGWKiS6Ibl5gIkgwD6ZQONHTaSdsxIRPeQldG3fk0voBvY8FZKHhWX+85Te65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRR8tUEdomkkvVDbGmnAnaNsxw2k0UxXHI6UM4uZn7D49UaSbFvZkmNIjxSLCIEWzsyHf7tWqjn9Vqs/NBueLW3YXQKng5VCBXa1D+7A0lSWMqDOFYa99zExNkWBlGOJ2VeqmmCSYTPKK+RYFjqoNssfIMnUVSITOmaPH+nc1wrPU0Dm0mxmasl7358D/PT010FWRMJKmhgtiI9aKUIyPRvDkaMkWJ4VMLmChmt0RkjBUmxt6nZOt7y2VXodOoe27du7uoNK/zQxThBE6hCh5cQhNuoQVtICDhGd7g3RHOk/PivP5EC07+5xj+yPn4Bv2KjWU=</latexit><latexit sha1_base64="c6jG8PKyiUPHeqV3f31OBbU214k=">AAAB7HicbZDNTgIxFIXv4B/iH+rSTSMxwZCQGWKiS6Ibl5gIkgwD6ZQONHTaSdsxIRPeQldG3fk0voBvY8FZKHhWX+85Te65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRR8tUEdomkkvVDbGmnAnaNsxw2k0UxXHI6UM4uZn7D49UaSbFvZkmNIjxSLCIEWzsyHf7tWqjn9Vqs/NBueLW3YXQKng5VCBXa1D+7A0lSWMqDOFYa99zExNkWBlGOJ2VeqmmCSYTPKK+RYFjqoNssfIMnUVSITOmaPH+nc1wrPU0Dm0mxmasl7358D/PT010FWRMJKmhgtiI9aKUIyPRvDkaMkWJ4VMLmChmt0RkjBUmxt6nZOt7y2VXodOoe27du7uoNK/zQxThBE6hCh5cQhNuoQVtICDhGd7g3RHOk/PivP5EC07+5xj+yPn4Bv2KjWU=</latexit>

0+(0++)
<latexit sha1_base64="7WvpBgLRye8aVi5TLtsg432rS1U=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiVAplRgRdFt24rGB/YDotmfROG5pJhiQjlKFvoStRdz6NL+DbmNZZaOtZfbnnBO65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRW8tUUWhRyaXqhkQDZwJahhkO3UQBiUMOnXByO/c7j6A0k+LBTBMIYjISLGKUGDvy3X6t6vazWm12PihX3Lq7EF4FL4cKytUclD97Q0nTGIShnGjte25igowowyiHWamXakgInZAR+BYFiUEH2WLlGT6LpMJmDHjx/p3NSKz1NA5tJiZmrJe9+fA/z09NdB1kTCSpAUFtxHpRyrGReN4cD5kCavjUAqGK2S0xHRNFqLH3Kdn63nLZVWhf1D237t1fVho3+SGK6ASdoiry0BVqoDvURC1EkUTP6A29O8J5cl6c159owcn/HKM/cj6+AfqCjWM=</latexit><latexit sha1_base64="7WvpBgLRye8aVi5TLtsg432rS1U=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiVAplRgRdFt24rGB/YDotmfROG5pJhiQjlKFvoStRdz6NL+DbmNZZaOtZfbnnBO65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRW8tUUWhRyaXqhkQDZwJahhkO3UQBiUMOnXByO/c7j6A0k+LBTBMIYjISLGKUGDvy3X6t6vazWm12PihX3Lq7EF4FL4cKytUclD97Q0nTGIShnGjte25igowowyiHWamXakgInZAR+BYFiUEH2WLlGT6LpMJmDHjx/p3NSKz1NA5tJiZmrJe9+fA/z09NdB1kTCSpAUFtxHpRyrGReN4cD5kCavjUAqGK2S0xHRNFqLH3Kdn63nLZVWhf1D237t1fVho3+SGK6ASdoiry0BVqoDvURC1EkUTP6A29O8J5cl6c159owcn/HKM/cj6+AfqCjWM=</latexit><latexit sha1_base64="7WvpBgLRye8aVi5TLtsg432rS1U=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiVAplRgRdFt24rGB/YDotmfROG5pJhiQjlKFvoStRdz6NL+DbmNZZaOtZfbnnBO65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRW8tUUWhRyaXqhkQDZwJahhkO3UQBiUMOnXByO/c7j6A0k+LBTBMIYjISLGKUGDvy3X6t6vazWm12PihX3Lq7EF4FL4cKytUclD97Q0nTGIShnGjte25igowowyiHWamXakgInZAR+BYFiUEH2WLlGT6LpMJmDHjx/p3NSKz1NA5tJiZmrJe9+fA/z09NdB1kTCSpAUFtxHpRyrGReN4cD5kCavjUAqGK2S0xHRNFqLH3Kdn63nLZVWhf1D237t1fVho3+SGK6ASdoiry0BVqoDvURC1EkUTP6A29O8J5cl6c159owcn/HKM/cj6+AfqCjWM=</latexit><latexit sha1_base64="7WvpBgLRye8aVi5TLtsg432rS1U=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiVAplRgRdFt24rGB/YDotmfROG5pJhiQjlKFvoStRdz6NL+DbmNZZaOtZfbnnBO65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRW8tUUWhRyaXqhkQDZwJahhkO3UQBiUMOnXByO/c7j6A0k+LBTBMIYjISLGKUGDvy3X6t6vazWm12PihX3Lq7EF4FL4cKytUclD97Q0nTGIShnGjte25igowowyiHWamXakgInZAR+BYFiUEH2WLlGT6LpMJmDHjx/p3NSKz1NA5tJiZmrJe9+fA/z09NdB1kTCSpAUFtxHpRyrGReN4cD5kCavjUAqGK2S0xHRNFqLH3Kdn63nLZVWhf1D237t1fVho3+SGK6ASdoiry0BVqoDvURC1EkUTP6A29O8J5cl6c159owcn/HKM/cj6+AfqCjWM=</latexit>

X(3930)
<latexit sha1_base64="p/38WG0wG1cpL+jKrLu356/2NrM=">AAAB6HicbZDLTsJAFIZP8YZ4Q126mUhMcENaMVF3RDcuMZFLAg2ZDqcwMr1kZmpCGt5BV0bd+Ty+gG/jFLtQ8F99c/5/kvMfLxZcadv+sgorq2vrG8XN0tb2zu5eef+graJEMmyxSESy61GFgofY0lwL7MYSaeAJ7HiTm8zvPKJUPArv9TRGN6CjkPucUW1GnW61flW3Twflil2z5yLL4ORQgVzNQfmzP4xYEmComaBK9Rw71m5KpeZM4KzUTxTGlE3oCHsGQxqgctP5ujNy4keS6DGS+ft3NqWBUtPAM5mA6rFa9LLhf14v0f6lm/IwTjSGzESM5yeC6IhkrcmQS2RaTA1QJrnZkrAxlZRpc5uSqe8sll2G9lnNsWvO3XmlcZ0foghHcAxVcOACGnALTWgBgwk8wxu8Ww/Wk/Vivf5EC1b+5xD+yPr4Bjudi80=</latexit><latexit sha1_base64="p/38WG0wG1cpL+jKrLu356/2NrM=">AAAB6HicbZDLTsJAFIZP8YZ4Q126mUhMcENaMVF3RDcuMZFLAg2ZDqcwMr1kZmpCGt5BV0bd+Ty+gG/jFLtQ8F99c/5/kvMfLxZcadv+sgorq2vrG8XN0tb2zu5eef+graJEMmyxSESy61GFgofY0lwL7MYSaeAJ7HiTm8zvPKJUPArv9TRGN6CjkPucUW1GnW61flW3Twflil2z5yLL4ORQgVzNQfmzP4xYEmComaBK9Rw71m5KpeZM4KzUTxTGlE3oCHsGQxqgctP5ujNy4keS6DGS+ft3NqWBUtPAM5mA6rFa9LLhf14v0f6lm/IwTjSGzESM5yeC6IhkrcmQS2RaTA1QJrnZkrAxlZRpc5uSqe8sll2G9lnNsWvO3XmlcZ0foghHcAxVcOACGnALTWgBgwk8wxu8Ww/Wk/Vivf5EC1b+5xD+yPr4Bjudi80=</latexit><latexit sha1_base64="p/38WG0wG1cpL+jKrLu356/2NrM=">AAAB6HicbZDLTsJAFIZP8YZ4Q126mUhMcENaMVF3RDcuMZFLAg2ZDqcwMr1kZmpCGt5BV0bd+Ty+gG/jFLtQ8F99c/5/kvMfLxZcadv+sgorq2vrG8XN0tb2zu5eef+graJEMmyxSESy61GFgofY0lwL7MYSaeAJ7HiTm8zvPKJUPArv9TRGN6CjkPucUW1GnW61flW3Twflil2z5yLL4ORQgVzNQfmzP4xYEmComaBK9Rw71m5KpeZM4KzUTxTGlE3oCHsGQxqgctP5ujNy4keS6DGS+ft3NqWBUtPAM5mA6rFa9LLhf14v0f6lm/IwTjSGzESM5yeC6IhkrcmQS2RaTA1QJrnZkrAxlZRpc5uSqe8sll2G9lnNsWvO3XmlcZ0foghHcAxVcOACGnALTWgBgwk8wxu8Ww/Wk/Vivf5EC1b+5xD+yPr4Bjudi80=</latexit><latexit sha1_base64="p/38WG0wG1cpL+jKrLu356/2NrM=">AAAB6HicbZDLTsJAFIZP8YZ4Q126mUhMcENaMVF3RDcuMZFLAg2ZDqcwMr1kZmpCGt5BV0bd+Ty+gG/jFLtQ8F99c/5/kvMfLxZcadv+sgorq2vrG8XN0tb2zu5eef+graJEMmyxSESy61GFgofY0lwL7MYSaeAJ7HiTm8zvPKJUPArv9TRGN6CjkPucUW1GnW61flW3Twflil2z5yLL4ORQgVzNQfmzP4xYEmComaBK9Rw71m5KpeZM4KzUTxTGlE3oCHsGQxqgctP5ujNy4keS6DGS+ft3NqWBUtPAM5mA6rFa9LLhf14v0f6lm/IwTjSGzESM5yeC6IhkrcmQS2RaTA1QJrnZkrAxlZRpc5uSqe8sll2G9lnNsWvO3XmlcZ0foghHcAxVcOACGnALTWgBgwk8wxu8Ww/Wk/Vivf5EC1b+5xD+yPr4Bjudi80=</latexit>

X(3940)
<latexit sha1_base64="k3Af1Q4q5aYeZOiUWyUFm3yj8UA=">AAAB6HicbZDLTsJAFIZP8YZ4Q126mUhMcENaJVF3RDcuMZFLAg2ZDqcwMr1kZmpCGt5BV0bd+Ty+gG/jFLtQ8F99c/5/kvMfLxZcadv+sgorq2vrG8XN0tb2zu5eef+graJEMmyxSESy61GFgofY0lwL7MYSaeAJ7HiTm8zvPKJUPArv9TRGN6CjkPucUW1GnW71/Kpunw7KFbtmz0WWwcmhArmag/JnfxixJMBQM0GV6jl2rN2USs2ZwFmpnyiMKZvQEfYMhjRA5abzdWfkxI8k0WMk8/fvbEoDpaaBZzIB1WO16GXD/7xeov1LN+VhnGgMmYkYz08E0RHJWpMhl8i0mBqgTHKzJWFjKinT5jYlU99ZLLsM7bOaY9ecu3qlcZ0foghHcAxVcOACGnALTWgBgwk8wxu8Ww/Wk/Vivf5EC1b+5xD+yPr4Bj0di84=</latexit><latexit sha1_base64="k3Af1Q4q5aYeZOiUWyUFm3yj8UA=">AAAB6HicbZDLTsJAFIZP8YZ4Q126mUhMcENaJVF3RDcuMZFLAg2ZDqcwMr1kZmpCGt5BV0bd+Ty+gG/jFLtQ8F99c/5/kvMfLxZcadv+sgorq2vrG8XN0tb2zu5eef+graJEMmyxSESy61GFgofY0lwL7MYSaeAJ7HiTm8zvPKJUPArv9TRGN6CjkPucUW1GnW71/Kpunw7KFbtmz0WWwcmhArmag/JnfxixJMBQM0GV6jl2rN2USs2ZwFmpnyiMKZvQEfYMhjRA5abzdWfkxI8k0WMk8/fvbEoDpaaBZzIB1WO16GXD/7xeov1LN+VhnGgMmYkYz08E0RHJWpMhl8i0mBqgTHKzJWFjKinT5jYlU99ZLLsM7bOaY9ecu3qlcZ0foghHcAxVcOACGnALTWgBgwk8wxu8Ww/Wk/Vivf5EC1b+5xD+yPr4Bj0di84=</latexit><latexit sha1_base64="k3Af1Q4q5aYeZOiUWyUFm3yj8UA=">AAAB6HicbZDLTsJAFIZP8YZ4Q126mUhMcENaJVF3RDcuMZFLAg2ZDqcwMr1kZmpCGt5BV0bd+Ty+gG/jFLtQ8F99c/5/kvMfLxZcadv+sgorq2vrG8XN0tb2zu5eef+graJEMmyxSESy61GFgofY0lwL7MYSaeAJ7HiTm8zvPKJUPArv9TRGN6CjkPucUW1GnW71/Kpunw7KFbtmz0WWwcmhArmag/JnfxixJMBQM0GV6jl2rN2USs2ZwFmpnyiMKZvQEfYMhjRA5abzdWfkxI8k0WMk8/fvbEoDpaaBZzIB1WO16GXD/7xeov1LN+VhnGgMmYkYz08E0RHJWpMhl8i0mBqgTHKzJWFjKinT5jYlU99ZLLsM7bOaY9ecu3qlcZ0foghHcAxVcOACGnALTWgBgwk8wxu8Ww/Wk/Vivf5EC1b+5xD+yPr4Bj0di84=</latexit><latexit sha1_base64="k3Af1Q4q5aYeZOiUWyUFm3yj8UA=">AAAB6HicbZDLTsJAFIZP8YZ4Q126mUhMcENaJVF3RDcuMZFLAg2ZDqcwMr1kZmpCGt5BV0bd+Ty+gG/jFLtQ8F99c/5/kvMfLxZcadv+sgorq2vrG8XN0tb2zu5eef+graJEMmyxSESy61GFgofY0lwL7MYSaeAJ7HiTm8zvPKJUPArv9TRGN6CjkPucUW1GnW71/Kpunw7KFbtmz0WWwcmhArmag/JnfxixJMBQM0GV6jl2rN2USs2ZwFmpnyiMKZvQEfYMhjRA5abzdWfkxI8k0WMk8/fvbEoDpaaBZzIB1WO16GXD/7xeov1LN+VhnGgMmYkYz08E0RHJWpMhl8i0mBqgTHKzJWFjKinT5jYlU99ZLLsM7bOaY9ecu3qlcZ0foghHcAxVcOACGnALTWgBgwk8wxu8Ww/Wk/Vivf5EC1b+5xD+yPr4Bj0di84=</latexit>

D⇤D̄⇤
<latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit><latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit><latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit><latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit>



  Heavy meson decays

FSI

Heavy Meson

structure used in Refs. [1,2], and ΓXð4140Þ ¼ 19 MeV. In
Refs. [1,2] the authors use both a Breit-Wigner and a
structure incorporating the DsD̄$

s threshold, as suggested
in Ref. [33].
The freedom to fit the data are the parametersA,B, andΓ0.

A suitable fit to the data is obtained as shown in Fig. 5 with
Γ0 ¼ 65.0 % 7.1 MeV (at 68% confidence level), which
together with ΓJ=ψϕ ≃ 22.0 MeV would provide ΓXð4160Þ ≃
87.0 % 7.1 MeV which is compatible with the experimental
width from the PDG of Γ ¼ 139þ111

−61 % 21 MeV. With the
fitted parameters, our results (red solid curve, labeled as
“Full”) are in good agreement with the experimental data
at low J=ψϕ invariant masses, and we also present the
uncertainties of our results in Fig. 5. As we can see in the
figure, we obtain a contribution from the Xð4140Þ (blue
dotted curve) that is dominant at low invariant masses, and is
responsible for the peak observed in the experiment around
4135MeV. TheXð4160Þ (green dashed curve) is responsible
for most of the strength and produces a broader peak around
4170 MeV (we take the mass MXð4160Þ ¼ 4169 MeV as
obtained inRef. [23]).And finally a cusp appears at theD$

sD̄$
s

threshold as it shows up in the experiment. This cusp comes
from the factor GD$

s D̄$
s
ðMinvÞ and reflects the analytical

structure of this functionwith a discontinuity of the derivative
at threshold. One must stress that this factor appears here as
a consequence of analyticity, with a large strength due to
theD$

sD̄$
s molecular structure of the Xð4160Þ. In an analysis

like the one of Refs. [1,2], where a sum of amplitudes for
resonance excitation and some background are fitted to the
data, this factor is not considered, and as a consequence the
cusp aroundD$

sD̄$
s in the data is missed in the fit. To quantify

the improvement in the fit we compute our χ2 up to the datum
of 4240MeV, and compare it with the one of Refs. [1,2]. We
obtained χ2 ¼ 15.3 versus χ2 ¼ 22.8 inRefs. [1,2]. Yetmore
significative than this is the fact thatweobtain the structure of
the peaks in good agreement with experiment, while this is
not the case in Refs. [1,2].
The Flatté effect is visible in Fig. 5 as a sharp fall down of

the invariant mass distribution above the D$
sD̄$

s threshold.

From there on, our fit starts diverting from experiment, but
so it should, since definitely, other contributions from
resonances and backgrounds as discussed in Refs. [1,2],
should be considered. Our point is that the lower part of
the spectrum can be obtained from the contribution of the
Xð4140Þ ð1þþÞ andXð4160Þ ð2þþÞ resonances, theXð4140Þ
is narrow, like determined in most experiments, and the cusp
of the distribution at the D$

sD̄$
s threshold indicates that the

resonance to which the J=ψϕ is coupled in that region is
strongly tied to the D$

sD̄$
s channel.

We have conducted the same fit using MXð4140Þ ¼
4140 MeV (pink dash-dotted curve in Fig. 5, labeled as
“Full*”), and the fit is acceptable but slightly worse in the
first several points of the spectrum.
We should note that, some added 2þþ structures were not

compelling in Refs. [1,2], but once again, our point is that
the 2þþ state that we add comes in the form of an amplitude
Gt that cannot be accommodated by a Breit-Wigner
amplitude as in Refs. [1,2].
To finish the work, and as a test of the explanation given

here, we present in Fig. 6 theD$
sD̄$

s mass distribution above
threshold obtained with the same parameters as in Fig. 5.
This should allow a quantitative comparison with the J=ψϕ
mass distribution of Fig. 5, once this experiment is done,
which we very much encourage.
As we can see in Fig. 6, there is a peak close to threshold,

which should not be misidentified with a new resonance,
but it is the reflection of the Xð4160Þ which in our fit has
the mass at 4169 MeV. The strength at the peak is about
twice the one of the X(4140) in the J=ψϕ distribution,
which guarantees its observability. The B− → K−D$

sD̄$
s

mode is not reported in the PDG, but many modes with one
D$

s already exist. The present work and the prediction, tied
to the interpretation given for the B− → K−J=ψϕ spectrum,
should act as an incentive to measure this reaction and learn
about properties of the Xð4140Þ and Xð4160Þ.
Since there are more observables in the experiment, like

angular distributions, and other information not available to
us, it would also be most convenient that the present ideas
and the new algorithm for the analysis are implemented in
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FIG. 5. The J=ψϕ mass distribution of the B− → K−J=ψϕ
decay. The band comes considering the errors in A, B and Γ0 from
the fit, and represents the 68% confidence level.
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PRD 80, 114013 (2017)

0+(2++)
<latexit sha1_base64="c6jG8PKyiUPHeqV3f31OBbU214k=">AAAB7HicbZDNTgIxFIXv4B/iH+rSTSMxwZCQGWKiS6Ibl5gIkgwD6ZQONHTaSdsxIRPeQldG3fk0voBvY8FZKHhWX+85Te65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRR8tUEdomkkvVDbGmnAnaNsxw2k0UxXHI6UM4uZn7D49UaSbFvZkmNIjxSLCIEWzsyHf7tWqjn9Vqs/NBueLW3YXQKng5VCBXa1D+7A0lSWMqDOFYa99zExNkWBlGOJ2VeqmmCSYTPKK+RYFjqoNssfIMnUVSITOmaPH+nc1wrPU0Dm0mxmasl7358D/PT010FWRMJKmhgtiI9aKUIyPRvDkaMkWJ4VMLmChmt0RkjBUmxt6nZOt7y2VXodOoe27du7uoNK/zQxThBE6hCh5cQhNuoQVtICDhGd7g3RHOk/PivP5EC07+5xj+yPn4Bv2KjWU=</latexit><latexit sha1_base64="c6jG8PKyiUPHeqV3f31OBbU214k=">AAAB7HicbZDNTgIxFIXv4B/iH+rSTSMxwZCQGWKiS6Ibl5gIkgwD6ZQONHTaSdsxIRPeQldG3fk0voBvY8FZKHhWX+85Te65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRR8tUEdomkkvVDbGmnAnaNsxw2k0UxXHI6UM4uZn7D49UaSbFvZkmNIjxSLCIEWzsyHf7tWqjn9Vqs/NBueLW3YXQKng5VCBXa1D+7A0lSWMqDOFYa99zExNkWBlGOJ2VeqmmCSYTPKK+RYFjqoNssfIMnUVSITOmaPH+nc1wrPU0Dm0mxmasl7358D/PT010FWRMJKmhgtiI9aKUIyPRvDkaMkWJ4VMLmChmt0RkjBUmxt6nZOt7y2VXodOoe27du7uoNK/zQxThBE6hCh5cQhNuoQVtICDhGd7g3RHOk/PivP5EC07+5xj+yPn4Bv2KjWU=</latexit><latexit sha1_base64="c6jG8PKyiUPHeqV3f31OBbU214k=">AAAB7HicbZDNTgIxFIXv4B/iH+rSTSMxwZCQGWKiS6Ibl5gIkgwD6ZQONHTaSdsxIRPeQldG3fk0voBvY8FZKHhWX+85Te65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRR8tUEdomkkvVDbGmnAnaNsxw2k0UxXHI6UM4uZn7D49UaSbFvZkmNIjxSLCIEWzsyHf7tWqjn9Vqs/NBueLW3YXQKng5VCBXa1D+7A0lSWMqDOFYa99zExNkWBlGOJ2VeqmmCSYTPKK+RYFjqoNssfIMnUVSITOmaPH+nc1wrPU0Dm0mxmasl7358D/PT010FWRMJKmhgtiI9aKUIyPRvDkaMkWJ4VMLmChmt0RkjBUmxt6nZOt7y2VXodOoe27du7uoNK/zQxThBE6hCh5cQhNuoQVtICDhGd7g3RHOk/PivP5EC07+5xj+yPn4Bv2KjWU=</latexit><latexit sha1_base64="c6jG8PKyiUPHeqV3f31OBbU214k=">AAAB7HicbZDNTgIxFIXv4B/iH+rSTSMxwZCQGWKiS6Ibl5gIkgwD6ZQONHTaSdsxIRPeQldG3fk0voBvY8FZKHhWX+85Te65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRR8tUEdomkkvVDbGmnAnaNsxw2k0UxXHI6UM4uZn7D49UaSbFvZkmNIjxSLCIEWzsyHf7tWqjn9Vqs/NBueLW3YXQKng5VCBXa1D+7A0lSWMqDOFYa99zExNkWBlGOJ2VeqmmCSYTPKK+RYFjqoNssfIMnUVSITOmaPH+nc1wrPU0Dm0mxmasl7358D/PT010FWRMJKmhgtiI9aKUIyPRvDkaMkWJ4VMLmChmt0RkjBUmxt6nZOt7y2VXodOoe27du7uoNK/zQxThBE6hCh5cQhNuoQVtICDhGd7g3RHOk/PivP5EC07+5xj+yPn4Bv2KjWU=</latexit>

0+(0++)
<latexit sha1_base64="7WvpBgLRye8aVi5TLtsg432rS1U=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiVAplRgRdFt24rGB/YDotmfROG5pJhiQjlKFvoStRdz6NL+DbmNZZaOtZfbnnBO65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRW8tUUWhRyaXqhkQDZwJahhkO3UQBiUMOnXByO/c7j6A0k+LBTBMIYjISLGKUGDvy3X6t6vazWm12PihX3Lq7EF4FL4cKytUclD97Q0nTGIShnGjte25igowowyiHWamXakgInZAR+BYFiUEH2WLlGT6LpMJmDHjx/p3NSKz1NA5tJiZmrJe9+fA/z09NdB1kTCSpAUFtxHpRyrGReN4cD5kCavjUAqGK2S0xHRNFqLH3Kdn63nLZVWhf1D237t1fVho3+SGK6ASdoiry0BVqoDvURC1EkUTP6A29O8J5cl6c159owcn/HKM/cj6+AfqCjWM=</latexit><latexit sha1_base64="7WvpBgLRye8aVi5TLtsg432rS1U=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiVAplRgRdFt24rGB/YDotmfROG5pJhiQjlKFvoStRdz6NL+DbmNZZaOtZfbnnBO65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRW8tUUWhRyaXqhkQDZwJahhkO3UQBiUMOnXByO/c7j6A0k+LBTBMIYjISLGKUGDvy3X6t6vazWm12PihX3Lq7EF4FL4cKytUclD97Q0nTGIShnGjte25igowowyiHWamXakgInZAR+BYFiUEH2WLlGT6LpMJmDHjx/p3NSKz1NA5tJiZmrJe9+fA/z09NdB1kTCSpAUFtxHpRyrGReN4cD5kCavjUAqGK2S0xHRNFqLH3Kdn63nLZVWhf1D237t1fVho3+SGK6ASdoiry0BVqoDvURC1EkUTP6A29O8J5cl6c159owcn/HKM/cj6+AfqCjWM=</latexit><latexit sha1_base64="7WvpBgLRye8aVi5TLtsg432rS1U=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiVAplRgRdFt24rGB/YDotmfROG5pJhiQjlKFvoStRdz6NL+DbmNZZaOtZfbnnBO65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRW8tUUWhRyaXqhkQDZwJahhkO3UQBiUMOnXByO/c7j6A0k+LBTBMIYjISLGKUGDvy3X6t6vazWm12PihX3Lq7EF4FL4cKytUclD97Q0nTGIShnGjte25igowowyiHWamXakgInZAR+BYFiUEH2WLlGT6LpMJmDHjx/p3NSKz1NA5tJiZmrJe9+fA/z09NdB1kTCSpAUFtxHpRyrGReN4cD5kCavjUAqGK2S0xHRNFqLH3Kdn63nLZVWhf1D237t1fVho3+SGK6ASdoiry0BVqoDvURC1EkUTP6A29O8J5cl6c159owcn/HKM/cj6+AfqCjWM=</latexit><latexit sha1_base64="7WvpBgLRye8aVi5TLtsg432rS1U=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiVAplRgRdFt24rGB/YDotmfROG5pJhiQjlKFvoStRdz6NL+DbmNZZaOtZfbnnBO65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRW8tUUWhRyaXqhkQDZwJahhkO3UQBiUMOnXByO/c7j6A0k+LBTBMIYjISLGKUGDvy3X6t6vazWm12PihX3Lq7EF4FL4cKytUclD97Q0nTGIShnGjte25igowowyiHWamXakgInZAR+BYFiUEH2WLlGT6LpMJmDHjx/p3NSKz1NA5tJiZmrJe9+fA/z09NdB1kTCSpAUFtxHpRyrGReN4cD5kCavjUAqGK2S0xHRNFqLH3Kdn63nLZVWhf1D237t1fVho3+SGK6ASdoiry0BVqoDvURC1EkUTP6A29O8J5cl6c159owcn/HKM/cj6+AfqCjWM=</latexit>

X(3930)
<latexit sha1_base64="p/38WG0wG1cpL+jKrLu356/2NrM=">AAAB6HicbZDLTsJAFIZP8YZ4Q126mUhMcENaMVF3RDcuMZFLAg2ZDqcwMr1kZmpCGt5BV0bd+Ty+gG/jFLtQ8F99c/5/kvMfLxZcadv+sgorq2vrG8XN0tb2zu5eef+graJEMmyxSESy61GFgofY0lwL7MYSaeAJ7HiTm8zvPKJUPArv9TRGN6CjkPucUW1GnW61flW3Twflil2z5yLL4ORQgVzNQfmzP4xYEmComaBK9Rw71m5KpeZM4KzUTxTGlE3oCHsGQxqgctP5ujNy4keS6DGS+ft3NqWBUtPAM5mA6rFa9LLhf14v0f6lm/IwTjSGzESM5yeC6IhkrcmQS2RaTA1QJrnZkrAxlZRpc5uSqe8sll2G9lnNsWvO3XmlcZ0foghHcAxVcOACGnALTWgBgwk8wxu8Ww/Wk/Vivf5EC1b+5xD+yPr4Bjudi80=</latexit><latexit sha1_base64="p/38WG0wG1cpL+jKrLu356/2NrM=">AAAB6HicbZDLTsJAFIZP8YZ4Q126mUhMcENaMVF3RDcuMZFLAg2ZDqcwMr1kZmpCGt5BV0bd+Ty+gG/jFLtQ8F99c/5/kvMfLxZcadv+sgorq2vrG8XN0tb2zu5eef+graJEMmyxSESy61GFgofY0lwL7MYSaeAJ7HiTm8zvPKJUPArv9TRGN6CjkPucUW1GnW61flW3Twflil2z5yLL4ORQgVzNQfmzP4xYEmComaBK9Rw71m5KpeZM4KzUTxTGlE3oCHsGQxqgctP5ujNy4keS6DGS+ft3NqWBUtPAM5mA6rFa9LLhf14v0f6lm/IwTjSGzESM5yeC6IhkrcmQS2RaTA1QJrnZkrAxlZRpc5uSqe8sll2G9lnNsWvO3XmlcZ0foghHcAxVcOACGnALTWgBgwk8wxu8Ww/Wk/Vivf5EC1b+5xD+yPr4Bjudi80=</latexit><latexit sha1_base64="p/38WG0wG1cpL+jKrLu356/2NrM=">AAAB6HicbZDLTsJAFIZP8YZ4Q126mUhMcENaMVF3RDcuMZFLAg2ZDqcwMr1kZmpCGt5BV0bd+Ty+gG/jFLtQ8F99c/5/kvMfLxZcadv+sgorq2vrG8XN0tb2zu5eef+graJEMmyxSESy61GFgofY0lwL7MYSaeAJ7HiTm8zvPKJUPArv9TRGN6CjkPucUW1GnW61flW3Twflil2z5yLL4ORQgVzNQfmzP4xYEmComaBK9Rw71m5KpeZM4KzUTxTGlE3oCHsGQxqgctP5ujNy4keS6DGS+ft3NqWBUtPAM5mA6rFa9LLhf14v0f6lm/IwTjSGzESM5yeC6IhkrcmQS2RaTA1QJrnZkrAxlZRpc5uSqe8sll2G9lnNsWvO3XmlcZ0foghHcAxVcOACGnALTWgBgwk8wxu8Ww/Wk/Vivf5EC1b+5xD+yPr4Bjudi80=</latexit><latexit sha1_base64="p/38WG0wG1cpL+jKrLu356/2NrM=">AAAB6HicbZDLTsJAFIZP8YZ4Q126mUhMcENaMVF3RDcuMZFLAg2ZDqcwMr1kZmpCGt5BV0bd+Ty+gG/jFLtQ8F99c/5/kvMfLxZcadv+sgorq2vrG8XN0tb2zu5eef+graJEMmyxSESy61GFgofY0lwL7MYSaeAJ7HiTm8zvPKJUPArv9TRGN6CjkPucUW1GnW61flW3Twflil2z5yLL4ORQgVzNQfmzP4xYEmComaBK9Rw71m5KpeZM4KzUTxTGlE3oCHsGQxqgctP5ujNy4keS6DGS+ft3NqWBUtPAM5mA6rFa9LLhf14v0f6lm/IwTjSGzESM5yeC6IhkrcmQS2RaTA1QJrnZkrAxlZRpc5uSqe8sll2G9lnNsWvO3XmlcZ0foghHcAxVcOACGnALTWgBgwk8wxu8Ww/Wk/Vivf5EC1b+5xD+yPr4Bjudi80=</latexit>

X(3940)
<latexit sha1_base64="k3Af1Q4q5aYeZOiUWyUFm3yj8UA=">AAAB6HicbZDLTsJAFIZP8YZ4Q126mUhMcENaJVF3RDcuMZFLAg2ZDqcwMr1kZmpCGt5BV0bd+Ty+gG/jFLtQ8F99c/5/kvMfLxZcadv+sgorq2vrG8XN0tb2zu5eef+graJEMmyxSESy61GFgofY0lwL7MYSaeAJ7HiTm8zvPKJUPArv9TRGN6CjkPucUW1GnW71/Kpunw7KFbtmz0WWwcmhArmag/JnfxixJMBQM0GV6jl2rN2USs2ZwFmpnyiMKZvQEfYMhjRA5abzdWfkxI8k0WMk8/fvbEoDpaaBZzIB1WO16GXD/7xeov1LN+VhnGgMmYkYz08E0RHJWpMhl8i0mBqgTHKzJWFjKinT5jYlU99ZLLsM7bOaY9ecu3qlcZ0foghHcAxVcOACGnALTWgBgwk8wxu8Ww/Wk/Vivf5EC1b+5xD+yPr4Bj0di84=</latexit><latexit sha1_base64="k3Af1Q4q5aYeZOiUWyUFm3yj8UA=">AAAB6HicbZDLTsJAFIZP8YZ4Q126mUhMcENaJVF3RDcuMZFLAg2ZDqcwMr1kZmpCGt5BV0bd+Ty+gG/jFLtQ8F99c/5/kvMfLxZcadv+sgorq2vrG8XN0tb2zu5eef+graJEMmyxSESy61GFgofY0lwL7MYSaeAJ7HiTm8zvPKJUPArv9TRGN6CjkPucUW1GnW71/Kpunw7KFbtmz0WWwcmhArmag/JnfxixJMBQM0GV6jl2rN2USs2ZwFmpnyiMKZvQEfYMhjRA5abzdWfkxI8k0WMk8/fvbEoDpaaBZzIB1WO16GXD/7xeov1LN+VhnGgMmYkYz08E0RHJWpMhl8i0mBqgTHKzJWFjKinT5jYlU99ZLLsM7bOaY9ecu3qlcZ0foghHcAxVcOACGnALTWgBgwk8wxu8Ww/Wk/Vivf5EC1b+5xD+yPr4Bj0di84=</latexit><latexit sha1_base64="k3Af1Q4q5aYeZOiUWyUFm3yj8UA=">AAAB6HicbZDLTsJAFIZP8YZ4Q126mUhMcENaJVF3RDcuMZFLAg2ZDqcwMr1kZmpCGt5BV0bd+Ty+gG/jFLtQ8F99c/5/kvMfLxZcadv+sgorq2vrG8XN0tb2zu5eef+graJEMmyxSESy61GFgofY0lwL7MYSaeAJ7HiTm8zvPKJUPArv9TRGN6CjkPucUW1GnW71/Kpunw7KFbtmz0WWwcmhArmag/JnfxixJMBQM0GV6jl2rN2USs2ZwFmpnyiMKZvQEfYMhjRA5abzdWfkxI8k0WMk8/fvbEoDpaaBZzIB1WO16GXD/7xeov1LN+VhnGgMmYkYz08E0RHJWpMhl8i0mBqgTHKzJWFjKinT5jYlU99ZLLsM7bOaY9ecu3qlcZ0foghHcAxVcOACGnALTWgBgwk8wxu8Ww/Wk/Vivf5EC1b+5xD+yPr4Bj0di84=</latexit><latexit sha1_base64="k3Af1Q4q5aYeZOiUWyUFm3yj8UA=">AAAB6HicbZDLTsJAFIZP8YZ4Q126mUhMcENaJVF3RDcuMZFLAg2ZDqcwMr1kZmpCGt5BV0bd+Ty+gG/jFLtQ8F99c/5/kvMfLxZcadv+sgorq2vrG8XN0tb2zu5eef+graJEMmyxSESy61GFgofY0lwL7MYSaeAJ7HiTm8zvPKJUPArv9TRGN6CjkPucUW1GnW71/Kpunw7KFbtmz0WWwcmhArmag/JnfxixJMBQM0GV6jl2rN2USs2ZwFmpnyiMKZvQEfYMhjRA5abzdWfkxI8k0WMk8/fvbEoDpaaBZzIB1WO16GXD/7xeov1LN+VhnGgMmYkYz08E0RHJWpMhl8i0mBqgTHKzJWFjKinT5jYlU99ZLLsM7bOaY9ecu3qlcZ0foghHcAxVcOACGnALTWgBgwk8wxu8Ww/Wk/Vivf5EC1b+5xD+yPr4Bj0di84=</latexit>

J/ !
<latexit sha1_base64="LIzPt0hbK2hbe+3z3smNj9Ho2TE=">AAAB73icbZDNSgMxFIXv+FvrX9Wlm2ARXEidEUGXRTfiqoL9gc5YMumdNjSZGZOMUIY+h65E3fkuvoBvY1q70Naz+nLPCdxzw1RwbVz3y1lYXFpeWS2sFdc3Nre2Szu7DZ1kimGdJSJRrZBqFDzGuuFGYCtVSGUosBkOrsZ+8xGV5kl8Z4YpBpL2Yh5xRo0d3d+c+Knm/rGfSOzRTqnsVtyJyDx4UyjDVLVO6dPvJiyTGBsmqNZtz01NkFNlOBM4KvqZxpSyAe1h22JMJeogn2w9IodRoojpI5m8f2dzKrUeytBmJDV9PeuNh/957cxEF0HO4zQzGDMbsV6UCWISMi5PulwhM2JogTLF7ZaE9amizNgTFW19b7bsPDROK55b8W7PytXL6SEKsA8HcAQenEMVrqEGdWCg4Bne4N15cJ6cF+f1J7rgTP/swR85H9+yn4+p</latexit><latexit sha1_base64="LIzPt0hbK2hbe+3z3smNj9Ho2TE=">AAAB73icbZDNSgMxFIXv+FvrX9Wlm2ARXEidEUGXRTfiqoL9gc5YMumdNjSZGZOMUIY+h65E3fkuvoBvY1q70Naz+nLPCdxzw1RwbVz3y1lYXFpeWS2sFdc3Nre2Szu7DZ1kimGdJSJRrZBqFDzGuuFGYCtVSGUosBkOrsZ+8xGV5kl8Z4YpBpL2Yh5xRo0d3d+c+Knm/rGfSOzRTqnsVtyJyDx4UyjDVLVO6dPvJiyTGBsmqNZtz01NkFNlOBM4KvqZxpSyAe1h22JMJeogn2w9IodRoojpI5m8f2dzKrUeytBmJDV9PeuNh/957cxEF0HO4zQzGDMbsV6UCWISMi5PulwhM2JogTLF7ZaE9amizNgTFW19b7bsPDROK55b8W7PytXL6SEKsA8HcAQenEMVrqEGdWCg4Bne4N15cJ6cF+f1J7rgTP/swR85H9+yn4+p</latexit><latexit sha1_base64="LIzPt0hbK2hbe+3z3smNj9Ho2TE=">AAAB73icbZDNSgMxFIXv+FvrX9Wlm2ARXEidEUGXRTfiqoL9gc5YMumdNjSZGZOMUIY+h65E3fkuvoBvY1q70Naz+nLPCdxzw1RwbVz3y1lYXFpeWS2sFdc3Nre2Szu7DZ1kimGdJSJRrZBqFDzGuuFGYCtVSGUosBkOrsZ+8xGV5kl8Z4YpBpL2Yh5xRo0d3d+c+Knm/rGfSOzRTqnsVtyJyDx4UyjDVLVO6dPvJiyTGBsmqNZtz01NkFNlOBM4KvqZxpSyAe1h22JMJeogn2w9IodRoojpI5m8f2dzKrUeytBmJDV9PeuNh/957cxEF0HO4zQzGDMbsV6UCWISMi5PulwhM2JogTLF7ZaE9amizNgTFW19b7bsPDROK55b8W7PytXL6SEKsA8HcAQenEMVrqEGdWCg4Bne4N15cJ6cF+f1J7rgTP/swR85H9+yn4+p</latexit><latexit sha1_base64="LIzPt0hbK2hbe+3z3smNj9Ho2TE=">AAAB73icbZDNSgMxFIXv+FvrX9Wlm2ARXEidEUGXRTfiqoL9gc5YMumdNjSZGZOMUIY+h65E3fkuvoBvY1q70Naz+nLPCdxzw1RwbVz3y1lYXFpeWS2sFdc3Nre2Szu7DZ1kimGdJSJRrZBqFDzGuuFGYCtVSGUosBkOrsZ+8xGV5kl8Z4YpBpL2Yh5xRo0d3d+c+Knm/rGfSOzRTqnsVtyJyDx4UyjDVLVO6dPvJiyTGBsmqNZtz01NkFNlOBM4KvqZxpSyAe1h22JMJeogn2w9IodRoojpI5m8f2dzKrUeytBmJDV9PeuNh/957cxEF0HO4zQzGDMbsV6UCWISMi5PulwhM2JogTLF7ZaE9amizNgTFW19b7bsPDROK55b8W7PytXL6SEKsA8HcAQenEMVrqEGdWCg4Bne4N15cJ6cF+f1J7rgTP/swR85H9+yn4+p</latexit>

Both states also couple to J/ !
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Table 1 Couplings g i of the
0++ and 2++ resonances to the
relevant channels, in units of
MeV

D∗ D̄∗ D∗
s D̄

∗
s K ∗ K̄ ∗ ρρ

√
s pole = 3943 + i7.4, I G [J PC ] = 0+[0++]
18,810 − i682 8426 + i1933 10 − i11 −22 + i47

ωω φφ J/ψ J/ψ

1348 + i234 −1000 − i150 417 + i64

ωJ/ψ φ J/ψ ωφ

−1429 − i216 889 + i196 −215 − i107
√
s pole = 3922 + i26, I G [J PC ] = 0+[2++]
21,100 − i1802 1633 + i6797 42 + i14 −75 + i37

ωω φφ J/ψ J/ψ

1558 + i1821 −904 − i1783 1783 + i197

ωJ/ψ φ J/ψ ωφ

−2558 − i2289 918 + i2921 91 − i784

%
(i)
0 = %Ri −%

(i)
J/ψω(M

J/ψω
inv = MRi ). (23)

Note that in Eq. (22), %
(i)
D∗ D̄∗ only starts above the D∗ D̄∗

threshold, but since the coupling of the resonance to this
channel is so large, it grows fast above threshold giving rise
to the Flatté effect.

In [18] only the vector-vector channels were used in the
coupled channel calculation. The D∗ D̄∗ channel can also
couple to DD̄ via pion exchange. This contribution was taken
into account in [18], including box diagrams with DD̄ in the
intermediate states. As shown there, the inclusion of these
channels barely changes the mass of the states and modifies
the width in only a few MeV. We thus ignore it here. A pos-
sible ηcη decay channel is even more suppressed because if
involves the D exchange, rather than the pion, and the heavy
mass reduces the strength of the propagator.

3 Results

We will present the invariant mass distribution in arbitrary
units, but d%

dM J/ψω
inv

and d%

dMD∗ D̄∗
inv

will have the same normal-

ization. For this purpose, we take A = 1 and look at the
results for different values of B. Since A and B have been
normalized to have the same dimensions, providing similar
strength for the two terms for A = B, we will take values
of B close to 0.5, 1, 1.5 and 2. The values chosen for this
ratio are not arbitrary. Using the 3P0 model to implement the
q q̄ hadronization [30] and Racah algebra one can relate the
states for scalar and vector or tensor production. This exer-
cise is done in [31] to relate pseudoscalar and vector pro-
duction in 'b → π−(D−

s )'c(2595), π−(D−
s )'c(2625)

decays and the difference results in a factor of
√

3. Further-
more, we have empirical information more closely related to
the problem discussed here in the D+ → π+ f0(1370) and
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Fig. 5 d%

dM J/ψω
inv

results for the different values of the parameter B

D+ → π+ f2(1270). Indeed, the f0(1370) and f2(1270) are
obtained from the interaction of ρρ in [10– 12]. They are the
equivalent in the light sector to the X (3940) and X (3930)
studied here in the heavy quark sector. The branching ratios
are (8 ± 4) × 10−5 and (4.8 ± 0.8) × 10−4, respectively,
with the resonances decaying to π+π− [16]. Correcting by
3
2 to account for π0π0 decay of the I = 0 state, and divid-
ing by the branching fractions to ππ from the PDG [16], we
obtain the rates (4.6 ± 2.3) × 10−4 and (8.5 ± 1.4) × 10−4

for the production of the two resonances irrespectively of
their decay mode. As we can see these rates differ by about
a factor of two. This also indicates a preference for value of
B/A bigger than 1 in our case. We show in Fig. 5 the results
of d%

dM J/ψω
inv

and in Fig. 6 for d%

dMD∗ D̄∗
inv

for these different val-

ues. The absolute normalization is arbitrary and the shape
changes a bit since one gives more strength to one or another
resonance changing B.

In Fig. 5 we see that due to the proximity of the two reso-
nances, and the fact that both of them can be produced in this

123
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PRD 80, 114013 (2017)

0+(2++)
<latexit sha1_base64="c6jG8PKyiUPHeqV3f31OBbU214k=">AAAB7HicbZDNTgIxFIXv4B/iH+rSTSMxwZCQGWKiS6Ibl5gIkgwD6ZQONHTaSdsxIRPeQldG3fk0voBvY8FZKHhWX+85Te65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRR8tUEdomkkvVDbGmnAnaNsxw2k0UxXHI6UM4uZn7D49UaSbFvZkmNIjxSLCIEWzsyHf7tWqjn9Vqs/NBueLW3YXQKng5VCBXa1D+7A0lSWMqDOFYa99zExNkWBlGOJ2VeqmmCSYTPKK+RYFjqoNssfIMnUVSITOmaPH+nc1wrPU0Dm0mxmasl7358D/PT010FWRMJKmhgtiI9aKUIyPRvDkaMkWJ4VMLmChmt0RkjBUmxt6nZOt7y2VXodOoe27du7uoNK/zQxThBE6hCh5cQhNuoQVtICDhGd7g3RHOk/PivP5EC07+5xj+yPn4Bv2KjWU=</latexit><latexit sha1_base64="c6jG8PKyiUPHeqV3f31OBbU214k=">AAAB7HicbZDNTgIxFIXv4B/iH+rSTSMxwZCQGWKiS6Ibl5gIkgwD6ZQONHTaSdsxIRPeQldG3fk0voBvY8FZKHhWX+85Te65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRR8tUEdomkkvVDbGmnAnaNsxw2k0UxXHI6UM4uZn7D49UaSbFvZkmNIjxSLCIEWzsyHf7tWqjn9Vqs/NBueLW3YXQKng5VCBXa1D+7A0lSWMqDOFYa99zExNkWBlGOJ2VeqmmCSYTPKK+RYFjqoNssfIMnUVSITOmaPH+nc1wrPU0Dm0mxmasl7358D/PT010FWRMJKmhgtiI9aKUIyPRvDkaMkWJ4VMLmChmt0RkjBUmxt6nZOt7y2VXodOoe27du7uoNK/zQxThBE6hCh5cQhNuoQVtICDhGd7g3RHOk/PivP5EC07+5xj+yPn4Bv2KjWU=</latexit><latexit sha1_base64="c6jG8PKyiUPHeqV3f31OBbU214k=">AAAB7HicbZDNTgIxFIXv4B/iH+rSTSMxwZCQGWKiS6Ibl5gIkgwD6ZQONHTaSdsxIRPeQldG3fk0voBvY8FZKHhWX+85Te65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRR8tUEdomkkvVDbGmnAnaNsxw2k0UxXHI6UM4uZn7D49UaSbFvZkmNIjxSLCIEWzsyHf7tWqjn9Vqs/NBueLW3YXQKng5VCBXa1D+7A0lSWMqDOFYa99zExNkWBlGOJ2VeqmmCSYTPKK+RYFjqoNssfIMnUVSITOmaPH+nc1wrPU0Dm0mxmasl7358D/PT010FWRMJKmhgtiI9aKUIyPRvDkaMkWJ4VMLmChmt0RkjBUmxt6nZOt7y2VXodOoe27du7uoNK/zQxThBE6hCh5cQhNuoQVtICDhGd7g3RHOk/PivP5EC07+5xj+yPn4Bv2KjWU=</latexit><latexit sha1_base64="c6jG8PKyiUPHeqV3f31OBbU214k=">AAAB7HicbZDNTgIxFIXv4B/iH+rSTSMxwZCQGWKiS6Ibl5gIkgwD6ZQONHTaSdsxIRPeQldG3fk0voBvY8FZKHhWX+85Te65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRR8tUEdomkkvVDbGmnAnaNsxw2k0UxXHI6UM4uZn7D49UaSbFvZkmNIjxSLCIEWzsyHf7tWqjn9Vqs/NBueLW3YXQKng5VCBXa1D+7A0lSWMqDOFYa99zExNkWBlGOJ2VeqmmCSYTPKK+RYFjqoNssfIMnUVSITOmaPH+nc1wrPU0Dm0mxmasl7358D/PT010FWRMJKmhgtiI9aKUIyPRvDkaMkWJ4VMLmChmt0RkjBUmxt6nZOt7y2VXodOoe27du7uoNK/zQxThBE6hCh5cQhNuoQVtICDhGd7g3RHOk/PivP5EC07+5xj+yPn4Bv2KjWU=</latexit>

0+(0++)
<latexit sha1_base64="7WvpBgLRye8aVi5TLtsg432rS1U=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiVAplRgRdFt24rGB/YDotmfROG5pJhiQjlKFvoStRdz6NL+DbmNZZaOtZfbnnBO65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRW8tUUWhRyaXqhkQDZwJahhkO3UQBiUMOnXByO/c7j6A0k+LBTBMIYjISLGKUGDvy3X6t6vazWm12PihX3Lq7EF4FL4cKytUclD97Q0nTGIShnGjte25igowowyiHWamXakgInZAR+BYFiUEH2WLlGT6LpMJmDHjx/p3NSKz1NA5tJiZmrJe9+fA/z09NdB1kTCSpAUFtxHpRyrGReN4cD5kCavjUAqGK2S0xHRNFqLH3Kdn63nLZVWhf1D237t1fVho3+SGK6ASdoiry0BVqoDvURC1EkUTP6A29O8J5cl6c159owcn/HKM/cj6+AfqCjWM=</latexit><latexit sha1_base64="7WvpBgLRye8aVi5TLtsg432rS1U=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiVAplRgRdFt24rGB/YDotmfROG5pJhiQjlKFvoStRdz6NL+DbmNZZaOtZfbnnBO65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRW8tUUWhRyaXqhkQDZwJahhkO3UQBiUMOnXByO/c7j6A0k+LBTBMIYjISLGKUGDvy3X6t6vazWm12PihX3Lq7EF4FL4cKytUclD97Q0nTGIShnGjte25igowowyiHWamXakgInZAR+BYFiUEH2WLlGT6LpMJmDHjx/p3NSKz1NA5tJiZmrJe9+fA/z09NdB1kTCSpAUFtxHpRyrGReN4cD5kCavjUAqGK2S0xHRNFqLH3Kdn63nLZVWhf1D237t1fVho3+SGK6ASdoiry0BVqoDvURC1EkUTP6A29O8J5cl6c159owcn/HKM/cj6+AfqCjWM=</latexit><latexit sha1_base64="7WvpBgLRye8aVi5TLtsg432rS1U=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiVAplRgRdFt24rGB/YDotmfROG5pJhiQjlKFvoStRdz6NL+DbmNZZaOtZfbnnBO65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRW8tUUWhRyaXqhkQDZwJahhkO3UQBiUMOnXByO/c7j6A0k+LBTBMIYjISLGKUGDvy3X6t6vazWm12PihX3Lq7EF4FL4cKytUclD97Q0nTGIShnGjte25igowowyiHWamXakgInZAR+BYFiUEH2WLlGT6LpMJmDHjx/p3NSKz1NA5tJiZmrJe9+fA/z09NdB1kTCSpAUFtxHpRyrGReN4cD5kCavjUAqGK2S0xHRNFqLH3Kdn63nLZVWhf1D237t1fVho3+SGK6ASdoiry0BVqoDvURC1EkUTP6A29O8J5cl6c159owcn/HKM/cj6+AfqCjWM=</latexit><latexit sha1_base64="7WvpBgLRye8aVi5TLtsg432rS1U=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiVAplRgRdFt24rGB/YDotmfROG5pJhiQjlKFvoStRdz6NL+DbmNZZaOtZfbnnBO65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRW8tUUWhRyaXqhkQDZwJahhkO3UQBiUMOnXByO/c7j6A0k+LBTBMIYjISLGKUGDvy3X6t6vazWm12PihX3Lq7EF4FL4cKytUclD97Q0nTGIShnGjte25igowowyiHWamXakgInZAR+BYFiUEH2WLlGT6LpMJmDHjx/p3NSKz1NA5tJiZmrJe9+fA/z09NdB1kTCSpAUFtxHpRyrGReN4cD5kCavjUAqGK2S0xHRNFqLH3Kdn63nLZVWhf1D237t1fVho3+SGK6ASdoiry0BVqoDvURC1EkUTP6A29O8J5cl6c159owcn/HKM/cj6+AfqCjWM=</latexit>

X(3930)
<latexit sha1_base64="p/38WG0wG1cpL+jKrLu356/2NrM=">AAAB6HicbZDLTsJAFIZP8YZ4Q126mUhMcENaMVF3RDcuMZFLAg2ZDqcwMr1kZmpCGt5BV0bd+Ty+gG/jFLtQ8F99c/5/kvMfLxZcadv+sgorq2vrG8XN0tb2zu5eef+graJEMmyxSESy61GFgofY0lwL7MYSaeAJ7HiTm8zvPKJUPArv9TRGN6CjkPucUW1GnW61flW3Twflil2z5yLL4ORQgVzNQfmzP4xYEmComaBK9Rw71m5KpeZM4KzUTxTGlE3oCHsGQxqgctP5ujNy4keS6DGS+ft3NqWBUtPAM5mA6rFa9LLhf14v0f6lm/IwTjSGzESM5yeC6IhkrcmQS2RaTA1QJrnZkrAxlZRpc5uSqe8sll2G9lnNsWvO3XmlcZ0foghHcAxVcOACGnALTWgBgwk8wxu8Ww/Wk/Vivf5EC1b+5xD+yPr4Bjudi80=</latexit><latexit sha1_base64="p/38WG0wG1cpL+jKrLu356/2NrM=">AAAB6HicbZDLTsJAFIZP8YZ4Q126mUhMcENaMVF3RDcuMZFLAg2ZDqcwMr1kZmpCGt5BV0bd+Ty+gG/jFLtQ8F99c/5/kvMfLxZcadv+sgorq2vrG8XN0tb2zu5eef+graJEMmyxSESy61GFgofY0lwL7MYSaeAJ7HiTm8zvPKJUPArv9TRGN6CjkPucUW1GnW61flW3Twflil2z5yLL4ORQgVzNQfmzP4xYEmComaBK9Rw71m5KpeZM4KzUTxTGlE3oCHsGQxqgctP5ujNy4keS6DGS+ft3NqWBUtPAM5mA6rFa9LLhf14v0f6lm/IwTjSGzESM5yeC6IhkrcmQS2RaTA1QJrnZkrAxlZRpc5uSqe8sll2G9lnNsWvO3XmlcZ0foghHcAxVcOACGnALTWgBgwk8wxu8Ww/Wk/Vivf5EC1b+5xD+yPr4Bjudi80=</latexit><latexit sha1_base64="p/38WG0wG1cpL+jKrLu356/2NrM=">AAAB6HicbZDLTsJAFIZP8YZ4Q126mUhMcENaMVF3RDcuMZFLAg2ZDqcwMr1kZmpCGt5BV0bd+Ty+gG/jFLtQ8F99c/5/kvMfLxZcadv+sgorq2vrG8XN0tb2zu5eef+graJEMmyxSESy61GFgofY0lwL7MYSaeAJ7HiTm8zvPKJUPArv9TRGN6CjkPucUW1GnW61flW3Twflil2z5yLL4ORQgVzNQfmzP4xYEmComaBK9Rw71m5KpeZM4KzUTxTGlE3oCHsGQxqgctP5ujNy4keS6DGS+ft3NqWBUtPAM5mA6rFa9LLhf14v0f6lm/IwTjSGzESM5yeC6IhkrcmQS2RaTA1QJrnZkrAxlZRpc5uSqe8sll2G9lnNsWvO3XmlcZ0foghHcAxVcOACGnALTWgBgwk8wxu8Ww/Wk/Vivf5EC1b+5xD+yPr4Bjudi80=</latexit><latexit sha1_base64="p/38WG0wG1cpL+jKrLu356/2NrM=">AAAB6HicbZDLTsJAFIZP8YZ4Q126mUhMcENaMVF3RDcuMZFLAg2ZDqcwMr1kZmpCGt5BV0bd+Ty+gG/jFLtQ8F99c/5/kvMfLxZcadv+sgorq2vrG8XN0tb2zu5eef+graJEMmyxSESy61GFgofY0lwL7MYSaeAJ7HiTm8zvPKJUPArv9TRGN6CjkPucUW1GnW61flW3Twflil2z5yLL4ORQgVzNQfmzP4xYEmComaBK9Rw71m5KpeZM4KzUTxTGlE3oCHsGQxqgctP5ujNy4keS6DGS+ft3NqWBUtPAM5mA6rFa9LLhf14v0f6lm/IwTjSGzESM5yeC6IhkrcmQS2RaTA1QJrnZkrAxlZRpc5uSqe8sll2G9lnNsWvO3XmlcZ0foghHcAxVcOACGnALTWgBgwk8wxu8Ww/Wk/Vivf5EC1b+5xD+yPr4Bjudi80=</latexit>

X(3940)
<latexit sha1_base64="k3Af1Q4q5aYeZOiUWyUFm3yj8UA=">AAAB6HicbZDLTsJAFIZP8YZ4Q126mUhMcENaJVF3RDcuMZFLAg2ZDqcwMr1kZmpCGt5BV0bd+Ty+gG/jFLtQ8F99c/5/kvMfLxZcadv+sgorq2vrG8XN0tb2zu5eef+graJEMmyxSESy61GFgofY0lwL7MYSaeAJ7HiTm8zvPKJUPArv9TRGN6CjkPucUW1GnW71/Kpunw7KFbtmz0WWwcmhArmag/JnfxixJMBQM0GV6jl2rN2USs2ZwFmpnyiMKZvQEfYMhjRA5abzdWfkxI8k0WMk8/fvbEoDpaaBZzIB1WO16GXD/7xeov1LN+VhnGgMmYkYz08E0RHJWpMhl8i0mBqgTHKzJWFjKinT5jYlU99ZLLsM7bOaY9ecu3qlcZ0foghHcAxVcOACGnALTWgBgwk8wxu8Ww/Wk/Vivf5EC1b+5xD+yPr4Bj0di84=</latexit><latexit sha1_base64="k3Af1Q4q5aYeZOiUWyUFm3yj8UA=">AAAB6HicbZDLTsJAFIZP8YZ4Q126mUhMcENaJVF3RDcuMZFLAg2ZDqcwMr1kZmpCGt5BV0bd+Ty+gG/jFLtQ8F99c/5/kvMfLxZcadv+sgorq2vrG8XN0tb2zu5eef+graJEMmyxSESy61GFgofY0lwL7MYSaeAJ7HiTm8zvPKJUPArv9TRGN6CjkPucUW1GnW71/Kpunw7KFbtmz0WWwcmhArmag/JnfxixJMBQM0GV6jl2rN2USs2ZwFmpnyiMKZvQEfYMhjRA5abzdWfkxI8k0WMk8/fvbEoDpaaBZzIB1WO16GXD/7xeov1LN+VhnGgMmYkYz08E0RHJWpMhl8i0mBqgTHKzJWFjKinT5jYlU99ZLLsM7bOaY9ecu3qlcZ0foghHcAxVcOACGnALTWgBgwk8wxu8Ww/Wk/Vivf5EC1b+5xD+yPr4Bj0di84=</latexit><latexit sha1_base64="k3Af1Q4q5aYeZOiUWyUFm3yj8UA=">AAAB6HicbZDLTsJAFIZP8YZ4Q126mUhMcENaJVF3RDcuMZFLAg2ZDqcwMr1kZmpCGt5BV0bd+Ty+gG/jFLtQ8F99c/5/kvMfLxZcadv+sgorq2vrG8XN0tb2zu5eef+graJEMmyxSESy61GFgofY0lwL7MYSaeAJ7HiTm8zvPKJUPArv9TRGN6CjkPucUW1GnW71/Kpunw7KFbtmz0WWwcmhArmag/JnfxixJMBQM0GV6jl2rN2USs2ZwFmpnyiMKZvQEfYMhjRA5abzdWfkxI8k0WMk8/fvbEoDpaaBZzIB1WO16GXD/7xeov1LN+VhnGgMmYkYz08E0RHJWpMhl8i0mBqgTHKzJWFjKinT5jYlU99ZLLsM7bOaY9ecu3qlcZ0foghHcAxVcOACGnALTWgBgwk8wxu8Ww/Wk/Vivf5EC1b+5xD+yPr4Bj0di84=</latexit><latexit sha1_base64="k3Af1Q4q5aYeZOiUWyUFm3yj8UA=">AAAB6HicbZDLTsJAFIZP8YZ4Q126mUhMcENaJVF3RDcuMZFLAg2ZDqcwMr1kZmpCGt5BV0bd+Ty+gG/jFLtQ8F99c/5/kvMfLxZcadv+sgorq2vrG8XN0tb2zu5eef+graJEMmyxSESy61GFgofY0lwL7MYSaeAJ7HiTm8zvPKJUPArv9TRGN6CjkPucUW1GnW71/Kpunw7KFbtmz0WWwcmhArmag/JnfxixJMBQM0GV6jl2rN2USs2ZwFmpnyiMKZvQEfYMhjRA5abzdWfkxI8k0WMk8/fvbEoDpaaBZzIB1WO16GXD/7xeov1LN+VhnGgMmYkYz08E0RHJWpMhl8i0mBqgTHKzJWFjKinT5jYlU99ZLLsM7bOaY9ecu3qlcZ0foghHcAxVcOACGnALTWgBgwk8wxu8Ww/Wk/Vivf5EC1b+5xD+yPr4Bj0di84=</latexit>

J/ !
<latexit sha1_base64="LIzPt0hbK2hbe+3z3smNj9Ho2TE=">AAAB73icbZDNSgMxFIXv+FvrX9Wlm2ARXEidEUGXRTfiqoL9gc5YMumdNjSZGZOMUIY+h65E3fkuvoBvY1q70Naz+nLPCdxzw1RwbVz3y1lYXFpeWS2sFdc3Nre2Szu7DZ1kimGdJSJRrZBqFDzGuuFGYCtVSGUosBkOrsZ+8xGV5kl8Z4YpBpL2Yh5xRo0d3d+c+Knm/rGfSOzRTqnsVtyJyDx4UyjDVLVO6dPvJiyTGBsmqNZtz01NkFNlOBM4KvqZxpSyAe1h22JMJeogn2w9IodRoojpI5m8f2dzKrUeytBmJDV9PeuNh/957cxEF0HO4zQzGDMbsV6UCWISMi5PulwhM2JogTLF7ZaE9amizNgTFW19b7bsPDROK55b8W7PytXL6SEKsA8HcAQenEMVrqEGdWCg4Bne4N15cJ6cF+f1J7rgTP/swR85H9+yn4+p</latexit><latexit sha1_base64="LIzPt0hbK2hbe+3z3smNj9Ho2TE=">AAAB73icbZDNSgMxFIXv+FvrX9Wlm2ARXEidEUGXRTfiqoL9gc5YMumdNjSZGZOMUIY+h65E3fkuvoBvY1q70Naz+nLPCdxzw1RwbVz3y1lYXFpeWS2sFdc3Nre2Szu7DZ1kimGdJSJRrZBqFDzGuuFGYCtVSGUosBkOrsZ+8xGV5kl8Z4YpBpL2Yh5xRo0d3d+c+Knm/rGfSOzRTqnsVtyJyDx4UyjDVLVO6dPvJiyTGBsmqNZtz01NkFNlOBM4KvqZxpSyAe1h22JMJeogn2w9IodRoojpI5m8f2dzKrUeytBmJDV9PeuNh/957cxEF0HO4zQzGDMbsV6UCWISMi5PulwhM2JogTLF7ZaE9amizNgTFW19b7bsPDROK55b8W7PytXL6SEKsA8HcAQenEMVrqEGdWCg4Bne4N15cJ6cF+f1J7rgTP/swR85H9+yn4+p</latexit><latexit sha1_base64="LIzPt0hbK2hbe+3z3smNj9Ho2TE=">AAAB73icbZDNSgMxFIXv+FvrX9Wlm2ARXEidEUGXRTfiqoL9gc5YMumdNjSZGZOMUIY+h65E3fkuvoBvY1q70Naz+nLPCdxzw1RwbVz3y1lYXFpeWS2sFdc3Nre2Szu7DZ1kimGdJSJRrZBqFDzGuuFGYCtVSGUosBkOrsZ+8xGV5kl8Z4YpBpL2Yh5xRo0d3d+c+Knm/rGfSOzRTqnsVtyJyDx4UyjDVLVO6dPvJiyTGBsmqNZtz01NkFNlOBM4KvqZxpSyAe1h22JMJeogn2w9IodRoojpI5m8f2dzKrUeytBmJDV9PeuNh/957cxEF0HO4zQzGDMbsV6UCWISMi5PulwhM2JogTLF7ZaE9amizNgTFW19b7bsPDROK55b8W7PytXL6SEKsA8HcAQenEMVrqEGdWCg4Bne4N15cJ6cF+f1J7rgTP/swR85H9+yn4+p</latexit><latexit sha1_base64="LIzPt0hbK2hbe+3z3smNj9Ho2TE=">AAAB73icbZDNSgMxFIXv+FvrX9Wlm2ARXEidEUGXRTfiqoL9gc5YMumdNjSZGZOMUIY+h65E3fkuvoBvY1q70Naz+nLPCdxzw1RwbVz3y1lYXFpeWS2sFdc3Nre2Szu7DZ1kimGdJSJRrZBqFDzGuuFGYCtVSGUosBkOrsZ+8xGV5kl8Z4YpBpL2Yh5xRo0d3d+c+Knm/rGfSOzRTqnsVtyJyDx4UyjDVLVO6dPvJiyTGBsmqNZtz01NkFNlOBM4KvqZxpSyAe1h22JMJeogn2w9IodRoojpI5m8f2dzKrUeytBmJDV9PeuNh/957cxEF0HO4zQzGDMbsV6UCWISMi5PulwhM2JogTLF7ZaE9amizNgTFW19b7bsPDROK55b8W7PytXL6SEKsA8HcAQenEMVrqEGdWCg4Bne4N15cJ6cF+f1J7rgTP/swR85H9+yn4+p</latexit>

Both states also couple to J/ !
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Table 1 Couplings g i of the
0++ and 2++ resonances to the
relevant channels, in units of
MeV

D∗ D̄∗ D∗
s D̄

∗
s K ∗ K̄ ∗ ρρ

√
s pole = 3943 + i7.4, I G [J PC ] = 0+[0++]
18,810 − i682 8426 + i1933 10 − i11 −22 + i47

ωω φφ J/ψ J/ψ

1348 + i234 −1000 − i150 417 + i64

ωJ/ψ φ J/ψ ωφ

−1429 − i216 889 + i196 −215 − i107
√
s pole = 3922 + i26, I G [J PC ] = 0+[2++]
21,100 − i1802 1633 + i6797 42 + i14 −75 + i37

ωω φφ J/ψ J/ψ

1558 + i1821 −904 − i1783 1783 + i197

ωJ/ψ φ J/ψ ωφ

−2558 − i2289 918 + i2921 91 − i784

%
(i)
0 = %Ri −%

(i)
J/ψω(M

J/ψω
inv = MRi ). (23)

Note that in Eq. (22), %
(i)
D∗ D̄∗ only starts above the D∗ D̄∗

threshold, but since the coupling of the resonance to this
channel is so large, it grows fast above threshold giving rise
to the Flatté effect.

In [18] only the vector-vector channels were used in the
coupled channel calculation. The D∗ D̄∗ channel can also
couple to DD̄ via pion exchange. This contribution was taken
into account in [18], including box diagrams with DD̄ in the
intermediate states. As shown there, the inclusion of these
channels barely changes the mass of the states and modifies
the width in only a few MeV. We thus ignore it here. A pos-
sible ηcη decay channel is even more suppressed because if
involves the D exchange, rather than the pion, and the heavy
mass reduces the strength of the propagator.

3 Results

We will present the invariant mass distribution in arbitrary
units, but d%

dM J/ψω
inv

and d%

dMD∗ D̄∗
inv

will have the same normal-

ization. For this purpose, we take A = 1 and look at the
results for different values of B. Since A and B have been
normalized to have the same dimensions, providing similar
strength for the two terms for A = B, we will take values
of B close to 0.5, 1, 1.5 and 2. The values chosen for this
ratio are not arbitrary. Using the 3P0 model to implement the
q q̄ hadronization [30] and Racah algebra one can relate the
states for scalar and vector or tensor production. This exer-
cise is done in [31] to relate pseudoscalar and vector pro-
duction in 'b → π−(D−

s )'c(2595), π−(D−
s )'c(2625)

decays and the difference results in a factor of
√

3. Further-
more, we have empirical information more closely related to
the problem discussed here in the D+ → π+ f0(1370) and
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Fig. 5 d%

dM J/ψω
inv

results for the different values of the parameter B

D+ → π+ f2(1270). Indeed, the f0(1370) and f2(1270) are
obtained from the interaction of ρρ in [10– 12]. They are the
equivalent in the light sector to the X (3940) and X (3930)
studied here in the heavy quark sector. The branching ratios
are (8 ± 4) × 10−5 and (4.8 ± 0.8) × 10−4, respectively,
with the resonances decaying to π+π− [16]. Correcting by
3
2 to account for π0π0 decay of the I = 0 state, and divid-
ing by the branching fractions to ππ from the PDG [16], we
obtain the rates (4.6 ± 2.3) × 10−4 and (8.5 ± 1.4) × 10−4

for the production of the two resonances irrespectively of
their decay mode. As we can see these rates differ by about
a factor of two. This also indicates a preference for value of
B/A bigger than 1 in our case. We show in Fig. 5 the results
of d%

dM J/ψω
inv

and in Fig. 6 for d%

dMD∗ D̄∗
inv

for these different val-

ues. The absolute normalization is arbitrary and the shape
changes a bit since one gives more strength to one or another
resonance changing B.

In Fig. 5 we see that due to the proximity of the two reso-
nances, and the fact that both of them can be produced in this

123
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PRD 80, 114013 (2017)

0+(2++)
<latexit sha1_base64="c6jG8PKyiUPHeqV3f31OBbU214k=">AAAB7HicbZDNTgIxFIXv4B/iH+rSTSMxwZCQGWKiS6Ibl5gIkgwD6ZQONHTaSdsxIRPeQldG3fk0voBvY8FZKHhWX+85Te65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRR8tUEdomkkvVDbGmnAnaNsxw2k0UxXHI6UM4uZn7D49UaSbFvZkmNIjxSLCIEWzsyHf7tWqjn9Vqs/NBueLW3YXQKng5VCBXa1D+7A0lSWMqDOFYa99zExNkWBlGOJ2VeqmmCSYTPKK+RYFjqoNssfIMnUVSITOmaPH+nc1wrPU0Dm0mxmasl7358D/PT010FWRMJKmhgtiI9aKUIyPRvDkaMkWJ4VMLmChmt0RkjBUmxt6nZOt7y2VXodOoe27du7uoNK/zQxThBE6hCh5cQhNuoQVtICDhGd7g3RHOk/PivP5EC07+5xj+yPn4Bv2KjWU=</latexit><latexit sha1_base64="c6jG8PKyiUPHeqV3f31OBbU214k=">AAAB7HicbZDNTgIxFIXv4B/iH+rSTSMxwZCQGWKiS6Ibl5gIkgwD6ZQONHTaSdsxIRPeQldG3fk0voBvY8FZKHhWX+85Te65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRR8tUEdomkkvVDbGmnAnaNsxw2k0UxXHI6UM4uZn7D49UaSbFvZkmNIjxSLCIEWzsyHf7tWqjn9Vqs/NBueLW3YXQKng5VCBXa1D+7A0lSWMqDOFYa99zExNkWBlGOJ2VeqmmCSYTPKK+RYFjqoNssfIMnUVSITOmaPH+nc1wrPU0Dm0mxmasl7358D/PT010FWRMJKmhgtiI9aKUIyPRvDkaMkWJ4VMLmChmt0RkjBUmxt6nZOt7y2VXodOoe27du7uoNK/zQxThBE6hCh5cQhNuoQVtICDhGd7g3RHOk/PivP5EC07+5xj+yPn4Bv2KjWU=</latexit><latexit sha1_base64="c6jG8PKyiUPHeqV3f31OBbU214k=">AAAB7HicbZDNTgIxFIXv4B/iH+rSTSMxwZCQGWKiS6Ibl5gIkgwD6ZQONHTaSdsxIRPeQldG3fk0voBvY8FZKHhWX+85Te65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRR8tUEdomkkvVDbGmnAnaNsxw2k0UxXHI6UM4uZn7D49UaSbFvZkmNIjxSLCIEWzsyHf7tWqjn9Vqs/NBueLW3YXQKng5VCBXa1D+7A0lSWMqDOFYa99zExNkWBlGOJ2VeqmmCSYTPKK+RYFjqoNssfIMnUVSITOmaPH+nc1wrPU0Dm0mxmasl7358D/PT010FWRMJKmhgtiI9aKUIyPRvDkaMkWJ4VMLmChmt0RkjBUmxt6nZOt7y2VXodOoe27du7uoNK/zQxThBE6hCh5cQhNuoQVtICDhGd7g3RHOk/PivP5EC07+5xj+yPn4Bv2KjWU=</latexit><latexit sha1_base64="c6jG8PKyiUPHeqV3f31OBbU214k=">AAAB7HicbZDNTgIxFIXv4B/iH+rSTSMxwZCQGWKiS6Ibl5gIkgwD6ZQONHTaSdsxIRPeQldG3fk0voBvY8FZKHhWX+85Te65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRR8tUEdomkkvVDbGmnAnaNsxw2k0UxXHI6UM4uZn7D49UaSbFvZkmNIjxSLCIEWzsyHf7tWqjn9Vqs/NBueLW3YXQKng5VCBXa1D+7A0lSWMqDOFYa99zExNkWBlGOJ2VeqmmCSYTPKK+RYFjqoNssfIMnUVSITOmaPH+nc1wrPU0Dm0mxmasl7358D/PT010FWRMJKmhgtiI9aKUIyPRvDkaMkWJ4VMLmChmt0RkjBUmxt6nZOt7y2VXodOoe27du7uoNK/zQxThBE6hCh5cQhNuoQVtICDhGd7g3RHOk/PivP5EC07+5xj+yPn4Bv2KjWU=</latexit>

0+(0++)
<latexit sha1_base64="7WvpBgLRye8aVi5TLtsg432rS1U=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiVAplRgRdFt24rGB/YDotmfROG5pJhiQjlKFvoStRdz6NL+DbmNZZaOtZfbnnBO65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRW8tUUWhRyaXqhkQDZwJahhkO3UQBiUMOnXByO/c7j6A0k+LBTBMIYjISLGKUGDvy3X6t6vazWm12PihX3Lq7EF4FL4cKytUclD97Q0nTGIShnGjte25igowowyiHWamXakgInZAR+BYFiUEH2WLlGT6LpMJmDHjx/p3NSKz1NA5tJiZmrJe9+fA/z09NdB1kTCSpAUFtxHpRyrGReN4cD5kCavjUAqGK2S0xHRNFqLH3Kdn63nLZVWhf1D237t1fVho3+SGK6ASdoiry0BVqoDvURC1EkUTP6A29O8J5cl6c159owcn/HKM/cj6+AfqCjWM=</latexit><latexit sha1_base64="7WvpBgLRye8aVi5TLtsg432rS1U=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiVAplRgRdFt24rGB/YDotmfROG5pJhiQjlKFvoStRdz6NL+DbmNZZaOtZfbnnBO65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRW8tUUWhRyaXqhkQDZwJahhkO3UQBiUMOnXByO/c7j6A0k+LBTBMIYjISLGKUGDvy3X6t6vazWm12PihX3Lq7EF4FL4cKytUclD97Q0nTGIShnGjte25igowowyiHWamXakgInZAR+BYFiUEH2WLlGT6LpMJmDHjx/p3NSKz1NA5tJiZmrJe9+fA/z09NdB1kTCSpAUFtxHpRyrGReN4cD5kCavjUAqGK2S0xHRNFqLH3Kdn63nLZVWhf1D237t1fVho3+SGK6ASdoiry0BVqoDvURC1EkUTP6A29O8J5cl6c159owcn/HKM/cj6+AfqCjWM=</latexit><latexit sha1_base64="7WvpBgLRye8aVi5TLtsg432rS1U=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiVAplRgRdFt24rGB/YDotmfROG5pJhiQjlKFvoStRdz6NL+DbmNZZaOtZfbnnBO65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRW8tUUWhRyaXqhkQDZwJahhkO3UQBiUMOnXByO/c7j6A0k+LBTBMIYjISLGKUGDvy3X6t6vazWm12PihX3Lq7EF4FL4cKytUclD97Q0nTGIShnGjte25igowowyiHWamXakgInZAR+BYFiUEH2WLlGT6LpMJmDHjx/p3NSKz1NA5tJiZmrJe9+fA/z09NdB1kTCSpAUFtxHpRyrGReN4cD5kCavjUAqGK2S0xHRNFqLH3Kdn63nLZVWhf1D237t1fVho3+SGK6ASdoiry0BVqoDvURC1EkUTP6A29O8J5cl6c159owcn/HKM/cj6+AfqCjWM=</latexit><latexit sha1_base64="7WvpBgLRye8aVi5TLtsg432rS1U=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiVAplRgRdFt24rGB/YDotmfROG5pJhiQjlKFvoStRdz6NL+DbmNZZaOtZfbnnBO65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRW8tUUWhRyaXqhkQDZwJahhkO3UQBiUMOnXByO/c7j6A0k+LBTBMIYjISLGKUGDvy3X6t6vazWm12PihX3Lq7EF4FL4cKytUclD97Q0nTGIShnGjte25igowowyiHWamXakgInZAR+BYFiUEH2WLlGT6LpMJmDHjx/p3NSKz1NA5tJiZmrJe9+fA/z09NdB1kTCSpAUFtxHpRyrGReN4cD5kCavjUAqGK2S0xHRNFqLH3Kdn63nLZVWhf1D237t1fVho3+SGK6ASdoiry0BVqoDvURC1EkUTP6A29O8J5cl6c159owcn/HKM/cj6+AfqCjWM=</latexit>

X(3930)
<latexit sha1_base64="p/38WG0wG1cpL+jKrLu356/2NrM=">AAAB6HicbZDLTsJAFIZP8YZ4Q126mUhMcENaMVF3RDcuMZFLAg2ZDqcwMr1kZmpCGt5BV0bd+Ty+gG/jFLtQ8F99c/5/kvMfLxZcadv+sgorq2vrG8XN0tb2zu5eef+graJEMmyxSESy61GFgofY0lwL7MYSaeAJ7HiTm8zvPKJUPArv9TRGN6CjkPucUW1GnW61flW3Twflil2z5yLL4ORQgVzNQfmzP4xYEmComaBK9Rw71m5KpeZM4KzUTxTGlE3oCHsGQxqgctP5ujNy4keS6DGS+ft3NqWBUtPAM5mA6rFa9LLhf14v0f6lm/IwTjSGzESM5yeC6IhkrcmQS2RaTA1QJrnZkrAxlZRpc5uSqe8sll2G9lnNsWvO3XmlcZ0foghHcAxVcOACGnALTWgBgwk8wxu8Ww/Wk/Vivf5EC1b+5xD+yPr4Bjudi80=</latexit><latexit sha1_base64="p/38WG0wG1cpL+jKrLu356/2NrM=">AAAB6HicbZDLTsJAFIZP8YZ4Q126mUhMcENaMVF3RDcuMZFLAg2ZDqcwMr1kZmpCGt5BV0bd+Ty+gG/jFLtQ8F99c/5/kvMfLxZcadv+sgorq2vrG8XN0tb2zu5eef+graJEMmyxSESy61GFgofY0lwL7MYSaeAJ7HiTm8zvPKJUPArv9TRGN6CjkPucUW1GnW61flW3Twflil2z5yLL4ORQgVzNQfmzP4xYEmComaBK9Rw71m5KpeZM4KzUTxTGlE3oCHsGQxqgctP5ujNy4keS6DGS+ft3NqWBUtPAM5mA6rFa9LLhf14v0f6lm/IwTjSGzESM5yeC6IhkrcmQS2RaTA1QJrnZkrAxlZRpc5uSqe8sll2G9lnNsWvO3XmlcZ0foghHcAxVcOACGnALTWgBgwk8wxu8Ww/Wk/Vivf5EC1b+5xD+yPr4Bjudi80=</latexit><latexit sha1_base64="p/38WG0wG1cpL+jKrLu356/2NrM=">AAAB6HicbZDLTsJAFIZP8YZ4Q126mUhMcENaMVF3RDcuMZFLAg2ZDqcwMr1kZmpCGt5BV0bd+Ty+gG/jFLtQ8F99c/5/kvMfLxZcadv+sgorq2vrG8XN0tb2zu5eef+graJEMmyxSESy61GFgofY0lwL7MYSaeAJ7HiTm8zvPKJUPArv9TRGN6CjkPucUW1GnW61flW3Twflil2z5yLL4ORQgVzNQfmzP4xYEmComaBK9Rw71m5KpeZM4KzUTxTGlE3oCHsGQxqgctP5ujNy4keS6DGS+ft3NqWBUtPAM5mA6rFa9LLhf14v0f6lm/IwTjSGzESM5yeC6IhkrcmQS2RaTA1QJrnZkrAxlZRpc5uSqe8sll2G9lnNsWvO3XmlcZ0foghHcAxVcOACGnALTWgBgwk8wxu8Ww/Wk/Vivf5EC1b+5xD+yPr4Bjudi80=</latexit><latexit sha1_base64="p/38WG0wG1cpL+jKrLu356/2NrM=">AAAB6HicbZDLTsJAFIZP8YZ4Q126mUhMcENaMVF3RDcuMZFLAg2ZDqcwMr1kZmpCGt5BV0bd+Ty+gG/jFLtQ8F99c/5/kvMfLxZcadv+sgorq2vrG8XN0tb2zu5eef+graJEMmyxSESy61GFgofY0lwL7MYSaeAJ7HiTm8zvPKJUPArv9TRGN6CjkPucUW1GnW61flW3Twflil2z5yLL4ORQgVzNQfmzP4xYEmComaBK9Rw71m5KpeZM4KzUTxTGlE3oCHsGQxqgctP5ujNy4keS6DGS+ft3NqWBUtPAM5mA6rFa9LLhf14v0f6lm/IwTjSGzESM5yeC6IhkrcmQS2RaTA1QJrnZkrAxlZRpc5uSqe8sll2G9lnNsWvO3XmlcZ0foghHcAxVcOACGnALTWgBgwk8wxu8Ww/Wk/Vivf5EC1b+5xD+yPr4Bjudi80=</latexit>

X(3940)
<latexit sha1_base64="k3Af1Q4q5aYeZOiUWyUFm3yj8UA=">AAAB6HicbZDLTsJAFIZP8YZ4Q126mUhMcENaJVF3RDcuMZFLAg2ZDqcwMr1kZmpCGt5BV0bd+Ty+gG/jFLtQ8F99c/5/kvMfLxZcadv+sgorq2vrG8XN0tb2zu5eef+graJEMmyxSESy61GFgofY0lwL7MYSaeAJ7HiTm8zvPKJUPArv9TRGN6CjkPucUW1GnW71/Kpunw7KFbtmz0WWwcmhArmag/JnfxixJMBQM0GV6jl2rN2USs2ZwFmpnyiMKZvQEfYMhjRA5abzdWfkxI8k0WMk8/fvbEoDpaaBZzIB1WO16GXD/7xeov1LN+VhnGgMmYkYz08E0RHJWpMhl8i0mBqgTHKzJWFjKinT5jYlU99ZLLsM7bOaY9ecu3qlcZ0foghHcAxVcOACGnALTWgBgwk8wxu8Ww/Wk/Vivf5EC1b+5xD+yPr4Bj0di84=</latexit><latexit sha1_base64="k3Af1Q4q5aYeZOiUWyUFm3yj8UA=">AAAB6HicbZDLTsJAFIZP8YZ4Q126mUhMcENaJVF3RDcuMZFLAg2ZDqcwMr1kZmpCGt5BV0bd+Ty+gG/jFLtQ8F99c/5/kvMfLxZcadv+sgorq2vrG8XN0tb2zu5eef+graJEMmyxSESy61GFgofY0lwL7MYSaeAJ7HiTm8zvPKJUPArv9TRGN6CjkPucUW1GnW71/Kpunw7KFbtmz0WWwcmhArmag/JnfxixJMBQM0GV6jl2rN2USs2ZwFmpnyiMKZvQEfYMhjRA5abzdWfkxI8k0WMk8/fvbEoDpaaBZzIB1WO16GXD/7xeov1LN+VhnGgMmYkYz08E0RHJWpMhl8i0mBqgTHKzJWFjKinT5jYlU99ZLLsM7bOaY9ecu3qlcZ0foghHcAxVcOACGnALTWgBgwk8wxu8Ww/Wk/Vivf5EC1b+5xD+yPr4Bj0di84=</latexit><latexit sha1_base64="k3Af1Q4q5aYeZOiUWyUFm3yj8UA=">AAAB6HicbZDLTsJAFIZP8YZ4Q126mUhMcENaJVF3RDcuMZFLAg2ZDqcwMr1kZmpCGt5BV0bd+Ty+gG/jFLtQ8F99c/5/kvMfLxZcadv+sgorq2vrG8XN0tb2zu5eef+graJEMmyxSESy61GFgofY0lwL7MYSaeAJ7HiTm8zvPKJUPArv9TRGN6CjkPucUW1GnW71/Kpunw7KFbtmz0WWwcmhArmag/JnfxixJMBQM0GV6jl2rN2USs2ZwFmpnyiMKZvQEfYMhjRA5abzdWfkxI8k0WMk8/fvbEoDpaaBZzIB1WO16GXD/7xeov1LN+VhnGgMmYkYz08E0RHJWpMhl8i0mBqgTHKzJWFjKinT5jYlU99ZLLsM7bOaY9ecu3qlcZ0foghHcAxVcOACGnALTWgBgwk8wxu8Ww/Wk/Vivf5EC1b+5xD+yPr4Bj0di84=</latexit><latexit sha1_base64="k3Af1Q4q5aYeZOiUWyUFm3yj8UA=">AAAB6HicbZDLTsJAFIZP8YZ4Q126mUhMcENaJVF3RDcuMZFLAg2ZDqcwMr1kZmpCGt5BV0bd+Ty+gG/jFLtQ8F99c/5/kvMfLxZcadv+sgorq2vrG8XN0tb2zu5eef+graJEMmyxSESy61GFgofY0lwL7MYSaeAJ7HiTm8zvPKJUPArv9TRGN6CjkPucUW1GnW71/Kpunw7KFbtmz0WWwcmhArmag/JnfxixJMBQM0GV6jl2rN2USs2ZwFmpnyiMKZvQEfYMhjRA5abzdWfkxI8k0WMk8/fvbEoDpaaBZzIB1WO16GXD/7xeov1LN+VhnGgMmYkYz08E0RHJWpMhl8i0mBqgTHKzJWFjKinT5jYlU99ZLLsM7bOaY9ecu3qlcZ0foghHcAxVcOACGnALTWgBgwk8wxu8Ww/Wk/Vivf5EC1b+5xD+yPr4Bj0di84=</latexit>

J/ !
<latexit sha1_base64="LIzPt0hbK2hbe+3z3smNj9Ho2TE=">AAAB73icbZDNSgMxFIXv+FvrX9Wlm2ARXEidEUGXRTfiqoL9gc5YMumdNjSZGZOMUIY+h65E3fkuvoBvY1q70Naz+nLPCdxzw1RwbVz3y1lYXFpeWS2sFdc3Nre2Szu7DZ1kimGdJSJRrZBqFDzGuuFGYCtVSGUosBkOrsZ+8xGV5kl8Z4YpBpL2Yh5xRo0d3d+c+Knm/rGfSOzRTqnsVtyJyDx4UyjDVLVO6dPvJiyTGBsmqNZtz01NkFNlOBM4KvqZxpSyAe1h22JMJeogn2w9IodRoojpI5m8f2dzKrUeytBmJDV9PeuNh/957cxEF0HO4zQzGDMbsV6UCWISMi5PulwhM2JogTLF7ZaE9amizNgTFW19b7bsPDROK55b8W7PytXL6SEKsA8HcAQenEMVrqEGdWCg4Bne4N15cJ6cF+f1J7rgTP/swR85H9+yn4+p</latexit><latexit sha1_base64="LIzPt0hbK2hbe+3z3smNj9Ho2TE=">AAAB73icbZDNSgMxFIXv+FvrX9Wlm2ARXEidEUGXRTfiqoL9gc5YMumdNjSZGZOMUIY+h65E3fkuvoBvY1q70Naz+nLPCdxzw1RwbVz3y1lYXFpeWS2sFdc3Nre2Szu7DZ1kimGdJSJRrZBqFDzGuuFGYCtVSGUosBkOrsZ+8xGV5kl8Z4YpBpL2Yh5xRo0d3d+c+Knm/rGfSOzRTqnsVtyJyDx4UyjDVLVO6dPvJiyTGBsmqNZtz01NkFNlOBM4KvqZxpSyAe1h22JMJeogn2w9IodRoojpI5m8f2dzKrUeytBmJDV9PeuNh/957cxEF0HO4zQzGDMbsV6UCWISMi5PulwhM2JogTLF7ZaE9amizNgTFW19b7bsPDROK55b8W7PytXL6SEKsA8HcAQenEMVrqEGdWCg4Bne4N15cJ6cF+f1J7rgTP/swR85H9+yn4+p</latexit><latexit sha1_base64="LIzPt0hbK2hbe+3z3smNj9Ho2TE=">AAAB73icbZDNSgMxFIXv+FvrX9Wlm2ARXEidEUGXRTfiqoL9gc5YMumdNjSZGZOMUIY+h65E3fkuvoBvY1q70Naz+nLPCdxzw1RwbVz3y1lYXFpeWS2sFdc3Nre2Szu7DZ1kimGdJSJRrZBqFDzGuuFGYCtVSGUosBkOrsZ+8xGV5kl8Z4YpBpL2Yh5xRo0d3d+c+Knm/rGfSOzRTqnsVtyJyDx4UyjDVLVO6dPvJiyTGBsmqNZtz01NkFNlOBM4KvqZxpSyAe1h22JMJeogn2w9IodRoojpI5m8f2dzKrUeytBmJDV9PeuNh/957cxEF0HO4zQzGDMbsV6UCWISMi5PulwhM2JogTLF7ZaE9amizNgTFW19b7bsPDROK55b8W7PytXL6SEKsA8HcAQenEMVrqEGdWCg4Bne4N15cJ6cF+f1J7rgTP/swR85H9+yn4+p</latexit><latexit sha1_base64="LIzPt0hbK2hbe+3z3smNj9Ho2TE=">AAAB73icbZDNSgMxFIXv+FvrX9Wlm2ARXEidEUGXRTfiqoL9gc5YMumdNjSZGZOMUIY+h65E3fkuvoBvY1q70Naz+nLPCdxzw1RwbVz3y1lYXFpeWS2sFdc3Nre2Szu7DZ1kimGdJSJRrZBqFDzGuuFGYCtVSGUosBkOrsZ+8xGV5kl8Z4YpBpL2Yh5xRo0d3d+c+Knm/rGfSOzRTqnsVtyJyDx4UyjDVLVO6dPvJiyTGBsmqNZtz01NkFNlOBM4KvqZxpSyAe1h22JMJeogn2w9IodRoojpI5m8f2dzKrUeytBmJDV9PeuNh/957cxEF0HO4zQzGDMbsV6UCWISMi5PulwhM2JogTLF7ZaE9amizNgTFW19b7bsPDROK55b8W7PytXL6SEKsA8HcAQenEMVrqEGdWCg4Bne4N15cJ6cF+f1J7rgTP/swR85H9+yn4+p</latexit>

Both states also couple to J/ !
<latexit sha1_base64="51FfbxmqIJ3Mr87b6e6yilqVgmk=">AAAB73icdVDLSsNAFJ3UV62vqks3g0VwIXEiii6LbsRVBfuAJpbJ9KYdOnk4MxFK6HfoStSd/+IP+DdOagoqelbnnnMu3HP9RHClCfmwSnPzC4tL5eXKyura+kZ1c6ul4lQyaLJYxLLjUwWCR9DUXAvoJBJo6Ato+6OL3G/fg1Q8jm70OAEvpIOIB5xRbaTbq0M3Udw9cOMQBrRXrRH7hOTAxCYzUihOodRQgUav+u72Y5aGEGkmqFJdhyTay6jUnAmYVNxUQULZiA6ga2hEQ1BeNr16gveCWGI9BDydv2czGio1Dn2TCakeqt9eLv7ldVMdnHkZj5JUQ8RMxHhBKrCOcV4e97kEpsXYEMokN1diNqSSMm1eVDH1Zx3x/6R1ZDvEdq6Pa/Xz4hFltIN20T5y0Cmqo0vUQE3EkESP6AW9WnfWg/VkPX9FS1axs41+wHr7BMD1j7M=</latexit><latexit sha1_base64="51FfbxmqIJ3Mr87b6e6yilqVgmk=">AAAB73icdVDLSsNAFJ3UV62vqks3g0VwIXEiii6LbsRVBfuAJpbJ9KYdOnk4MxFK6HfoStSd/+IP+DdOagoqelbnnnMu3HP9RHClCfmwSnPzC4tL5eXKyura+kZ1c6ul4lQyaLJYxLLjUwWCR9DUXAvoJBJo6Ato+6OL3G/fg1Q8jm70OAEvpIOIB5xRbaTbq0M3Udw9cOMQBrRXrRH7hOTAxCYzUihOodRQgUav+u72Y5aGEGkmqFJdhyTay6jUnAmYVNxUQULZiA6ga2hEQ1BeNr16gveCWGI9BDydv2czGio1Dn2TCakeqt9eLv7ldVMdnHkZj5JUQ8RMxHhBKrCOcV4e97kEpsXYEMokN1diNqSSMm1eVDH1Zx3x/6R1ZDvEdq6Pa/Xz4hFltIN20T5y0Cmqo0vUQE3EkESP6AW9WnfWg/VkPX9FS1axs41+wHr7BMD1j7M=</latexit><latexit sha1_base64="51FfbxmqIJ3Mr87b6e6yilqVgmk=">AAAB73icdVDLSsNAFJ3UV62vqks3g0VwIXEiii6LbsRVBfuAJpbJ9KYdOnk4MxFK6HfoStSd/+IP+DdOagoqelbnnnMu3HP9RHClCfmwSnPzC4tL5eXKyura+kZ1c6ul4lQyaLJYxLLjUwWCR9DUXAvoJBJo6Ato+6OL3G/fg1Q8jm70OAEvpIOIB5xRbaTbq0M3Udw9cOMQBrRXrRH7hOTAxCYzUihOodRQgUav+u72Y5aGEGkmqFJdhyTay6jUnAmYVNxUQULZiA6ga2hEQ1BeNr16gveCWGI9BDydv2czGio1Dn2TCakeqt9eLv7ldVMdnHkZj5JUQ8RMxHhBKrCOcV4e97kEpsXYEMokN1diNqSSMm1eVDH1Zx3x/6R1ZDvEdq6Pa/Xz4hFltIN20T5y0Cmqo0vUQE3EkESP6AW9WnfWg/VkPX9FS1axs41+wHr7BMD1j7M=</latexit><latexit sha1_base64="51FfbxmqIJ3Mr87b6e6yilqVgmk=">AAAB73icdVDLSsNAFJ3UV62vqks3g0VwIXEiii6LbsRVBfuAJpbJ9KYdOnk4MxFK6HfoStSd/+IP+DdOagoqelbnnnMu3HP9RHClCfmwSnPzC4tL5eXKyura+kZ1c6ul4lQyaLJYxLLjUwWCR9DUXAvoJBJo6Ato+6OL3G/fg1Q8jm70OAEvpIOIB5xRbaTbq0M3Udw9cOMQBrRXrRH7hOTAxCYzUihOodRQgUav+u72Y5aGEGkmqFJdhyTay6jUnAmYVNxUQULZiA6ga2hEQ1BeNr16gveCWGI9BDydv2czGio1Dn2TCakeqt9eLv7ldVMdnHkZj5JUQ8RMxHhBKrCOcV4e97kEpsXYEMokN1diNqSSMm1eVDH1Zx3x/6R1ZDvEdq6Pa/Xz4hFltIN20T5y0Cmqo0vUQE3EkESP6AW9WnfWg/VkPX9FS1axs41+wHr7BMD1j7M=</latexit>

D⇤D̄⇤
<latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit><latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit><latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit><latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit>

!
<latexit sha1_base64="QvAntPcgTn+AB/caU2cOPWcqZFM=">AAAB53icbZDNSgMxFIXv+FvrX9Wlm2ARXJUZEXRZdOOygv2BdiiZ9E4bm0yGJCOUoc+gK1F3vo8v4NuY1llo61l9uecE7rlRKrixvv/lrayurW9slrbK2zu7e/uVg8OWUZlm2GRKKN2JqEHBE2xabgV2Uo1URgLb0fhm5rcfURuukns7STGUdJjwmDNq3ajVUxKHtF+p+jV/LrIMQQFVKNToVz57A8UyiYllghrTDfzUhjnVljOB03IvM5hSNqZD7DpMqEQT5vNtp+Q0VprYEZL5+3c2p9KYiYxcRlI7MovebPif181sfBXmPEkziwlzEefFmSBWkVlpMuAamRUTB5Rp7rYkbEQ1ZdadpuzqB4tll6F1Xgv8WnB3Ua1fF4cowTGcwBkEcAl1uIUGNIHBAzzDG7x73HvyXrzXn+iKV/w5gj/yPr4BeYWMsA==</latexit><latexit sha1_base64="QvAntPcgTn+AB/caU2cOPWcqZFM=">AAAB53icbZDNSgMxFIXv+FvrX9Wlm2ARXJUZEXRZdOOygv2BdiiZ9E4bm0yGJCOUoc+gK1F3vo8v4NuY1llo61l9uecE7rlRKrixvv/lrayurW9slrbK2zu7e/uVg8OWUZlm2GRKKN2JqEHBE2xabgV2Uo1URgLb0fhm5rcfURuukns7STGUdJjwmDNq3ajVUxKHtF+p+jV/LrIMQQFVKNToVz57A8UyiYllghrTDfzUhjnVljOB03IvM5hSNqZD7DpMqEQT5vNtp+Q0VprYEZL5+3c2p9KYiYxcRlI7MovebPif181sfBXmPEkziwlzEefFmSBWkVlpMuAamRUTB5Rp7rYkbEQ1ZdadpuzqB4tll6F1Xgv8WnB3Ua1fF4cowTGcwBkEcAl1uIUGNIHBAzzDG7x73HvyXrzXn+iKV/w5gj/yPr4BeYWMsA==</latexit><latexit sha1_base64="QvAntPcgTn+AB/caU2cOPWcqZFM=">AAAB53icbZDNSgMxFIXv+FvrX9Wlm2ARXJUZEXRZdOOygv2BdiiZ9E4bm0yGJCOUoc+gK1F3vo8v4NuY1llo61l9uecE7rlRKrixvv/lrayurW9slrbK2zu7e/uVg8OWUZlm2GRKKN2JqEHBE2xabgV2Uo1URgLb0fhm5rcfURuukns7STGUdJjwmDNq3ajVUxKHtF+p+jV/LrIMQQFVKNToVz57A8UyiYllghrTDfzUhjnVljOB03IvM5hSNqZD7DpMqEQT5vNtp+Q0VprYEZL5+3c2p9KYiYxcRlI7MovebPif181sfBXmPEkziwlzEefFmSBWkVlpMuAamRUTB5Rp7rYkbEQ1ZdadpuzqB4tll6F1Xgv8WnB3Ua1fF4cowTGcwBkEcAl1uIUGNIHBAzzDG7x73HvyXrzXn+iKV/w5gj/yPr4BeYWMsA==</latexit><latexit sha1_base64="QvAntPcgTn+AB/caU2cOPWcqZFM=">AAAB53icbZDNSgMxFIXv+FvrX9Wlm2ARXJUZEXRZdOOygv2BdiiZ9E4bm0yGJCOUoc+gK1F3vo8v4NuY1llo61l9uecE7rlRKrixvv/lrayurW9slrbK2zu7e/uVg8OWUZlm2GRKKN2JqEHBE2xabgV2Uo1URgLb0fhm5rcfURuukns7STGUdJjwmDNq3ajVUxKHtF+p+jV/LrIMQQFVKNToVz57A8UyiYllghrTDfzUhjnVljOB03IvM5hSNqZD7DpMqEQT5vNtp+Q0VprYEZL5+3c2p9KYiYxcRlI7MovebPif181sfBXmPEkziwlzEefFmSBWkVlpMuAamRUTB5Rp7rYkbEQ1ZdadpuzqB4tll6F1Xgv8WnB3Ua1fF4cowTGcwBkEcAl1uIUGNIHBAzzDG7x73HvyXrzXn+iKV/w5gj/yPr4BeYWMsA==</latexit>

? Cusp

B�
c ! ⇡�J/ !

<latexit sha1_base64="b147s3NxqpTV9Cl5BOTFcMXqgZs=">AAACAHicbVDLSsNAFJ3UV62vqEsRBovgwtZEBF2WuhFXFewDmjRMpjft0MmDmYlQQjf6M7oSdec3+AP+jdOahVbP6tx7zoV7jp9wJpVlfRqFhcWl5ZXiamltfWNzy9zeack4FRSaNOax6PhEAmcRNBVTHDqJABL6HNr+6HKqt+9ASBZHt2qcgBuSQcQCRonSK8/cr3u0V3FUjJ2E9SrXJ04imXOMnTiEAfHMslW1ZsB/iZ2TMsrR8MwPpx/TNIRIUU6k7NpWotyMCMUoh0nJSSUkhI7IALqaRiQE6WazGBN8GMQCqyHg2fzTm5FQynHoa09I1FDOa9Plf1o3VcGFm7EoSRVEVFu0FqQc67zTNnCfCaCKjzUhVDD9JaZDIghVurOSjm/Ph/1LWqdV26raN2flWj0vooj20AE6QjY6RzV0hRqoiSh6QE/oFb0Z98aj8Wy8fFsLRn6zi37BeP8C6sGVPg==</latexit><latexit sha1_base64="b147s3NxqpTV9Cl5BOTFcMXqgZs=">AAACAHicbVDLSsNAFJ3UV62vqEsRBovgwtZEBF2WuhFXFewDmjRMpjft0MmDmYlQQjf6M7oSdec3+AP+jdOahVbP6tx7zoV7jp9wJpVlfRqFhcWl5ZXiamltfWNzy9zeack4FRSaNOax6PhEAmcRNBVTHDqJABL6HNr+6HKqt+9ASBZHt2qcgBuSQcQCRonSK8/cr3u0V3FUjJ2E9SrXJ04imXOMnTiEAfHMslW1ZsB/iZ2TMsrR8MwPpx/TNIRIUU6k7NpWotyMCMUoh0nJSSUkhI7IALqaRiQE6WazGBN8GMQCqyHg2fzTm5FQynHoa09I1FDOa9Plf1o3VcGFm7EoSRVEVFu0FqQc67zTNnCfCaCKjzUhVDD9JaZDIghVurOSjm/Ph/1LWqdV26raN2flWj0vooj20AE6QjY6RzV0hRqoiSh6QE/oFb0Z98aj8Wy8fFsLRn6zi37BeP8C6sGVPg==</latexit><latexit sha1_base64="b147s3NxqpTV9Cl5BOTFcMXqgZs=">AAACAHicbVDLSsNAFJ3UV62vqEsRBovgwtZEBF2WuhFXFewDmjRMpjft0MmDmYlQQjf6M7oSdec3+AP+jdOahVbP6tx7zoV7jp9wJpVlfRqFhcWl5ZXiamltfWNzy9zeack4FRSaNOax6PhEAmcRNBVTHDqJABL6HNr+6HKqt+9ASBZHt2qcgBuSQcQCRonSK8/cr3u0V3FUjJ2E9SrXJ04imXOMnTiEAfHMslW1ZsB/iZ2TMsrR8MwPpx/TNIRIUU6k7NpWotyMCMUoh0nJSSUkhI7IALqaRiQE6WazGBN8GMQCqyHg2fzTm5FQynHoa09I1FDOa9Plf1o3VcGFm7EoSRVEVFu0FqQc67zTNnCfCaCKjzUhVDD9JaZDIghVurOSjm/Ph/1LWqdV26raN2flWj0vooj20AE6QjY6RzV0hRqoiSh6QE/oFb0Z98aj8Wy8fFsLRn6zi37BeP8C6sGVPg==</latexit><latexit sha1_base64="b147s3NxqpTV9Cl5BOTFcMXqgZs=">AAACAHicbVDLSsNAFJ3UV62vqEsRBovgwtZEBF2WuhFXFewDmjRMpjft0MmDmYlQQjf6M7oSdec3+AP+jdOahVbP6tx7zoV7jp9wJpVlfRqFhcWl5ZXiamltfWNzy9zeack4FRSaNOax6PhEAmcRNBVTHDqJABL6HNr+6HKqt+9ASBZHt2qcgBuSQcQCRonSK8/cr3u0V3FUjJ2E9SrXJ04imXOMnTiEAfHMslW1ZsB/iZ2TMsrR8MwPpx/TNIRIUU6k7NpWotyMCMUoh0nJSSUkhI7IALqaRiQE6WazGBN8GMQCqyHg2fzTm5FQynHoa09I1FDOa9Plf1o3VcGFm7EoSRVEVFu0FqQc67zTNnCfCaCKjzUhVDD9JaZDIghVurOSjm/Ph/1LWqdV26raN2flWj0vooj20AE6QjY6RzV0hRqoiSh6QE/oFb0Z98aj8Wy8fFsLRn6zi37BeP8C6sGVPg==</latexit>

B�
c

<latexit sha1_base64="3sVYceJ7vuFNv4W6Fin6cO3oW6U=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcSNpDYkuCW5cYmKBBCqZDrd0wvQnM1MT0vAKujLqzgfyBXwbB+xCwbP65p4zyT3XTwVX2ra/rNLa+sbmVnm7srO7t39QPTzqqCSTDF2WiET2fKpQ8BhdzbXAXiqRRr7Arj+5mfvdR5SKJ/G9nqboRXQc84Azqs3IbQ3Zw8WwWrPr9kJkFZwCalCoPax+DkYJyyKMNRNUqb5jp9rLqdScCZxVBpnClLIJHWPfYEwjVF6+WHZGzoJEEh0iWbx/Z3MaKTWNfJOJqA7Vsjcf/uf1Mx1cezmP00xjzEzEeEEmiE7IvDMZcYlMi6kByiQ3WxIWUkmZNpepmPrOctlV6FzWHbvu3DVqzVZxiDKcwCmcgwNX0IRbaIMLDDg8wxu8W6H1ZL1Yrz/RklX8OYY/sj6+ARKFi9A=</latexit><latexit sha1_base64="3sVYceJ7vuFNv4W6Fin6cO3oW6U=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcSNpDYkuCW5cYmKBBCqZDrd0wvQnM1MT0vAKujLqzgfyBXwbB+xCwbP65p4zyT3XTwVX2ra/rNLa+sbmVnm7srO7t39QPTzqqCSTDF2WiET2fKpQ8BhdzbXAXiqRRr7Arj+5mfvdR5SKJ/G9nqboRXQc84Azqs3IbQ3Zw8WwWrPr9kJkFZwCalCoPax+DkYJyyKMNRNUqb5jp9rLqdScCZxVBpnClLIJHWPfYEwjVF6+WHZGzoJEEh0iWbx/Z3MaKTWNfJOJqA7Vsjcf/uf1Mx1cezmP00xjzEzEeEEmiE7IvDMZcYlMi6kByiQ3WxIWUkmZNpepmPrOctlV6FzWHbvu3DVqzVZxiDKcwCmcgwNX0IRbaIMLDDg8wxu8W6H1ZL1Yrz/RklX8OYY/sj6+ARKFi9A=</latexit><latexit sha1_base64="3sVYceJ7vuFNv4W6Fin6cO3oW6U=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcSNpDYkuCW5cYmKBBCqZDrd0wvQnM1MT0vAKujLqzgfyBXwbB+xCwbP65p4zyT3XTwVX2ra/rNLa+sbmVnm7srO7t39QPTzqqCSTDF2WiET2fKpQ8BhdzbXAXiqRRr7Arj+5mfvdR5SKJ/G9nqboRXQc84Azqs3IbQ3Zw8WwWrPr9kJkFZwCalCoPax+DkYJyyKMNRNUqb5jp9rLqdScCZxVBpnClLIJHWPfYEwjVF6+WHZGzoJEEh0iWbx/Z3MaKTWNfJOJqA7Vsjcf/uf1Mx1cezmP00xjzEzEeEEmiE7IvDMZcYlMi6kByiQ3WxIWUkmZNpepmPrOctlV6FzWHbvu3DVqzVZxiDKcwCmcgwNX0IRbaIMLDDg8wxu8W6H1ZL1Yrz/RklX8OYY/sj6+ARKFi9A=</latexit><latexit sha1_base64="3sVYceJ7vuFNv4W6Fin6cO3oW6U=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcSNpDYkuCW5cYmKBBCqZDrd0wvQnM1MT0vAKujLqzgfyBXwbB+xCwbP65p4zyT3XTwVX2ra/rNLa+sbmVnm7srO7t39QPTzqqCSTDF2WiET2fKpQ8BhdzbXAXiqRRr7Arj+5mfvdR5SKJ/G9nqboRXQc84Azqs3IbQ3Zw8WwWrPr9kJkFZwCalCoPax+DkYJyyKMNRNUqb5jp9rLqdScCZxVBpnClLIJHWPfYEwjVF6+WHZGzoJEEh0iWbx/Z3MaKTWNfJOJqA7Vsjcf/uf1Mx1cezmP00xjzEzEeEEmiE7IvDMZcYlMi6kByiQ3WxIWUkmZNpepmPrOctlV6FzWHbvu3DVqzVZxiDKcwCmcgwNX0IRbaIMLDDg8wxu8W6H1ZL1Yrz/RklX8OYY/sj6+ARKFi9A=</latexit>

⇡�
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resonance couples most strongly to D∗
s D̄

∗
s has the conse-

quence that the J/ψφ mass spectrum develops a strong cusp
at the D∗

s D̄
∗
s threshold, something visible in the experimen-

tal spectra with an increased strength in that region. It is
also worth mentioning that a similar enhancement is seen,
although with poor statistics, in the recent BESIII work on
the e+e− → γ J/ψφ reaction [23].

In the present work we want to continue along this line of
research and present results for a reaction that should reveal
the D∗ D̄∗ nature of two states found in [18] as 0+[0++] and
0+[2++] at 3943 and 3922 MeV, respectively, which can
be identified with some experimental states in that region
[16,18].1

In this case we note that the states found, mostly D∗ D̄∗

bound states, also couple to J/ψω in the second place, and
J/ψφ with smaller strength. So we choose the J/ψω obser-
vation channel looking into the necessary cusp that should
develop at the D∗ D̄∗ threshold. For this purpose we look into
the B−

c → π− J/ψω decay and then into the J/ψω invari-
ant mass distribution. The choice of this reaction is that in
a first stage of the reaction the D∗ D̄∗ state is formed with a
dominant weak decay mechanism, but the J/ψω state is not
formed at this level. Then the J/ψω is finally produced via
rescattering of the D∗ D̄∗ component with the other compo-
nents that make up the two molecular states. This stresses the
role of the resonance since there is no tree level J/ψω con-
tribution. Thus, we obtain two peaks in the J/ψω mass dis-
tribution corresponding to the molecular states and a strong
cusp at the D∗ D̄∗ threshold. In addition we also look at the
D∗ D̄∗ mass distribution in the B−

c → π−D∗ D̄∗ reaction
and evaluate its strength above the D∗ D̄∗ threshold, which
is closely connected to the strength of the J/ψω mass dis-
tribution. The D∗ D̄∗ cusp feature, together with the relative
strength of the D∗ D̄∗ compared to the one of J/ψω, are
two magnitudes which are tied to the molecular structure of
these two resonances, and we encourage the performance of
the experiment that should bring valuable light into these
issues.

1 The state at 3943 MeV can be associated with the X (3940) of [24,25]
and the X (3922) with the X (3930)[27] now classified in the PDG as
the χc2(2P). The width of the X (3943) MeV obtained in [18] of 15–
17 MeV looks small compared to ' = 87 ± 22 ± 26 MeV of [24].
These results are improved in [25] by measuring the DD̄ and DD̄∗
decay channels with ' = 15.4 ± 10.1 MeV, in good agreement with
the results of [18]. A further experiment for the X (3940) in [26] from
the measurement of the D∗ D̄∗ channel close to threshold, provides
' = 37+26

−15 ± 8 MeV, which is also compatible with the results of [18]
within the large errors. The width of about 50 MeV of [18] for the
X (3922) is also in fair agreement with ' = 29 ± 10 ± 2 MeV of [27].
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Fig. 1 a Microscopic quark picture of B−
c → π−cc̄ decay. b

Hadronization through q̄q creation with vacuum quantum numbers

2 Formalism

We look into the B−
c decay mechanism at quark level depicted

in Fig. 1a.
The mechanism qualifies as external emission [28] and

is both Cabibbo favored in Wud vertex, and color favored
(the Wbc vertex is also the least Cabibbo suppressed of the b
decays). Then the final c quark from b decay and the spectator
c̄ quark from the B−

c hadronize, with the incorporation of q̄q
with the quantum numbers of the vacuum (see Fig. 1b) to give
two mesons. The resulting two mesons are easily obtained
by writing

H =
4∑

i=1

cq̄i qi c̄ =
4∑

i=1

M4i Mi4 = (M2)44,

where Mi j is the qq̄ matrix with the u, d , s, c quarks. How-
ever, it is convenient to write the qq̄ matrix in terms of phys-
ical mesons, in this case vector mesons as

Mi j → V =

⎛

⎜⎜⎜⎝

1√
2
ρ0 + 1√

2
ω ρ+ K ∗+ D̄∗0

ρ− − 1√
2
ρ0 + 1√

2
ω K ∗0 D̄∗−

K ∗− K̄ ∗0 φ D∗−
s

D∗0 D∗+ D∗+
s J/ψ

⎞

⎟⎟⎟⎠
,

(1)

123

B�
c
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resonance couples most strongly to D∗
s D̄

∗
s has the conse-

quence that the J/ψφ mass spectrum develops a strong cusp
at the D∗

s D̄
∗
s threshold, something visible in the experimen-

tal spectra with an increased strength in that region. It is
also worth mentioning that a similar enhancement is seen,
although with poor statistics, in the recent BESIII work on
the e+e− → γ J/ψφ reaction [23].

In the present work we want to continue along this line of
research and present results for a reaction that should reveal
the D∗ D̄∗ nature of two states found in [18] as 0+[0++] and
0+[2++] at 3943 and 3922 MeV, respectively, which can
be identified with some experimental states in that region
[16,18].1

In this case we note that the states found, mostly D∗ D̄∗

bound states, also couple to J/ψω in the second place, and
J/ψφ with smaller strength. So we choose the J/ψω obser-
vation channel looking into the necessary cusp that should
develop at the D∗ D̄∗ threshold. For this purpose we look into
the B−

c → π− J/ψω decay and then into the J/ψω invari-
ant mass distribution. The choice of this reaction is that in
a first stage of the reaction the D∗ D̄∗ state is formed with a
dominant weak decay mechanism, but the J/ψω state is not
formed at this level. Then the J/ψω is finally produced via
rescattering of the D∗ D̄∗ component with the other compo-
nents that make up the two molecular states. This stresses the
role of the resonance since there is no tree level J/ψω con-
tribution. Thus, we obtain two peaks in the J/ψω mass dis-
tribution corresponding to the molecular states and a strong
cusp at the D∗ D̄∗ threshold. In addition we also look at the
D∗ D̄∗ mass distribution in the B−

c → π−D∗ D̄∗ reaction
and evaluate its strength above the D∗ D̄∗ threshold, which
is closely connected to the strength of the J/ψω mass dis-
tribution. The D∗ D̄∗ cusp feature, together with the relative
strength of the D∗ D̄∗ compared to the one of J/ψω, are
two magnitudes which are tied to the molecular structure of
these two resonances, and we encourage the performance of
the experiment that should bring valuable light into these
issues.

1 The state at 3943 MeV can be associated with the X (3940) of [24,25]
and the X (3922) with the X (3930)[27] now classified in the PDG as
the χc2(2P). The width of the X (3943) MeV obtained in [18] of 15–
17 MeV looks small compared to ' = 87 ± 22 ± 26 MeV of [24].
These results are improved in [25] by measuring the DD̄ and DD̄∗
decay channels with ' = 15.4 ± 10.1 MeV, in good agreement with
the results of [18]. A further experiment for the X (3940) in [26] from
the measurement of the D∗ D̄∗ channel close to threshold, provides
' = 37+26

−15 ± 8 MeV, which is also compatible with the results of [18]
within the large errors. The width of about 50 MeV of [18] for the
X (3922) is also in fair agreement with ' = 29 ± 10 ± 2 MeV of [27].
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Fig. 1 a Microscopic quark picture of B−
c → π−cc̄ decay. b

Hadronization through q̄q creation with vacuum quantum numbers

2 Formalism

We look into the B−
c decay mechanism at quark level depicted

in Fig. 1a.
The mechanism qualifies as external emission [28] and

is both Cabibbo favored in Wud vertex, and color favored
(the Wbc vertex is also the least Cabibbo suppressed of the b
decays). Then the final c quark from b decay and the spectator
c̄ quark from the B−

c hadronize, with the incorporation of q̄q
with the quantum numbers of the vacuum (see Fig. 1b) to give
two mesons. The resulting two mesons are easily obtained
by writing

H =
4∑

i=1

cq̄i qi c̄ =
4∑

i=1

M4i Mi4 = (M2)44,

where Mi j is the qq̄ matrix with the u, d , s, c quarks. How-
ever, it is convenient to write the qq̄ matrix in terms of phys-
ical mesons, in this case vector mesons as

Mi j → V =

⎛

⎜⎜⎜⎝

1√
2
ρ0 + 1√

2
ω ρ+ K ∗+ D̄∗0

ρ− − 1√
2
ρ0 + 1√

2
ω K ∗0 D̄∗−

K ∗− K̄ ∗0 φ D∗−
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resonance couples most strongly to D∗
s D̄

∗
s has the conse-

quence that the J/ψφ mass spectrum develops a strong cusp
at the D∗

s D̄
∗
s threshold, something visible in the experimen-

tal spectra with an increased strength in that region. It is
also worth mentioning that a similar enhancement is seen,
although with poor statistics, in the recent BESIII work on
the e+e− → γ J/ψφ reaction [23].

In the present work we want to continue along this line of
research and present results for a reaction that should reveal
the D∗ D̄∗ nature of two states found in [18] as 0+[0++] and
0+[2++] at 3943 and 3922 MeV, respectively, which can
be identified with some experimental states in that region
[16,18].1

In this case we note that the states found, mostly D∗ D̄∗

bound states, also couple to J/ψω in the second place, and
J/ψφ with smaller strength. So we choose the J/ψω obser-
vation channel looking into the necessary cusp that should
develop at the D∗ D̄∗ threshold. For this purpose we look into
the B−

c → π− J/ψω decay and then into the J/ψω invari-
ant mass distribution. The choice of this reaction is that in
a first stage of the reaction the D∗ D̄∗ state is formed with a
dominant weak decay mechanism, but the J/ψω state is not
formed at this level. Then the J/ψω is finally produced via
rescattering of the D∗ D̄∗ component with the other compo-
nents that make up the two molecular states. This stresses the
role of the resonance since there is no tree level J/ψω con-
tribution. Thus, we obtain two peaks in the J/ψω mass dis-
tribution corresponding to the molecular states and a strong
cusp at the D∗ D̄∗ threshold. In addition we also look at the
D∗ D̄∗ mass distribution in the B−

c → π−D∗ D̄∗ reaction
and evaluate its strength above the D∗ D̄∗ threshold, which
is closely connected to the strength of the J/ψω mass dis-
tribution. The D∗ D̄∗ cusp feature, together with the relative
strength of the D∗ D̄∗ compared to the one of J/ψω, are
two magnitudes which are tied to the molecular structure of
these two resonances, and we encourage the performance of
the experiment that should bring valuable light into these
issues.

1 The state at 3943 MeV can be associated with the X (3940) of [24,25]
and the X (3922) with the X (3930)[27] now classified in the PDG as
the χc2(2P). The width of the X (3943) MeV obtained in [18] of 15–
17 MeV looks small compared to ' = 87 ± 22 ± 26 MeV of [24].
These results are improved in [25] by measuring the DD̄ and DD̄∗
decay channels with ' = 15.4 ± 10.1 MeV, in good agreement with
the results of [18]. A further experiment for the X (3940) in [26] from
the measurement of the D∗ D̄∗ channel close to threshold, provides
' = 37+26

−15 ± 8 MeV, which is also compatible with the results of [18]
within the large errors. The width of about 50 MeV of [18] for the
X (3922) is also in fair agreement with ' = 29 ± 10 ± 2 MeV of [27].
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Fig. 1 a Microscopic quark picture of B−
c → π−cc̄ decay. b

Hadronization through q̄q creation with vacuum quantum numbers

2 Formalism

We look into the B−
c decay mechanism at quark level depicted

in Fig. 1a.
The mechanism qualifies as external emission [28] and

is both Cabibbo favored in Wud vertex, and color favored
(the Wbc vertex is also the least Cabibbo suppressed of the b
decays). Then the final c quark from b decay and the spectator
c̄ quark from the B−

c hadronize, with the incorporation of q̄q
with the quantum numbers of the vacuum (see Fig. 1b) to give
two mesons. The resulting two mesons are easily obtained
by writing

H =
4∑

i=1

cq̄i qi c̄ =
4∑

i=1

M4i Mi4 = (M2)44,

where Mi j is the qq̄ matrix with the u, d , s, c quarks. How-
ever, it is convenient to write the qq̄ matrix in terms of phys-
ical mesons, in this case vector mesons as

Mi j → V =

⎛

⎜⎜⎜⎝

1√
2
ρ0 + 1√

2
ω ρ+ K ∗+ D̄∗0

ρ− − 1√
2
ρ0 + 1√

2
ω K ∗0 D̄∗−

K ∗− K̄ ∗0 φ D∗−
s

D∗0 D∗+ D∗+
s J/ψ

⎞

⎟⎟⎟⎠
,

(1)

123
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resonance couples most strongly to D∗
s D̄

∗
s has the conse-

quence that the J/ψφ mass spectrum develops a strong cusp
at the D∗

s D̄
∗
s threshold, something visible in the experimen-

tal spectra with an increased strength in that region. It is
also worth mentioning that a similar enhancement is seen,
although with poor statistics, in the recent BESIII work on
the e+e− → γ J/ψφ reaction [23].

In the present work we want to continue along this line of
research and present results for a reaction that should reveal
the D∗ D̄∗ nature of two states found in [18] as 0+[0++] and
0+[2++] at 3943 and 3922 MeV, respectively, which can
be identified with some experimental states in that region
[16,18].1

In this case we note that the states found, mostly D∗ D̄∗

bound states, also couple to J/ψω in the second place, and
J/ψφ with smaller strength. So we choose the J/ψω obser-
vation channel looking into the necessary cusp that should
develop at the D∗ D̄∗ threshold. For this purpose we look into
the B−

c → π− J/ψω decay and then into the J/ψω invari-
ant mass distribution. The choice of this reaction is that in
a first stage of the reaction the D∗ D̄∗ state is formed with a
dominant weak decay mechanism, but the J/ψω state is not
formed at this level. Then the J/ψω is finally produced via
rescattering of the D∗ D̄∗ component with the other compo-
nents that make up the two molecular states. This stresses the
role of the resonance since there is no tree level J/ψω con-
tribution. Thus, we obtain two peaks in the J/ψω mass dis-
tribution corresponding to the molecular states and a strong
cusp at the D∗ D̄∗ threshold. In addition we also look at the
D∗ D̄∗ mass distribution in the B−

c → π−D∗ D̄∗ reaction
and evaluate its strength above the D∗ D̄∗ threshold, which
is closely connected to the strength of the J/ψω mass dis-
tribution. The D∗ D̄∗ cusp feature, together with the relative
strength of the D∗ D̄∗ compared to the one of J/ψω, are
two magnitudes which are tied to the molecular structure of
these two resonances, and we encourage the performance of
the experiment that should bring valuable light into these
issues.

1 The state at 3943 MeV can be associated with the X (3940) of [24,25]
and the X (3922) with the X (3930)[27] now classified in the PDG as
the χc2(2P). The width of the X (3943) MeV obtained in [18] of 15–
17 MeV looks small compared to ' = 87 ± 22 ± 26 MeV of [24].
These results are improved in [25] by measuring the DD̄ and DD̄∗
decay channels with ' = 15.4 ± 10.1 MeV, in good agreement with
the results of [18]. A further experiment for the X (3940) in [26] from
the measurement of the D∗ D̄∗ channel close to threshold, provides
' = 37+26

−15 ± 8 MeV, which is also compatible with the results of [18]
within the large errors. The width of about 50 MeV of [18] for the
X (3922) is also in fair agreement with ' = 29 ± 10 ± 2 MeV of [27].
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Fig. 1 a Microscopic quark picture of B−
c → π−cc̄ decay. b

Hadronization through q̄q creation with vacuum quantum numbers

2 Formalism

We look into the B−
c decay mechanism at quark level depicted

in Fig. 1a.
The mechanism qualifies as external emission [28] and

is both Cabibbo favored in Wud vertex, and color favored
(the Wbc vertex is also the least Cabibbo suppressed of the b
decays). Then the final c quark from b decay and the spectator
c̄ quark from the B−

c hadronize, with the incorporation of q̄q
with the quantum numbers of the vacuum (see Fig. 1b) to give
two mesons. The resulting two mesons are easily obtained
by writing

H =
4∑

i=1

cq̄i qi c̄ =
4∑

i=1

M4i Mi4 = (M2)44,

where Mi j is the qq̄ matrix with the u, d , s, c quarks. How-
ever, it is convenient to write the qq̄ matrix in terms of phys-
ical mesons, in this case vector mesons as

Mi j → V =

⎛

⎜⎜⎜⎝

1√
2
ρ0 + 1√

2
ω ρ+ K ∗+ D̄∗0

ρ− − 1√
2
ρ0 + 1√

2
ω K ∗0 D̄∗−

K ∗− K̄ ∗0 φ D∗−
s

D∗0 D∗+ D∗+
s J/ψ

⎞

⎟⎟⎟⎠
,

(1)

123
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D̄⇤�
<latexit sha1_base64="oSoUBBm0XJgJnbp6882erFjfrYk=">AAAB7XicbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLNLFMpift0MmFmYlQQh5DV6LufBlfwLdxWrPQ1n/1zfn/gfMfPxFcadv+skpLyyura+X1ysbm1vZOdXevreJUMmyxWMSy61OFgkfY0lwL7CYSaegL7Pjj66nfeUSpeBzd60mCXkiHEQ84o9qMXNenMrvJH7KT07xfrdl1eyayCE4BNSjU7Fc/3UHM0hAjzQRVqufYifYyKjVnAvOKmypMKBvTIfYMRjRE5WWznXNyFMSS6BGS2ft3NqOhUpPQN5mQ6pGa96bD/7xeqoNLL+NRkmqMmIkYL0gF0TGZVicDLpFpMTFAmeRmS8JGVFKmzYEqpr4zX3YR2md1x647d+e1xlVxiDIcwCEcgwMX0IBbaEILGCTwDG/wbsXWk/Vivf5ES1bxZx/+yPr4BoY2jwE=</latexit><latexit sha1_base64="oSoUBBm0XJgJnbp6882erFjfrYk=">AAAB7XicbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLNLFMpift0MmFmYlQQh5DV6LufBlfwLdxWrPQ1n/1zfn/gfMfPxFcadv+skpLyyura+X1ysbm1vZOdXevreJUMmyxWMSy61OFgkfY0lwL7CYSaegL7Pjj66nfeUSpeBzd60mCXkiHEQ84o9qMXNenMrvJH7KT07xfrdl1eyayCE4BNSjU7Fc/3UHM0hAjzQRVqufYifYyKjVnAvOKmypMKBvTIfYMRjRE5WWznXNyFMSS6BGS2ft3NqOhUpPQN5mQ6pGa96bD/7xeqoNLL+NRkmqMmIkYL0gF0TGZVicDLpFpMTFAmeRmS8JGVFKmzYEqpr4zX3YR2md1x647d+e1xlVxiDIcwCEcgwMX0IBbaEILGCTwDG/wbsXWk/Vivf5ES1bxZx/+yPr4BoY2jwE=</latexit><latexit sha1_base64="oSoUBBm0XJgJnbp6882erFjfrYk=">AAAB7XicbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLNLFMpift0MmFmYlQQh5DV6LufBlfwLdxWrPQ1n/1zfn/gfMfPxFcadv+skpLyyura+X1ysbm1vZOdXevreJUMmyxWMSy61OFgkfY0lwL7CYSaegL7Pjj66nfeUSpeBzd60mCXkiHEQ84o9qMXNenMrvJH7KT07xfrdl1eyayCE4BNSjU7Fc/3UHM0hAjzQRVqufYifYyKjVnAvOKmypMKBvTIfYMRjRE5WWznXNyFMSS6BGS2ft3NqOhUpPQN5mQ6pGa96bD/7xeqoNLL+NRkmqMmIkYL0gF0TGZVicDLpFpMTFAmeRmS8JGVFKmzYEqpr4zX3YR2md1x647d+e1xlVxiDIcwCEcgwMX0IBbaEILGCTwDG/wbsXWk/Vivf5ES1bxZx/+yPr4BoY2jwE=</latexit><latexit sha1_base64="oSoUBBm0XJgJnbp6882erFjfrYk=">AAAB7XicbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLNLFMpift0MmFmYlQQh5DV6LufBlfwLdxWrPQ1n/1zfn/gfMfPxFcadv+skpLyyura+X1ysbm1vZOdXevreJUMmyxWMSy61OFgkfY0lwL7CYSaegL7Pjj66nfeUSpeBzd60mCXkiHEQ84o9qMXNenMrvJH7KT07xfrdl1eyayCE4BNSjU7Fc/3UHM0hAjzQRVqufYifYyKjVnAvOKmypMKBvTIfYMRjRE5WWznXNyFMSS6BGS2ft3NqOhUpPQN5mQ6pGa96bD/7xeqoNLL+NRkmqMmIkYL0gF0TGZVicDLpFpMTFAmeRmS8JGVFKmzYEqpr4zX3YR2md1x647d+e1xlVxiDIcwCEcgwMX0IBbaEILGCTwDG/wbsXWk/Vivf5ES1bxZx/+yPr4BoY2jwE=</latexit>

D̄⇤�
s

<latexit sha1_base64="bXf495gJZC1E3tg5EtYlYwsU/k8=">AAAB73icbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLtGmZTE/aoZOLMxOhhDyHrkTd+S6+gG/jtGahrf/qm/P/A+c/Xiy40rb9ZRWWlldW14rrpY3Nre2d8u5eU0WJZNhgkYhk26MKBQ+xobkW2I4l0sAT2PLG11O/9YhS8Si815MY3YAOQ+5zRrUZ9boelelN1le99OQ065crdtWeiSyCk0MFctX75c/uIGJJgKFmgirVcexYuymVmjOBWambKIwpG9MhdgyGNEDlprOtM3LkR5LoEZLZ+3c2pYFSk8AzmYDqkZr3psP/vE6i/Us35WGcaAyZiRjPTwTREZmWJwMukWkxMUCZ5GZLwkZUUqbNiUqmvjNfdhGaZ1XHrjp355XaVX6IIhzAIRyDAxdQg1uoQwMYSHiGN3i3Hqwn68V6/YkWrPzPPvyR9fENE62P5w==</latexit><latexit sha1_base64="bXf495gJZC1E3tg5EtYlYwsU/k8=">AAAB73icbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLtGmZTE/aoZOLMxOhhDyHrkTd+S6+gG/jtGahrf/qm/P/A+c/Xiy40rb9ZRWWlldW14rrpY3Nre2d8u5eU0WJZNhgkYhk26MKBQ+xobkW2I4l0sAT2PLG11O/9YhS8Si815MY3YAOQ+5zRrUZ9boelelN1le99OQ065crdtWeiSyCk0MFctX75c/uIGJJgKFmgirVcexYuymVmjOBWambKIwpG9MhdgyGNEDlprOtM3LkR5LoEZLZ+3c2pYFSk8AzmYDqkZr3psP/vE6i/Us35WGcaAyZiRjPTwTREZmWJwMukWkxMUCZ5GZLwkZUUqbNiUqmvjNfdhGaZ1XHrjp355XaVX6IIhzAIRyDAxdQg1uoQwMYSHiGN3i3Hqwn68V6/YkWrPzPPvyR9fENE62P5w==</latexit><latexit sha1_base64="bXf495gJZC1E3tg5EtYlYwsU/k8=">AAAB73icbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLtGmZTE/aoZOLMxOhhDyHrkTd+S6+gG/jtGahrf/qm/P/A+c/Xiy40rb9ZRWWlldW14rrpY3Nre2d8u5eU0WJZNhgkYhk26MKBQ+xobkW2I4l0sAT2PLG11O/9YhS8Si815MY3YAOQ+5zRrUZ9boelelN1le99OQ065crdtWeiSyCk0MFctX75c/uIGJJgKFmgirVcexYuymVmjOBWambKIwpG9MhdgyGNEDlprOtM3LkR5LoEZLZ+3c2pYFSk8AzmYDqkZr3psP/vE6i/Us35WGcaAyZiRjPTwTREZmWJwMukWkxMUCZ5GZLwkZUUqbNiUqmvjNfdhGaZ1XHrjp355XaVX6IIhzAIRyDAxdQg1uoQwMYSHiGN3i3Hqwn68V6/YkWrPzPPvyR9fENE62P5w==</latexit><latexit sha1_base64="bXf495gJZC1E3tg5EtYlYwsU/k8=">AAAB73icbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLtGmZTE/aoZOLMxOhhDyHrkTd+S6+gG/jtGahrf/qm/P/A+c/Xiy40rb9ZRWWlldW14rrpY3Nre2d8u5eU0WJZNhgkYhk26MKBQ+xobkW2I4l0sAT2PLG11O/9YhS8Si815MY3YAOQ+5zRrUZ9boelelN1le99OQ065crdtWeiSyCk0MFctX75c/uIGJJgKFmgirVcexYuymVmjOBWambKIwpG9MhdgyGNEDlprOtM3LkR5LoEZLZ+3c2pYFSk8AzmYDqkZr3psP/vE6i/Us35WGcaAyZiRjPTwTREZmWJwMukWkxMUCZ5GZLwkZUUqbNiUqmvjNfdhGaZ1XHrjp355XaVX6IIhzAIRyDAxdQg1uoQwMYSHiGN3i3Hqwn68V6/YkWrPzPPvyR9fENE62P5w==</latexit>

D⇤+
s

<latexit sha1_base64="VNNTE6FCwFjudpv1G7R7/QPVAfM=">AAAB6XicbZDLSgMxFIZP6q3WW9Wlm2ARRKHMiKDLoi5cVrAXaMeSSc+0oZkLSUYoQx9CV6LufB1fwLcxrbPQ1n/15fx/4PzHT6TQxnG+SGFpeWV1rbhe2tjc2t4p7+41dZwqjg0ey1i1faZRiggbRhiJ7UQhC32JLX90PfVbj6i0iKN7M07QC9kgEoHgzNhR+6anH7KT00mvXHGqzkx0EdwcKpCr3it/dvsxT0OMDJdM647rJMbLmDKCS5yUuqnGhPERG2DHYsRC1F4223dCj4JYUTNEOnv/zmYs1Hoc+jYTMjPU8950+J/XSU1w6WUiSlKDEbcR6wWppCam09q0LxRyI8cWGFfCbkn5kCnGjT1OydZ358suQvOs6jpV9+68UrvKD1GEAziEY3DhAmpwC3VoAAcJz/AG72REnsgLef2JFkj+Zx/+iHx8A1BrjSA=</latexit><latexit sha1_base64="VNNTE6FCwFjudpv1G7R7/QPVAfM=">AAAB6XicbZDLSgMxFIZP6q3WW9Wlm2ARRKHMiKDLoi5cVrAXaMeSSc+0oZkLSUYoQx9CV6LufB1fwLcxrbPQ1n/15fx/4PzHT6TQxnG+SGFpeWV1rbhe2tjc2t4p7+41dZwqjg0ey1i1faZRiggbRhiJ7UQhC32JLX90PfVbj6i0iKN7M07QC9kgEoHgzNhR+6anH7KT00mvXHGqzkx0EdwcKpCr3it/dvsxT0OMDJdM647rJMbLmDKCS5yUuqnGhPERG2DHYsRC1F4223dCj4JYUTNEOnv/zmYs1Hoc+jYTMjPU8950+J/XSU1w6WUiSlKDEbcR6wWppCam09q0LxRyI8cWGFfCbkn5kCnGjT1OydZ358suQvOs6jpV9+68UrvKD1GEAziEY3DhAmpwC3VoAAcJz/AG72REnsgLef2JFkj+Zx/+iHx8A1BrjSA=</latexit><latexit sha1_base64="VNNTE6FCwFjudpv1G7R7/QPVAfM=">AAAB6XicbZDLSgMxFIZP6q3WW9Wlm2ARRKHMiKDLoi5cVrAXaMeSSc+0oZkLSUYoQx9CV6LufB1fwLcxrbPQ1n/15fx/4PzHT6TQxnG+SGFpeWV1rbhe2tjc2t4p7+41dZwqjg0ey1i1faZRiggbRhiJ7UQhC32JLX90PfVbj6i0iKN7M07QC9kgEoHgzNhR+6anH7KT00mvXHGqzkx0EdwcKpCr3it/dvsxT0OMDJdM647rJMbLmDKCS5yUuqnGhPERG2DHYsRC1F4223dCj4JYUTNEOnv/zmYs1Hoc+jYTMjPU8950+J/XSU1w6WUiSlKDEbcR6wWppCam09q0LxRyI8cWGFfCbkn5kCnGjT1OydZ358suQvOs6jpV9+68UrvKD1GEAziEY3DhAmpwC3VoAAcJz/AG72REnsgLef2JFkj+Zx/+iHx8A1BrjSA=</latexit><latexit sha1_base64="VNNTE6FCwFjudpv1G7R7/QPVAfM=">AAAB6XicbZDLSgMxFIZP6q3WW9Wlm2ARRKHMiKDLoi5cVrAXaMeSSc+0oZkLSUYoQx9CV6LufB1fwLcxrbPQ1n/15fx/4PzHT6TQxnG+SGFpeWV1rbhe2tjc2t4p7+41dZwqjg0ey1i1faZRiggbRhiJ7UQhC32JLX90PfVbj6i0iKN7M07QC9kgEoHgzNhR+6anH7KT00mvXHGqzkx0EdwcKpCr3it/dvsxT0OMDJdM647rJMbLmDKCS5yUuqnGhPERG2DHYsRC1F4223dCj4JYUTNEOnv/zmYs1Hoc+jYTMjPU8950+J/XSU1w6WUiSlKDEbcR6wWppCam09q0LxRyI8cWGFfCbkn5kCnGjT1OydZ358suQvOs6jpV9+68UrvKD1GEAziEY3DhAmpwC3VoAAcJz/AG72REnsgLef2JFkj+Zx/+iHx8A1BrjSA=</latexit>

,
,

B�
c

<latexit sha1_base64="u45qBBkWUOkWecIfI7w7nF75coo=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcSNpDYkuCW5cYmKBBCqZDrd0wvQnM1MT0vAKujLqzgfyBXwbB+xCwbP65p4zyT3XTwVX2ra/rNLa+sbmVnm7srO7t39QPTzqqCSTDF2WiET2fKpQ8BhdzbXAXiqRRr7Arj+5mfvdR5SKJ/G9nqboRXQc84Azqs3IbT1cDNmwWrPr9kJkFZwCalCoPax+DkYJyyKMNRNUqb5jp9rLqd ScCZxVBpnClLIJHWPfYEwjVF6+WHZGzoJEEh0iWbx/Z3MaKTWNfJOJqA7Vsjcf/uf1Mx1cezmP00xjzEzEeEEmiE7IvDMZcYlMi6kByiQ3WxIWUkmZNpepmPrOctlV6FzWHbvu3DVqzVZxiDKcwCmcgwNX0IRbaIMLDDg8wxu8W6H1ZL1Yrz/RklX8OYY/sj6+ARIXi9A=</latexit><latexit sha1_base64="u45qBBkWUOkWecIfI7w7nF75coo=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcSNpDYkuCW5cYmKBBCqZDrd0wvQnM1MT0vAKujLqzgfyBXwbB+xCwbP65p4zyT3XTwVX2ra/rNLa+sbmVnm7srO7t39QPTzqqCSTDF2WiET2fKpQ8BhdzbXAXiqRRr7Arj+5mfvdR5SKJ/G9nqboRXQc84Azqs3IbT1cDNmwWrPr9kJkFZwCalCoPax+DkYJyyKMNRNUqb5jp9rLqd ScCZxVBpnClLIJHWPfYEwjVF6+WHZGzoJEEh0iWbx/Z3MaKTWNfJOJqA7Vsjcf/uf1Mx1cezmP00xjzEzEeEEmiE7IvDMZcYlMi6kByiQ3WxIWUkmZNpepmPrOctlV6FzWHbvu3DVqzVZxiDKcwCmcgwNX0IRbaIMLDDg8wxu8W6H1ZL1Yrz/RklX8OYY/sj6+ARIXi9A=</latexit><latexit sha1_base64="u45qBBkWUOkWecIfI7w7nF75coo=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcSNpDYkuCW5cYmKBBCqZDrd0wvQnM1MT0vAKujLqzgfyBXwbB+xCwbP65p4zyT3XTwVX2ra/rNLa+sbmVnm7srO7t39QPTzqqCSTDF2WiET2fKpQ8BhdzbXAXiqRRr7Arj+5mfvdR5SKJ/G9nqboRXQc84Azqs3IbT1cDNmwWrPr9kJkFZwCalCoPax+DkYJyyKMNRNUqb5jp9rLqd ScCZxVBpnClLIJHWPfYEwjVF6+WHZGzoJEEh0iWbx/Z3MaKTWNfJOJqA7Vsjcf/uf1Mx1cezmP00xjzEzEeEEmiE7IvDMZcYlMi6kByiQ3WxIWUkmZNpepmPrOctlV6FzWHbvu3DVqzVZxiDKcwCmcgwNX0IRbaIMLDDg8wxu8W6H1ZL1Yrz/RklX8OYY/sj6+ARIXi9A=</latexit><latexit sha1_base64="u45qBBkWUOkWecIfI7w7nF75coo=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcSNpDYkuCW5cYmKBBCqZDrd0wvQnM1MT0vAKujLqzgfyBXwbB+xCwbP65p4zyT3XTwVX2ra/rNLa+sbmVnm7srO7t39QPTzqqCSTDF2WiET2fKpQ8BhdzbXAXiqRRr7Arj+5mfvdR5SKJ/G9nqboRXQc84Azqs3IbT1cDNmwWrPr9kJkFZwCalCoPax+DkYJyyKMNRNUqb5jp9rLqd ScCZxVBpnClLIJHWPfYEwjVF6+WHZGzoJEEh0iWbx/Z3MaKTWNfJOJqA7Vsjcf/uf1Mx1cezmP00xjzEzEeEEmiE7IvDMZcYlMi6kByiQ3WxIWUkmZNpepmPrOctlV6FzWHbvu3DVqzVZxiDKcwCmcgwNX0IRbaIMLDDg8wxu8W6H1ZL1Yrz/RklX8OYY/sj6+ARIXi9A=</latexit>

⇡�
<latexit sha1_base64="iQH17EU6sDhCx2BTEYL6CWXRSL8=">AAAB5nicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLohuXFUxbaGOZTG+aoZMfZiZCCX0FXYm684F8Ad/GSc1CW8/qm3vOwD3XTwVX2ra/rMrK6tr6RnWztrW9s7tX3z/oqCSTDF2WiET2fKpQ8BhdzbXAXiqRRr7Arj+5KfzuI0rFk/heT1P0IjqOecAZ1WbkDlL+cDasN+ymPRdZBqeEBpRqD+ufg1HCsghjzQRVqu/YqfZyKjVnAme1QaYwpWxCx9g3GNMIlZfPl52RkyCRRIdI5u/f2ZxGSk0j32QiqkO16BXD/7x+poMrL+dxmmmMmYkYL8gE0QkpOpMRl8i0mBqgTHKzJWEhlZRpc5maqe8sll2GznnTsZvO3UWjdV0eogpHcAyn4MAltOAW2uACAw7P8AbvVmg9WS/W60+0YpV/DuGPrI9vXEqMAQ==</latexit><latexit sha1_base64="iQH17EU6sDhCx2BTEYL6CWXRSL8=">AAAB5nicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLohuXFUxbaGOZTG+aoZMfZiZCCX0FXYm684F8Ad/GSc1CW8/qm3vOwD3XTwVX2ra/rMrK6tr6RnWztrW9s7tX3z/oqCSTDF2WiET2fKpQ8BhdzbXAXiqRRr7Arj+5KfzuI0rFk/heT1P0IjqOecAZ1WbkDlL+cDasN+ymPRdZBqeEBpRqD+ufg1HCsghjzQRVqu/YqfZyKjVnAme1QaYwpWxCx9g3GNMIlZfPl52RkyCRRIdI5u/f2ZxGSk0j32QiqkO16BXD/7x+poMrL+dxmmmMmYkYL8gE0QkpOpMRl8i0mBqgTHKzJWEhlZRpc5maqe8sll2GznnTsZvO3UWjdV0eogpHcAyn4MAltOAW2uACAw7P8AbvVmg9WS/W60+0YpV/DuGPrI9vXEqMAQ==</latexit><latexit sha1_base64="iQH17EU6sDhCx2BTEYL6CWXRSL8=">AAAB5nicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLohuXFUxbaGOZTG+aoZMfZiZCCX0FXYm684F8Ad/GSc1CW8/qm3vOwD3XTwVX2ra/rMrK6tr6RnWztrW9s7tX3z/oqCSTDF2WiET2fKpQ8BhdzbXAXiqRRr7Arj+5KfzuI0rFk/heT1P0IjqOecAZ1WbkDlL+cDasN+ymPRdZBqeEBpRqD+ufg1HCsghjzQRVqu/YqfZyKjVnAme1QaYwpWxCx9g3GNMIlZfPl52RkyCRRIdI5u/f2ZxGSk0j32QiqkO16BXD/7x+poMrL+dxmmmMmYkYL8gE0QkpOpMRl8i0mBqgTHKzJWEhlZRpc5maqe8sll2GznnTsZvO3UWjdV0eogpHcAyn4MAltOAW2uACAw7P8AbvVmg9WS/W60+0YpV/DuGPrI9vXEqMAQ==</latexit><latexit sha1_base64="iQH17EU6sDhCx2BTEYL6CWXRSL8=">AAAB5nicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLohuXFUxbaGOZTG+aoZMfZiZCCX0FXYm684F8Ad/GSc1CW8/qm3vOwD3XTwVX2ra/rMrK6tr6RnWztrW9s7tX3z/oqCSTDF2WiET2fKpQ8BhdzbXAXiqRRr7Arj+5KfzuI0rFk/heT1P0IjqOecAZ1WbkDlL+cDasN+ymPRdZBqeEBpRqD+ufg1HCsghjzQRVqu/YqfZyKjVnAme1QaYwpWxCx9g3GNMIlZfPl52RkyCRRIdI5u/f2ZxGSk0j32QiqkO16BXD/7x+poMrL+dxmmmMmYkYL8gE0QkpOpMRl8i0mBqgTHKzJWEhlZRpc5maqe8sll2GznnTsZvO3UWjdV0eogpHcAyn4MAltOAW2uACAw7P8AbvVmg9WS/W60+0YpV/DuGPrI9vXEqMAQ==</latexit>
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resonance couples most strongly to D∗
s D̄

∗
s has the conse-

quence that the J/ψφ mass spectrum develops a strong cusp
at the D∗

s D̄
∗
s threshold, something visible in the experimen-

tal spectra with an increased strength in that region. It is
also worth mentioning that a similar enhancement is seen,
although with poor statistics, in the recent BESIII work on
the e+e− → γ J/ψφ reaction [23].

In the present work we want to continue along this line of
research and present results for a reaction that should reveal
the D∗ D̄∗ nature of two states found in [18] as 0+[0++] and
0+[2++] at 3943 and 3922 MeV, respectively, which can
be identified with some experimental states in that region
[16,18].1

In this case we note that the states found, mostly D∗ D̄∗

bound states, also couple to J/ψω in the second place, and
J/ψφ with smaller strength. So we choose the J/ψω obser-
vation channel looking into the necessary cusp that should
develop at the D∗ D̄∗ threshold. For this purpose we look into
the B−

c → π− J/ψω decay and then into the J/ψω invari-
ant mass distribution. The choice of this reaction is that in
a first stage of the reaction the D∗ D̄∗ state is formed with a
dominant weak decay mechanism, but the J/ψω state is not
formed at this level. Then the J/ψω is finally produced via
rescattering of the D∗ D̄∗ component with the other compo-
nents that make up the two molecular states. This stresses the
role of the resonance since there is no tree level J/ψω con-
tribution. Thus, we obtain two peaks in the J/ψω mass dis-
tribution corresponding to the molecular states and a strong
cusp at the D∗ D̄∗ threshold. In addition we also look at the
D∗ D̄∗ mass distribution in the B−

c → π−D∗ D̄∗ reaction
and evaluate its strength above the D∗ D̄∗ threshold, which
is closely connected to the strength of the J/ψω mass dis-
tribution. The D∗ D̄∗ cusp feature, together with the relative
strength of the D∗ D̄∗ compared to the one of J/ψω, are
two magnitudes which are tied to the molecular structure of
these two resonances, and we encourage the performance of
the experiment that should bring valuable light into these
issues.

1 The state at 3943 MeV can be associated with the X (3940) of [24,25]
and the X (3922) with the X (3930)[27] now classified in the PDG as
the χc2(2P). The width of the X (3943) MeV obtained in [18] of 15–
17 MeV looks small compared to ' = 87 ± 22 ± 26 MeV of [24].
These results are improved in [25] by measuring the DD̄ and DD̄∗
decay channels with ' = 15.4 ± 10.1 MeV, in good agreement with
the results of [18]. A further experiment for the X (3940) in [26] from
the measurement of the D∗ D̄∗ channel close to threshold, provides
' = 37+26

−15 ± 8 MeV, which is also compatible with the results of [18]
within the large errors. The width of about 50 MeV of [18] for the
X (3922) is also in fair agreement with ' = 29 ± 10 ± 2 MeV of [27].
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2 Formalism

We look into the B−
c decay mechanism at quark level depicted

in Fig. 1a.
The mechanism qualifies as external emission [28] and

is both Cabibbo favored in Wud vertex, and color favored
(the Wbc vertex is also the least Cabibbo suppressed of the b
decays). Then the final c quark from b decay and the spectator
c̄ quark from the B−

c hadronize, with the incorporation of q̄q
with the quantum numbers of the vacuum (see Fig. 1b) to give
two mesons. The resulting two mesons are easily obtained
by writing
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M4i Mi4 = (M2)44,

where Mi j is the qq̄ matrix with the u, d , s, c quarks. How-
ever, it is convenient to write the qq̄ matrix in terms of phys-
ical mesons, in this case vector mesons as
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resonance couples most strongly to D∗
s D̄

∗
s has the conse-

quence that the J/ψφ mass spectrum develops a strong cusp
at the D∗

s D̄
∗
s threshold, something visible in the experimen-

tal spectra with an increased strength in that region. It is
also worth mentioning that a similar enhancement is seen,
although with poor statistics, in the recent BESIII work on
the e+e− → γ J/ψφ reaction [23].

In the present work we want to continue along this line of
research and present results for a reaction that should reveal
the D∗ D̄∗ nature of two states found in [18] as 0+[0++] and
0+[2++] at 3943 and 3922 MeV, respectively, which can
be identified with some experimental states in that region
[16,18].1

In this case we note that the states found, mostly D∗ D̄∗

bound states, also couple to J/ψω in the second place, and
J/ψφ with smaller strength. So we choose the J/ψω obser-
vation channel looking into the necessary cusp that should
develop at the D∗ D̄∗ threshold. For this purpose we look into
the B−

c → π− J/ψω decay and then into the J/ψω invari-
ant mass distribution. The choice of this reaction is that in
a first stage of the reaction the D∗ D̄∗ state is formed with a
dominant weak decay mechanism, but the J/ψω state is not
formed at this level. Then the J/ψω is finally produced via
rescattering of the D∗ D̄∗ component with the other compo-
nents that make up the two molecular states. This stresses the
role of the resonance since there is no tree level J/ψω con-
tribution. Thus, we obtain two peaks in the J/ψω mass dis-
tribution corresponding to the molecular states and a strong
cusp at the D∗ D̄∗ threshold. In addition we also look at the
D∗ D̄∗ mass distribution in the B−

c → π−D∗ D̄∗ reaction
and evaluate its strength above the D∗ D̄∗ threshold, which
is closely connected to the strength of the J/ψω mass dis-
tribution. The D∗ D̄∗ cusp feature, together with the relative
strength of the D∗ D̄∗ compared to the one of J/ψω, are
two magnitudes which are tied to the molecular structure of
these two resonances, and we encourage the performance of
the experiment that should bring valuable light into these
issues.

1 The state at 3943 MeV can be associated with the X (3940) of [24,25]
and the X (3922) with the X (3930)[27] now classified in the PDG as
the χc2(2P). The width of the X (3943) MeV obtained in [18] of 15–
17 MeV looks small compared to ' = 87 ± 22 ± 26 MeV of [24].
These results are improved in [25] by measuring the DD̄ and DD̄∗
decay channels with ' = 15.4 ± 10.1 MeV, in good agreement with
the results of [18]. A further experiment for the X (3940) in [26] from
the measurement of the D∗ D̄∗ channel close to threshold, provides
' = 37+26

−15 ± 8 MeV, which is also compatible with the results of [18]
within the large errors. The width of about 50 MeV of [18] for the
X (3922) is also in fair agreement with ' = 29 ± 10 ± 2 MeV of [27].
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Fig. 1 a Microscopic quark picture of B−
c → π−cc̄ decay. b

Hadronization through q̄q creation with vacuum quantum numbers

2 Formalism

We look into the B−
c decay mechanism at quark level depicted

in Fig. 1a.
The mechanism qualifies as external emission [28] and

is both Cabibbo favored in Wud vertex, and color favored
(the Wbc vertex is also the least Cabibbo suppressed of the b
decays). Then the final c quark from b decay and the spectator
c̄ quark from the B−

c hadronize, with the incorporation of q̄q
with the quantum numbers of the vacuum (see Fig. 1b) to give
two mesons. The resulting two mesons are easily obtained
by writing

H =
4∑

i=1

cq̄i qi c̄ =
4∑

i=1

M4i Mi4 = (M2)44,

where Mi j is the qq̄ matrix with the u, d , s, c quarks. How-
ever, it is convenient to write the qq̄ matrix in terms of phys-
ical mesons, in this case vector mesons as

Mi j → V =
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resonance couples most strongly to D∗
s D̄

∗
s has the conse-

quence that the J/ψφ mass spectrum develops a strong cusp
at the D∗

s D̄
∗
s threshold, something visible in the experimen-

tal spectra with an increased strength in that region. It is
also worth mentioning that a similar enhancement is seen,
although with poor statistics, in the recent BESIII work on
the e+e− → γ J/ψφ reaction [23].

In the present work we want to continue along this line of
research and present results for a reaction that should reveal
the D∗ D̄∗ nature of two states found in [18] as 0+[0++] and
0+[2++] at 3943 and 3922 MeV, respectively, which can
be identified with some experimental states in that region
[16,18].1

In this case we note that the states found, mostly D∗ D̄∗

bound states, also couple to J/ψω in the second place, and
J/ψφ with smaller strength. So we choose the J/ψω obser-
vation channel looking into the necessary cusp that should
develop at the D∗ D̄∗ threshold. For this purpose we look into
the B−

c → π− J/ψω decay and then into the J/ψω invari-
ant mass distribution. The choice of this reaction is that in
a first stage of the reaction the D∗ D̄∗ state is formed with a
dominant weak decay mechanism, but the J/ψω state is not
formed at this level. Then the J/ψω is finally produced via
rescattering of the D∗ D̄∗ component with the other compo-
nents that make up the two molecular states. This stresses the
role of the resonance since there is no tree level J/ψω con-
tribution. Thus, we obtain two peaks in the J/ψω mass dis-
tribution corresponding to the molecular states and a strong
cusp at the D∗ D̄∗ threshold. In addition we also look at the
D∗ D̄∗ mass distribution in the B−

c → π−D∗ D̄∗ reaction
and evaluate its strength above the D∗ D̄∗ threshold, which
is closely connected to the strength of the J/ψω mass dis-
tribution. The D∗ D̄∗ cusp feature, together with the relative
strength of the D∗ D̄∗ compared to the one of J/ψω, are
two magnitudes which are tied to the molecular structure of
these two resonances, and we encourage the performance of
the experiment that should bring valuable light into these
issues.

1 The state at 3943 MeV can be associated with the X (3940) of [24,25]
and the X (3922) with the X (3930)[27] now classified in the PDG as
the χc2(2P). The width of the X (3943) MeV obtained in [18] of 15–
17 MeV looks small compared to ' = 87 ± 22 ± 26 MeV of [24].
These results are improved in [25] by measuring the DD̄ and DD̄∗
decay channels with ' = 15.4 ± 10.1 MeV, in good agreement with
the results of [18]. A further experiment for the X (3940) in [26] from
the measurement of the D∗ D̄∗ channel close to threshold, provides
' = 37+26

−15 ± 8 MeV, which is also compatible with the results of [18]
within the large errors. The width of about 50 MeV of [18] for the
X (3922) is also in fair agreement with ' = 29 ± 10 ± 2 MeV of [27].
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Fig. 1 a Microscopic quark picture of B−
c → π−cc̄ decay. b

Hadronization through q̄q creation with vacuum quantum numbers

2 Formalism

We look into the B−
c decay mechanism at quark level depicted

in Fig. 1a.
The mechanism qualifies as external emission [28] and

is both Cabibbo favored in Wud vertex, and color favored
(the Wbc vertex is also the least Cabibbo suppressed of the b
decays). Then the final c quark from b decay and the spectator
c̄ quark from the B−

c hadronize, with the incorporation of q̄q
with the quantum numbers of the vacuum (see Fig. 1b) to give
two mesons. The resulting two mesons are easily obtained
by writing

H =
4∑

i=1

cq̄i qi c̄ =
4∑

i=1

M4i Mi4 = (M2)44,

where Mi j is the qq̄ matrix with the u, d , s, c quarks. How-
ever, it is convenient to write the qq̄ matrix in terms of phys-
ical mesons, in this case vector mesons as

Mi j → V =

⎛

⎜⎜⎜⎝

1√
2
ρ0 + 1√

2
ω ρ+ K ∗+ D̄∗0

ρ− − 1√
2
ρ0 + 1√

2
ω K ∗0 D̄∗−

K ∗− K̄ ∗0 φ D∗−
s

D∗0 D∗+ D∗+
s J/ψ

⎞

⎟⎟⎟⎠
,

(1)

123

⇡�
<latexit sha1_base64="iQH17EU6sDhCx2BTEYL6CWXRSL8=">AAAB5nicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLohuXFUxbaGOZTG+aoZMfZiZCCX0FXYm684F8Ad/GSc1CW8/qm3vOwD3XTwVX2ra/rMrK6tr6RnWztrW9s7tX3z/oqCSTDF2WiET2fKpQ8BhdzbXAXiqRRr7Arj+5KfzuI0rFk/heT1P0IjqOecAZ1WbkDlL+cDasN+ymPRdZBqeEBpRqD+ufg1HCsghjzQRVqu/YqfZyKjVnAme1QaYwpWxCx9g3GNMIlZfPl52RkyCRRIdI5u/f2ZxGSk0j32QiqkO16BXD/7x+poMrL+dxmmmMmYkYL8gE0QkpOpMRl8i0mBqgTHKzJWEhlZRpc5maqe8sll2GznnTsZvO3UWjdV0eogpHcAyn4MAltOAW2uACAw7P8AbvVmg9WS/W60+0YpV/DuGPrI9vXEqMAQ==</latexit><latexit sha1_base64="iQH17EU6sDhCx2BTEYL6CWXRSL8=">AAAB5nicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLohuXFUxbaGOZTG+aoZMfZiZCCX0FXYm684F8Ad/GSc1CW8/qm3vOwD3XTwVX2ra/rMrK6tr6RnWztrW9s7tX3z/oqCSTDF2WiET2fKpQ8BhdzbXAXiqRRr7Arj+5KfzuI0rFk/heT1P0IjqOecAZ1WbkDlL+cDasN+ymPRdZBqeEBpRqD+ufg1HCsghjzQRVqu/YqfZyKjVnAme1QaYwpWxCx9g3GNMIlZfPl52RkyCRRIdI5u/f2ZxGSk0j32QiqkO16BXD/7x+poMrL+dxmmmMmYkYL8gE0QkpOpMRl8i0mBqgTHKzJWEhlZRpc5maqe8sll2GznnTsZvO3UWjdV0eogpHcAyn4MAltOAW2uACAw7P8AbvVmg9WS/W60+0YpV/DuGPrI9vXEqMAQ==</latexit><latexit sha1_base64="iQH17EU6sDhCx2BTEYL6CWXRSL8=">AAAB5nicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLohuXFUxbaGOZTG+aoZMfZiZCCX0FXYm684F8Ad/GSc1CW8/qm3vOwD3XTwVX2ra/rMrK6tr6RnWztrW9s7tX3z/oqCSTDF2WiET2fKpQ8BhdzbXAXiqRRr7Arj+5KfzuI0rFk/heT1P0IjqOecAZ1WbkDlL+cDasN+ymPRdZBqeEBpRqD+ufg1HCsghjzQRVqu/YqfZyKjVnAme1QaYwpWxCx9g3GNMIlZfPl52RkyCRRIdI5u/f2ZxGSk0j32QiqkO16BXD/7x+poMrL+dxmmmMmYkYL8gE0QkpOpMRl8i0mBqgTHKzJWEhlZRpc5maqe8sll2GznnTsZvO3UWjdV0eogpHcAyn4MAltOAW2uACAw7P8AbvVmg9WS/W60+0YpV/DuGPrI9vXEqMAQ==</latexit><latexit sha1_base64="iQH17EU6sDhCx2BTEYL6CWXRSL8=">AAAB5nicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLohuXFUxbaGOZTG+aoZMfZiZCCX0FXYm684F8Ad/GSc1CW8/qm3vOwD3XTwVX2ra/rMrK6tr6RnWztrW9s7tX3z/oqCSTDF2WiET2fKpQ8BhdzbXAXiqRRr7Arj+5KfzuI0rFk/heT1P0IjqOecAZ1WbkDlL+cDasN+ymPRdZBqeEBpRqD+ufg1HCsghjzQRVqu/YqfZyKjVnAme1QaYwpWxCx9g3GNMIlZfPl52RkyCRRIdI5u/f2ZxGSk0j32QiqkO16BXD/7x+poMrL+dxmmmMmYkYL8gE0QkpOpMRl8i0mBqgTHKzJWEhlZRpc5maqe8sll2GznnTsZvO3UWjdV0eogpHcAyn4MAltOAW2uACAw7P8AbvVmg9WS/W60+0YpV/DuGPrI9vXEqMAQ==</latexit>

B�
c

<latexit sha1_base64="u45qBBkWUOkWecIfI7w7nF75coo=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcSNpDYkuCW5cYmKBBCqZDrd0wvQnM1MT0vAKujLqzgfyBXwbB+xCwbP65p4zyT3XTwVX2ra/rNLa+sbmVnm7srO7t39QPTzqqCSTDF2WiET2fKpQ8BhdzbXAXiqRRr7Arj+5mfvdR5SKJ/G9nqboRXQc84Azqs3IbT1cDNmwWrPr9kJkFZwCalCoPax+DkYJyyKMNRNUqb5jp9rLqd ScCZxVBpnClLIJHWPfYEwjVF6+WHZGzoJEEh0iWbx/Z3MaKTWNfJOJqA7Vsjcf/uf1Mx1cezmP00xjzEzEeEEmiE7IvDMZcYlMi6kByiQ3WxIWUkmZNpepmPrOctlV6FzWHbvu3DVqzVZxiDKcwCmcgwNX0IRbaIMLDDg8wxu8W6H1ZL1Yrz/RklX8OYY/sj6+ARIXi9A=</latexit><latexit sha1_base64="u45qBBkWUOkWecIfI7w7nF75coo=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcSNpDYkuCW5cYmKBBCqZDrd0wvQnM1MT0vAKujLqzgfyBXwbB+xCwbP65p4zyT3XTwVX2ra/rNLa+sbmVnm7srO7t39QPTzqqCSTDF2WiET2fKpQ8BhdzbXAXiqRRr7Arj+5mfvdR5SKJ/G9nqboRXQc84Azqs3IbT1cDNmwWrPr9kJkFZwCalCoPax+DkYJyyKMNRNUqb5jp9rLqd ScCZxVBpnClLIJHWPfYEwjVF6+WHZGzoJEEh0iWbx/Z3MaKTWNfJOJqA7Vsjcf/uf1Mx1cezmP00xjzEzEeEEmiE7IvDMZcYlMi6kByiQ3WxIWUkmZNpepmPrOctlV6FzWHbvu3DVqzVZxiDKcwCmcgwNX0IRbaIMLDDg8wxu8W6H1ZL1Yrz/RklX8OYY/sj6+ARIXi9A=</latexit><latexit sha1_base64="u45qBBkWUOkWecIfI7w7nF75coo=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcSNpDYkuCW5cYmKBBCqZDrd0wvQnM1MT0vAKujLqzgfyBXwbB+xCwbP65p4zyT3XTwVX2ra/rNLa+sbmVnm7srO7t39QPTzqqCSTDF2WiET2fKpQ8BhdzbXAXiqRRr7Arj+5mfvdR5SKJ/G9nqboRXQc84Azqs3IbT1cDNmwWrPr9kJkFZwCalCoPax+DkYJyyKMNRNUqb5jp9rLqd ScCZxVBpnClLIJHWPfYEwjVF6+WHZGzoJEEh0iWbx/Z3MaKTWNfJOJqA7Vsjcf/uf1Mx1cezmP00xjzEzEeEEmiE7IvDMZcYlMi6kByiQ3WxIWUkmZNpepmPrOctlV6FzWHbvu3DVqzVZxiDKcwCmcgwNX0IRbaIMLDDg8wxu8W6H1ZL1Yrz/RklX8OYY/sj6+ARIXi9A=</latexit><latexit sha1_base64="u45qBBkWUOkWecIfI7w7nF75coo=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcSNpDYkuCW5cYmKBBCqZDrd0wvQnM1MT0vAKujLqzgfyBXwbB+xCwbP65p4zyT3XTwVX2ra/rNLa+sbmVnm7srO7t39QPTzqqCSTDF2WiET2fKpQ8BhdzbXAXiqRRr7Arj+5mfvdR5SKJ/G9nqboRXQc84Azqs3IbT1cDNmwWrPr9kJkFZwCalCoPax+DkYJyyKMNRNUqb5jp9rLqd ScCZxVBpnClLIJHWPfYEwjVF6+WHZGzoJEEh0iWbx/Z3MaKTWNfJOJqA7Vsjcf/uf1Mx1cezmP00xjzEzEeEEmiE7IvDMZcYlMi6kByiQ3WxIWUkmZNpepmPrOctlV6FzWHbvu3DVqzVZxiDKcwCmcgwNX0IRbaIMLDDg8wxu8W6H1ZL1Yrz/RklX8OYY/sj6+ARIXi9A=</latexit>

Hadronized

ūu+ d̄d+ s̄s

D⇤+
<latexit sha1_base64="XcMq3i6lkbZe0cDOD5PUQtBRtRM=">AAAB53icbZDLSgMxFIZP6q3WW9Wlm2ARRKHMiKDLoi5cVrAXaMeSSc+0sZkLSUYoQ59BV6LufB9fwLcxrbPQ6r/6cv4/cP7jJ1Jo4zifpLCwuLS8Ulwtra1vbG6Vt3eaOk4VxwaPZazaPtMoRYQNI4zEdqKQhb7Elj+6nPqtB1RaxNGtGSfohWwQiUBwZuyoeXWXHR1PeuWKU3Vmon/BzaECueq98ke3H/M0xMhwybTuuE5ivIwpI7jESambakwYH7EBdixGLETtZbNtJ/QgiBU1Q6Sz989sxkKtx6FvMyEzQz3vTYf/eZ3UBOdeJqIkNRhxG7FekEpqYjotTftCITdybIFxJeyWlA+ZYtzY05RsfXe+7F9onlRdp+renFZqF/khirAH+3AILpxBDa6hDg3gcA9P8ApvRJBH8kxevqMFkv/ZhV8i71/IHow6</latexit><latexit sha1_base64="XcMq3i6lkbZe0cDOD5PUQtBRtRM=">AAAB53icbZDLSgMxFIZP6q3WW9Wlm2ARRKHMiKDLoi5cVrAXaMeSSc+0sZkLSUYoQ59BV6LufB9fwLcxrbPQ6r/6cv4/cP7jJ1Jo4zifpLCwuLS8Ulwtra1vbG6Vt3eaOk4VxwaPZazaPtMoRYQNI4zEdqKQhb7Elj+6nPqtB1RaxNGtGSfohWwQiUBwZuyoeXWXHR1PeuWKU3Vmon/BzaECueq98ke3H/M0xMhwybTuuE5ivIwpI7jESambakwYH7EBdixGLETtZbNtJ/QgiBU1Q6Sz989sxkKtx6FvMyEzQz3vTYf/eZ3UBOdeJqIkNRhxG7FekEpqYjotTftCITdybIFxJeyWlA+ZYtzY05RsfXe+7F9onlRdp+renFZqF/khirAH+3AILpxBDa6hDg3gcA9P8ApvRJBH8kxevqMFkv/ZhV8i71/IHow6</latexit><latexit sha1_base64="XcMq3i6lkbZe0cDOD5PUQtBRtRM=">AAAB53icbZDLSgMxFIZP6q3WW9Wlm2ARRKHMiKDLoi5cVrAXaMeSSc+0sZkLSUYoQ59BV6LufB9fwLcxrbPQ6r/6cv4/cP7jJ1Jo4zifpLCwuLS8Ulwtra1vbG6Vt3eaOk4VxwaPZazaPtMoRYQNI4zEdqKQhb7Elj+6nPqtB1RaxNGtGSfohWwQiUBwZuyoeXWXHR1PeuWKU3Vmon/BzaECueq98ke3H/M0xMhwybTuuE5ivIwpI7jESambakwYH7EBdixGLETtZbNtJ/QgiBU1Q6Sz989sxkKtx6FvMyEzQz3vTYf/eZ3UBOdeJqIkNRhxG7FekEpqYjotTftCITdybIFxJeyWlA+ZYtzY05RsfXe+7F9onlRdp+renFZqF/khirAH+3AILpxBDa6hDg3gcA9P8ApvRJBH8kxevqMFkv/ZhV8i71/IHow6</latexit><latexit sha1_base64="XcMq3i6lkbZe0cDOD5PUQtBRtRM=">AAAB53icbZDLSgMxFIZP6q3WW9Wlm2ARRKHMiKDLoi5cVrAXaMeSSc+0sZkLSUYoQ59BV6LufB9fwLcxrbPQ6r/6cv4/cP7jJ1Jo4zifpLCwuLS8Ulwtra1vbG6Vt3eaOk4VxwaPZazaPtMoRYQNI4zEdqKQhb7Elj+6nPqtB1RaxNGtGSfohWwQiUBwZuyoeXWXHR1PeuWKU3Vmon/BzaECueq98ke3H/M0xMhwybTuuE5ivIwpI7jESambakwYH7EBdixGLETtZbNtJ/QgiBU1Q6Sz989sxkKtx6FvMyEzQz3vTYf/eZ3UBOdeJqIkNRhxG7FekEpqYjotTftCITdybIFxJeyWlA+ZYtzY05RsfXe+7F9onlRdp+renFZqF/khirAH+3AILpxBDa6hDg3gcA9P8ApvRJBH8kxevqMFkv/ZhV8i71/IHow6</latexit>

D̄⇤�
<latexit sha1_base64="oSoUBBm0XJgJnbp6882erFjfrYk=">AAAB7XicbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLNLFMpift0MmFmYlQQh5DV6LufBlfwLdxWrPQ1n/1zfn/gfMfPxFcadv+skpLyyura+X1ysbm1vZOdXevreJUMmyxWMSy61OFgkfY0lwL7CYSaegL7Pjj66nfeUSpeBzd60mCXkiHEQ84o9qMXNenMrvJH7KT07xfrdl1eyayCE4BNSjU7Fc/3UHM0hAjzQRVqufYifYyKjVnAvOKmypMKBvTIfYMRjRE5WWznXNyFMSS6BGS2ft3NqOhUpPQN5mQ6pGa96bD/7xeqoNLL+NRkmqMmIkYL0gF0TGZVicDLpFpMTFAmeRmS8JGVFKmzYEqpr4zX3YR2md1x647d+e1xlVxiDIcwCEcgwMX0IBbaEILGCTwDG/wbsXWk/Vivf5ES1bxZx/+yPr4BoY2jwE=</latexit><latexit sha1_base64="oSoUBBm0XJgJnbp6882erFjfrYk=">AAAB7XicbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLNLFMpift0MmFmYlQQh5DV6LufBlfwLdxWrPQ1n/1zfn/gfMfPxFcadv+skpLyyura+X1ysbm1vZOdXevreJUMmyxWMSy61OFgkfY0lwL7CYSaegL7Pjj66nfeUSpeBzd60mCXkiHEQ84o9qMXNenMrvJH7KT07xfrdl1eyayCE4BNSjU7Fc/3UHM0hAjzQRVqufYifYyKjVnAvOKmypMKBvTIfYMRjRE5WWznXNyFMSS6BGS2ft3NqOhUpPQN5mQ6pGa96bD/7xeqoNLL+NRkmqMmIkYL0gF0TGZVicDLpFpMTFAmeRmS8JGVFKmzYEqpr4zX3YR2md1x647d+e1xlVxiDIcwCEcgwMX0IBbaEILGCTwDG/wbsXWk/Vivf5ES1bxZx/+yPr4BoY2jwE=</latexit><latexit sha1_base64="oSoUBBm0XJgJnbp6882erFjfrYk=">AAAB7XicbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLNLFMpift0MmFmYlQQh5DV6LufBlfwLdxWrPQ1n/1zfn/gfMfPxFcadv+skpLyyura+X1ysbm1vZOdXevreJUMmyxWMSy61OFgkfY0lwL7CYSaegL7Pjj66nfeUSpeBzd60mCXkiHEQ84o9qMXNenMrvJH7KT07xfrdl1eyayCE4BNSjU7Fc/3UHM0hAjzQRVqufYifYyKjVnAvOKmypMKBvTIfYMRjRE5WWznXNyFMSS6BGS2ft3NqOhUpPQN5mQ6pGa96bD/7xeqoNLL+NRkmqMmIkYL0gF0TGZVicDLpFpMTFAmeRmS8JGVFKmzYEqpr4zX3YR2md1x647d+e1xlVxiDIcwCEcgwMX0IBbaEILGCTwDG/wbsXWk/Vivf5ES1bxZx/+yPr4BoY2jwE=</latexit><latexit sha1_base64="oSoUBBm0XJgJnbp6882erFjfrYk=">AAAB7XicbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLNLFMpift0MmFmYlQQh5DV6LufBlfwLdxWrPQ1n/1zfn/gfMfPxFcadv+skpLyyura+X1ysbm1vZOdXevreJUMmyxWMSy61OFgkfY0lwL7CYSaegL7Pjj66nfeUSpeBzd60mCXkiHEQ84o9qMXNenMrvJH7KT07xfrdl1eyayCE4BNSjU7Fc/3UHM0hAjzQRVqufYifYyKjVnAvOKmypMKBvTIfYMRjRE5WWznXNyFMSS6BGS2ft3NqOhUpPQN5mQ6pGa96bD/7xeqoNLL+NRkmqMmIkYL0gF0TGZVicDLpFpMTFAmeRmS8JGVFKmzYEqpr4zX3YR2md1x647d+e1xlVxiDIcwCEcgwMX0IBbaEILGCTwDG/wbsXWk/Vivf5ES1bxZx/+yPr4BoY2jwE=</latexit>

D̄⇤�
s

<latexit sha1_base64="bXf495gJZC1E3tg5EtYlYwsU/k8=">AAAB73icbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLtGmZTE/aoZOLMxOhhDyHrkTd+S6+gG/jtGahrf/qm/P/A+c/Xiy40rb9ZRWWlldW14rrpY3Nre2d8u5eU0WJZNhgkYhk26MKBQ+xobkW2I4l0sAT2PLG11O/9YhS8Si815MY3YAOQ+5zRrUZ9boelelN1le99OQ065crdtWeiSyCk0MFctX75c/uIGJJgKFmgirVcexYuymVmjOBWambKIwpG9MhdgyGNEDlprOtM3LkR5LoEZLZ+3c2pYFSk8AzmYDqkZr3psP/vE6i/Us35WGcaAyZiRjPTwTREZmWJwMukWkxMUCZ5GZLwkZUUqbNiUqmvjNfdhGaZ1XHrjp355XaVX6IIhzAIRyDAxdQg1uoQwMYSHiGN3i3Hqwn68V6/YkWrPzPPvyR9fENE62P5w==</latexit><latexit sha1_base64="bXf495gJZC1E3tg5EtYlYwsU/k8=">AAAB73icbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLtGmZTE/aoZOLMxOhhDyHrkTd+S6+gG/jtGahrf/qm/P/A+c/Xiy40rb9ZRWWlldW14rrpY3Nre2d8u5eU0WJZNhgkYhk26MKBQ+xobkW2I4l0sAT2PLG11O/9YhS8Si815MY3YAOQ+5zRrUZ9boelelN1le99OQ065crdtWeiSyCk0MFctX75c/uIGJJgKFmgirVcexYuymVmjOBWambKIwpG9MhdgyGNEDlprOtM3LkR5LoEZLZ+3c2pYFSk8AzmYDqkZr3psP/vE6i/Us35WGcaAyZiRjPTwTREZmWJwMukWkxMUCZ5GZLwkZUUqbNiUqmvjNfdhGaZ1XHrjp355XaVX6IIhzAIRyDAxdQg1uoQwMYSHiGN3i3Hqwn68V6/YkWrPzPPvyR9fENE62P5w==</latexit><latexit sha1_base64="bXf495gJZC1E3tg5EtYlYwsU/k8=">AAAB73icbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLtGmZTE/aoZOLMxOhhDyHrkTd+S6+gG/jtGahrf/qm/P/A+c/Xiy40rb9ZRWWlldW14rrpY3Nre2d8u5eU0WJZNhgkYhk26MKBQ+xobkW2I4l0sAT2PLG11O/9YhS8Si815MY3YAOQ+5zRrUZ9boelelN1le99OQ065crdtWeiSyCk0MFctX75c/uIGJJgKFmgirVcexYuymVmjOBWambKIwpG9MhdgyGNEDlprOtM3LkR5LoEZLZ+3c2pYFSk8AzmYDqkZr3psP/vE6i/Us35WGcaAyZiRjPTwTREZmWJwMukWkxMUCZ5GZLwkZUUqbNiUqmvjNfdhGaZ1XHrjp355XaVX6IIhzAIRyDAxdQg1uoQwMYSHiGN3i3Hqwn68V6/YkWrPzPPvyR9fENE62P5w==</latexit><latexit sha1_base64="bXf495gJZC1E3tg5EtYlYwsU/k8=">AAAB73icbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLtGmZTE/aoZOLMxOhhDyHrkTd+S6+gG/jtGahrf/qm/P/A+c/Xiy40rb9ZRWWlldW14rrpY3Nre2d8u5eU0WJZNhgkYhk26MKBQ+xobkW2I4l0sAT2PLG11O/9YhS8Si815MY3YAOQ+5zRrUZ9boelelN1le99OQ065crdtWeiSyCk0MFctX75c/uIGJJgKFmgirVcexYuymVmjOBWambKIwpG9MhdgyGNEDlprOtM3LkR5LoEZLZ+3c2pYFSk8AzmYDqkZr3psP/vE6i/Us35WGcaAyZiRjPTwTREZmWJwMukWkxMUCZ5GZLwkZUUqbNiUqmvjNfdhGaZ1XHrjp355XaVX6IIhzAIRyDAxdQg1uoQwMYSHiGN3i3Hqwn68V6/YkWrPzPPvyR9fENE62P5w==</latexit>

D⇤+
s
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B−
c

D∗

π−

D̄∗

Fig. 2 Tree level contribution corresponding to the hadronization
depicted in Fig. 1b

and we get

|H⟩ = D∗0 D̄∗0 + D∗+ D̄∗− + D∗+
s D̄∗−

s + J/ψ J/ψ. (2)

The intrinsic phase convention for isospin multiplets in
(D∗+, − D∗0), (D̄∗0, D∗− ) indicates that the isospin com-
bination of H is I = 0, as it should be since it comes from
cc̄. Thus, we can write

|H⟩ =
√

2|D∗ D̄∗⟩ + |D∗
s D̄

∗
s ⟩, (3)

where we have neglected the J/ψ J/ψ component which is
far beyond in energy from our range of concern. In addition,
the coupling of the resonances found in [18] to J/ψ J/ψ is
negligibly small.

The combination of |H⟩ in Eq. (3) accounts only for the
flavor composition. We need to take into account the spin-
angular momentum structure of the vertices. If we produce
a 0+[0++] D∗ D̄∗ state we have 0− → 0− 0+ transition and
we adopt the common choice of taking the lowest possible
angular momentum in the vertex, L = 0. The s-wave and the
J P = 1− of the D∗ leads us to a vertex of the type

A′ ϵ · ϵ ′ (4)

with ϵ, ϵ ′ the polarization vertices of D∗, D̄∗. Note that
we shall work in the rest frame of the resonances produced,
where D∗, D̄∗ momenta are small with respect to their masses
and then we neglect the ϵ0 component. On the other hand, if
we produce a 2++ state, the 0− → 0− , 2+ requires L = 2
and we shall then take the D-wave structure

B
(

ϵ · kϵ ′ · k − 1
3
|k|2 ϵ · ϵ ′

)
, (5)

where k is the momentum of the pion. Hence, the tree level
amplitude for B−

s → π − D∗ D̄∗ shown in Fig. 2 is given by

B−
c

π−

D∗, D∗
s

R

D̄∗, D̄∗
s

J/ψ

ω

Fig. 3 Mechanism to produce the J/ψω final state through rescatter-
ing of the D∗ D̄∗ and D∗

s D̄
∗
s components. R is either the X (3922) (2++)

or X (3943) (0++)

B−
c

π−

D∗

D̄∗

(a)

+
B−

c

π−

D∗, D∗
s

R

D̄∗, D̄∗
s

D∗

D̄∗

(b)

Fig. 4 Mechanism to produce the D∗ D̄∗ in the final state through
tree level (a ) and rescattering (b). R is either the X (3922) (2++) or
X (3943) (0++)

t tree
Bc→π − D∗ D̄∗ =

√
2
[
A |kav|2 ϵ · ϵ ′

+B
(

ϵ · k ϵ ′ · k − 1
3
|k|2 ϵ · ϵ ′

)]
, (6)

where we have substituted A′ of Eq. (4) by A |kav|2, with
kav, an average value of k, just to make A and B have the
same dimension. We take |kav| = 1000 MeV.

After the first step for D∗ D̄∗ and D∗
s D̄

∗
s production, these

mesons undergo final state interaction, as depicted in Figs.
3 and 4, to produce J/ψω and D∗ D̄∗ in the final state. In
the case of J/ψω production shown in Fig. 3, since this
state is not primarily produced in |H⟩, it is produced through
rescattering via the resonances X (3922) and X (3943). In the
case of D∗ D̄∗ production, shown in Fig. 4, it proceeds via
tree level (primary production, Fig. 4a) and rescattering (Fig.
4b).

Analytically, we have

tJ/ψω = A |kav|2 ϵ · ϵ ′ t1

+B
(

ϵ · k ϵ ′ · k − 1
3
|k|2 ϵ · ϵ ′

)
t2, (7)

where

t1 =
√

2GD∗ D̄∗
(
MJ/ψω

inv

)
t ID∗ D̄∗→J/ψω

(
MJ/ψω

inv

)

+GD∗
s D̄∗

s

(
MJ/ψω

inv

)
t ID∗

s D̄∗
s →J/ψω

(
MJ/ψω

inv

)
, (8)
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resonance couples most strongly to D∗
s D̄

∗
s has the conse-

quence that the J/ψφ mass spectrum develops a strong cusp
at the D∗

s D̄
∗
s threshold, something visible in the experimen-

tal spectra with an increased strength in that region. It is
also worth mentioning that a similar enhancement is seen,
although with poor statistics, in the recent BESIII work on
the e+e− → γ J/ψφ reaction [23].

In the present work we want to continue along this line of
research and present results for a reaction that should reveal
the D∗ D̄∗ nature of two states found in [18] as 0+[0++] and
0+[2++] at 3943 and 3922 MeV, respectively, which can
be identified with some experimental states in that region
[16,18].1

In this case we note that the states found, mostly D∗ D̄∗

bound states, also couple to J/ψω in the second place, and
J/ψφ with smaller strength. So we choose the J/ψω obser-
vation channel looking into the necessary cusp that should
develop at the D∗ D̄∗ threshold. For this purpose we look into
the B−

c → π− J/ψω decay and then into the J/ψω invari-
ant mass distribution. The choice of this reaction is that in
a first stage of the reaction the D∗ D̄∗ state is formed with a
dominant weak decay mechanism, but the J/ψω state is not
formed at this level. Then the J/ψω is finally produced via
rescattering of the D∗ D̄∗ component with the other compo-
nents that make up the two molecular states. This stresses the
role of the resonance since there is no tree level J/ψω con-
tribution. Thus, we obtain two peaks in the J/ψω mass dis-
tribution corresponding to the molecular states and a strong
cusp at the D∗ D̄∗ threshold. In addition we also look at the
D∗ D̄∗ mass distribution in the B−

c → π−D∗ D̄∗ reaction
and evaluate its strength above the D∗ D̄∗ threshold, which
is closely connected to the strength of the J/ψω mass dis-
tribution. The D∗ D̄∗ cusp feature, together with the relative
strength of the D∗ D̄∗ compared to the one of J/ψω, are
two magnitudes which are tied to the molecular structure of
these two resonances, and we encourage the performance of
the experiment that should bring valuable light into these
issues.

1 The state at 3943 MeV can be associated with the X (3940) of [24,25]
and the X (3922) with the X (3930)[27] now classified in the PDG as
the χc2(2P). The width of the X (3943) MeV obtained in [18] of 15–
17 MeV looks small compared to ' = 87 ± 22 ± 26 MeV of [24].
These results are improved in [25] by measuring the DD̄ and DD̄∗
decay channels with ' = 15.4 ± 10.1 MeV, in good agreement with
the results of [18]. A further experiment for the X (3940) in [26] from
the measurement of the D∗ D̄∗ channel close to threshold, provides
' = 37+26

−15 ± 8 MeV, which is also compatible with the results of [18]
within the large errors. The width of about 50 MeV of [18] for the
X (3922) is also in fair agreement with ' = 29 ± 10 ± 2 MeV of [27].

c̄ c̄

b c

W

ū

d

π−

B−
c

(a)

c̄ c̄

ūu + d̄d + s̄s + c̄c

b c

W

ū

d

π−

B−
c

(b)

Fig. 1 a Microscopic quark picture of B−
c → π−cc̄ decay. b

Hadronization through q̄q creation with vacuum quantum numbers

2 Formalism

We look into the B−
c decay mechanism at quark level depicted

in Fig. 1a.
The mechanism qualifies as external emission [28] and

is both Cabibbo favored in Wud vertex, and color favored
(the Wbc vertex is also the least Cabibbo suppressed of the b
decays). Then the final c quark from b decay and the spectator
c̄ quark from the B−

c hadronize, with the incorporation of q̄q
with the quantum numbers of the vacuum (see Fig. 1b) to give
two mesons. The resulting two mesons are easily obtained
by writing

H =
4∑

i=1

cq̄i qi c̄ =
4∑

i=1

M4i Mi4 = (M2)44,

where Mi j is the qq̄ matrix with the u, d , s, c quarks. How-
ever, it is convenient to write the qq̄ matrix in terms of phys-
ical mesons, in this case vector mesons as

Mi j → V =

⎛

⎜⎜⎜⎝

1√
2
ρ0 + 1√

2
ω ρ+ K ∗+ D̄∗0

ρ− − 1√
2
ρ0 + 1√

2
ω K ∗0 D̄∗−

K ∗− K̄ ∗0 φ D∗−
s

D∗0 D∗+ D∗+
s J/ψ

⎞

⎟⎟⎟⎠
,

(1)

123
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B−
c

D∗

π−

D̄∗

Fig. 2 Tree level contribution corresponding to the hadronization
depicted in Fig. 1b

and we get

|H⟩ = D∗0 D̄∗0 + D∗+ D̄∗− + D∗+
s D̄∗−

s + J/ψ J/ψ. (2)

The intrinsic phase convention for isospin multiplets in
(D∗+, − D∗0), (D̄∗0, D∗− ) indicates that the isospin com-
bination of H is I = 0, as it should be since it comes from
cc̄. Thus, we can write

|H⟩ =
√

2|D∗ D̄∗⟩ + |D∗
s D̄

∗
s ⟩, (3)

where we have neglected the J/ψ J/ψ component which is
far beyond in energy from our range of concern. In addition,
the coupling of the resonances found in [18] to J/ψ J/ψ is
negligibly small.

The combination of |H⟩ in Eq. (3) accounts only for the
flavor composition. We need to take into account the spin-
angular momentum structure of the vertices. If we produce
a 0+[0++] D∗ D̄∗ state we have 0− → 0− 0+ transition and
we adopt the common choice of taking the lowest possible
angular momentum in the vertex, L = 0. The s-wave and the
J P = 1− of the D∗ leads us to a vertex of the type

A′ ϵ · ϵ ′ (4)

with ϵ, ϵ ′ the polarization vertices of D∗, D̄∗. Note that
we shall work in the rest frame of the resonances produced,
where D∗, D̄∗ momenta are small with respect to their masses
and then we neglect the ϵ0 component. On the other hand, if
we produce a 2++ state, the 0− → 0− , 2+ requires L = 2
and we shall then take the D-wave structure

B
(

ϵ · kϵ ′ · k − 1
3
|k|2 ϵ · ϵ ′

)
, (5)

where k is the momentum of the pion. Hence, the tree level
amplitude for B−

s → π − D∗ D̄∗ shown in Fig. 2 is given by

B−
c

π−

D∗, D∗
s

R

D̄∗, D̄∗
s

J/ψ

ω

Fig. 3 Mechanism to produce the J/ψω final state through rescatter-
ing of the D∗ D̄∗ and D∗

s D̄
∗
s components. R is either the X (3922) (2++)

or X (3943) (0++)

B−
c

π−

D∗

D̄∗

(a)

+
B−

c

π−

D∗, D∗
s

R

D̄∗, D̄∗
s

D∗

D̄∗

(b)

Fig. 4 Mechanism to produce the D∗ D̄∗ in the final state through
tree level (a ) and rescattering (b). R is either the X (3922) (2++) or
X (3943) (0++)

t tree
Bc→π − D∗ D̄∗ =

√
2
[
A |kav|2 ϵ · ϵ ′

+B
(

ϵ · k ϵ ′ · k − 1
3
|k|2 ϵ · ϵ ′

)]
, (6)

where we have substituted A′ of Eq. (4) by A |kav|2, with
kav, an average value of k, just to make A and B have the
same dimension. We take |kav| = 1000 MeV.

After the first step for D∗ D̄∗ and D∗
s D̄

∗
s production, these

mesons undergo final state interaction, as depicted in Figs.
3 and 4, to produce J/ψω and D∗ D̄∗ in the final state. In
the case of J/ψω production shown in Fig. 3, since this
state is not primarily produced in |H⟩, it is produced through
rescattering via the resonances X (3922) and X (3943). In the
case of D∗ D̄∗ production, shown in Fig. 4, it proceeds via
tree level (primary production, Fig. 4a) and rescattering (Fig.
4b).

Analytically, we have

tJ/ψω = A |kav|2 ϵ · ϵ ′ t1

+B
(

ϵ · k ϵ ′ · k − 1
3
|k|2 ϵ · ϵ ′

)
t2, (7)

where

t1 =
√

2GD∗ D̄∗
(
MJ/ψω

inv

)
t ID∗ D̄∗→J/ψω

(
MJ/ψω

inv

)

+GD∗
s D̄∗

s

(
MJ/ψω

inv

)
t ID∗

s D̄∗
s →J/ψω

(
MJ/ψω

inv

)
, (8)
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resonance couples most strongly to D∗
s D̄

∗
s has the conse-

quence that the J/ψφ mass spectrum develops a strong cusp
at the D∗

s D̄
∗
s threshold, something visible in the experimen-

tal spectra with an increased strength in that region. It is
also worth mentioning that a similar enhancement is seen,
although with poor statistics, in the recent BESIII work on
the e+e− → γ J/ψφ reaction [23].

In the present work we want to continue along this line of
research and present results for a reaction that should reveal
the D∗ D̄∗ nature of two states found in [18] as 0+[0++] and
0+[2++] at 3943 and 3922 MeV, respectively, which can
be identified with some experimental states in that region
[16,18].1

In this case we note that the states found, mostly D∗ D̄∗

bound states, also couple to J/ψω in the second place, and
J/ψφ with smaller strength. So we choose the J/ψω obser-
vation channel looking into the necessary cusp that should
develop at the D∗ D̄∗ threshold. For this purpose we look into
the B−

c → π− J/ψω decay and then into the J/ψω invari-
ant mass distribution. The choice of this reaction is that in
a first stage of the reaction the D∗ D̄∗ state is formed with a
dominant weak decay mechanism, but the J/ψω state is not
formed at this level. Then the J/ψω is finally produced via
rescattering of the D∗ D̄∗ component with the other compo-
nents that make up the two molecular states. This stresses the
role of the resonance since there is no tree level J/ψω con-
tribution. Thus, we obtain two peaks in the J/ψω mass dis-
tribution corresponding to the molecular states and a strong
cusp at the D∗ D̄∗ threshold. In addition we also look at the
D∗ D̄∗ mass distribution in the B−

c → π−D∗ D̄∗ reaction
and evaluate its strength above the D∗ D̄∗ threshold, which
is closely connected to the strength of the J/ψω mass dis-
tribution. The D∗ D̄∗ cusp feature, together with the relative
strength of the D∗ D̄∗ compared to the one of J/ψω, are
two magnitudes which are tied to the molecular structure of
these two resonances, and we encourage the performance of
the experiment that should bring valuable light into these
issues.

1 The state at 3943 MeV can be associated with the X (3940) of [24,25]
and the X (3922) with the X (3930)[27] now classified in the PDG as
the χc2(2P). The width of the X (3943) MeV obtained in [18] of 15–
17 MeV looks small compared to ' = 87 ± 22 ± 26 MeV of [24].
These results are improved in [25] by measuring the DD̄ and DD̄∗
decay channels with ' = 15.4 ± 10.1 MeV, in good agreement with
the results of [18]. A further experiment for the X (3940) in [26] from
the measurement of the D∗ D̄∗ channel close to threshold, provides
' = 37+26

−15 ± 8 MeV, which is also compatible with the results of [18]
within the large errors. The width of about 50 MeV of [18] for the
X (3922) is also in fair agreement with ' = 29 ± 10 ± 2 MeV of [27].

c̄ c̄

b c

W

ū

d

π−

B−
c

(a)

c̄ c̄

ūu + d̄d + s̄s + c̄c

b c

W

ū

d

π−

B−
c

(b)

Fig. 1 a Microscopic quark picture of B−
c → π−cc̄ decay. b

Hadronization through q̄q creation with vacuum quantum numbers

2 Formalism

We look into the B−
c decay mechanism at quark level depicted

in Fig. 1a.
The mechanism qualifies as external emission [28] and

is both Cabibbo favored in Wud vertex, and color favored
(the Wbc vertex is also the least Cabibbo suppressed of the b
decays). Then the final c quark from b decay and the spectator
c̄ quark from the B−

c hadronize, with the incorporation of q̄q
with the quantum numbers of the vacuum (see Fig. 1b) to give
two mesons. The resulting two mesons are easily obtained
by writing

H =
4∑

i=1

cq̄i qi c̄ =
4∑

i=1

M4i Mi4 = (M2)44,

where Mi j is the qq̄ matrix with the u, d , s, c quarks. How-
ever, it is convenient to write the qq̄ matrix in terms of phys-
ical mesons, in this case vector mesons as

Mi j → V =

⎛

⎜⎜⎜⎝

1√
2
ρ0 + 1√

2
ω ρ+ K ∗+ D̄∗0

ρ− − 1√
2
ρ0 + 1√

2
ω K ∗0 D̄∗−

K ∗− K̄ ∗0 φ D∗−
s

D∗0 D∗+ D∗+
s J/ψ

⎞

⎟⎟⎟⎠
,

(1)
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<latexit sha1_base64="iQH17EU6sDhCx2BTEYL6CWXRSL8=">AAAB5nicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLohuXFUxbaGOZTG+aoZMfZiZCCX0FXYm684F8Ad/GSc1CW8/qm3vOwD3XTwVX2ra/rMrK6tr6RnWztrW9s7tX3z/oqCSTDF2WiET2fKpQ8BhdzbXAXiqRRr7Arj+5KfzuI0rFk/heT1P0IjqOecAZ1WbkDlL+cDasN+ymPRdZBqeEBpRqD+ufg1HCsghjzQRVqu/YqfZyKjVnAme1QaYwpWxCx9g3GNMIlZfPl52RkyCRRIdI5u/f2ZxGSk0j32QiqkO16BXD/7x+poMrL+dxmmmMmYkYL8gE0QkpOpMRl8i0mBqgTHKzJWEhlZRpc5maqe8sll2GznnTsZvO3UWjdV0eogpHcAyn4MAltOAW2uACAw7P8AbvVmg9WS/W60+0YpV/DuGPrI9vXEqMAQ==</latexit><latexit sha1_base64="iQH17EU6sDhCx2BTEYL6CWXRSL8=">AAAB5nicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLohuXFUxbaGOZTG+aoZMfZiZCCX0FXYm684F8Ad/GSc1CW8/qm3vOwD3XTwVX2ra/rMrK6tr6RnWztrW9s7tX3z/oqCSTDF2WiET2fKpQ8BhdzbXAXiqRRr7Arj+5KfzuI0rFk/heT1P0IjqOecAZ1WbkDlL+cDasN+ymPRdZBqeEBpRqD+ufg1HCsghjzQRVqu/YqfZyKjVnAme1QaYwpWxCx9g3GNMIlZfPl52RkyCRRIdI5u/f2ZxGSk0j32QiqkO16BXD/7x+poMrL+dxmmmMmYkYL8gE0QkpOpMRl8i0mBqgTHKzJWEhlZRpc5maqe8sll2GznnTsZvO3UWjdV0eogpHcAyn4MAltOAW2uACAw7P8AbvVmg9WS/W60+0YpV/DuGPrI9vXEqMAQ==</latexit><latexit sha1_base64="iQH17EU6sDhCx2BTEYL6CWXRSL8=">AAAB5nicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLohuXFUxbaGOZTG+aoZMfZiZCCX0FXYm684F8Ad/GSc1CW8/qm3vOwD3XTwVX2ra/rMrK6tr6RnWztrW9s7tX3z/oqCSTDF2WiET2fKpQ8BhdzbXAXiqRRr7Arj+5KfzuI0rFk/heT1P0IjqOecAZ1WbkDlL+cDasN+ymPRdZBqeEBpRqD+ufg1HCsghjzQRVqu/YqfZyKjVnAme1QaYwpWxCx9g3GNMIlZfPl52RkyCRRIdI5u/f2ZxGSk0j32QiqkO16BXD/7x+poMrL+dxmmmMmYkYL8gE0QkpOpMRl8i0mBqgTHKzJWEhlZRpc5maqe8sll2GznnTsZvO3UWjdV0eogpHcAyn4MAltOAW2uACAw7P8AbvVmg9WS/W60+0YpV/DuGPrI9vXEqMAQ==</latexit><latexit sha1_base64="iQH17EU6sDhCx2BTEYL6CWXRSL8=">AAAB5nicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLohuXFUxbaGOZTG+aoZMfZiZCCX0FXYm684F8Ad/GSc1CW8/qm3vOwD3XTwVX2ra/rMrK6tr6RnWztrW9s7tX3z/oqCSTDF2WiET2fKpQ8BhdzbXAXiqRRr7Arj+5KfzuI0rFk/heT1P0IjqOecAZ1WbkDlL+cDasN+ymPRdZBqeEBpRqD+ufg1HCsghjzQRVqu/YqfZyKjVnAme1QaYwpWxCx9g3GNMIlZfPl52RkyCRRIdI5u/f2ZxGSk0j32QiqkO16BXD/7x+poMrL+dxmmmMmYkYL8gE0QkpOpMRl8i0mBqgTHKzJWEhlZRpc5maqe8sll2GznnTsZvO3UWjdV0eogpHcAyn4MAltOAW2uACAw7P8AbvVmg9WS/W60+0YpV/DuGPrI9vXEqMAQ==</latexit>

B�
c

<latexit sha1_base64="u45qBBkWUOkWecIfI7w7nF75coo=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcSNpDYkuCW5cYmKBBCqZDrd0wvQnM1MT0vAKujLqzgfyBXwbB+xCwbP65p4zyT3XTwVX2ra/rNLa+sbmVnm7srO7t39QPTzqqCSTDF2WiET2fKpQ8BhdzbXAXiqRRr7Arj+5mfvdR5SKJ/G9nqboRXQc84Azqs3IbT1cDNmwWrPr9kJkFZwCalCoPax+DkYJyyKMNRNUqb5jp9rLqd ScCZxVBpnClLIJHWPfYEwjVF6+WHZGzoJEEh0iWbx/Z3MaKTWNfJOJqA7Vsjcf/uf1Mx1cezmP00xjzEzEeEEmiE7IvDMZcYlMi6kByiQ3WxIWUkmZNpepmPrOctlV6FzWHbvu3DVqzVZxiDKcwCmcgwNX0IRbaIMLDDg8wxu8W6H1ZL1Yrz/RklX8OYY/sj6+ARIXi9A=</latexit><latexit sha1_base64="u45qBBkWUOkWecIfI7w7nF75coo=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcSNpDYkuCW5cYmKBBCqZDrd0wvQnM1MT0vAKujLqzgfyBXwbB+xCwbP65p4zyT3XTwVX2ra/rNLa+sbmVnm7srO7t39QPTzqqCSTDF2WiET2fKpQ8BhdzbXAXiqRRr7Arj+5mfvdR5SKJ/G9nqboRXQc84Azqs3IbT1cDNmwWrPr9kJkFZwCalCoPax+DkYJyyKMNRNUqb5jp9rLqd ScCZxVBpnClLIJHWPfYEwjVF6+WHZGzoJEEh0iWbx/Z3MaKTWNfJOJqA7Vsjcf/uf1Mx1cezmP00xjzEzEeEEmiE7IvDMZcYlMi6kByiQ3WxIWUkmZNpepmPrOctlV6FzWHbvu3DVqzVZxiDKcwCmcgwNX0IRbaIMLDDg8wxu8W6H1ZL1Yrz/RklX8OYY/sj6+ARIXi9A=</latexit><latexit sha1_base64="u45qBBkWUOkWecIfI7w7nF75coo=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcSNpDYkuCW5cYmKBBCqZDrd0wvQnM1MT0vAKujLqzgfyBXwbB+xCwbP65p4zyT3XTwVX2ra/rNLa+sbmVnm7srO7t39QPTzqqCSTDF2WiET2fKpQ8BhdzbXAXiqRRr7Arj+5mfvdR5SKJ/G9nqboRXQc84Azqs3IbT1cDNmwWrPr9kJkFZwCalCoPax+DkYJyyKMNRNUqb5jp9rLqd ScCZxVBpnClLIJHWPfYEwjVF6+WHZGzoJEEh0iWbx/Z3MaKTWNfJOJqA7Vsjcf/uf1Mx1cezmP00xjzEzEeEEmiE7IvDMZcYlMi6kByiQ3WxIWUkmZNpepmPrOctlV6FzWHbvu3DVqzVZxiDKcwCmcgwNX0IRbaIMLDDg8wxu8W6H1ZL1Yrz/RklX8OYY/sj6+ARIXi9A=</latexit><latexit sha1_base64="u45qBBkWUOkWecIfI7w7nF75coo=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcSNpDYkuCW5cYmKBBCqZDrd0wvQnM1MT0vAKujLqzgfyBXwbB+xCwbP65p4zyT3XTwVX2ra/rNLa+sbmVnm7srO7t39QPTzqqCSTDF2WiET2fKpQ8BhdzbXAXiqRRr7Arj+5mfvdR5SKJ/G9nqboRXQc84Azqs3IbT1cDNmwWrPr9kJkFZwCalCoPax+DkYJyyKMNRNUqb5jp9rLqd ScCZxVBpnClLIJHWPfYEwjVF6+WHZGzoJEEh0iWbx/Z3MaKTWNfJOJqA7Vsjcf/uf1Mx1cezmP00xjzEzEeEEmiE7IvDMZcYlMi6kByiQ3WxIWUkmZNpepmPrOctlV6FzWHbvu3DVqzVZxiDKcwCmcgwNX0IRbaIMLDDg8wxu8W6H1ZL1Yrz/RklX8OYY/sj6+ARIXi9A=</latexit>

Hadronized

ūu+ d̄d+ s̄s

D⇤+
<latexit sha1_base64="XcMq3i6lkbZe0cDOD5PUQtBRtRM=">AAAB53icbZDLSgMxFIZP6q3WW9Wlm2ARRKHMiKDLoi5cVrAXaMeSSc+0sZkLSUYoQ59BV6LufB9fwLcxrbPQ6r/6cv4/cP7jJ1Jo4zifpLCwuLS8Ulwtra1vbG6Vt3eaOk4VxwaPZazaPtMoRYQNI4zEdqKQhb7Elj+6nPqtB1RaxNGtGSfohWwQiUBwZuyoeXWXHR1PeuWKU3Vmon/BzaECueq98ke3H/M0xMhwybTuuE5ivIwpI7jESambakwYH7EBdixGLETtZbNtJ/QgiBU1Q6Sz989sxkKtx6FvMyEzQz3vTYf/eZ3UBOdeJqIkNRhxG7FekEpqYjotTftCITdybIFxJeyWlA+ZYtzY05RsfXe+7F9onlRdp+renFZqF/khirAH+3AILpxBDa6hDg3gcA9P8ApvRJBH8kxevqMFkv/ZhV8i71/IHow6</latexit><latexit sha1_base64="XcMq3i6lkbZe0cDOD5PUQtBRtRM=">AAAB53icbZDLSgMxFIZP6q3WW9Wlm2ARRKHMiKDLoi5cVrAXaMeSSc+0sZkLSUYoQ59BV6LufB9fwLcxrbPQ6r/6cv4/cP7jJ1Jo4zifpLCwuLS8Ulwtra1vbG6Vt3eaOk4VxwaPZazaPtMoRYQNI4zEdqKQhb7Elj+6nPqtB1RaxNGtGSfohWwQiUBwZuyoeXWXHR1PeuWKU3Vmon/BzaECueq98ke3H/M0xMhwybTuuE5ivIwpI7jESambakwYH7EBdixGLETtZbNtJ/QgiBU1Q6Sz989sxkKtx6FvMyEzQz3vTYf/eZ3UBOdeJqIkNRhxG7FekEpqYjotTftCITdybIFxJeyWlA+ZYtzY05RsfXe+7F9onlRdp+renFZqF/khirAH+3AILpxBDa6hDg3gcA9P8ApvRJBH8kxevqMFkv/ZhV8i71/IHow6</latexit><latexit sha1_base64="XcMq3i6lkbZe0cDOD5PUQtBRtRM=">AAAB53icbZDLSgMxFIZP6q3WW9Wlm2ARRKHMiKDLoi5cVrAXaMeSSc+0sZkLSUYoQ59BV6LufB9fwLcxrbPQ6r/6cv4/cP7jJ1Jo4zifpLCwuLS8Ulwtra1vbG6Vt3eaOk4VxwaPZazaPtMoRYQNI4zEdqKQhb7Elj+6nPqtB1RaxNGtGSfohWwQiUBwZuyoeXWXHR1PeuWKU3Vmon/BzaECueq98ke3H/M0xMhwybTuuE5ivIwpI7jESambakwYH7EBdixGLETtZbNtJ/QgiBU1Q6Sz989sxkKtx6FvMyEzQz3vTYf/eZ3UBOdeJqIkNRhxG7FekEpqYjotTftCITdybIFxJeyWlA+ZYtzY05RsfXe+7F9onlRdp+renFZqF/khirAH+3AILpxBDa6hDg3gcA9P8ApvRJBH8kxevqMFkv/ZhV8i71/IHow6</latexit><latexit sha1_base64="XcMq3i6lkbZe0cDOD5PUQtBRtRM=">AAAB53icbZDLSgMxFIZP6q3WW9Wlm2ARRKHMiKDLoi5cVrAXaMeSSc+0sZkLSUYoQ59BV6LufB9fwLcxrbPQ6r/6cv4/cP7jJ1Jo4zifpLCwuLS8Ulwtra1vbG6Vt3eaOk4VxwaPZazaPtMoRYQNI4zEdqKQhb7Elj+6nPqtB1RaxNGtGSfohWwQiUBwZuyoeXWXHR1PeuWKU3Vmon/BzaECueq98ke3H/M0xMhwybTuuE5ivIwpI7jESambakwYH7EBdixGLETtZbNtJ/QgiBU1Q6Sz989sxkKtx6FvMyEzQz3vTYf/eZ3UBOdeJqIkNRhxG7FekEpqYjotTftCITdybIFxJeyWlA+ZYtzY05RsfXe+7F9onlRdp+renFZqF/khirAH+3AILpxBDa6hDg3gcA9P8ApvRJBH8kxevqMFkv/ZhV8i71/IHow6</latexit>

D̄⇤�
<latexit sha1_base64="oSoUBBm0XJgJnbp6882erFjfrYk=">AAAB7XicbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLNLFMpift0MmFmYlQQh5DV6LufBlfwLdxWrPQ1n/1zfn/gfMfPxFcadv+skpLyyura+X1ysbm1vZOdXevreJUMmyxWMSy61OFgkfY0lwL7CYSaegL7Pjj66nfeUSpeBzd60mCXkiHEQ84o9qMXNenMrvJH7KT07xfrdl1eyayCE4BNSjU7Fc/3UHM0hAjzQRVqufYifYyKjVnAvOKmypMKBvTIfYMRjRE5WWznXNyFMSS6BGS2ft3NqOhUpPQN5mQ6pGa96bD/7xeqoNLL+NRkmqMmIkYL0gF0TGZVicDLpFpMTFAmeRmS8JGVFKmzYEqpr4zX3YR2md1x647d+e1xlVxiDIcwCEcgwMX0IBbaEILGCTwDG/wbsXWk/Vivf5ES1bxZx/+yPr4BoY2jwE=</latexit><latexit sha1_base64="oSoUBBm0XJgJnbp6882erFjfrYk=">AAAB7XicbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLNLFMpift0MmFmYlQQh5DV6LufBlfwLdxWrPQ1n/1zfn/gfMfPxFcadv+skpLyyura+X1ysbm1vZOdXevreJUMmyxWMSy61OFgkfY0lwL7CYSaegL7Pjj66nfeUSpeBzd60mCXkiHEQ84o9qMXNenMrvJH7KT07xfrdl1eyayCE4BNSjU7Fc/3UHM0hAjzQRVqufYifYyKjVnAvOKmypMKBvTIfYMRjRE5WWznXNyFMSS6BGS2ft3NqOhUpPQN5mQ6pGa96bD/7xeqoNLL+NRkmqMmIkYL0gF0TGZVicDLpFpMTFAmeRmS8JGVFKmzYEqpr4zX3YR2md1x647d+e1xlVxiDIcwCEcgwMX0IBbaEILGCTwDG/wbsXWk/Vivf5ES1bxZx/+yPr4BoY2jwE=</latexit><latexit sha1_base64="oSoUBBm0XJgJnbp6882erFjfrYk=">AAAB7XicbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLNLFMpift0MmFmYlQQh5DV6LufBlfwLdxWrPQ1n/1zfn/gfMfPxFcadv+skpLyyura+X1ysbm1vZOdXevreJUMmyxWMSy61OFgkfY0lwL7CYSaegL7Pjj66nfeUSpeBzd60mCXkiHEQ84o9qMXNenMrvJH7KT07xfrdl1eyayCE4BNSjU7Fc/3UHM0hAjzQRVqufYifYyKjVnAvOKmypMKBvTIfYMRjRE5WWznXNyFMSS6BGS2ft3NqOhUpPQN5mQ6pGa96bD/7xeqoNLL+NRkmqMmIkYL0gF0TGZVicDLpFpMTFAmeRmS8JGVFKmzYEqpr4zX3YR2md1x647d+e1xlVxiDIcwCEcgwMX0IBbaEILGCTwDG/wbsXWk/Vivf5ES1bxZx/+yPr4BoY2jwE=</latexit><latexit sha1_base64="oSoUBBm0XJgJnbp6882erFjfrYk=">AAAB7XicbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLNLFMpift0MmFmYlQQh5DV6LufBlfwLdxWrPQ1n/1zfn/gfMfPxFcadv+skpLyyura+X1ysbm1vZOdXevreJUMmyxWMSy61OFgkfY0lwL7CYSaegL7Pjj66nfeUSpeBzd60mCXkiHEQ84o9qMXNenMrvJH7KT07xfrdl1eyayCE4BNSjU7Fc/3UHM0hAjzQRVqufYifYyKjVnAvOKmypMKBvTIfYMRjRE5WWznXNyFMSS6BGS2ft3NqOhUpPQN5mQ6pGa96bD/7xeqoNLL+NRkmqMmIkYL0gF0TGZVicDLpFpMTFAmeRmS8JGVFKmzYEqpr4zX3YR2md1x647d+e1xlVxiDIcwCEcgwMX0IBbaEILGCTwDG/wbsXWk/Vivf5ES1bxZx/+yPr4BoY2jwE=</latexit>

D̄⇤�
s

<latexit sha1_base64="bXf495gJZC1E3tg5EtYlYwsU/k8=">AAAB73icbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLtGmZTE/aoZOLMxOhhDyHrkTd+S6+gG/jtGahrf/qm/P/A+c/Xiy40rb9ZRWWlldW14rrpY3Nre2d8u5eU0WJZNhgkYhk26MKBQ+xobkW2I4l0sAT2PLG11O/9YhS8Si815MY3YAOQ+5zRrUZ9boelelN1le99OQ065crdtWeiSyCk0MFctX75c/uIGJJgKFmgirVcexYuymVmjOBWambKIwpG9MhdgyGNEDlprOtM3LkR5LoEZLZ+3c2pYFSk8AzmYDqkZr3psP/vE6i/Us35WGcaAyZiRjPTwTREZmWJwMukWkxMUCZ5GZLwkZUUqbNiUqmvjNfdhGaZ1XHrjp355XaVX6IIhzAIRyDAxdQg1uoQwMYSHiGN3i3Hqwn68V6/YkWrPzPPvyR9fENE62P5w==</latexit><latexit sha1_base64="bXf495gJZC1E3tg5EtYlYwsU/k8=">AAAB73icbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLtGmZTE/aoZOLMxOhhDyHrkTd+S6+gG/jtGahrf/qm/P/A+c/Xiy40rb9ZRWWlldW14rrpY3Nre2d8u5eU0WJZNhgkYhk26MKBQ+xobkW2I4l0sAT2PLG11O/9YhS8Si815MY3YAOQ+5zRrUZ9boelelN1le99OQ065crdtWeiSyCk0MFctX75c/uIGJJgKFmgirVcexYuymVmjOBWambKIwpG9MhdgyGNEDlprOtM3LkR5LoEZLZ+3c2pYFSk8AzmYDqkZr3psP/vE6i/Us35WGcaAyZiRjPTwTREZmWJwMukWkxMUCZ5GZLwkZUUqbNiUqmvjNfdhGaZ1XHrjp355XaVX6IIhzAIRyDAxdQg1uoQwMYSHiGN3i3Hqwn68V6/YkWrPzPPvyR9fENE62P5w==</latexit><latexit sha1_base64="bXf495gJZC1E3tg5EtYlYwsU/k8=">AAAB73icbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLtGmZTE/aoZOLMxOhhDyHrkTd+S6+gG/jtGahrf/qm/P/A+c/Xiy40rb9ZRWWlldW14rrpY3Nre2d8u5eU0WJZNhgkYhk26MKBQ+xobkW2I4l0sAT2PLG11O/9YhS8Si815MY3YAOQ+5zRrUZ9boelelN1le99OQ065crdtWeiSyCk0MFctX75c/uIGJJgKFmgirVcexYuymVmjOBWambKIwpG9MhdgyGNEDlprOtM3LkR5LoEZLZ+3c2pYFSk8AzmYDqkZr3psP/vE6i/Us35WGcaAyZiRjPTwTREZmWJwMukWkxMUCZ5GZLwkZUUqbNiUqmvjNfdhGaZ1XHrjp355XaVX6IIhzAIRyDAxdQg1uoQwMYSHiGN3i3Hqwn68V6/YkWrPzPPvyR9fENE62P5w==</latexit><latexit sha1_base64="bXf495gJZC1E3tg5EtYlYwsU/k8=">AAAB73icbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLtGmZTE/aoZOLMxOhhDyHrkTd+S6+gG/jtGahrf/qm/P/A+c/Xiy40rb9ZRWWlldW14rrpY3Nre2d8u5eU0WJZNhgkYhk26MKBQ+xobkW2I4l0sAT2PLG11O/9YhS8Si815MY3YAOQ+5zRrUZ9boelelN1le99OQ065crdtWeiSyCk0MFctX75c/uIGJJgKFmgirVcexYuymVmjOBWambKIwpG9MhdgyGNEDlprOtM3LkR5LoEZLZ+3c2pYFSk8AzmYDqkZr3psP/vE6i/Us35WGcaAyZiRjPTwTREZmWJwMukWkxMUCZ5GZLwkZUUqbNiUqmvjNfdhGaZ1XHrjp355XaVX6IIhzAIRyDAxdQg1uoQwMYSHiGN3i3Hqwn68V6/YkWrPzPPvyR9fENE62P5w==</latexit>

D⇤+
s

<latexit sha1_base64="VNNTE6FCwFjudpv1G7R7/QPVAfM=">AAAB6XicbZDLSgMxFIZP6q3WW9Wlm2ARRKHMiKDLoi5cVrAXaMeSSc+0oZkLSUYoQx9CV6LufB1fwLcxrbPQ1n/15fx/4PzHT6TQxnG+SGFpeWV1rbhe2tjc2t4p7+41dZwqjg0ey1i1faZRiggbRhiJ7UQhC32JLX90PfVbj6i0iKN7M07QC9kgEoHgzNhR+6anH7KT00mvXHGqzkx0EdwcKpCr3it/dvsxT0OMDJdM647rJMbLmDKCS5yUuqnGhPERG2DHYsRC1F4223dCj4JYUTNEOnv/zmYs1Hoc+jYTMjPU8950+J/XSU1w6WUiSlKDEbcR6wWppCam09q0LxRyI8cWGFfCbkn5kCnGjT1OydZ358suQvOs6jpV9+68UrvKD1GEAziEY3DhAmpwC3VoAAcJz/AG72REnsgLef2JFkj+Zx/+iHx8A1BrjSA=</latexit><latexit sha1_base64="VNNTE6FCwFjudpv1G7R7/QPVAfM=">AAAB6XicbZDLSgMxFIZP6q3WW9Wlm2ARRKHMiKDLoi5cVrAXaMeSSc+0oZkLSUYoQx9CV6LufB1fwLcxrbPQ1n/15fx/4PzHT6TQxnG+SGFpeWV1rbhe2tjc2t4p7+41dZwqjg0ey1i1faZRiggbRhiJ7UQhC32JLX90PfVbj6i0iKN7M07QC9kgEoHgzNhR+6anH7KT00mvXHGqzkx0EdwcKpCr3it/dvsxT0OMDJdM647rJMbLmDKCS5yUuqnGhPERG2DHYsRC1F4223dCj4JYUTNEOnv/zmYs1Hoc+jYTMjPU8950+J/XSU1w6WUiSlKDEbcR6wWppCam09q0LxRyI8cWGFfCbkn5kCnGjT1OydZ358suQvOs6jpV9+68UrvKD1GEAziEY3DhAmpwC3VoAAcJz/AG72REnsgLef2JFkj+Zx/+iHx8A1BrjSA=</latexit><latexit sha1_base64="VNNTE6FCwFjudpv1G7R7/QPVAfM=">AAAB6XicbZDLSgMxFIZP6q3WW9Wlm2ARRKHMiKDLoi5cVrAXaMeSSc+0oZkLSUYoQx9CV6LufB1fwLcxrbPQ1n/15fx/4PzHT6TQxnG+SGFpeWV1rbhe2tjc2t4p7+41dZwqjg0ey1i1faZRiggbRhiJ7UQhC32JLX90PfVbj6i0iKN7M07QC9kgEoHgzNhR+6anH7KT00mvXHGqzkx0EdwcKpCr3it/dvsxT0OMDJdM647rJMbLmDKCS5yUuqnGhPERG2DHYsRC1F4223dCj4JYUTNEOnv/zmYs1Hoc+jYTMjPU8950+J/XSU1w6WUiSlKDEbcR6wWppCam09q0LxRyI8cWGFfCbkn5kCnGjT1OydZ358suQvOs6jpV9+68UrvKD1GEAziEY3DhAmpwC3VoAAcJz/AG72REnsgLef2JFkj+Zx/+iHx8A1BrjSA=</latexit><latexit sha1_base64="VNNTE6FCwFjudpv1G7R7/QPVAfM=">AAAB6XicbZDLSgMxFIZP6q3WW9Wlm2ARRKHMiKDLoi5cVrAXaMeSSc+0oZkLSUYoQx9CV6LufB1fwLcxrbPQ1n/15fx/4PzHT6TQxnG+SGFpeWV1rbhe2tjc2t4p7+41dZwqjg0ey1i1faZRiggbRhiJ7UQhC32JLX90PfVbj6i0iKN7M07QC9kgEoHgzNhR+6anH7KT00mvXHGqzkx0EdwcKpCr3it/dvsxT0OMDJdM647rJMbLmDKCS5yUuqnGhPERG2DHYsRC1F4223dCj4JYUTNEOnv/zmYs1Hoc+jYTMjPU8950+J/XSU1w6WUiSlKDEbcR6wWppCam09q0LxRyI8cWGFfCbkn5kCnGjT1OydZ358suQvOs6jpV9+68UrvKD1GEAziEY3DhAmpwC3VoAAcJz/AG72REnsgLef2JFkj+Zx/+iHx8A1BrjSA=</latexit>
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  Formalism…

T =
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B−
c

D∗

π−

D̄∗

Fig. 2 Tree level contribution corresponding to the hadronization
depicted in Fig. 1b

and we get

|H⟩ = D∗0 D̄∗0 + D∗+ D̄∗− + D∗+
s D̄∗−

s + J/ψ J/ψ. (2)

The intrinsic phase convention for isospin multiplets in
(D∗+, − D∗0), (D̄∗0, D∗− ) indicates that the isospin com-
bination of H is I = 0, as it should be since it comes from
cc̄. Thus, we can write

|H⟩ =
√

2|D∗ D̄∗⟩ + |D∗
s D̄

∗
s ⟩, (3)

where we have neglected the J/ψ J/ψ component which is
far beyond in energy from our range of concern. In addition,
the coupling of the resonances found in [18] to J/ψ J/ψ is
negligibly small.

The combination of |H⟩ in Eq. (3) accounts only for the
flavor composition. We need to take into account the spin-
angular momentum structure of the vertices. If we produce
a 0+[0++] D∗ D̄∗ state we have 0− → 0− 0+ transition and
we adopt the common choice of taking the lowest possible
angular momentum in the vertex, L = 0. The s-wave and the
J P = 1− of the D∗ leads us to a vertex of the type

A′ ϵ · ϵ ′ (4)

with ϵ, ϵ ′ the polarization vertices of D∗, D̄∗. Note that
we shall work in the rest frame of the resonances produced,
where D∗, D̄∗ momenta are small with respect to their masses
and then we neglect the ϵ0 component. On the other hand, if
we produce a 2++ state, the 0− → 0− , 2+ requires L = 2
and we shall then take the D-wave structure

B
(

ϵ · kϵ ′ · k − 1
3
|k|2 ϵ · ϵ ′

)
, (5)

where k is the momentum of the pion. Hence, the tree level
amplitude for B−

s → π − D∗ D̄∗ shown in Fig. 2 is given by

B−
c

π−

D∗, D∗
s

R

D̄∗, D̄∗
s

J/ψ

ω

Fig. 3 Mechanism to produce the J/ψω final state through rescatter-
ing of the D∗ D̄∗ and D∗

s D̄
∗
s components. R is either the X (3922) (2++)

or X (3943) (0++)

B−
c

π−

D∗

D̄∗

(a)

+
B−

c

π−

D∗, D∗
s

R

D̄∗, D̄∗
s

D∗

D̄∗

(b)

Fig. 4 Mechanism to produce the D∗ D̄∗ in the final state through
tree level (a ) and rescattering (b). R is either the X (3922) (2++) or
X (3943) (0++)

t tree
Bc→π − D∗ D̄∗ =

√
2
[
A |kav|2 ϵ · ϵ ′

+B
(

ϵ · k ϵ ′ · k − 1
3
|k|2 ϵ · ϵ ′

)]
, (6)

where we have substituted A′ of Eq. (4) by A |kav|2, with
kav, an average value of k, just to make A and B have the
same dimension. We take |kav| = 1000 MeV.

After the first step for D∗ D̄∗ and D∗
s D̄

∗
s production, these

mesons undergo final state interaction, as depicted in Figs.
3 and 4, to produce J/ψω and D∗ D̄∗ in the final state. In
the case of J/ψω production shown in Fig. 3, since this
state is not primarily produced in |H⟩, it is produced through
rescattering via the resonances X (3922) and X (3943). In the
case of D∗ D̄∗ production, shown in Fig. 4, it proceeds via
tree level (primary production, Fig. 4a) and rescattering (Fig.
4b).

Analytically, we have

tJ/ψω = A |kav|2 ϵ · ϵ ′ t1

+B
(

ϵ · k ϵ ′ · k − 1
3
|k|2 ϵ · ϵ ′

)
t2, (7)

where

t1 =
√

2GD∗ D̄∗
(
MJ/ψω

inv

)
t ID∗ D̄∗→J/ψω

(
MJ/ψω

inv

)

+GD∗
s D̄∗

s

(
MJ/ψω

inv

)
t ID∗

s D̄∗
s →J/ψω

(
MJ/ψω

inv

)
, (8)
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resonance couples most strongly to D∗
s D̄

∗
s has the conse-

quence that the J/ψφ mass spectrum develops a strong cusp
at the D∗

s D̄
∗
s threshold, something visible in the experimen-

tal spectra with an increased strength in that region. It is
also worth mentioning that a similar enhancement is seen,
although with poor statistics, in the recent BESIII work on
the e+e− → γ J/ψφ reaction [23].

In the present work we want to continue along this line of
research and present results for a reaction that should reveal
the D∗ D̄∗ nature of two states found in [18] as 0+[0++] and
0+[2++] at 3943 and 3922 MeV, respectively, which can
be identified with some experimental states in that region
[16,18].1

In this case we note that the states found, mostly D∗ D̄∗

bound states, also couple to J/ψω in the second place, and
J/ψφ with smaller strength. So we choose the J/ψω obser-
vation channel looking into the necessary cusp that should
develop at the D∗ D̄∗ threshold. For this purpose we look into
the B−

c → π− J/ψω decay and then into the J/ψω invari-
ant mass distribution. The choice of this reaction is that in
a first stage of the reaction the D∗ D̄∗ state is formed with a
dominant weak decay mechanism, but the J/ψω state is not
formed at this level. Then the J/ψω is finally produced via
rescattering of the D∗ D̄∗ component with the other compo-
nents that make up the two molecular states. This stresses the
role of the resonance since there is no tree level J/ψω con-
tribution. Thus, we obtain two peaks in the J/ψω mass dis-
tribution corresponding to the molecular states and a strong
cusp at the D∗ D̄∗ threshold. In addition we also look at the
D∗ D̄∗ mass distribution in the B−

c → π−D∗ D̄∗ reaction
and evaluate its strength above the D∗ D̄∗ threshold, which
is closely connected to the strength of the J/ψω mass dis-
tribution. The D∗ D̄∗ cusp feature, together with the relative
strength of the D∗ D̄∗ compared to the one of J/ψω, are
two magnitudes which are tied to the molecular structure of
these two resonances, and we encourage the performance of
the experiment that should bring valuable light into these
issues.

1 The state at 3943 MeV can be associated with the X (3940) of [24,25]
and the X (3922) with the X (3930)[27] now classified in the PDG as
the χc2(2P). The width of the X (3943) MeV obtained in [18] of 15–
17 MeV looks small compared to ' = 87 ± 22 ± 26 MeV of [24].
These results are improved in [25] by measuring the DD̄ and DD̄∗
decay channels with ' = 15.4 ± 10.1 MeV, in good agreement with
the results of [18]. A further experiment for the X (3940) in [26] from
the measurement of the D∗ D̄∗ channel close to threshold, provides
' = 37+26

−15 ± 8 MeV, which is also compatible with the results of [18]
within the large errors. The width of about 50 MeV of [18] for the
X (3922) is also in fair agreement with ' = 29 ± 10 ± 2 MeV of [27].

c̄ c̄

b c

W

ū

d

π−

B−
c

(a)

c̄ c̄

ūu + d̄d + s̄s + c̄c

b c

W

ū

d

π−

B−
c

(b)

Fig. 1 a Microscopic quark picture of B−
c → π−cc̄ decay. b

Hadronization through q̄q creation with vacuum quantum numbers

2 Formalism

We look into the B−
c decay mechanism at quark level depicted

in Fig. 1a.
The mechanism qualifies as external emission [28] and

is both Cabibbo favored in Wud vertex, and color favored
(the Wbc vertex is also the least Cabibbo suppressed of the b
decays). Then the final c quark from b decay and the spectator
c̄ quark from the B−

c hadronize, with the incorporation of q̄q
with the quantum numbers of the vacuum (see Fig. 1b) to give
two mesons. The resulting two mesons are easily obtained
by writing

H =
4∑

i=1

cq̄i qi c̄ =
4∑

i=1

M4i Mi4 = (M2)44,

where Mi j is the qq̄ matrix with the u, d , s, c quarks. How-
ever, it is convenient to write the qq̄ matrix in terms of phys-
ical mesons, in this case vector mesons as

Mi j → V =

⎛

⎜⎜⎜⎝

1√
2
ρ0 + 1√

2
ω ρ+ K ∗+ D̄∗0

ρ− − 1√
2
ρ0 + 1√

2
ω K ∗0 D̄∗−

K ∗− K̄ ∗0 φ D∗−
s

D∗0 D∗+ D∗+
s J/ψ

⎞

⎟⎟⎟⎠
,

(1)
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<latexit sha1_base64="oSoUBBm0XJgJnbp6882erFjfrYk=">AAAB7XicbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLNLFMpift0MmFmYlQQh5DV6LufBlfwLdxWrPQ1n/1zfn/gfMfPxFcadv+skpLyyura+X1ysbm1vZOdXevreJUMmyxWMSy61OFgkfY0lwL7CYSaegL7Pjj66nfeUSpeBzd60mCXkiHEQ84o9qMXNenMrvJH7KT07xfrdl1eyayCE4BNSjU7Fc/3UHM0hAjzQRVqufYifYyKjVnAvOKmypMKBvTIfYMRjRE5WWznXNyFMSS6BGS2ft3NqOhUpPQN5mQ6pGa96bD/7xeqoNLL+NRkmqMmIkYL0gF0TGZVicDLpFpMTFAmeRmS8JGVFKmzYEqpr4zX3YR2md1x647d+e1xlVxiDIcwCEcgwMX0IBbaEILGCTwDG/wbsXWk/Vivf5ES1bxZx/+yPr4BoY2jwE=</latexit><latexit sha1_base64="oSoUBBm0XJgJnbp6882erFjfrYk=">AAAB7XicbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLNLFMpift0MmFmYlQQh5DV6LufBlfwLdxWrPQ1n/1zfn/gfMfPxFcadv+skpLyyura+X1ysbm1vZOdXevreJUMmyxWMSy61OFgkfY0lwL7CYSaegL7Pjj66nfeUSpeBzd60mCXkiHEQ84o9qMXNenMrvJH7KT07xfrdl1eyayCE4BNSjU7Fc/3UHM0hAjzQRVqufYifYyKjVnAvOKmypMKBvTIfYMRjRE5WWznXNyFMSS6BGS2ft3NqOhUpPQN5mQ6pGa96bD/7xeqoNLL+NRkmqMmIkYL0gF0TGZVicDLpFpMTFAmeRmS8JGVFKmzYEqpr4zX3YR2md1x647d+e1xlVxiDIcwCEcgwMX0IBbaEILGCTwDG/wbsXWk/Vivf5ES1bxZx/+yPr4BoY2jwE=</latexit><latexit sha1_base64="oSoUBBm0XJgJnbp6882erFjfrYk=">AAAB7XicbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLNLFMpift0MmFmYlQQh5DV6LufBlfwLdxWrPQ1n/1zfn/gfMfPxFcadv+skpLyyura+X1ysbm1vZOdXevreJUMmyxWMSy61OFgkfY0lwL7CYSaegL7Pjj66nfeUSpeBzd60mCXkiHEQ84o9qMXNenMrvJH7KT07xfrdl1eyayCE4BNSjU7Fc/3UHM0hAjzQRVqufYifYyKjVnAvOKmypMKBvTIfYMRjRE5WWznXNyFMSS6BGS2ft3NqOhUpPQN5mQ6pGa96bD/7xeqoNLL+NRkmqMmIkYL0gF0TGZVicDLpFpMTFAmeRmS8JGVFKmzYEqpr4zX3YR2md1x647d+e1xlVxiDIcwCEcgwMX0IBbaEILGCTwDG/wbsXWk/Vivf5ES1bxZx/+yPr4BoY2jwE=</latexit><latexit sha1_base64="oSoUBBm0XJgJnbp6882erFjfrYk=">AAAB7XicbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLNLFMpift0MmFmYlQQh5DV6LufBlfwLdxWrPQ1n/1zfn/gfMfPxFcadv+skpLyyura+X1ysbm1vZOdXevreJUMmyxWMSy61OFgkfY0lwL7CYSaegL7Pjj66nfeUSpeBzd60mCXkiHEQ84o9qMXNenMrvJH7KT07xfrdl1eyayCE4BNSjU7Fc/3UHM0hAjzQRVqufYifYyKjVnAvOKmypMKBvTIfYMRjRE5WWznXNyFMSS6BGS2ft3NqOhUpPQN5mQ6pGa96bD/7xeqoNLL+NRkmqMmIkYL0gF0TGZVicDLpFpMTFAmeRmS8JGVFKmzYEqpr4zX3YR2md1x647d+e1xlVxiDIcwCEcgwMX0IBbaEILGCTwDG/wbsXWk/Vivf5ES1bxZx/+yPr4BoY2jwE=</latexit>

D̄⇤�
s

<latexit sha1_base64="bXf495gJZC1E3tg5EtYlYwsU/k8=">AAAB73icbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLtGmZTE/aoZOLMxOhhDyHrkTd+S6+gG/jtGahrf/qm/P/A+c/Xiy40rb9ZRWWlldW14rrpY3Nre2d8u5eU0WJZNhgkYhk26MKBQ+xobkW2I4l0sAT2PLG11O/9YhS8Si815MY3YAOQ+5zRrUZ9boelelN1le99OQ065crdtWeiSyCk0MFctX75c/uIGJJgKFmgirVcexYuymVmjOBWambKIwpG9MhdgyGNEDlprOtM3LkR5LoEZLZ+3c2pYFSk8AzmYDqkZr3psP/vE6i/Us35WGcaAyZiRjPTwTREZmWJwMukWkxMUCZ5GZLwkZUUqbNiUqmvjNfdhGaZ1XHrjp355XaVX6IIhzAIRyDAxdQg1uoQwMYSHiGN3i3Hqwn68V6/YkWrPzPPvyR9fENE62P5w==</latexit><latexit sha1_base64="bXf495gJZC1E3tg5EtYlYwsU/k8=">AAAB73icbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLtGmZTE/aoZOLMxOhhDyHrkTd+S6+gG/jtGahrf/qm/P/A+c/Xiy40rb9ZRWWlldW14rrpY3Nre2d8u5eU0WJZNhgkYhk26MKBQ+xobkW2I4l0sAT2PLG11O/9YhS8Si815MY3YAOQ+5zRrUZ9boelelN1le99OQ065crdtWeiSyCk0MFctX75c/uIGJJgKFmgirVcexYuymVmjOBWambKIwpG9MhdgyGNEDlprOtM3LkR5LoEZLZ+3c2pYFSk8AzmYDqkZr3psP/vE6i/Us35WGcaAyZiRjPTwTREZmWJwMukWkxMUCZ5GZLwkZUUqbNiUqmvjNfdhGaZ1XHrjp355XaVX6IIhzAIRyDAxdQg1uoQwMYSHiGN3i3Hqwn68V6/YkWrPzPPvyR9fENE62P5w==</latexit><latexit sha1_base64="bXf495gJZC1E3tg5EtYlYwsU/k8=">AAAB73icbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLtGmZTE/aoZOLMxOhhDyHrkTd+S6+gG/jtGahrf/qm/P/A+c/Xiy40rb9ZRWWlldW14rrpY3Nre2d8u5eU0WJZNhgkYhk26MKBQ+xobkW2I4l0sAT2PLG11O/9YhS8Si815MY3YAOQ+5zRrUZ9boelelN1le99OQ065crdtWeiSyCk0MFctX75c/uIGJJgKFmgirVcexYuymVmjOBWambKIwpG9MhdgyGNEDlprOtM3LkR5LoEZLZ+3c2pYFSk8AzmYDqkZr3psP/vE6i/Us35WGcaAyZiRjPTwTREZmWJwMukWkxMUCZ5GZLwkZUUqbNiUqmvjNfdhGaZ1XHrjp355XaVX6IIhzAIRyDAxdQg1uoQwMYSHiGN3i3Hqwn68V6/YkWrPzPPvyR9fENE62P5w==</latexit><latexit sha1_base64="bXf495gJZC1E3tg5EtYlYwsU/k8=">AAAB73icbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLtGmZTE/aoZOLMxOhhDyHrkTd+S6+gG/jtGahrf/qm/P/A+c/Xiy40rb9ZRWWlldW14rrpY3Nre2d8u5eU0WJZNhgkYhk26MKBQ+xobkW2I4l0sAT2PLG11O/9YhS8Si815MY3YAOQ+5zRrUZ9boelelN1le99OQ065crdtWeiSyCk0MFctX75c/uIGJJgKFmgirVcexYuymVmjOBWambKIwpG9MhdgyGNEDlprOtM3LkR5LoEZLZ+3c2pYFSk8AzmYDqkZr3psP/vE6i/Us35WGcaAyZiRjPTwTREZmWJwMukWkxMUCZ5GZLwkZUUqbNiUqmvjNfdhGaZ1XHrjp355XaVX6IIhzAIRyDAxdQg1uoQwMYSHiGN3i3Hqwn68V6/YkWrPzPPvyR9fENE62P5w==</latexit>

D⇤+
s

<latexit sha1_base64="VNNTE6FCwFjudpv1G7R7/QPVAfM=">AAAB6XicbZDLSgMxFIZP6q3WW9Wlm2ARRKHMiKDLoi5cVrAXaMeSSc+0oZkLSUYoQx9CV6LufB1fwLcxrbPQ1n/15fx/4PzHT6TQxnG+SGFpeWV1rbhe2tjc2t4p7+41dZwqjg0ey1i1faZRiggbRhiJ7UQhC32JLX90PfVbj6i0iKN7M07QC9kgEoHgzNhR+6anH7KT00mvXHGqzkx0EdwcKpCr3it/dvsxT0OMDJdM647rJMbLmDKCS5yUuqnGhPERG2DHYsRC1F4223dCj4JYUTNEOnv/zmYs1Hoc+jYTMjPU8950+J/XSU1w6WUiSlKDEbcR6wWppCam09q0LxRyI8cWGFfCbkn5kCnGjT1OydZ358suQvOs6jpV9+68UrvKD1GEAziEY3DhAmpwC3VoAAcJz/AG72REnsgLef2JFkj+Zx/+iHx8A1BrjSA=</latexit><latexit sha1_base64="VNNTE6FCwFjudpv1G7R7/QPVAfM=">AAAB6XicbZDLSgMxFIZP6q3WW9Wlm2ARRKHMiKDLoi5cVrAXaMeSSc+0oZkLSUYoQx9CV6LufB1fwLcxrbPQ1n/15fx/4PzHT6TQxnG+SGFpeWV1rbhe2tjc2t4p7+41dZwqjg0ey1i1faZRiggbRhiJ7UQhC32JLX90PfVbj6i0iKN7M07QC9kgEoHgzNhR+6anH7KT00mvXHGqzkx0EdwcKpCr3it/dvsxT0OMDJdM647rJMbLmDKCS5yUuqnGhPERG2DHYsRC1F4223dCj4JYUTNEOnv/zmYs1Hoc+jYTMjPU8950+J/XSU1w6WUiSlKDEbcR6wWppCam09q0LxRyI8cWGFfCbkn5kCnGjT1OydZ358suQvOs6jpV9+68UrvKD1GEAziEY3DhAmpwC3VoAAcJz/AG72REnsgLef2JFkj+Zx/+iHx8A1BrjSA=</latexit><latexit sha1_base64="VNNTE6FCwFjudpv1G7R7/QPVAfM=">AAAB6XicbZDLSgMxFIZP6q3WW9Wlm2ARRKHMiKDLoi5cVrAXaMeSSc+0oZkLSUYoQx9CV6LufB1fwLcxrbPQ1n/15fx/4PzHT6TQxnG+SGFpeWV1rbhe2tjc2t4p7+41dZwqjg0ey1i1faZRiggbRhiJ7UQhC32JLX90PfVbj6i0iKN7M07QC9kgEoHgzNhR+6anH7KT00mvXHGqzkx0EdwcKpCr3it/dvsxT0OMDJdM647rJMbLmDKCS5yUuqnGhPERG2DHYsRC1F4223dCj4JYUTNEOnv/zmYs1Hoc+jYTMjPU8950+J/XSU1w6WUiSlKDEbcR6wWppCam09q0LxRyI8cWGFfCbkn5kCnGjT1OydZ358suQvOs6jpV9+68UrvKD1GEAziEY3DhAmpwC3VoAAcJz/AG72REnsgLef2JFkj+Zx/+iHx8A1BrjSA=</latexit><latexit sha1_base64="VNNTE6FCwFjudpv1G7R7/QPVAfM=">AAAB6XicbZDLSgMxFIZP6q3WW9Wlm2ARRKHMiKDLoi5cVrAXaMeSSc+0oZkLSUYoQx9CV6LufB1fwLcxrbPQ1n/15fx/4PzHT6TQxnG+SGFpeWV1rbhe2tjc2t4p7+41dZwqjg0ey1i1faZRiggbRhiJ7UQhC32JLX90PfVbj6i0iKN7M07QC9kgEoHgzNhR+6anH7KT00mvXHGqzkx0EdwcKpCr3it/dvsxT0OMDJdM647rJMbLmDKCS5yUuqnGhPERG2DHYsRC1F4223dCj4JYUTNEOnv/zmYs1Hoc+jYTMjPU8950+J/XSU1w6WUiSlKDEbcR6wWppCam09q0LxRyI8cWGFfCbkn5kCnGjT1OydZ358suQvOs6jpV9+68UrvKD1GEAziEY3DhAmpwC3VoAAcJz/AG72REnsgLef2JFkj+Zx/+iHx8A1BrjSA=</latexit>

,
,

T

  Formalism…

T =

D⇤D̄⇤
<latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit><latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit><latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit><latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit> PRD 80, 114013 (2017)

0+(0++)
<latexit sha1_base64="7WvpBgLRye8aVi5TLtsg432rS1U=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiVAplRgRdFt24rGB/YDotmfROG5pJhiQjlKFvoStRdz6NL+DbmNZZaOtZfbnnBO65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRW8tUUWhRyaXqhkQDZwJahhkO3UQBiUMOnXByO/c7j6A0k+LBTBMIYjISLGKUGDvy3X6t6vazWm12PihX3Lq7EF4FL4cKytUclD97Q0nTGIShnGjte25igowowyiHWamXakgInZAR+BYFiUEH2WLlGT6LpMJmDHjx/p3NSKz1NA5tJiZmrJe9+fA/z09NdB1kTCSpAUFtxHpRyrGReN4cD5kCavjUAqGK2S0xHRNFqLH3Kdn63nLZVWhf1D237t1fVho3+SGK6ASdoiry0BVqoDvURC1EkUTP6A29O8J5cl6c159owcn/HKM/cj6+AfqCjWM=</latexit><latexit sha1_base64="7WvpBgLRye8aVi5TLtsg432rS1U=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiVAplRgRdFt24rGB/YDotmfROG5pJhiQjlKFvoStRdz6NL+DbmNZZaOtZfbnnBO65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRW8tUUWhRyaXqhkQDZwJahhkO3UQBiUMOnXByO/c7j6A0k+LBTBMIYjISLGKUGDvy3X6t6vazWm12PihX3Lq7EF4FL4cKytUclD97Q0nTGIShnGjte25igowowyiHWamXakgInZAR+BYFiUEH2WLlGT6LpMJmDHjx/p3NSKz1NA5tJiZmrJe9+fA/z09NdB1kTCSpAUFtxHpRyrGReN4cD5kCavjUAqGK2S0xHRNFqLH3Kdn63nLZVWhf1D237t1fVho3+SGK6ASdoiry0BVqoDvURC1EkUTP6A29O8J5cl6c159owcn/HKM/cj6+AfqCjWM=</latexit><latexit sha1_base64="7WvpBgLRye8aVi5TLtsg432rS1U=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiVAplRgRdFt24rGB/YDotmfROG5pJhiQjlKFvoStRdz6NL+DbmNZZaOtZfbnnBO65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRW8tUUWhRyaXqhkQDZwJahhkO3UQBiUMOnXByO/c7j6A0k+LBTBMIYjISLGKUGDvy3X6t6vazWm12PihX3Lq7EF4FL4cKytUclD97Q0nTGIShnGjte25igowowyiHWamXakgInZAR+BYFiUEH2WLlGT6LpMJmDHjx/p3NSKz1NA5tJiZmrJe9+fA/z09NdB1kTCSpAUFtxHpRyrGReN4cD5kCavjUAqGK2S0xHRNFqLH3Kdn63nLZVWhf1D237t1fVho3+SGK6ASdoiry0BVqoDvURC1EkUTP6A29O8J5cl6c159owcn/HKM/cj6+AfqCjWM=</latexit><latexit sha1_base64="7WvpBgLRye8aVi5TLtsg432rS1U=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiVAplRgRdFt24rGB/YDotmfROG5pJhiQjlKFvoStRdz6NL+DbmNZZaOtZfbnnBO65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRW8tUUWhRyaXqhkQDZwJahhkO3UQBiUMOnXByO/c7j6A0k+LBTBMIYjISLGKUGDvy3X6t6vazWm12PihX3Lq7EF4FL4cKytUclD97Q0nTGIShnGjte25igowowyiHWamXakgInZAR+BYFiUEH2WLlGT6LpMJmDHjx/p3NSKz1NA5tJiZmrJe9+fA/z09NdB1kTCSpAUFtxHpRyrGReN4cD5kCavjUAqGK2S0xHRNFqLH3Kdn63nLZVWhf1D237t1fVho3+SGK6ASdoiry0BVqoDvURC1EkUTP6A29O8J5cl6c159owcn/HKM/cj6+AfqCjWM=</latexit>

0+(2++)
<latexit sha1_base64="c6jG8PKyiUPHeqV3f31OBbU214k=">AAAB7HicbZDNTgIxFIXv4B/iH+rSTSMxwZCQGWKiS6Ibl5gIkgwD6ZQONHTaSdsxIRPeQldG3fk0voBvY8FZKHhWX+85Te65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRR8tUEdomkkvVDbGmnAnaNsxw2k0UxXHI6UM4uZn7D49UaSbFvZkmNIjxSLCIEWzsyHf7tWqjn9Vqs/NBueLW3YXQKng5VCBXa1D+7A0lSWMqDOFYa99zExNkWBlGOJ2VeqmmCSYTPKK+RYFjqoNssfIMnUVSITOmaPH+nc1wrPU0Dm0mxmasl7358D/PT010FWRMJKmhgtiI9aKUIyPRvDkaMkWJ4VMLmChmt0RkjBUmxt6nZOt7y2VXodOoe27du7uoNK/zQxThBE6hCh5cQhNuoQVtICDhGd7g3RHOk/PivP5EC07+5xj+yPn4Bv2KjWU=</latexit><latexit sha1_base64="c6jG8PKyiUPHeqV3f31OBbU214k=">AAAB7HicbZDNTgIxFIXv4B/iH+rSTSMxwZCQGWKiS6Ibl5gIkgwD6ZQONHTaSdsxIRPeQldG3fk0voBvY8FZKHhWX+85Te65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRR8tUEdomkkvVDbGmnAnaNsxw2k0UxXHI6UM4uZn7D49UaSbFvZkmNIjxSLCIEWzsyHf7tWqjn9Vqs/NBueLW3YXQKng5VCBXa1D+7A0lSWMqDOFYa99zExNkWBlGOJ2VeqmmCSYTPKK+RYFjqoNssfIMnUVSITOmaPH+nc1wrPU0Dm0mxmasl7358D/PT010FWRMJKmhgtiI9aKUIyPRvDkaMkWJ4VMLmChmt0RkjBUmxt6nZOt7y2VXodOoe27du7uoNK/zQxThBE6hCh5cQhNuoQVtICDhGd7g3RHOk/PivP5EC07+5xj+yPn4Bv2KjWU=</latexit><latexit sha1_base64="c6jG8PKyiUPHeqV3f31OBbU214k=">AAAB7HicbZDNTgIxFIXv4B/iH+rSTSMxwZCQGWKiS6Ibl5gIkgwD6ZQONHTaSdsxIRPeQldG3fk0voBvY8FZKHhWX+85Te65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRR8tUEdomkkvVDbGmnAnaNsxw2k0UxXHI6UM4uZn7D49UaSbFvZkmNIjxSLCIEWzsyHf7tWqjn9Vqs/NBueLW3YXQKng5VCBXa1D+7A0lSWMqDOFYa99zExNkWBlGOJ2VeqmmCSYTPKK+RYFjqoNssfIMnUVSITOmaPH+nc1wrPU0Dm0mxmasl7358D/PT010FWRMJKmhgtiI9aKUIyPRvDkaMkWJ4VMLmChmt0RkjBUmxt6nZOt7y2VXodOoe27du7uoNK/zQxThBE6hCh5cQhNuoQVtICDhGd7g3RHOk/PivP5EC07+5xj+yPn4Bv2KjWU=</latexit><latexit sha1_base64="c6jG8PKyiUPHeqV3f31OBbU214k=">AAAB7HicbZDNTgIxFIXv4B/iH+rSTSMxwZCQGWKiS6Ibl5gIkgwD6ZQONHTaSdsxIRPeQldG3fk0voBvY8FZKHhWX+85Te65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRR8tUEdomkkvVDbGmnAnaNsxw2k0UxXHI6UM4uZn7D49UaSbFvZkmNIjxSLCIEWzsyHf7tWqjn9Vqs/NBueLW3YXQKng5VCBXa1D+7A0lSWMqDOFYa99zExNkWBlGOJ2VeqmmCSYTPKK+RYFjqoNssfIMnUVSITOmaPH+nc1wrPU0Dm0mxmasl7358D/PT010FWRMJKmhgtiI9aKUIyPRvDkaMkWJ4VMLmChmt0RkjBUmxt6nZOt7y2VXodOoe27du7uoNK/zQxThBE6hCh5cQhNuoQVtICDhGd7g3RHOk/PivP5EC07+5xj+yPn4Bv2KjWU=</latexit> D⇤D̄⇤

<latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit><latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit><latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit><latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit>



Eur. Phys. J. C (2018) 78 :210 Page 3 of 7 210

B−
c

D∗

π−

D̄∗

Fig. 2 Tree level contribution corresponding to the hadronization
depicted in Fig. 1b

and we get

|H⟩ = D∗0 D̄∗0 + D∗+ D̄∗− + D∗+
s D̄∗−

s + J/ψ J/ψ. (2)

The intrinsic phase convention for isospin multiplets in
(D∗+, − D∗0), (D̄∗0, D∗− ) indicates that the isospin com-
bination of H is I = 0, as it should be since it comes from
cc̄. Thus, we can write

|H⟩ =
√

2|D∗ D̄∗⟩ + |D∗
s D̄

∗
s ⟩, (3)

where we have neglected the J/ψ J/ψ component which is
far beyond in energy from our range of concern. In addition,
the coupling of the resonances found in [18] to J/ψ J/ψ is
negligibly small.

The combination of |H⟩ in Eq. (3) accounts only for the
flavor composition. We need to take into account the spin-
angular momentum structure of the vertices. If we produce
a 0+[0++] D∗ D̄∗ state we have 0− → 0− 0+ transition and
we adopt the common choice of taking the lowest possible
angular momentum in the vertex, L = 0. The s-wave and the
J P = 1− of the D∗ leads us to a vertex of the type

A′ ϵ · ϵ ′ (4)

with ϵ, ϵ ′ the polarization vertices of D∗, D̄∗. Note that
we shall work in the rest frame of the resonances produced,
where D∗, D̄∗ momenta are small with respect to their masses
and then we neglect the ϵ0 component. On the other hand, if
we produce a 2++ state, the 0− → 0− , 2+ requires L = 2
and we shall then take the D-wave structure

B
(

ϵ · kϵ ′ · k − 1
3
|k|2 ϵ · ϵ ′

)
, (5)

where k is the momentum of the pion. Hence, the tree level
amplitude for B−

s → π − D∗ D̄∗ shown in Fig. 2 is given by

B−
c

π−

D∗, D∗
s

R

D̄∗, D̄∗
s

J/ψ

ω

Fig. 3 Mechanism to produce the J/ψω final state through rescatter-
ing of the D∗ D̄∗ and D∗

s D̄
∗
s components. R is either the X (3922) (2++)

or X (3943) (0++)

B−
c

π−

D∗

D̄∗

(a)

+
B−

c

π−

D∗, D∗
s

R

D̄∗, D̄∗
s

D∗

D̄∗

(b)

Fig. 4 Mechanism to produce the D∗ D̄∗ in the final state through
tree level (a ) and rescattering (b). R is either the X (3922) (2++) or
X (3943) (0++)

t tree
Bc→π − D∗ D̄∗ =

√
2
[
A |kav|2 ϵ · ϵ ′

+B
(

ϵ · k ϵ ′ · k − 1
3
|k|2 ϵ · ϵ ′

)]
, (6)

where we have substituted A′ of Eq. (4) by A |kav|2, with
kav, an average value of k, just to make A and B have the
same dimension. We take |kav| = 1000 MeV.

After the first step for D∗ D̄∗ and D∗
s D̄

∗
s production, these

mesons undergo final state interaction, as depicted in Figs.
3 and 4, to produce J/ψω and D∗ D̄∗ in the final state. In
the case of J/ψω production shown in Fig. 3, since this
state is not primarily produced in |H⟩, it is produced through
rescattering via the resonances X (3922) and X (3943). In the
case of D∗ D̄∗ production, shown in Fig. 4, it proceeds via
tree level (primary production, Fig. 4a) and rescattering (Fig.
4b).

Analytically, we have

tJ/ψω = A |kav|2 ϵ · ϵ ′ t1

+B
(

ϵ · k ϵ ′ · k − 1
3
|k|2 ϵ · ϵ ′

)
t2, (7)

where

t1 =
√

2GD∗ D̄∗
(
MJ/ψω

inv

)
t ID∗ D̄∗→J/ψω

(
MJ/ψω

inv

)

+GD∗
s D̄∗

s

(
MJ/ψω

inv

)
t ID∗

s D̄∗
s →J/ψω

(
MJ/ψω

inv

)
, (8)
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resonance couples most strongly to D∗
s D̄

∗
s has the conse-

quence that the J/ψφ mass spectrum develops a strong cusp
at the D∗

s D̄
∗
s threshold, something visible in the experimen-

tal spectra with an increased strength in that region. It is
also worth mentioning that a similar enhancement is seen,
although with poor statistics, in the recent BESIII work on
the e+e− → γ J/ψφ reaction [23].

In the present work we want to continue along this line of
research and present results for a reaction that should reveal
the D∗ D̄∗ nature of two states found in [18] as 0+[0++] and
0+[2++] at 3943 and 3922 MeV, respectively, which can
be identified with some experimental states in that region
[16,18].1

In this case we note that the states found, mostly D∗ D̄∗

bound states, also couple to J/ψω in the second place, and
J/ψφ with smaller strength. So we choose the J/ψω obser-
vation channel looking into the necessary cusp that should
develop at the D∗ D̄∗ threshold. For this purpose we look into
the B−

c → π− J/ψω decay and then into the J/ψω invari-
ant mass distribution. The choice of this reaction is that in
a first stage of the reaction the D∗ D̄∗ state is formed with a
dominant weak decay mechanism, but the J/ψω state is not
formed at this level. Then the J/ψω is finally produced via
rescattering of the D∗ D̄∗ component with the other compo-
nents that make up the two molecular states. This stresses the
role of the resonance since there is no tree level J/ψω con-
tribution. Thus, we obtain two peaks in the J/ψω mass dis-
tribution corresponding to the molecular states and a strong
cusp at the D∗ D̄∗ threshold. In addition we also look at the
D∗ D̄∗ mass distribution in the B−

c → π−D∗ D̄∗ reaction
and evaluate its strength above the D∗ D̄∗ threshold, which
is closely connected to the strength of the J/ψω mass dis-
tribution. The D∗ D̄∗ cusp feature, together with the relative
strength of the D∗ D̄∗ compared to the one of J/ψω, are
two magnitudes which are tied to the molecular structure of
these two resonances, and we encourage the performance of
the experiment that should bring valuable light into these
issues.

1 The state at 3943 MeV can be associated with the X (3940) of [24,25]
and the X (3922) with the X (3930)[27] now classified in the PDG as
the χc2(2P). The width of the X (3943) MeV obtained in [18] of 15–
17 MeV looks small compared to ' = 87 ± 22 ± 26 MeV of [24].
These results are improved in [25] by measuring the DD̄ and DD̄∗
decay channels with ' = 15.4 ± 10.1 MeV, in good agreement with
the results of [18]. A further experiment for the X (3940) in [26] from
the measurement of the D∗ D̄∗ channel close to threshold, provides
' = 37+26

−15 ± 8 MeV, which is also compatible with the results of [18]
within the large errors. The width of about 50 MeV of [18] for the
X (3922) is also in fair agreement with ' = 29 ± 10 ± 2 MeV of [27].

c̄ c̄

b c
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ū

d

π−

B−
c

(a)

c̄ c̄

ūu + d̄d + s̄s + c̄c

b c

W

ū

d

π−

B−
c

(b)

Fig. 1 a Microscopic quark picture of B−
c → π−cc̄ decay. b

Hadronization through q̄q creation with vacuum quantum numbers

2 Formalism

We look into the B−
c decay mechanism at quark level depicted

in Fig. 1a.
The mechanism qualifies as external emission [28] and

is both Cabibbo favored in Wud vertex, and color favored
(the Wbc vertex is also the least Cabibbo suppressed of the b
decays). Then the final c quark from b decay and the spectator
c̄ quark from the B−

c hadronize, with the incorporation of q̄q
with the quantum numbers of the vacuum (see Fig. 1b) to give
two mesons. The resulting two mesons are easily obtained
by writing

H =
4∑

i=1

cq̄i qi c̄ =
4∑

i=1

M4i Mi4 = (M2)44,

where Mi j is the qq̄ matrix with the u, d , s, c quarks. How-
ever, it is convenient to write the qq̄ matrix in terms of phys-
ical mesons, in this case vector mesons as

Mi j → V =

⎛

⎜⎜⎜⎝

1√
2
ρ0 + 1√

2
ω ρ+ K ∗+ D̄∗0

ρ− − 1√
2
ρ0 + 1√

2
ω K ∗0 D̄∗−

K ∗− K̄ ∗0 φ D∗−
s

D∗0 D∗+ D∗+
s J/ψ

⎞

⎟⎟⎟⎠
,

(1)
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<latexit sha1_base64="XcMq3i6lkbZe0cDOD5PUQtBRtRM=">AAAB53icbZDLSgMxFIZP6q3WW9Wlm2ARRKHMiKDLoi5cVrAXaMeSSc+0sZkLSUYoQ59BV6LufB9fwLcxrbPQ6r/6cv4/cP7jJ1Jo4zifpLCwuLS8Ulwtra1vbG6Vt3eaOk4VxwaPZazaPtMoRYQNI4zEdqKQhb7Elj+6nPqtB1RaxNGtGSfohWwQiUBwZuyoeXWXHR1PeuWKU3Vmon/BzaECueq98ke3H/M0xMhwybTuuE5ivIwpI7jESambakwYH7EBdixGLETtZbNtJ/QgiBU1Q6Sz989sxkKtx6FvMyEzQz3vTYf/eZ3UBOdeJqIkNRhxG7FekEpqYjotTftCITdybIFxJeyWlA+ZYtzY05RsfXe+7F9onlRdp+renFZqF/khirAH+3AILpxBDa6hDg3gcA9P8ApvRJBH8kxevqMFkv/ZhV8i71/IHow6</latexit><latexit sha1_base64="XcMq3i6lkbZe0cDOD5PUQtBRtRM=">AAAB53icbZDLSgMxFIZP6q3WW9Wlm2ARRKHMiKDLoi5cVrAXaMeSSc+0sZkLSUYoQ59BV6LufB9fwLcxrbPQ6r/6cv4/cP7jJ1Jo4zifpLCwuLS8Ulwtra1vbG6Vt3eaOk4VxwaPZazaPtMoRYQNI4zEdqKQhb7Elj+6nPqtB1RaxNGtGSfohWwQiUBwZuyoeXWXHR1PeuWKU3Vmon/BzaECueq98ke3H/M0xMhwybTuuE5ivIwpI7jESambakwYH7EBdixGLETtZbNtJ/QgiBU1Q6Sz989sxkKtx6FvMyEzQz3vTYf/eZ3UBOdeJqIkNRhxG7FekEpqYjotTftCITdybIFxJeyWlA+ZYtzY05RsfXe+7F9onlRdp+renFZqF/khirAH+3AILpxBDa6hDg3gcA9P8ApvRJBH8kxevqMFkv/ZhV8i71/IHow6</latexit><latexit sha1_base64="XcMq3i6lkbZe0cDOD5PUQtBRtRM=">AAAB53icbZDLSgMxFIZP6q3WW9Wlm2ARRKHMiKDLoi5cVrAXaMeSSc+0sZkLSUYoQ59BV6LufB9fwLcxrbPQ6r/6cv4/cP7jJ1Jo4zifpLCwuLS8Ulwtra1vbG6Vt3eaOk4VxwaPZazaPtMoRYQNI4zEdqKQhb7Elj+6nPqtB1RaxNGtGSfohWwQiUBwZuyoeXWXHR1PeuWKU3Vmon/BzaECueq98ke3H/M0xMhwybTuuE5ivIwpI7jESambakwYH7EBdixGLETtZbNtJ/QgiBU1Q6Sz989sxkKtx6FvMyEzQz3vTYf/eZ3UBOdeJqIkNRhxG7FekEpqYjotTftCITdybIFxJeyWlA+ZYtzY05RsfXe+7F9onlRdp+renFZqF/khirAH+3AILpxBDa6hDg3gcA9P8ApvRJBH8kxevqMFkv/ZhV8i71/IHow6</latexit><latexit sha1_base64="XcMq3i6lkbZe0cDOD5PUQtBRtRM=">AAAB53icbZDLSgMxFIZP6q3WW9Wlm2ARRKHMiKDLoi5cVrAXaMeSSc+0sZkLSUYoQ59BV6LufB9fwLcxrbPQ6r/6cv4/cP7jJ1Jo4zifpLCwuLS8Ulwtra1vbG6Vt3eaOk4VxwaPZazaPtMoRYQNI4zEdqKQhb7Elj+6nPqtB1RaxNGtGSfohWwQiUBwZuyoeXWXHR1PeuWKU3Vmon/BzaECueq98ke3H/M0xMhwybTuuE5ivIwpI7jESambakwYH7EBdixGLETtZbNtJ/QgiBU1Q6Sz989sxkKtx6FvMyEzQz3vTYf/eZ3UBOdeJqIkNRhxG7FekEpqYjotTftCITdybIFxJeyWlA+ZYtzY05RsfXe+7F9onlRdp+renFZqF/khirAH+3AILpxBDa6hDg3gcA9P8ApvRJBH8kxevqMFkv/ZhV8i71/IHow6</latexit>

D̄⇤�
<latexit sha1_base64="oSoUBBm0XJgJnbp6882erFjfrYk=">AAAB7XicbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLNLFMpift0MmFmYlQQh5DV6LufBlfwLdxWrPQ1n/1zfn/gfMfPxFcadv+skpLyyura+X1ysbm1vZOdXevreJUMmyxWMSy61OFgkfY0lwL7CYSaegL7Pjj66nfeUSpeBzd60mCXkiHEQ84o9qMXNenMrvJH7KT07xfrdl1eyayCE4BNSjU7Fc/3UHM0hAjzQRVqufYifYyKjVnAvOKmypMKBvTIfYMRjRE5WWznXNyFMSS6BGS2ft3NqOhUpPQN5mQ6pGa96bD/7xeqoNLL+NRkmqMmIkYL0gF0TGZVicDLpFpMTFAmeRmS8JGVFKmzYEqpr4zX3YR2md1x647d+e1xlVxiDIcwCEcgwMX0IBbaEILGCTwDG/wbsXWk/Vivf5ES1bxZx/+yPr4BoY2jwE=</latexit><latexit sha1_base64="oSoUBBm0XJgJnbp6882erFjfrYk=">AAAB7XicbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLNLFMpift0MmFmYlQQh5DV6LufBlfwLdxWrPQ1n/1zfn/gfMfPxFcadv+skpLyyura+X1ysbm1vZOdXevreJUMmyxWMSy61OFgkfY0lwL7CYSaegL7Pjj66nfeUSpeBzd60mCXkiHEQ84o9qMXNenMrvJH7KT07xfrdl1eyayCE4BNSjU7Fc/3UHM0hAjzQRVqufYifYyKjVnAvOKmypMKBvTIfYMRjRE5WWznXNyFMSS6BGS2ft3NqOhUpPQN5mQ6pGa96bD/7xeqoNLL+NRkmqMmIkYL0gF0TGZVicDLpFpMTFAmeRmS8JGVFKmzYEqpr4zX3YR2md1x647d+e1xlVxiDIcwCEcgwMX0IBbaEILGCTwDG/wbsXWk/Vivf5ES1bxZx/+yPr4BoY2jwE=</latexit><latexit sha1_base64="oSoUBBm0XJgJnbp6882erFjfrYk=">AAAB7XicbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLNLFMpift0MmFmYlQQh5DV6LufBlfwLdxWrPQ1n/1zfn/gfMfPxFcadv+skpLyyura+X1ysbm1vZOdXevreJUMmyxWMSy61OFgkfY0lwL7CYSaegL7Pjj66nfeUSpeBzd60mCXkiHEQ84o9qMXNenMrvJH7KT07xfrdl1eyayCE4BNSjU7Fc/3UHM0hAjzQRVqufYifYyKjVnAvOKmypMKBvTIfYMRjRE5WWznXNyFMSS6BGS2ft3NqOhUpPQN5mQ6pGa96bD/7xeqoNLL+NRkmqMmIkYL0gF0TGZVicDLpFpMTFAmeRmS8JGVFKmzYEqpr4zX3YR2md1x647d+e1xlVxiDIcwCEcgwMX0IBbaEILGCTwDG/wbsXWk/Vivf5ES1bxZx/+yPr4BoY2jwE=</latexit><latexit sha1_base64="oSoUBBm0XJgJnbp6882erFjfrYk=">AAAB7XicbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLNLFMpift0MmFmYlQQh5DV6LufBlfwLdxWrPQ1n/1zfn/gfMfPxFcadv+skpLyyura+X1ysbm1vZOdXevreJUMmyxWMSy61OFgkfY0lwL7CYSaegL7Pjj66nfeUSpeBzd60mCXkiHEQ84o9qMXNenMrvJH7KT07xfrdl1eyayCE4BNSjU7Fc/3UHM0hAjzQRVqufYifYyKjVnAvOKmypMKBvTIfYMRjRE5WWznXNyFMSS6BGS2ft3NqOhUpPQN5mQ6pGa96bD/7xeqoNLL+NRkmqMmIkYL0gF0TGZVicDLpFpMTFAmeRmS8JGVFKmzYEqpr4zX3YR2md1x647d+e1xlVxiDIcwCEcgwMX0IBbaEILGCTwDG/wbsXWk/Vivf5ES1bxZx/+yPr4BoY2jwE=</latexit>

D̄⇤�
s

<latexit sha1_base64="bXf495gJZC1E3tg5EtYlYwsU/k8=">AAAB73icbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLtGmZTE/aoZOLMxOhhDyHrkTd+S6+gG/jtGahrf/qm/P/A+c/Xiy40rb9ZRWWlldW14rrpY3Nre2d8u5eU0WJZNhgkYhk26MKBQ+xobkW2I4l0sAT2PLG11O/9YhS8Si815MY3YAOQ+5zRrUZ9boelelN1le99OQ065crdtWeiSyCk0MFctX75c/uIGJJgKFmgirVcexYuymVmjOBWambKIwpG9MhdgyGNEDlprOtM3LkR5LoEZLZ+3c2pYFSk8AzmYDqkZr3psP/vE6i/Us35WGcaAyZiRjPTwTREZmWJwMukWkxMUCZ5GZLwkZUUqbNiUqmvjNfdhGaZ1XHrjp355XaVX6IIhzAIRyDAxdQg1uoQwMYSHiGN3i3Hqwn68V6/YkWrPzPPvyR9fENE62P5w==</latexit><latexit sha1_base64="bXf495gJZC1E3tg5EtYlYwsU/k8=">AAAB73icbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLtGmZTE/aoZOLMxOhhDyHrkTd+S6+gG/jtGahrf/qm/P/A+c/Xiy40rb9ZRWWlldW14rrpY3Nre2d8u5eU0WJZNhgkYhk26MKBQ+xobkW2I4l0sAT2PLG11O/9YhS8Si815MY3YAOQ+5zRrUZ9boelelN1le99OQ065crdtWeiSyCk0MFctX75c/uIGJJgKFmgirVcexYuymVmjOBWambKIwpG9MhdgyGNEDlprOtM3LkR5LoEZLZ+3c2pYFSk8AzmYDqkZr3psP/vE6i/Us35WGcaAyZiRjPTwTREZmWJwMukWkxMUCZ5GZLwkZUUqbNiUqmvjNfdhGaZ1XHrjp355XaVX6IIhzAIRyDAxdQg1uoQwMYSHiGN3i3Hqwn68V6/YkWrPzPPvyR9fENE62P5w==</latexit><latexit sha1_base64="bXf495gJZC1E3tg5EtYlYwsU/k8=">AAAB73icbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLtGmZTE/aoZOLMxOhhDyHrkTd+S6+gG/jtGahrf/qm/P/A+c/Xiy40rb9ZRWWlldW14rrpY3Nre2d8u5eU0WJZNhgkYhk26MKBQ+xobkW2I4l0sAT2PLG11O/9YhS8Si815MY3YAOQ+5zRrUZ9boelelN1le99OQ065crdtWeiSyCk0MFctX75c/uIGJJgKFmgirVcexYuymVmjOBWambKIwpG9MhdgyGNEDlprOtM3LkR5LoEZLZ+3c2pYFSk8AzmYDqkZr3psP/vE6i/Us35WGcaAyZiRjPTwTREZmWJwMukWkxMUCZ5GZLwkZUUqbNiUqmvjNfdhGaZ1XHrjp355XaVX6IIhzAIRyDAxdQg1uoQwMYSHiGN3i3Hqwn68V6/YkWrPzPPvyR9fENE62P5w==</latexit><latexit sha1_base64="bXf495gJZC1E3tg5EtYlYwsU/k8=">AAAB73icbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLtGmZTE/aoZOLMxOhhDyHrkTd+S6+gG/jtGahrf/qm/P/A+c/Xiy40rb9ZRWWlldW14rrpY3Nre2d8u5eU0WJZNhgkYhk26MKBQ+xobkW2I4l0sAT2PLG11O/9YhS8Si815MY3YAOQ+5zRrUZ9boelelN1le99OQ065crdtWeiSyCk0MFctX75c/uIGJJgKFmgirVcexYuymVmjOBWambKIwpG9MhdgyGNEDlprOtM3LkR5LoEZLZ+3c2pYFSk8AzmYDqkZr3psP/vE6i/Us35WGcaAyZiRjPTwTREZmWJwMukWkxMUCZ5GZLwkZUUqbNiUqmvjNfdhGaZ1XHrjp355XaVX6IIhzAIRyDAxdQg1uoQwMYSHiGN3i3Hqwn68V6/YkWrPzPPvyR9fENE62P5w==</latexit>

D⇤+
s

<latexit sha1_base64="VNNTE6FCwFjudpv1G7R7/QPVAfM=">AAAB6XicbZDLSgMxFIZP6q3WW9Wlm2ARRKHMiKDLoi5cVrAXaMeSSc+0oZkLSUYoQx9CV6LufB1fwLcxrbPQ1n/15fx/4PzHT6TQxnG+SGFpeWV1rbhe2tjc2t4p7+41dZwqjg0ey1i1faZRiggbRhiJ7UQhC32JLX90PfVbj6i0iKN7M07QC9kgEoHgzNhR+6anH7KT00mvXHGqzkx0EdwcKpCr3it/dvsxT0OMDJdM647rJMbLmDKCS5yUuqnGhPERG2DHYsRC1F4223dCj4JYUTNEOnv/zmYs1Hoc+jYTMjPU8950+J/XSU1w6WUiSlKDEbcR6wWppCam09q0LxRyI8cWGFfCbkn5kCnGjT1OydZ358suQvOs6jpV9+68UrvKD1GEAziEY3DhAmpwC3VoAAcJz/AG72REnsgLef2JFkj+Zx/+iHx8A1BrjSA=</latexit><latexit sha1_base64="VNNTE6FCwFjudpv1G7R7/QPVAfM=">AAAB6XicbZDLSgMxFIZP6q3WW9Wlm2ARRKHMiKDLoi5cVrAXaMeSSc+0oZkLSUYoQx9CV6LufB1fwLcxrbPQ1n/15fx/4PzHT6TQxnG+SGFpeWV1rbhe2tjc2t4p7+41dZwqjg0ey1i1faZRiggbRhiJ7UQhC32JLX90PfVbj6i0iKN7M07QC9kgEoHgzNhR+6anH7KT00mvXHGqzkx0EdwcKpCr3it/dvsxT0OMDJdM647rJMbLmDKCS5yUuqnGhPERG2DHYsRC1F4223dCj4JYUTNEOnv/zmYs1Hoc+jYTMjPU8950+J/XSU1w6WUiSlKDEbcR6wWppCam09q0LxRyI8cWGFfCbkn5kCnGjT1OydZ358suQvOs6jpV9+68UrvKD1GEAziEY3DhAmpwC3VoAAcJz/AG72REnsgLef2JFkj+Zx/+iHx8A1BrjSA=</latexit><latexit sha1_base64="VNNTE6FCwFjudpv1G7R7/QPVAfM=">AAAB6XicbZDLSgMxFIZP6q3WW9Wlm2ARRKHMiKDLoi5cVrAXaMeSSc+0oZkLSUYoQx9CV6LufB1fwLcxrbPQ1n/15fx/4PzHT6TQxnG+SGFpeWV1rbhe2tjc2t4p7+41dZwqjg0ey1i1faZRiggbRhiJ7UQhC32JLX90PfVbj6i0iKN7M07QC9kgEoHgzNhR+6anH7KT00mvXHGqzkx0EdwcKpCr3it/dvsxT0OMDJdM647rJMbLmDKCS5yUuqnGhPERG2DHYsRC1F4223dCj4JYUTNEOnv/zmYs1Hoc+jYTMjPU8950+J/XSU1w6WUiSlKDEbcR6wWppCam09q0LxRyI8cWGFfCbkn5kCnGjT1OydZ358suQvOs6jpV9+68UrvKD1GEAziEY3DhAmpwC3VoAAcJz/AG72REnsgLef2JFkj+Zx/+iHx8A1BrjSA=</latexit><latexit sha1_base64="VNNTE6FCwFjudpv1G7R7/QPVAfM=">AAAB6XicbZDLSgMxFIZP6q3WW9Wlm2ARRKHMiKDLoi5cVrAXaMeSSc+0oZkLSUYoQx9CV6LufB1fwLcxrbPQ1n/15fx/4PzHT6TQxnG+SGFpeWV1rbhe2tjc2t4p7+41dZwqjg0ey1i1faZRiggbRhiJ7UQhC32JLX90PfVbj6i0iKN7M07QC9kgEoHgzNhR+6anH7KT00mvXHGqzkx0EdwcKpCr3it/dvsxT0OMDJdM647rJMbLmDKCS5yUuqnGhPERG2DHYsRC1F4223dCj4JYUTNEOnv/zmYs1Hoc+jYTMjPU8950+J/XSU1w6WUiSlKDEbcR6wWppCam09q0LxRyI8cWGFfCbkn5kCnGjT1OydZ358suQvOs6jpV9+68UrvKD1GEAziEY3DhAmpwC3VoAAcJz/AG72REnsgLef2JFkj+Zx/+iHx8A1BrjSA=</latexit>

,
,

T

  Formalism…

T =

D⇤D̄⇤
<latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit><latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit><latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit><latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit>

X(3940)
<latexit sha1_base64="k3Af1Q4q5aYeZOiUWyUFm3yj8UA=">AAAB6HicbZDLTsJAFIZP8YZ4Q126mUhMcENaJVF3RDcuMZFLAg2ZDqcwMr1kZmpCGt5BV0bd+Ty+gG/jFLtQ8F99c/5/kvMfLxZcadv+sgorq2vrG8XN0tb2zu5eef+graJEMmyxSESy61GFgofY0lwL7MYSaeAJ7HiTm8zvPKJUPArv9TRGN6CjkPucUW1GnW71/Kpunw7KFbtmz0WWwcmhArmag/JnfxixJMBQM0GV6jl2rN2USs2ZwFmpnyiMKZvQEfYMhjRA5abzdWfkxI8k0WMk8/fvbEoDpaaBZzIB1WO16GXD/7xeov1LN+VhnGgMmYkYz08E0RHJWpMhl8i0mBqgTHKzJWFjKinT5jYlU99ZLLsM7bOaY9ecu3qlcZ0foghHcAxVcOACGnALTWgBgwk8wxu8Ww/Wk/Vivf5EC1b+5xD+yPr4Bj0di84=</latexit><latexit sha1_base64="k3Af1Q4q5aYeZOiUWyUFm3yj8UA=">AAAB6HicbZDLTsJAFIZP8YZ4Q126mUhMcENaJVF3RDcuMZFLAg2ZDqcwMr1kZmpCGt5BV0bd+Ty+gG/jFLtQ8F99c/5/kvMfLxZcadv+sgorq2vrG8XN0tb2zu5eef+graJEMmyxSESy61GFgofY0lwL7MYSaeAJ7HiTm8zvPKJUPArv9TRGN6CjkPucUW1GnW71/Kpunw7KFbtmz0WWwcmhArmag/JnfxixJMBQM0GV6jl2rN2USs2ZwFmpnyiMKZvQEfYMhjRA5abzdWfkxI8k0WMk8/fvbEoDpaaBZzIB1WO16GXD/7xeov1LN+VhnGgMmYkYz08E0RHJWpMhl8i0mBqgTHKzJWFjKinT5jYlU99ZLLsM7bOaY9ecu3qlcZ0foghHcAxVcOACGnALTWgBgwk8wxu8Ww/Wk/Vivf5EC1b+5xD+yPr4Bj0di84=</latexit><latexit sha1_base64="k3Af1Q4q5aYeZOiUWyUFm3yj8UA=">AAAB6HicbZDLTsJAFIZP8YZ4Q126mUhMcENaJVF3RDcuMZFLAg2ZDqcwMr1kZmpCGt5BV0bd+Ty+gG/jFLtQ8F99c/5/kvMfLxZcadv+sgorq2vrG8XN0tb2zu5eef+graJEMmyxSESy61GFgofY0lwL7MYSaeAJ7HiTm8zvPKJUPArv9TRGN6CjkPucUW1GnW71/Kpunw7KFbtmz0WWwcmhArmag/JnfxixJMBQM0GV6jl2rN2USs2ZwFmpnyiMKZvQEfYMhjRA5abzdWfkxI8k0WMk8/fvbEoDpaaBZzIB1WO16GXD/7xeov1LN+VhnGgMmYkYz08E0RHJWpMhl8i0mBqgTHKzJWFjKinT5jYlU99ZLLsM7bOaY9ecu3qlcZ0foghHcAxVcOACGnALTWgBgwk8wxu8Ww/Wk/Vivf5EC1b+5xD+yPr4Bj0di84=</latexit><latexit sha1_base64="k3Af1Q4q5aYeZOiUWyUFm3yj8UA=">AAAB6HicbZDLTsJAFIZP8YZ4Q126mUhMcENaJVF3RDcuMZFLAg2ZDqcwMr1kZmpCGt5BV0bd+Ty+gG/jFLtQ8F99c/5/kvMfLxZcadv+sgorq2vrG8XN0tb2zu5eef+graJEMmyxSESy61GFgofY0lwL7MYSaeAJ7HiTm8zvPKJUPArv9TRGN6CjkPucUW1GnW71/Kpunw7KFbtmz0WWwcmhArmag/JnfxixJMBQM0GV6jl2rN2USs2ZwFmpnyiMKZvQEfYMhjRA5abzdWfkxI8k0WMk8/fvbEoDpaaBZzIB1WO16GXD/7xeov1LN+VhnGgMmYkYz08E0RHJWpMhl8i0mBqgTHKzJWFjKinT5jYlU99ZLLsM7bOaY9ecu3qlcZ0foghHcAxVcOACGnALTWgBgwk8wxu8Ww/Wk/Vivf5EC1b+5xD+yPr4Bj0di84=</latexit>

PRL 94, 182002 (2005) PRL 98, 082001 (2007) PRL 98, 082001 (2007)

0+(0++)
<latexit sha1_base64="7WvpBgLRye8aVi5TLtsg432rS1U=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiVAplRgRdFt24rGB/YDotmfROG5pJhiQjlKFvoStRdz6NL+DbmNZZaOtZfbnnBO65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRW8tUUWhRyaXqhkQDZwJahhkO3UQBiUMOnXByO/c7j6A0k+LBTBMIYjISLGKUGDvy3X6t6vazWm12PihX3Lq7EF4FL4cKytUclD97Q0nTGIShnGjte25igowowyiHWamXakgInZAR+BYFiUEH2WLlGT6LpMJmDHjx/p3NSKz1NA5tJiZmrJe9+fA/z09NdB1kTCSpAUFtxHpRyrGReN4cD5kCavjUAqGK2S0xHRNFqLH3Kdn63nLZVWhf1D237t1fVho3+SGK6ASdoiry0BVqoDvURC1EkUTP6A29O8J5cl6c159owcn/HKM/cj6+AfqCjWM=</latexit><latexit sha1_base64="7WvpBgLRye8aVi5TLtsg432rS1U=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiVAplRgRdFt24rGB/YDotmfROG5pJhiQjlKFvoStRdz6NL+DbmNZZaOtZfbnnBO65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRW8tUUWhRyaXqhkQDZwJahhkO3UQBiUMOnXByO/c7j6A0k+LBTBMIYjISLGKUGDvy3X6t6vazWm12PihX3Lq7EF4FL4cKytUclD97Q0nTGIShnGjte25igowowyiHWamXakgInZAR+BYFiUEH2WLlGT6LpMJmDHjx/p3NSKz1NA5tJiZmrJe9+fA/z09NdB1kTCSpAUFtxHpRyrGReN4cD5kCavjUAqGK2S0xHRNFqLH3Kdn63nLZVWhf1D237t1fVho3+SGK6ASdoiry0BVqoDvURC1EkUTP6A29O8J5cl6c159owcn/HKM/cj6+AfqCjWM=</latexit><latexit sha1_base64="7WvpBgLRye8aVi5TLtsg432rS1U=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiVAplRgRdFt24rGB/YDotmfROG5pJhiQjlKFvoStRdz6NL+DbmNZZaOtZfbnnBO65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRW8tUUWhRyaXqhkQDZwJahhkO3UQBiUMOnXByO/c7j6A0k+LBTBMIYjISLGKUGDvy3X6t6vazWm12PihX3Lq7EF4FL4cKytUclD97Q0nTGIShnGjte25igowowyiHWamXakgInZAR+BYFiUEH2WLlGT6LpMJmDHjx/p3NSKz1NA5tJiZmrJe9+fA/z09NdB1kTCSpAUFtxHpRyrGReN4cD5kCavjUAqGK2S0xHRNFqLH3Kdn63nLZVWhf1D237t1fVho3+SGK6ASdoiry0BVqoDvURC1EkUTP6A29O8J5cl6c159owcn/HKM/cj6+AfqCjWM=</latexit><latexit sha1_base64="7WvpBgLRye8aVi5TLtsg432rS1U=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiVAplRgRdFt24rGB/YDotmfROG5pJhiQjlKFvoStRdz6NL+DbmNZZaOtZfbnnBO65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRW8tUUWhRyaXqhkQDZwJahhkO3UQBiUMOnXByO/c7j6A0k+LBTBMIYjISLGKUGDvy3X6t6vazWm12PihX3Lq7EF4FL4cKytUclD97Q0nTGIShnGjte25igowowyiHWamXakgInZAR+BYFiUEH2WLlGT6LpMJmDHjx/p3NSKz1NA5tJiZmrJe9+fA/z09NdB1kTCSpAUFtxHpRyrGReN4cD5kCavjUAqGK2S0xHRNFqLH3Kdn63nLZVWhf1D237t1fVho3+SGK6ASdoiry0BVqoDvURC1EkUTP6A29O8J5cl6c159owcn/HKM/cj6+AfqCjWM=</latexit>

0+(2++)
<latexit sha1_base64="c6jG8PKyiUPHeqV3f31OBbU214k=">AAAB7HicbZDNTgIxFIXv4B/iH+rSTSMxwZCQGWKiS6Ibl5gIkgwD6ZQONHTaSdsxIRPeQldG3fk0voBvY8FZKHhWX+85Te65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRR8tUEdomkkvVDbGmnAnaNsxw2k0UxXHI6UM4uZn7D49UaSbFvZkmNIjxSLCIEWzsyHf7tWqjn9Vqs/NBueLW3YXQKng5VCBXa1D+7A0lSWMqDOFYa99zExNkWBlGOJ2VeqmmCSYTPKK+RYFjqoNssfIMnUVSITOmaPH+nc1wrPU0Dm0mxmasl7358D/PT010FWRMJKmhgtiI9aKUIyPRvDkaMkWJ4VMLmChmt0RkjBUmxt6nZOt7y2VXodOoe27du7uoNK/zQxThBE6hCh5cQhNuoQVtICDhGd7g3RHOk/PivP5EC07+5xj+yPn4Bv2KjWU=</latexit><latexit sha1_base64="c6jG8PKyiUPHeqV3f31OBbU214k=">AAAB7HicbZDNTgIxFIXv4B/iH+rSTSMxwZCQGWKiS6Ibl5gIkgwD6ZQONHTaSdsxIRPeQldG3fk0voBvY8FZKHhWX+85Te65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRR8tUEdomkkvVDbGmnAnaNsxw2k0UxXHI6UM4uZn7D49UaSbFvZkmNIjxSLCIEWzsyHf7tWqjn9Vqs/NBueLW3YXQKng5VCBXa1D+7A0lSWMqDOFYa99zExNkWBlGOJ2VeqmmCSYTPKK+RYFjqoNssfIMnUVSITOmaPH+nc1wrPU0Dm0mxmasl7358D/PT010FWRMJKmhgtiI9aKUIyPRvDkaMkWJ4VMLmChmt0RkjBUmxt6nZOt7y2VXodOoe27du7uoNK/zQxThBE6hCh5cQhNuoQVtICDhGd7g3RHOk/PivP5EC07+5xj+yPn4Bv2KjWU=</latexit><latexit sha1_base64="c6jG8PKyiUPHeqV3f31OBbU214k=">AAAB7HicbZDNTgIxFIXv4B/iH+rSTSMxwZCQGWKiS6Ibl5gIkgwD6ZQONHTaSdsxIRPeQldG3fk0voBvY8FZKHhWX+85Te65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRR8tUEdomkkvVDbGmnAnaNsxw2k0UxXHI6UM4uZn7D49UaSbFvZkmNIjxSLCIEWzsyHf7tWqjn9Vqs/NBueLW3YXQKng5VCBXa1D+7A0lSWMqDOFYa99zExNkWBlGOJ2VeqmmCSYTPKK+RYFjqoNssfIMnUVSITOmaPH+nc1wrPU0Dm0mxmasl7358D/PT010FWRMJKmhgtiI9aKUIyPRvDkaMkWJ4VMLmChmt0RkjBUmxt6nZOt7y2VXodOoe27du7uoNK/zQxThBE6hCh5cQhNuoQVtICDhGd7g3RHOk/PivP5EC07+5xj+yPn4Bv2KjWU=</latexit><latexit sha1_base64="c6jG8PKyiUPHeqV3f31OBbU214k=">AAAB7HicbZDNTgIxFIXv4B/iH+rSTSMxwZCQGWKiS6Ibl5gIkgwD6ZQONHTaSdsxIRPeQldG3fk0voBvY8FZKHhWX+85Te65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRR8tUEdomkkvVDbGmnAnaNsxw2k0UxXHI6UM4uZn7D49UaSbFvZkmNIjxSLCIEWzsyHf7tWqjn9Vqs/NBueLW3YXQKng5VCBXa1D+7A0lSWMqDOFYa99zExNkWBlGOJ2VeqmmCSYTPKK+RYFjqoNssfIMnUVSITOmaPH+nc1wrPU0Dm0mxmasl7358D/PT010FWRMJKmhgtiI9aKUIyPRvDkaMkWJ4VMLmChmt0RkjBUmxt6nZOt7y2VXodOoe27du7uoNK/zQxThBE6hCh5cQhNuoQVtICDhGd7g3RHOk/PivP5EC07+5xj+yPn4Bv2KjWU=</latexit>

PRD 80, 114013 (2017)
D⇤D̄⇤

<latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit><latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit><latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit><latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit>

X(3930)
<latexit sha1_base64="p/38WG0wG1cpL+jKrLu356/2NrM=">AAAB6HicbZDLTsJAFIZP8YZ4Q126mUhMcENaMVF3RDcuMZFLAg2ZDqcwMr1kZmpCGt5BV0bd+Ty+gG/jFLtQ8F99c/5/kvMfLxZcadv+sgorq2vrG8XN0tb2zu5eef+graJEMmyxSESy61GFgofY0lwL7MYSaeAJ7HiTm8zvPKJUPArv9TRGN6CjkPucUW1GnW61flW3Twflil2z5yLL4ORQgVzNQfmzP4xYEmComaBK9Rw71m5KpeZM4KzUTxTGlE3oCHsGQxqgctP5ujNy4keS6DGS+ft3NqWBUtPAM5mA6rFa9LLhf14v0f6lm/IwTjSGzESM5yeC6IhkrcmQS2RaTA1QJrnZkrAxlZRpc5uSqe8sll2G9lnNsWvO3XmlcZ0foghHcAxVcOACGnALTWgBgwk8wxu8Ww/Wk/Vivf5EC1b+5xD+yPr4Bjudi80=</latexit><latexit sha1_base64="p/38WG0wG1cpL+jKrLu356/2NrM=">AAAB6HicbZDLTsJAFIZP8YZ4Q126mUhMcENaMVF3RDcuMZFLAg2ZDqcwMr1kZmpCGt5BV0bd+Ty+gG/jFLtQ8F99c/5/kvMfLxZcadv+sgorq2vrG8XN0tb2zu5eef+graJEMmyxSESy61GFgofY0lwL7MYSaeAJ7HiTm8zvPKJUPArv9TRGN6CjkPucUW1GnW61flW3Twflil2z5yLL4ORQgVzNQfmzP4xYEmComaBK9Rw71m5KpeZM4KzUTxTGlE3oCHsGQxqgctP5ujNy4keS6DGS+ft3NqWBUtPAM5mA6rFa9LLhf14v0f6lm/IwTjSGzESM5yeC6IhkrcmQS2RaTA1QJrnZkrAxlZRpc5uSqe8sll2G9lnNsWvO3XmlcZ0foghHcAxVcOACGnALTWgBgwk8wxu8Ww/Wk/Vivf5EC1b+5xD+yPr4Bjudi80=</latexit><latexit sha1_base64="p/38WG0wG1cpL+jKrLu356/2NrM=">AAAB6HicbZDLTsJAFIZP8YZ4Q126mUhMcENaMVF3RDcuMZFLAg2ZDqcwMr1kZmpCGt5BV0bd+Ty+gG/jFLtQ8F99c/5/kvMfLxZcadv+sgorq2vrG8XN0tb2zu5eef+graJEMmyxSESy61GFgofY0lwL7MYSaeAJ7HiTm8zvPKJUPArv9TRGN6CjkPucUW1GnW61flW3Twflil2z5yLL4ORQgVzNQfmzP4xYEmComaBK9Rw71m5KpeZM4KzUTxTGlE3oCHsGQxqgctP5ujNy4keS6DGS+ft3NqWBUtPAM5mA6rFa9LLhf14v0f6lm/IwTjSGzESM5yeC6IhkrcmQS2RaTA1QJrnZkrAxlZRpc5uSqe8sll2G9lnNsWvO3XmlcZ0foghHcAxVcOACGnALTWgBgwk8wxu8Ww/Wk/Vivf5EC1b+5xD+yPr4Bjudi80=</latexit><latexit sha1_base64="p/38WG0wG1cpL+jKrLu356/2NrM=">AAAB6HicbZDLTsJAFIZP8YZ4Q126mUhMcENaMVF3RDcuMZFLAg2ZDqcwMr1kZmpCGt5BV0bd+Ty+gG/jFLtQ8F99c/5/kvMfLxZcadv+sgorq2vrG8XN0tb2zu5eef+graJEMmyxSESy61GFgofY0lwL7MYSaeAJ7HiTm8zvPKJUPArv9TRGN6CjkPucUW1GnW61flW3Twflil2z5yLL4ORQgVzNQfmzP4xYEmComaBK9Rw71m5KpeZM4KzUTxTGlE3oCHsGQxqgctP5ujNy4keS6DGS+ft3NqWBUtPAM5mA6rFa9LLhf14v0f6lm/IwTjSGzESM5yeC6IhkrcmQS2RaTA1QJrnZkrAxlZRpc5uSqe8sll2G9lnNsWvO3XmlcZ0foghHcAxVcOACGnALTWgBgwk8wxu8Ww/Wk/Vivf5EC1b+5xD+yPr4Bjudi80=</latexit>
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B−
c

D∗

π−

D̄∗

Fig. 2 Tree level contribution corresponding to the hadronization
depicted in Fig. 1b

and we get

|H⟩ = D∗0 D̄∗0 + D∗+ D̄∗− + D∗+
s D̄∗−

s + J/ψ J/ψ. (2)

The intrinsic phase convention for isospin multiplets in
(D∗+, − D∗0), (D̄∗0, D∗− ) indicates that the isospin com-
bination of H is I = 0, as it should be since it comes from
cc̄. Thus, we can write

|H⟩ =
√

2|D∗ D̄∗⟩ + |D∗
s D̄

∗
s ⟩, (3)

where we have neglected the J/ψ J/ψ component which is
far beyond in energy from our range of concern. In addition,
the coupling of the resonances found in [18] to J/ψ J/ψ is
negligibly small.

The combination of |H⟩ in Eq. (3) accounts only for the
flavor composition. We need to take into account the spin-
angular momentum structure of the vertices. If we produce
a 0+[0++] D∗ D̄∗ state we have 0− → 0− 0+ transition and
we adopt the common choice of taking the lowest possible
angular momentum in the vertex, L = 0. The s-wave and the
J P = 1− of the D∗ leads us to a vertex of the type

A′ ϵ · ϵ ′ (4)

with ϵ, ϵ ′ the polarization vertices of D∗, D̄∗. Note that
we shall work in the rest frame of the resonances produced,
where D∗, D̄∗ momenta are small with respect to their masses
and then we neglect the ϵ0 component. On the other hand, if
we produce a 2++ state, the 0− → 0− , 2+ requires L = 2
and we shall then take the D-wave structure

B
(

ϵ · kϵ ′ · k − 1
3
|k|2 ϵ · ϵ ′

)
, (5)

where k is the momentum of the pion. Hence, the tree level
amplitude for B−

s → π − D∗ D̄∗ shown in Fig. 2 is given by

B−
c

π−

D∗, D∗
s

R

D̄∗, D̄∗
s

J/ψ

ω

Fig. 3 Mechanism to produce the J/ψω final state through rescatter-
ing of the D∗ D̄∗ and D∗

s D̄
∗
s components. R is either the X (3922) (2++)

or X (3943) (0++)

B−
c

π−

D∗

D̄∗

(a)

+
B−

c

π−

D∗, D∗
s

R

D̄∗, D̄∗
s

D∗

D̄∗

(b)

Fig. 4 Mechanism to produce the D∗ D̄∗ in the final state through
tree level (a ) and rescattering (b). R is either the X (3922) (2++) or
X (3943) (0++)

t tree
Bc→π − D∗ D̄∗ =

√
2
[
A |kav|2 ϵ · ϵ ′

+B
(

ϵ · k ϵ ′ · k − 1
3
|k|2 ϵ · ϵ ′

)]
, (6)

where we have substituted A′ of Eq. (4) by A |kav|2, with
kav, an average value of k, just to make A and B have the
same dimension. We take |kav| = 1000 MeV.

After the first step for D∗ D̄∗ and D∗
s D̄

∗
s production, these

mesons undergo final state interaction, as depicted in Figs.
3 and 4, to produce J/ψω and D∗ D̄∗ in the final state. In
the case of J/ψω production shown in Fig. 3, since this
state is not primarily produced in |H⟩, it is produced through
rescattering via the resonances X (3922) and X (3943). In the
case of D∗ D̄∗ production, shown in Fig. 4, it proceeds via
tree level (primary production, Fig. 4a) and rescattering (Fig.
4b).

Analytically, we have

tJ/ψω = A |kav|2 ϵ · ϵ ′ t1

+B
(

ϵ · k ϵ ′ · k − 1
3
|k|2 ϵ · ϵ ′

)
t2, (7)

where

t1 =
√

2GD∗ D̄∗
(
MJ/ψω

inv

)
t ID∗ D̄∗→J/ψω

(
MJ/ψω

inv

)

+GD∗
s D̄∗

s

(
MJ/ψω

inv

)
t ID∗

s D̄∗
s →J/ψω

(
MJ/ψω

inv

)
, (8)
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resonance couples most strongly to D∗
s D̄

∗
s has the conse-

quence that the J/ψφ mass spectrum develops a strong cusp
at the D∗

s D̄
∗
s threshold, something visible in the experimen-

tal spectra with an increased strength in that region. It is
also worth mentioning that a similar enhancement is seen,
although with poor statistics, in the recent BESIII work on
the e+e− → γ J/ψφ reaction [23].

In the present work we want to continue along this line of
research and present results for a reaction that should reveal
the D∗ D̄∗ nature of two states found in [18] as 0+[0++] and
0+[2++] at 3943 and 3922 MeV, respectively, which can
be identified with some experimental states in that region
[16,18].1

In this case we note that the states found, mostly D∗ D̄∗

bound states, also couple to J/ψω in the second place, and
J/ψφ with smaller strength. So we choose the J/ψω obser-
vation channel looking into the necessary cusp that should
develop at the D∗ D̄∗ threshold. For this purpose we look into
the B−

c → π− J/ψω decay and then into the J/ψω invari-
ant mass distribution. The choice of this reaction is that in
a first stage of the reaction the D∗ D̄∗ state is formed with a
dominant weak decay mechanism, but the J/ψω state is not
formed at this level. Then the J/ψω is finally produced via
rescattering of the D∗ D̄∗ component with the other compo-
nents that make up the two molecular states. This stresses the
role of the resonance since there is no tree level J/ψω con-
tribution. Thus, we obtain two peaks in the J/ψω mass dis-
tribution corresponding to the molecular states and a strong
cusp at the D∗ D̄∗ threshold. In addition we also look at the
D∗ D̄∗ mass distribution in the B−

c → π−D∗ D̄∗ reaction
and evaluate its strength above the D∗ D̄∗ threshold, which
is closely connected to the strength of the J/ψω mass dis-
tribution. The D∗ D̄∗ cusp feature, together with the relative
strength of the D∗ D̄∗ compared to the one of J/ψω, are
two magnitudes which are tied to the molecular structure of
these two resonances, and we encourage the performance of
the experiment that should bring valuable light into these
issues.

1 The state at 3943 MeV can be associated with the X (3940) of [24,25]
and the X (3922) with the X (3930)[27] now classified in the PDG as
the χc2(2P). The width of the X (3943) MeV obtained in [18] of 15–
17 MeV looks small compared to ' = 87 ± 22 ± 26 MeV of [24].
These results are improved in [25] by measuring the DD̄ and DD̄∗
decay channels with ' = 15.4 ± 10.1 MeV, in good agreement with
the results of [18]. A further experiment for the X (3940) in [26] from
the measurement of the D∗ D̄∗ channel close to threshold, provides
' = 37+26

−15 ± 8 MeV, which is also compatible with the results of [18]
within the large errors. The width of about 50 MeV of [18] for the
X (3922) is also in fair agreement with ' = 29 ± 10 ± 2 MeV of [27].

c̄ c̄

b c

W

ū

d

π−

B−
c

(a)

c̄ c̄

ūu + d̄d + s̄s + c̄c

b c

W

ū

d

π−

B−
c

(b)

Fig. 1 a Microscopic quark picture of B−
c → π−cc̄ decay. b

Hadronization through q̄q creation with vacuum quantum numbers

2 Formalism

We look into the B−
c decay mechanism at quark level depicted

in Fig. 1a.
The mechanism qualifies as external emission [28] and

is both Cabibbo favored in Wud vertex, and color favored
(the Wbc vertex is also the least Cabibbo suppressed of the b
decays). Then the final c quark from b decay and the spectator
c̄ quark from the B−

c hadronize, with the incorporation of q̄q
with the quantum numbers of the vacuum (see Fig. 1b) to give
two mesons. The resulting two mesons are easily obtained
by writing

H =
4∑

i=1

cq̄i qi c̄ =
4∑

i=1

M4i Mi4 = (M2)44,

where Mi j is the qq̄ matrix with the u, d , s, c quarks. How-
ever, it is convenient to write the qq̄ matrix in terms of phys-
ical mesons, in this case vector mesons as

Mi j → V =

⎛

⎜⎜⎜⎝

1√
2
ρ0 + 1√

2
ω ρ+ K ∗+ D̄∗0

ρ− − 1√
2
ρ0 + 1√

2
ω K ∗0 D̄∗−

K ∗− K̄ ∗0 φ D∗−
s

D∗0 D∗+ D∗+
s J/ψ

⎞

⎟⎟⎟⎠
,

(1)
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<latexit sha1_base64="bXf495gJZC1E3tg5EtYlYwsU/k8=">AAAB73icbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLtGmZTE/aoZOLMxOhhDyHrkTd+S6+gG/jtGahrf/qm/P/A+c/Xiy40rb9ZRWWlldW14rrpY3Nre2d8u5eU0WJZNhgkYhk26MKBQ+xobkW2I4l0sAT2PLG11O/9YhS8Si815MY3YAOQ+5zRrUZ9boelelN1le99OQ065crdtWeiSyCk0MFctX75c/uIGJJgKFmgirVcexYuymVmjOBWambKIwpG9MhdgyGNEDlprOtM3LkR5LoEZLZ+3c2pYFSk8AzmYDqkZr3psP/vE6i/Us35WGcaAyZiRjPTwTREZmWJwMukWkxMUCZ5GZLwkZUUqbNiUqmvjNfdhGaZ1XHrjp355XaVX6IIhzAIRyDAxdQg1uoQwMYSHiGN3i3Hqwn68V6/YkWrPzPPvyR9fENE62P5w==</latexit><latexit sha1_base64="bXf495gJZC1E3tg5EtYlYwsU/k8=">AAAB73icbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLtGmZTE/aoZOLMxOhhDyHrkTd+S6+gG/jtGahrf/qm/P/A+c/Xiy40rb9ZRWWlldW14rrpY3Nre2d8u5eU0WJZNhgkYhk26MKBQ+xobkW2I4l0sAT2PLG11O/9YhS8Si815MY3YAOQ+5zRrUZ9boelelN1le99OQ065crdtWeiSyCk0MFctX75c/uIGJJgKFmgirVcexYuymVmjOBWambKIwpG9MhdgyGNEDlprOtM3LkR5LoEZLZ+3c2pYFSk8AzmYDqkZr3psP/vE6i/Us35WGcaAyZiRjPTwTREZmWJwMukWkxMUCZ5GZLwkZUUqbNiUqmvjNfdhGaZ1XHrjp355XaVX6IIhzAIRyDAxdQg1uoQwMYSHiGN3i3Hqwn68V6/YkWrPzPPvyR9fENE62P5w==</latexit><latexit sha1_base64="bXf495gJZC1E3tg5EtYlYwsU/k8=">AAAB73icbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLtGmZTE/aoZOLMxOhhDyHrkTd+S6+gG/jtGahrf/qm/P/A+c/Xiy40rb9ZRWWlldW14rrpY3Nre2d8u5eU0WJZNhgkYhk26MKBQ+xobkW2I4l0sAT2PLG11O/9YhS8Si815MY3YAOQ+5zRrUZ9boelelN1le99OQ065crdtWeiSyCk0MFctX75c/uIGJJgKFmgirVcexYuymVmjOBWambKIwpG9MhdgyGNEDlprOtM3LkR5LoEZLZ+3c2pYFSk8AzmYDqkZr3psP/vE6i/Us35WGcaAyZiRjPTwTREZmWJwMukWkxMUCZ5GZLwkZUUqbNiUqmvjNfdhGaZ1XHrjp355XaVX6IIhzAIRyDAxdQg1uoQwMYSHiGN3i3Hqwn68V6/YkWrPzPPvyR9fENE62P5w==</latexit><latexit sha1_base64="bXf495gJZC1E3tg5EtYlYwsU/k8=">AAAB73icbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLtGmZTE/aoZOLMxOhhDyHrkTd+S6+gG/jtGahrf/qm/P/A+c/Xiy40rb9ZRWWlldW14rrpY3Nre2d8u5eU0WJZNhgkYhk26MKBQ+xobkW2I4l0sAT2PLG11O/9YhS8Si815MY3YAOQ+5zRrUZ9boelelN1le99OQ065crdtWeiSyCk0MFctX75c/uIGJJgKFmgirVcexYuymVmjOBWambKIwpG9MhdgyGNEDlprOtM3LkR5LoEZLZ+3c2pYFSk8AzmYDqkZr3psP/vE6i/Us35WGcaAyZiRjPTwTREZmWJwMukWkxMUCZ5GZLwkZUUqbNiUqmvjNfdhGaZ1XHrjp355XaVX6IIhzAIRyDAxdQg1uoQwMYSHiGN3i3Hqwn68V6/YkWrPzPPvyR9fENE62P5w==</latexit>

D⇤+
s

<latexit sha1_base64="VNNTE6FCwFjudpv1G7R7/QPVAfM=">AAAB6XicbZDLSgMxFIZP6q3WW9Wlm2ARRKHMiKDLoi5cVrAXaMeSSc+0oZkLSUYoQx9CV6LufB1fwLcxrbPQ1n/15fx/4PzHT6TQxnG+SGFpeWV1rbhe2tjc2t4p7+41dZwqjg0ey1i1faZRiggbRhiJ7UQhC32JLX90PfVbj6i0iKN7M07QC9kgEoHgzNhR+6anH7KT00mvXHGqzkx0EdwcKpCr3it/dvsxT0OMDJdM647rJMbLmDKCS5yUuqnGhPERG2DHYsRC1F4223dCj4JYUTNEOnv/zmYs1Hoc+jYTMjPU8950+J/XSU1w6WUiSlKDEbcR6wWppCam09q0LxRyI8cWGFfCbkn5kCnGjT1OydZ358suQvOs6jpV9+68UrvKD1GEAziEY3DhAmpwC3VoAAcJz/AG72REnsgLef2JFkj+Zx/+iHx8A1BrjSA=</latexit><latexit sha1_base64="VNNTE6FCwFjudpv1G7R7/QPVAfM=">AAAB6XicbZDLSgMxFIZP6q3WW9Wlm2ARRKHMiKDLoi5cVrAXaMeSSc+0oZkLSUYoQx9CV6LufB1fwLcxrbPQ1n/15fx/4PzHT6TQxnG+SGFpeWV1rbhe2tjc2t4p7+41dZwqjg0ey1i1faZRiggbRhiJ7UQhC32JLX90PfVbj6i0iKN7M07QC9kgEoHgzNhR+6anH7KT00mvXHGqzkx0EdwcKpCr3it/dvsxT0OMDJdM647rJMbLmDKCS5yUuqnGhPERG2DHYsRC1F4223dCj4JYUTNEOnv/zmYs1Hoc+jYTMjPU8950+J/XSU1w6WUiSlKDEbcR6wWppCam09q0LxRyI8cWGFfCbkn5kCnGjT1OydZ358suQvOs6jpV9+68UrvKD1GEAziEY3DhAmpwC3VoAAcJz/AG72REnsgLef2JFkj+Zx/+iHx8A1BrjSA=</latexit><latexit sha1_base64="VNNTE6FCwFjudpv1G7R7/QPVAfM=">AAAB6XicbZDLSgMxFIZP6q3WW9Wlm2ARRKHMiKDLoi5cVrAXaMeSSc+0oZkLSUYoQx9CV6LufB1fwLcxrbPQ1n/15fx/4PzHT6TQxnG+SGFpeWV1rbhe2tjc2t4p7+41dZwqjg0ey1i1faZRiggbRhiJ7UQhC32JLX90PfVbj6i0iKN7M07QC9kgEoHgzNhR+6anH7KT00mvXHGqzkx0EdwcKpCr3it/dvsxT0OMDJdM647rJMbLmDKCS5yUuqnGhPERG2DHYsRC1F4223dCj4JYUTNEOnv/zmYs1Hoc+jYTMjPU8950+J/XSU1w6WUiSlKDEbcR6wWppCam09q0LxRyI8cWGFfCbkn5kCnGjT1OydZ358suQvOs6jpV9+68UrvKD1GEAziEY3DhAmpwC3VoAAcJz/AG72REnsgLef2JFkj+Zx/+iHx8A1BrjSA=</latexit><latexit sha1_base64="VNNTE6FCwFjudpv1G7R7/QPVAfM=">AAAB6XicbZDLSgMxFIZP6q3WW9Wlm2ARRKHMiKDLoi5cVrAXaMeSSc+0oZkLSUYoQx9CV6LufB1fwLcxrbPQ1n/15fx/4PzHT6TQxnG+SGFpeWV1rbhe2tjc2t4p7+41dZwqjg0ey1i1faZRiggbRhiJ7UQhC32JLX90PfVbj6i0iKN7M07QC9kgEoHgzNhR+6anH7KT00mvXHGqzkx0EdwcKpCr3it/dvsxT0OMDJdM647rJMbLmDKCS5yUuqnGhPERG2DHYsRC1F4223dCj4JYUTNEOnv/zmYs1Hoc+jYTMjPU8950+J/XSU1w6WUiSlKDEbcR6wWppCam09q0LxRyI8cWGFfCbkn5kCnGjT1OydZ358suQvOs6jpV9+68UrvKD1GEAziEY3DhAmpwC3VoAAcJz/AG72REnsgLef2JFkj+Zx/+iHx8A1BrjSA=</latexit>

,
,

T

  Formalism…

T =

D⇤D̄⇤
<latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit><latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit><latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit><latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit>

0+(0++)
<latexit sha1_base64="7WvpBgLRye8aVi5TLtsg432rS1U=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiVAplRgRdFt24rGB/YDotmfROG5pJhiQjlKFvoStRdz6NL+DbmNZZaOtZfbnnBO65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRW8tUUWhRyaXqhkQDZwJahhkO3UQBiUMOnXByO/c7j6A0k+LBTBMIYjISLGKUGDvy3X6t6vazWm12PihX3Lq7EF4FL4cKytUclD97Q0nTGIShnGjte25igowowyiHWamXakgInZAR+BYFiUEH2WLlGT6LpMJmDHjx/p3NSKz1NA5tJiZmrJe9+fA/z09NdB1kTCSpAUFtxHpRyrGReN4cD5kCavjUAqGK2S0xHRNFqLH3Kdn63nLZVWhf1D237t1fVho3+SGK6ASdoiry0BVqoDvURC1EkUTP6A29O8J5cl6c159owcn/HKM/cj6+AfqCjWM=</latexit><latexit sha1_base64="7WvpBgLRye8aVi5TLtsg432rS1U=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiVAplRgRdFt24rGB/YDotmfROG5pJhiQjlKFvoStRdz6NL+DbmNZZaOtZfbnnBO65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRW8tUUWhRyaXqhkQDZwJahhkO3UQBiUMOnXByO/c7j6A0k+LBTBMIYjISLGKUGDvy3X6t6vazWm12PihX3Lq7EF4FL4cKytUclD97Q0nTGIShnGjte25igowowyiHWamXakgInZAR+BYFiUEH2WLlGT6LpMJmDHjx/p3NSKz1NA5tJiZmrJe9+fA/z09NdB1kTCSpAUFtxHpRyrGReN4cD5kCavjUAqGK2S0xHRNFqLH3Kdn63nLZVWhf1D237t1fVho3+SGK6ASdoiry0BVqoDvURC1EkUTP6A29O8J5cl6c159owcn/HKM/cj6+AfqCjWM=</latexit><latexit sha1_base64="7WvpBgLRye8aVi5TLtsg432rS1U=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiVAplRgRdFt24rGB/YDotmfROG5pJhiQjlKFvoStRdz6NL+DbmNZZaOtZfbnnBO65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRW8tUUWhRyaXqhkQDZwJahhkO3UQBiUMOnXByO/c7j6A0k+LBTBMIYjISLGKUGDvy3X6t6vazWm12PihX3Lq7EF4FL4cKytUclD97Q0nTGIShnGjte25igowowyiHWamXakgInZAR+BYFiUEH2WLlGT6LpMJmDHjx/p3NSKz1NA5tJiZmrJe9+fA/z09NdB1kTCSpAUFtxHpRyrGReN4cD5kCavjUAqGK2S0xHRNFqLH3Kdn63nLZVWhf1D237t1fVho3+SGK6ASdoiry0BVqoDvURC1EkUTP6A29O8J5cl6c159owcn/HKM/cj6+AfqCjWM=</latexit><latexit sha1_base64="7WvpBgLRye8aVi5TLtsg432rS1U=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiVAplRgRdFt24rGB/YDotmfROG5pJhiQjlKFvoStRdz6NL+DbmNZZaOtZfbnnBO65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRW8tUUWhRyaXqhkQDZwJahhkO3UQBiUMOnXByO/c7j6A0k+LBTBMIYjISLGKUGDvy3X6t6vazWm12PihX3Lq7EF4FL4cKytUclD97Q0nTGIShnGjte25igowowyiHWamXakgInZAR+BYFiUEH2WLlGT6LpMJmDHjx/p3NSKz1NA5tJiZmrJe9+fA/z09NdB1kTCSpAUFtxHpRyrGReN4cD5kCavjUAqGK2S0xHRNFqLH3Kdn63nLZVWhf1D237t1fVho3+SGK6ASdoiry0BVqoDvURC1EkUTP6A29O8J5cl6c159owcn/HKM/cj6+AfqCjWM=</latexit>

0+(2++)
<latexit sha1_base64="c6jG8PKyiUPHeqV3f31OBbU214k=">AAAB7HicbZDNTgIxFIXv4B/iH+rSTSMxwZCQGWKiS6Ibl5gIkgwD6ZQONHTaSdsxIRPeQldG3fk0voBvY8FZKHhWX+85Te65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRR8tUEdomkkvVDbGmnAnaNsxw2k0UxXHI6UM4uZn7D49UaSbFvZkmNIjxSLCIEWzsyHf7tWqjn9Vqs/NBueLW3YXQKng5VCBXa1D+7A0lSWMqDOFYa99zExNkWBlGOJ2VeqmmCSYTPKK+RYFjqoNssfIMnUVSITOmaPH+nc1wrPU0Dm0mxmasl7358D/PT010FWRMJKmhgtiI9aKUIyPRvDkaMkWJ4VMLmChmt0RkjBUmxt6nZOt7y2VXodOoe27du7uoNK/zQxThBE6hCh5cQhNuoQVtICDhGd7g3RHOk/PivP5EC07+5xj+yPn4Bv2KjWU=</latexit><latexit sha1_base64="c6jG8PKyiUPHeqV3f31OBbU214k=">AAAB7HicbZDNTgIxFIXv4B/iH+rSTSMxwZCQGWKiS6Ibl5gIkgwD6ZQONHTaSdsxIRPeQldG3fk0voBvY8FZKHhWX+85Te65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRR8tUEdomkkvVDbGmnAnaNsxw2k0UxXHI6UM4uZn7D49UaSbFvZkmNIjxSLCIEWzsyHf7tWqjn9Vqs/NBueLW3YXQKng5VCBXa1D+7A0lSWMqDOFYa99zExNkWBlGOJ2VeqmmCSYTPKK+RYFjqoNssfIMnUVSITOmaPH+nc1wrPU0Dm0mxmasl7358D/PT010FWRMJKmhgtiI9aKUIyPRvDkaMkWJ4VMLmChmt0RkjBUmxt6nZOt7y2VXodOoe27du7uoNK/zQxThBE6hCh5cQhNuoQVtICDhGd7g3RHOk/PivP5EC07+5xj+yPn4Bv2KjWU=</latexit><latexit sha1_base64="c6jG8PKyiUPHeqV3f31OBbU214k=">AAAB7HicbZDNTgIxFIXv4B/iH+rSTSMxwZCQGWKiS6Ibl5gIkgwD6ZQONHTaSdsxIRPeQldG3fk0voBvY8FZKHhWX+85Te65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRR8tUEdomkkvVDbGmnAnaNsxw2k0UxXHI6UM4uZn7D49UaSbFvZkmNIjxSLCIEWzsyHf7tWqjn9Vqs/NBueLW3YXQKng5VCBXa1D+7A0lSWMqDOFYa99zExNkWBlGOJ2VeqmmCSYTPKK+RYFjqoNssfIMnUVSITOmaPH+nc1wrPU0Dm0mxmasl7358D/PT010FWRMJKmhgtiI9aKUIyPRvDkaMkWJ4VMLmChmt0RkjBUmxt6nZOt7y2VXodOoe27du7uoNK/zQxThBE6hCh5cQhNuoQVtICDhGd7g3RHOk/PivP5EC07+5xj+yPn4Bv2KjWU=</latexit><latexit sha1_base64="c6jG8PKyiUPHeqV3f31OBbU214k=">AAAB7HicbZDNTgIxFIXv4B/iH+rSTSMxwZCQGWKiS6Ibl5gIkgwD6ZQONHTaSdsxIRPeQldG3fk0voBvY8FZKHhWX+85Te65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRR8tUEdomkkvVDbGmnAnaNsxw2k0UxXHI6UM4uZn7D49UaSbFvZkmNIjxSLCIEWzsyHf7tWqjn9Vqs/NBueLW3YXQKng5VCBXa1D+7A0lSWMqDOFYa99zExNkWBlGOJ2VeqmmCSYTPKK+RYFjqoNssfIMnUVSITOmaPH+nc1wrPU0Dm0mxmasl7358D/PT010FWRMJKmhgtiI9aKUIyPRvDkaMkWJ4VMLmChmt0RkjBUmxt6nZOt7y2VXodOoe27du7uoNK/zQxThBE6hCh5cQhNuoQVtICDhGd7g3RHOk/PivP5EC07+5xj+yPn4Bv2KjWU=</latexit>

d�

dMD⇤D̄⇤
inv

=
1

(2⇡)3
k0pD⇤

4M2
Bc

<latexit sha1_base64="S6v9SYgdTISslfP1VQ5Ov887ck4="></latexit><latexit sha1_base64="S6v9SYgdTISslfP1VQ5Ov887ck4="></latexit><latexit sha1_base64="S6v9SYgdTISslfP1VQ5Ov887ck4="></latexit><latexit sha1_base64="S6v9SYgdTISslfP1VQ5Ov887ck4="></latexit>

|T |2
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results for the different values of the parameter B. The

normalization is the same as in Fig. 5

Table 2 Ratio R between the maximum of the D∗ D̄∗ mass distribution
in Fig. 6 and the strength of the cusp at the D∗ D̄∗ threshold in Fig. 5

A = 1.0

B = 0.5 B = 1.0 B = 1.5 B = 2.0

R = 2.57 R = 2.22 R = 2.16 R = 2.13

reaction, the two peaks actually merge into a broader one,
although a precise measurement could maybe allow a sepa-
ration of the two peaks, particularly if a partial wave analysis
is done that separates the two different spin resonances. Inter-
esting, however, is the fact that the cusp appears always at
the same place, the D∗ D̄∗ threshold. The other relevant fea-
ture is that its strength grows with increasing weight of the
tensor resonance, indicating that the cusp is basically tied to
the 2++ X (3930) state.

In Fig. 6 we show the D∗ D̄∗ mass distribution in the
B−
c → π− D∗ D̄∗ decay. We observe a distribution quite dif-

ferent from ordinary phase space, sticking close to threshold,
indicating that it is influenced by a resonance below thresh-
old. Its strength also grows with increasing strength of the
tensor resonance, which establishes a link between this state
and the D∗ D̄∗ distribution.

Very interesting is the ratio of the strengths of d!

dM J/ψω
inv

at the peak of the cusp of the D∗ D̄∗ threshold versus the
strength at the peak of d!

dMD∗ D̄∗
inv

. We show these numbers in

Table 2 for different values of B. As we can see, this ratio is
relatively stable and tied to the dynamically generated nature
of the two resonances discussed.

The fact that the ratio R is essentially independent on the
strength B of the tensor resonance indicates that it is this
resonance in practice the one that is responsible for both the
cusp in the J/ψω and the D∗ D̄∗ mass distributions in the
B−
c → π− D∗ D̄∗ reaction.
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results for the different values of the parameter B, but

with the mass of the two resonances at 3800 MeV

It is interesting to further investigate the role of the res-
onance in the D∗ D̄∗ cusp. Certainly, the fact that a cusp in
D∗ D̄∗ appears observing the J/ψω invariant mass indicates
that these channels are coupled, otherwise there would be no
cusp. Even more, for the particular case, since J/ψω does not
appear in the contribution of primary formed states of Eq. (2),
the presence of a cusp at the D∗ D̄∗ threshold implies a tran-
sition from D∗ D̄∗ or D∗

s D̄s
∗ to J/ψω. This information is

already helpful by itself, indicating the presence of coupled
channels. On the other hand, we can simulate a situation
where we have coupled channels but we have no resonances.
Without changing the formalism we can artificially place the
positions of the resonances, at 3800 MeV, for instance, and
see what happens. We show the results in Fig. 7 and we can
see that the resonances do not show up in the range of ener-
gies of Fig. 5, which we also consider in Fig. 7. We still see
a cusp at the D∗ D̄∗ threshold, which is a necessary conse-
quence of the coupled channels, with or without resonances.
However, for the same strength of B/A, the strength of the
cusp is much weaker than in Fig. 5, when we have the pres-
ence of the resonances nearby. Also the shape of the cusp is
sharper in the presence of the resonances, as seen in Fig. 5.

4 Conclusions

We have looked into the B−
c → J/ψω decay and in par-

ticular in the J/ψω mass distribution. We find that this
observable is much influenced by the role of the X (3940)
and X (3930) resonances, which in Ref. [18] appear dynam-
ically generated from the vector-vector meson interaction in
the charm sector. These resonances couple mostly to D∗ D̄∗

in 2++ and 0++, respectively. In order to find support for this
nature of the resonances we stress two particular features: the
first one is to observe that J/ψω is not the main channel for
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results for the different values of the parameter B. The

normalization is the same as in Fig. 5

Table 2 Ratio R between the maximum of the D∗ D̄∗ mass distribution
in Fig. 6 and the strength of the cusp at the D∗ D̄∗ threshold in Fig. 5

A = 1.0

B = 0.5 B = 1.0 B = 1.5 B = 2.0

R = 2.57 R = 2.22 R = 2.16 R = 2.13

reaction, the two peaks actually merge into a broader one,
although a precise measurement could maybe allow a sepa-
ration of the two peaks, particularly if a partial wave analysis
is done that separates the two different spin resonances. Inter-
esting, however, is the fact that the cusp appears always at
the same place, the D∗ D̄∗ threshold. The other relevant fea-
ture is that its strength grows with increasing weight of the
tensor resonance, indicating that the cusp is basically tied to
the 2++ X (3930) state.

In Fig. 6 we show the D∗ D̄∗ mass distribution in the
B−
c → π− D∗ D̄∗ decay. We observe a distribution quite dif-

ferent from ordinary phase space, sticking close to threshold,
indicating that it is influenced by a resonance below thresh-
old. Its strength also grows with increasing strength of the
tensor resonance, which establishes a link between this state
and the D∗ D̄∗ distribution.

Very interesting is the ratio of the strengths of d!

dM J/ψω
inv

at the peak of the cusp of the D∗ D̄∗ threshold versus the
strength at the peak of d!

dMD∗ D̄∗
inv

. We show these numbers in

Table 2 for different values of B. As we can see, this ratio is
relatively stable and tied to the dynamically generated nature
of the two resonances discussed.

The fact that the ratio R is essentially independent on the
strength B of the tensor resonance indicates that it is this
resonance in practice the one that is responsible for both the
cusp in the J/ψω and the D∗ D̄∗ mass distributions in the
B−
c → π− D∗ D̄∗ reaction.
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dM J/ψω
inv

results for the different values of the parameter B, but

with the mass of the two resonances at 3800 MeV

It is interesting to further investigate the role of the res-
onance in the D∗ D̄∗ cusp. Certainly, the fact that a cusp in
D∗ D̄∗ appears observing the J/ψω invariant mass indicates
that these channels are coupled, otherwise there would be no
cusp. Even more, for the particular case, since J/ψω does not
appear in the contribution of primary formed states of Eq. (2),
the presence of a cusp at the D∗ D̄∗ threshold implies a tran-
sition from D∗ D̄∗ or D∗

s D̄s
∗ to J/ψω. This information is

already helpful by itself, indicating the presence of coupled
channels. On the other hand, we can simulate a situation
where we have coupled channels but we have no resonances.
Without changing the formalism we can artificially place the
positions of the resonances, at 3800 MeV, for instance, and
see what happens. We show the results in Fig. 7 and we can
see that the resonances do not show up in the range of ener-
gies of Fig. 5, which we also consider in Fig. 7. We still see
a cusp at the D∗ D̄∗ threshold, which is a necessary conse-
quence of the coupled channels, with or without resonances.
However, for the same strength of B/A, the strength of the
cusp is much weaker than in Fig. 5, when we have the pres-
ence of the resonances nearby. Also the shape of the cusp is
sharper in the presence of the resonances, as seen in Fig. 5.

4 Conclusions

We have looked into the B−
c → J/ψω decay and in par-

ticular in the J/ψω mass distribution. We find that this
observable is much influenced by the role of the X (3940)
and X (3930) resonances, which in Ref. [18] appear dynam-
ically generated from the vector-vector meson interaction in
the charm sector. These resonances couple mostly to D∗ D̄∗

in 2++ and 0++, respectively. In order to find support for this
nature of the resonances we stress two particular features: the
first one is to observe that J/ψω is not the main channel for

123
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<latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit><latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit><latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit><latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit>



T ~

D⇤D̄⇤
<latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit><latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit><latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit><latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit>

0+(0++)
<latexit sha1_base64="7WvpBgLRye8aVi5TLtsg432rS1U=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiVAplRgRdFt24rGB/YDotmfROG5pJhiQjlKFvoStRdz6NL+DbmNZZaOtZfbnnBO65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRW8tUUWhRyaXqhkQDZwJahhkO3UQBiUMOnXByO/c7j6A0k+LBTBMIYjISLGKUGDvy3X6t6vazWm12PihX3Lq7EF4FL4cKytUclD97Q0nTGIShnGjte25igowowyiHWamXakgInZAR+BYFiUEH2WLlGT6LpMJmDHjx/p3NSKz1NA5tJiZmrJe9+fA/z09NdB1kTCSpAUFtxHpRyrGReN4cD5kCavjUAqGK2S0xHRNFqLH3Kdn63nLZVWhf1D237t1fVho3+SGK6ASdoiry0BVqoDvURC1EkUTP6A29O8J5cl6c159owcn/HKM/cj6+AfqCjWM=</latexit><latexit sha1_base64="7WvpBgLRye8aVi5TLtsg432rS1U=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiVAplRgRdFt24rGB/YDotmfROG5pJhiQjlKFvoStRdz6NL+DbmNZZaOtZfbnnBO65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRW8tUUWhRyaXqhkQDZwJahhkO3UQBiUMOnXByO/c7j6A0k+LBTBMIYjISLGKUGDvy3X6t6vazWm12PihX3Lq7EF4FL4cKytUclD97Q0nTGIShnGjte25igowowyiHWamXakgInZAR+BYFiUEH2WLlGT6LpMJmDHjx/p3NSKz1NA5tJiZmrJe9+fA/z09NdB1kTCSpAUFtxHpRyrGReN4cD5kCavjUAqGK2S0xHRNFqLH3Kdn63nLZVWhf1D237t1fVho3+SGK6ASdoiry0BVqoDvURC1EkUTP6A29O8J5cl6c159owcn/HKM/cj6+AfqCjWM=</latexit><latexit sha1_base64="7WvpBgLRye8aVi5TLtsg432rS1U=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiVAplRgRdFt24rGB/YDotmfROG5pJhiQjlKFvoStRdz6NL+DbmNZZaOtZfbnnBO65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRW8tUUWhRyaXqhkQDZwJahhkO3UQBiUMOnXByO/c7j6A0k+LBTBMIYjISLGKUGDvy3X6t6vazWm12PihX3Lq7EF4FL4cKytUclD97Q0nTGIShnGjte25igowowyiHWamXakgInZAR+BYFiUEH2WLlGT6LpMJmDHjx/p3NSKz1NA5tJiZmrJe9+fA/z09NdB1kTCSpAUFtxHpRyrGReN4cD5kCavjUAqGK2S0xHRNFqLH3Kdn63nLZVWhf1D237t1fVho3+SGK6ASdoiry0BVqoDvURC1EkUTP6A29O8J5cl6c159owcn/HKM/cj6+AfqCjWM=</latexit><latexit sha1_base64="7WvpBgLRye8aVi5TLtsg432rS1U=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiVAplRgRdFt24rGB/YDotmfROG5pJhiQjlKFvoStRdz6NL+DbmNZZaOtZfbnnBO65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRW8tUUWhRyaXqhkQDZwJahhkO3UQBiUMOnXByO/c7j6A0k+LBTBMIYjISLGKUGDvy3X6t6vazWm12PihX3Lq7EF4FL4cKytUclD97Q0nTGIShnGjte25igowowyiHWamXakgInZAR+BYFiUEH2WLlGT6LpMJmDHjx/p3NSKz1NA5tJiZmrJe9+fA/z09NdB1kTCSpAUFtxHpRyrGReN4cD5kCavjUAqGK2S0xHRNFqLH3Kdn63nLZVWhf1D237t1fVho3+SGK6ASdoiry0BVqoDvURC1EkUTP6A29O8J5cl6c159owcn/HKM/cj6+AfqCjWM=</latexit>

0+(2++)
<latexit sha1_base64="c6jG8PKyiUPHeqV3f31OBbU214k=">AAAB7HicbZDNTgIxFIXv4B/iH+rSTSMxwZCQGWKiS6Ibl5gIkgwD6ZQONHTaSdsxIRPeQldG3fk0voBvY8FZKHhWX+85Te65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRR8tUEdomkkvVDbGmnAnaNsxw2k0UxXHI6UM4uZn7D49UaSbFvZkmNIjxSLCIEWzsyHf7tWqjn9Vqs/NBueLW3YXQKng5VCBXa1D+7A0lSWMqDOFYa99zExNkWBlGOJ2VeqmmCSYTPKK+RYFjqoNssfIMnUVSITOmaPH+nc1wrPU0Dm0mxmasl7358D/PT010FWRMJKmhgtiI9aKUIyPRvDkaMkWJ4VMLmChmt0RkjBUmxt6nZOt7y2VXodOoe27du7uoNK/zQxThBE6hCh5cQhNuoQVtICDhGd7g3RHOk/PivP5EC07+5xj+yPn4Bv2KjWU=</latexit><latexit sha1_base64="c6jG8PKyiUPHeqV3f31OBbU214k=">AAAB7HicbZDNTgIxFIXv4B/iH+rSTSMxwZCQGWKiS6Ibl5gIkgwD6ZQONHTaSdsxIRPeQldG3fk0voBvY8FZKHhWX+85Te65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRR8tUEdomkkvVDbGmnAnaNsxw2k0UxXHI6UM4uZn7D49UaSbFvZkmNIjxSLCIEWzsyHf7tWqjn9Vqs/NBueLW3YXQKng5VCBXa1D+7A0lSWMqDOFYa99zExNkWBlGOJ2VeqmmCSYTPKK+RYFjqoNssfIMnUVSITOmaPH+nc1wrPU0Dm0mxmasl7358D/PT010FWRMJKmhgtiI9aKUIyPRvDkaMkWJ4VMLmChmt0RkjBUmxt6nZOt7y2VXodOoe27du7uoNK/zQxThBE6hCh5cQhNuoQVtICDhGd7g3RHOk/PivP5EC07+5xj+yPn4Bv2KjWU=</latexit><latexit sha1_base64="c6jG8PKyiUPHeqV3f31OBbU214k=">AAAB7HicbZDNTgIxFIXv4B/iH+rSTSMxwZCQGWKiS6Ibl5gIkgwD6ZQONHTaSdsxIRPeQldG3fk0voBvY8FZKHhWX+85Te65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRR8tUEdomkkvVDbGmnAnaNsxw2k0UxXHI6UM4uZn7D49UaSbFvZkmNIjxSLCIEWzsyHf7tWqjn9Vqs/NBueLW3YXQKng5VCBXa1D+7A0lSWMqDOFYa99zExNkWBlGOJ2VeqmmCSYTPKK+RYFjqoNssfIMnUVSITOmaPH+nc1wrPU0Dm0mxmasl7358D/PT010FWRMJKmhgtiI9aKUIyPRvDkaMkWJ4VMLmChmt0RkjBUmxt6nZOt7y2VXodOoe27du7uoNK/zQxThBE6hCh5cQhNuoQVtICDhGd7g3RHOk/PivP5EC07+5xj+yPn4Bv2KjWU=</latexit><latexit sha1_base64="c6jG8PKyiUPHeqV3f31OBbU214k=">AAAB7HicbZDNTgIxFIXv4B/iH+rSTSMxwZCQGWKiS6Ibl5gIkgwD6ZQONHTaSdsxIRPeQldG3fk0voBvY8FZKHhWX+85Te65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRR8tUEdomkkvVDbGmnAnaNsxw2k0UxXHI6UM4uZn7D49UaSbFvZkmNIjxSLCIEWzsyHf7tWqjn9Vqs/NBueLW3YXQKng5VCBXa1D+7A0lSWMqDOFYa99zExNkWBlGOJ2VeqmmCSYTPKK+RYFjqoNssfIMnUVSITOmaPH+nc1wrPU0Dm0mxmasl7358D/PT010FWRMJKmhgtiI9aKUIyPRvDkaMkWJ4VMLmChmt0RkjBUmxt6nZOt7y2VXodOoe27du7uoNK/zQxThBE6hCh5cQhNuoQVtICDhGd7g3RHOk/PivP5EC07+5xj+yPn4Bv2KjWU=</latexit>
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<latexit sha1_base64="S6v9SYgdTISslfP1VQ5Ov887ck4="></latexit><latexit sha1_base64="S6v9SYgdTISslfP1VQ5Ov887ck4="></latexit><latexit sha1_base64="S6v9SYgdTISslfP1VQ5Ov887ck4="></latexit><latexit sha1_base64="S6v9SYgdTISslfP1VQ5Ov887ck4="></latexit>

|T |2
<latexit sha1_base64="3/EsAziPRSoGlvev6hZ89fe4BEo=">AAACEXicbVDLSsNAFL3xWesr6tLNYBFcSEmKoMuiG5cV+oI0lsl00g6dPJiZCCXNV+jP6ErUnf6Af+M0RtDWszpzzpnLvceLOZPKsj6NpeWV1bX10kZ5c2t7Z9fc22/LKBGEtkjEI9H1sKSchbSlmOK0GwuKA4/Tjje+mvmdOyoki8KmmsTUDfAwZD4jWGmpb1anaS+f4oih56ZW1cpxukCyZja9rfXNyo+AFoldkAoUaPTNj94gIklAQ0U4ltKxrVi5KRaKEU6zci+RNMZkjIfU0TTEAZVumm+UoWM/EkiNKMrfv7MpDqScBJ7OBFiN5Lw3E//znET5F27KwjhRNCQ6oj0/4UhFaFYPGjBBieITTTARTG+JyAgLTJQusazPt+ePXSTtWtW2qvbNWaV+WRRRgkM4ghOw4RzqcA0NaAGBB3iCV3gz7o1H49l4+Y4uGcWfA/gD4/0L4ZOZGA==</latexit><latexit sha1_base64="3/EsAziPRSoGlvev6hZ89fe4BEo=">AAACEXicbVDLSsNAFL3xWesr6tLNYBFcSEmKoMuiG5cV+oI0lsl00g6dPJiZCCXNV+jP6ErUnf6Af+M0RtDWszpzzpnLvceLOZPKsj6NpeWV1bX10kZ5c2t7Z9fc22/LKBGEtkjEI9H1sKSchbSlmOK0GwuKA4/Tjje+mvmdOyoki8KmmsTUDfAwZD4jWGmpb1anaS+f4oih56ZW1cpxukCyZja9rfXNyo+AFoldkAoUaPTNj94gIklAQ0U4ltKxrVi5KRaKEU6zci+RNMZkjIfU0TTEAZVumm+UoWM/EkiNKMrfv7MpDqScBJ7OBFiN5Lw3E//znET5F27KwjhRNCQ6oj0/4UhFaFYPGjBBieITTTARTG+JyAgLTJQusazPt+ePXSTtWtW2qvbNWaV+WRRRgkM4ghOw4RzqcA0NaAGBB3iCV3gz7o1H49l4+Y4uGcWfA/gD4/0L4ZOZGA==</latexit><latexit sha1_base64="3/EsAziPRSoGlvev6hZ89fe4BEo=">AAACEXicbVDLSsNAFL3xWesr6tLNYBFcSEmKoMuiG5cV+oI0lsl00g6dPJiZCCXNV+jP6ErUnf6Af+M0RtDWszpzzpnLvceLOZPKsj6NpeWV1bX10kZ5c2t7Z9fc22/LKBGEtkjEI9H1sKSchbSlmOK0GwuKA4/Tjje+mvmdOyoki8KmmsTUDfAwZD4jWGmpb1anaS+f4oih56ZW1cpxukCyZja9rfXNyo+AFoldkAoUaPTNj94gIklAQ0U4ltKxrVi5KRaKEU6zci+RNMZkjIfU0TTEAZVumm+UoWM/EkiNKMrfv7MpDqScBJ7OBFiN5Lw3E//znET5F27KwjhRNCQ6oj0/4UhFaFYPGjBBieITTTARTG+JyAgLTJQusazPt+ePXSTtWtW2qvbNWaV+WRRRgkM4ghOw4RzqcA0NaAGBB3iCV3gz7o1H49l4+Y4uGcWfA/gD4/0L4ZOZGA==</latexit><latexit sha1_base64="3/EsAziPRSoGlvev6hZ89fe4BEo=">AAACEXicbVDLSsNAFL3xWesr6tLNYBFcSEmKoMuiG5cV+oI0lsl00g6dPJiZCCXNV+jP6ErUnf6Af+M0RtDWszpzzpnLvceLOZPKsj6NpeWV1bX10kZ5c2t7Z9fc22/LKBGEtkjEI9H1sKSchbSlmOK0GwuKA4/Tjje+mvmdOyoki8KmmsTUDfAwZD4jWGmpb1anaS+f4oih56ZW1cpxukCyZja9rfXNyo+AFoldkAoUaPTNj94gIklAQ0U4ltKxrVi5KRaKEU6zci+RNMZkjIfU0TTEAZVumm+UoWM/EkiNKMrfv7MpDqScBJ7OBFiN5Lw3E//znET5F27KwjhRNCQ6oj0/4UhFaFYPGjBBieITTTARTG+JyAgLTJQusazPt+ePXSTtWtW2qvbNWaV+WRRRgkM4ghOw4RzqcA0NaAGBB3iCV3gz7o1H49l4+Y4uGcWfA/gD4/0L4ZOZGA==</latexit>
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results for the different values of the parameter B. The

normalization is the same as in Fig. 5

Table 2 Ratio R between the maximum of the D∗ D̄∗ mass distribution
in Fig. 6 and the strength of the cusp at the D∗ D̄∗ threshold in Fig. 5

A = 1.0

B = 0.5 B = 1.0 B = 1.5 B = 2.0

R = 2.57 R = 2.22 R = 2.16 R = 2.13

reaction, the two peaks actually merge into a broader one,
although a precise measurement could maybe allow a sepa-
ration of the two peaks, particularly if a partial wave analysis
is done that separates the two different spin resonances. Inter-
esting, however, is the fact that the cusp appears always at
the same place, the D∗ D̄∗ threshold. The other relevant fea-
ture is that its strength grows with increasing weight of the
tensor resonance, indicating that the cusp is basically tied to
the 2++ X (3930) state.

In Fig. 6 we show the D∗ D̄∗ mass distribution in the
B−
c → π− D∗ D̄∗ decay. We observe a distribution quite dif-

ferent from ordinary phase space, sticking close to threshold,
indicating that it is influenced by a resonance below thresh-
old. Its strength also grows with increasing strength of the
tensor resonance, which establishes a link between this state
and the D∗ D̄∗ distribution.

Very interesting is the ratio of the strengths of d!

dM J/ψω
inv

at the peak of the cusp of the D∗ D̄∗ threshold versus the
strength at the peak of d!

dMD∗ D̄∗
inv

. We show these numbers in

Table 2 for different values of B. As we can see, this ratio is
relatively stable and tied to the dynamically generated nature
of the two resonances discussed.

The fact that the ratio R is essentially independent on the
strength B of the tensor resonance indicates that it is this
resonance in practice the one that is responsible for both the
cusp in the J/ψω and the D∗ D̄∗ mass distributions in the
B−
c → π− D∗ D̄∗ reaction.
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dM J/ψω
inv

results for the different values of the parameter B, but

with the mass of the two resonances at 3800 MeV

It is interesting to further investigate the role of the res-
onance in the D∗ D̄∗ cusp. Certainly, the fact that a cusp in
D∗ D̄∗ appears observing the J/ψω invariant mass indicates
that these channels are coupled, otherwise there would be no
cusp. Even more, for the particular case, since J/ψω does not
appear in the contribution of primary formed states of Eq. (2),
the presence of a cusp at the D∗ D̄∗ threshold implies a tran-
sition from D∗ D̄∗ or D∗

s D̄s
∗ to J/ψω. This information is

already helpful by itself, indicating the presence of coupled
channels. On the other hand, we can simulate a situation
where we have coupled channels but we have no resonances.
Without changing the formalism we can artificially place the
positions of the resonances, at 3800 MeV, for instance, and
see what happens. We show the results in Fig. 7 and we can
see that the resonances do not show up in the range of ener-
gies of Fig. 5, which we also consider in Fig. 7. We still see
a cusp at the D∗ D̄∗ threshold, which is a necessary conse-
quence of the coupled channels, with or without resonances.
However, for the same strength of B/A, the strength of the
cusp is much weaker than in Fig. 5, when we have the pres-
ence of the resonances nearby. Also the shape of the cusp is
sharper in the presence of the resonances, as seen in Fig. 5.

4 Conclusions

We have looked into the B−
c → J/ψω decay and in par-

ticular in the J/ψω mass distribution. We find that this
observable is much influenced by the role of the X (3940)
and X (3930) resonances, which in Ref. [18] appear dynam-
ically generated from the vector-vector meson interaction in
the charm sector. These resonances couple mostly to D∗ D̄∗

in 2++ and 0++, respectively. In order to find support for this
nature of the resonances we stress two particular features: the
first one is to observe that J/ψω is not the main channel for

123

A(✏ · ✏ 0)
<latexit sha1_base64="0juPX7iT0tUpgtdKA09ISAb4/8w=">AAACE3icbVDNSsNAGNzUv1r/oh69LBahgpREBD1WvXisYH+gqWWz/dIu3WTD7kYoIY+hL6MnUU/6AL6N25pDbZ3T7MwsfDN+zJnSjvNtFZaWV1bXiuuljc2t7R17d6+pRCIpNKjgQrZ9ooCzCBqaaQ7tWAIJfQ4tf3Q98VsPIBUT0Z0ex9ANySBiAaNEG6lnO5e4knp+4EGsGBdRhj3aFxrPavepd+LFkoWQZcc9u+xUnSnwInFzUkY56j370+sLmoQQacqJUh3XiXU3JVIzyiEreYmCmNARGUDH0IiEoLrptFmGjwIhsR4Cnr5nsykJlRqHvsmERA/VvDcR//M6iQ4uuimL4kRDRE3EeEHCsRZ4MhDuMwlU87EhhEpmrsR0SCSh2sxYMvXd+bKLpHladZ2qe3tWrl3lQxTRATpEFeSic1RDN6iOGoiiJ/SC3tGH9Wg9W6/W22+0YOV/9tEfWF8/OfSeUw==</latexit><latexit sha1_base64="0juPX7iT0tUpgtdKA09ISAb4/8w=">AAACE3icbVDNSsNAGNzUv1r/oh69LBahgpREBD1WvXisYH+gqWWz/dIu3WTD7kYoIY+hL6MnUU/6AL6N25pDbZ3T7MwsfDN+zJnSjvNtFZaWV1bXiuuljc2t7R17d6+pRCIpNKjgQrZ9ooCzCBqaaQ7tWAIJfQ4tf3Q98VsPIBUT0Z0ex9ANySBiAaNEG6lnO5e4knp+4EGsGBdRhj3aFxrPavepd+LFkoWQZcc9u+xUnSnwInFzUkY56j370+sLmoQQacqJUh3XiXU3JVIzyiEreYmCmNARGUDH0IiEoLrptFmGjwIhsR4Cnr5nsykJlRqHvsmERA/VvDcR//M6iQ4uuimL4kRDRE3EeEHCsRZ4MhDuMwlU87EhhEpmrsR0SCSh2sxYMvXd+bKLpHladZ2qe3tWrl3lQxTRATpEFeSic1RDN6iOGoiiJ/SC3tGH9Wg9W6/W22+0YOV/9tEfWF8/OfSeUw==</latexit><latexit sha1_base64="0juPX7iT0tUpgtdKA09ISAb4/8w=">AAACE3icbVDNSsNAGNzUv1r/oh69LBahgpREBD1WvXisYH+gqWWz/dIu3WTD7kYoIY+hL6MnUU/6AL6N25pDbZ3T7MwsfDN+zJnSjvNtFZaWV1bXiuuljc2t7R17d6+pRCIpNKjgQrZ9ooCzCBqaaQ7tWAIJfQ4tf3Q98VsPIBUT0Z0ex9ANySBiAaNEG6lnO5e4knp+4EGsGBdRhj3aFxrPavepd+LFkoWQZcc9u+xUnSnwInFzUkY56j370+sLmoQQacqJUh3XiXU3JVIzyiEreYmCmNARGUDH0IiEoLrptFmGjwIhsR4Cnr5nsykJlRqHvsmERA/VvDcR//M6iQ4uuimL4kRDRE3EeEHCsRZ4MhDuMwlU87EhhEpmrsR0SCSh2sxYMvXd+bKLpHladZ2qe3tWrl3lQxTRATpEFeSic1RDN6iOGoiiJ/SC3tGH9Wg9W6/W22+0YOV/9tEfWF8/OfSeUw==</latexit><latexit sha1_base64="0juPX7iT0tUpgtdKA09ISAb4/8w=">AAACE3icbVDNSsNAGNzUv1r/oh69LBahgpREBD1WvXisYH+gqWWz/dIu3WTD7kYoIY+hL6MnUU/6AL6N25pDbZ3T7MwsfDN+zJnSjvNtFZaWV1bXiuuljc2t7R17d6+pRCIpNKjgQrZ9ooCzCBqaaQ7tWAIJfQ4tf3Q98VsPIBUT0Z0ex9ANySBiAaNEG6lnO5e4knp+4EGsGBdRhj3aFxrPavepd+LFkoWQZcc9u+xUnSnwInFzUkY56j370+sLmoQQacqJUh3XiXU3JVIzyiEreYmCmNARGUDH0IiEoLrptFmGjwIhsR4Cnr5nsykJlRqHvsmERA/VvDcR//M6iQ4uuimL4kRDRE3EeEHCsRZ4MhDuMwlU87EhhEpmrsR0SCSh2sxYMvXd+bKLpHladZ2qe3tWrl3lQxTRATpEFeSic1RDN6iOGoiiJ/SC3tGH9Wg9W6/W22+0YOV/9tEfWF8/OfSeUw==</latexit>

+
<latexit sha1_base64="ozZ2OUxCphGHXKjvQOhflPv8IJI=">AAAB4nicbZDLSgNBEEVr4ivGV9Slm8YgCEKYEUGXQTcuEzAPSIbQ06lJmvQ86K4RQsgP6ErUnZ/kD/g3duIsNPGuTte9DXUrSJU05LpfTmFtfWNzq7hd2tnd2z8oHx61TJJpgU2RqER3Am5QyRibJElhJ9XIo0BhOxjfzf32I2ojk/iBJin6ER/GMpSCkx01Lvrlilt1F2Kr4OVQgVz1fvmzN0hEFmFMQnFjup6bkj/lmqRQOCv1MoMpF2M+xK7FmEdo/Oli0Rk7CxPNaIRs8f6dnfLImEkU2EzEaWSWvfnwP6+bUXjjT2WcZoSxsBHrhZlilLB5XzaQGgWpiQUutLRbMjHimguyVynZ+t5y2VVoXVY9t+o1riq12/wQRTiBUzgHD66hBvdQhyYIQHiGN3h3Bs6T8+K8/kQLTv7nGP7I+fgGaFOKRA==</latexit><latexit sha1_base64="ozZ2OUxCphGHXKjvQOhflPv8IJI=">AAAB4nicbZDLSgNBEEVr4ivGV9Slm8YgCEKYEUGXQTcuEzAPSIbQ06lJmvQ86K4RQsgP6ErUnZ/kD/g3duIsNPGuTte9DXUrSJU05LpfTmFtfWNzq7hd2tnd2z8oHx61TJJpgU2RqER3Am5QyRibJElhJ9XIo0BhOxjfzf32I2ojk/iBJin6ER/GMpSCkx01Lvrlilt1F2Kr4OVQgVz1fvmzN0hEFmFMQnFjup6bkj/lmqRQOCv1MoMpF2M+xK7FmEdo/Oli0Rk7CxPNaIRs8f6dnfLImEkU2EzEaWSWvfnwP6+bUXjjT2WcZoSxsBHrhZlilLB5XzaQGgWpiQUutLRbMjHimguyVynZ+t5y2VVoXVY9t+o1riq12/wQRTiBUzgHD66hBvdQhyYIQHiGN3h3Bs6T8+K8/kQLTv7nGP7I+fgGaFOKRA==</latexit><latexit sha1_base64="ozZ2OUxCphGHXKjvQOhflPv8IJI=">AAAB4nicbZDLSgNBEEVr4ivGV9Slm8YgCEKYEUGXQTcuEzAPSIbQ06lJmvQ86K4RQsgP6ErUnZ/kD/g3duIsNPGuTte9DXUrSJU05LpfTmFtfWNzq7hd2tnd2z8oHx61TJJpgU2RqER3Am5QyRibJElhJ9XIo0BhOxjfzf32I2ojk/iBJin6ER/GMpSCkx01Lvrlilt1F2Kr4OVQgVz1fvmzN0hEFmFMQnFjup6bkj/lmqRQOCv1MoMpF2M+xK7FmEdo/Oli0Rk7CxPNaIRs8f6dnfLImEkU2EzEaWSWvfnwP6+bUXjjT2WcZoSxsBHrhZlilLB5XzaQGgWpiQUutLRbMjHimguyVynZ+t5y2VVoXVY9t+o1riq12/wQRTiBUzgHD66hBvdQhyYIQHiGN3h3Bs6T8+K8/kQLTv7nGP7I+fgGaFOKRA==</latexit><latexit sha1_base64="ozZ2OUxCphGHXKjvQOhflPv8IJI=">AAAB4nicbZDLSgNBEEVr4ivGV9Slm8YgCEKYEUGXQTcuEzAPSIbQ06lJmvQ86K4RQsgP6ErUnZ/kD/g3duIsNPGuTte9DXUrSJU05LpfTmFtfWNzq7hd2tnd2z8oHx61TJJpgU2RqER3Am5QyRibJElhJ9XIo0BhOxjfzf32I2ojk/iBJin6ER/GMpSCkx01Lvrlilt1F2Kr4OVQgVz1fvmzN0hEFmFMQnFjup6bkj/lmqRQOCv1MoMpF2M+xK7FmEdo/Oli0Rk7CxPNaIRs8f6dnfLImEkU2EzEaWSWvfnwP6+bUXjjT2WcZoSxsBHrhZlilLB5XzaQGgWpiQUutLRbMjHimguyVynZ+t5y2VVoXVY9t+o1riq12/wQRTiBUzgHD66hBvdQhyYIQHiGN3h3Bs6T8+K8/kQLTv7nGP7I+fgGaFOKRA==</latexit>

Production
B
h
(✏ · k)(✏0 · k)� 1

3
|k|2(✏ · ✏0)

i

<latexit sha1_base64="AFj4baabByl+eX3fZtumcINl6B8="></latexit><latexit sha1_base64="AFj4baabByl+eX3fZtumcINl6B8="></latexit><latexit sha1_base64="AFj4baabByl+eX3fZtumcINl6B8="></latexit><latexit sha1_base64="AFj4baabByl+eX3fZtumcINl6B8="></latexit>

Production

- Indicates an influence by a 
resonance below threshold

  Results:      distributionD⇤D̄⇤
<latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit><latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit><latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit><latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit>

D⇤D̄⇤
<latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit><latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit><latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit><latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit>



T ~

D⇤D̄⇤
<latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit><latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit><latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit><latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit>

0+(0++)
<latexit sha1_base64="7WvpBgLRye8aVi5TLtsg432rS1U=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiVAplRgRdFt24rGB/YDotmfROG5pJhiQjlKFvoStRdz6NL+DbmNZZaOtZfbnnBO65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRW8tUUWhRyaXqhkQDZwJahhkO3UQBiUMOnXByO/c7j6A0k+LBTBMIYjISLGKUGDvy3X6t6vazWm12PihX3Lq7EF4FL4cKytUclD97Q0nTGIShnGjte25igowowyiHWamXakgInZAR+BYFiUEH2WLlGT6LpMJmDHjx/p3NSKz1NA5tJiZmrJe9+fA/z09NdB1kTCSpAUFtxHpRyrGReN4cD5kCavjUAqGK2S0xHRNFqLH3Kdn63nLZVWhf1D237t1fVho3+SGK6ASdoiry0BVqoDvURC1EkUTP6A29O8J5cl6c159owcn/HKM/cj6+AfqCjWM=</latexit><latexit sha1_base64="7WvpBgLRye8aVi5TLtsg432rS1U=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiVAplRgRdFt24rGB/YDotmfROG5pJhiQjlKFvoStRdz6NL+DbmNZZaOtZfbnnBO65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRW8tUUWhRyaXqhkQDZwJahhkO3UQBiUMOnXByO/c7j6A0k+LBTBMIYjISLGKUGDvy3X6t6vazWm12PihX3Lq7EF4FL4cKytUclD97Q0nTGIShnGjte25igowowyiHWamXakgInZAR+BYFiUEH2WLlGT6LpMJmDHjx/p3NSKz1NA5tJiZmrJe9+fA/z09NdB1kTCSpAUFtxHpRyrGReN4cD5kCavjUAqGK2S0xHRNFqLH3Kdn63nLZVWhf1D237t1fVho3+SGK6ASdoiry0BVqoDvURC1EkUTP6A29O8J5cl6c159owcn/HKM/cj6+AfqCjWM=</latexit><latexit sha1_base64="7WvpBgLRye8aVi5TLtsg432rS1U=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiVAplRgRdFt24rGB/YDotmfROG5pJhiQjlKFvoStRdz6NL+DbmNZZaOtZfbnnBO65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRW8tUUWhRyaXqhkQDZwJahhkO3UQBiUMOnXByO/c7j6A0k+LBTBMIYjISLGKUGDvy3X6t6vazWm12PihX3Lq7EF4FL4cKytUclD97Q0nTGIShnGjte25igowowyiHWamXakgInZAR+BYFiUEH2WLlGT6LpMJmDHjx/p3NSKz1NA5tJiZmrJe9+fA/z09NdB1kTCSpAUFtxHpRyrGReN4cD5kCavjUAqGK2S0xHRNFqLH3Kdn63nLZVWhf1D237t1fVho3+SGK6ASdoiry0BVqoDvURC1EkUTP6A29O8J5cl6c159owcn/HKM/cj6+AfqCjWM=</latexit><latexit sha1_base64="7WvpBgLRye8aVi5TLtsg432rS1U=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiVAplRgRdFt24rGB/YDotmfROG5pJhiQjlKFvoStRdz6NL+DbmNZZaOtZfbnnBO65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRW8tUUWhRyaXqhkQDZwJahhkO3UQBiUMOnXByO/c7j6A0k+LBTBMIYjISLGKUGDvy3X6t6vazWm12PihX3Lq7EF4FL4cKytUclD97Q0nTGIShnGjte25igowowyiHWamXakgInZAR+BYFiUEH2WLlGT6LpMJmDHjx/p3NSKz1NA5tJiZmrJe9+fA/z09NdB1kTCSpAUFtxHpRyrGReN4cD5kCavjUAqGK2S0xHRNFqLH3Kdn63nLZVWhf1D237t1fVho3+SGK6ASdoiry0BVqoDvURC1EkUTP6A29O8J5cl6c159owcn/HKM/cj6+AfqCjWM=</latexit>

0+(2++)
<latexit sha1_base64="c6jG8PKyiUPHeqV3f31OBbU214k=">AAAB7HicbZDNTgIxFIXv4B/iH+rSTSMxwZCQGWKiS6Ibl5gIkgwD6ZQONHTaSdsxIRPeQldG3fk0voBvY8FZKHhWX+85Te65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRR8tUEdomkkvVDbGmnAnaNsxw2k0UxXHI6UM4uZn7D49UaSbFvZkmNIjxSLCIEWzsyHf7tWqjn9Vqs/NBueLW3YXQKng5VCBXa1D+7A0lSWMqDOFYa99zExNkWBlGOJ2VeqmmCSYTPKK+RYFjqoNssfIMnUVSITOmaPH+nc1wrPU0Dm0mxmasl7358D/PT010FWRMJKmhgtiI9aKUIyPRvDkaMkWJ4VMLmChmt0RkjBUmxt6nZOt7y2VXodOoe27du7uoNK/zQxThBE6hCh5cQhNuoQVtICDhGd7g3RHOk/PivP5EC07+5xj+yPn4Bv2KjWU=</latexit><latexit sha1_base64="c6jG8PKyiUPHeqV3f31OBbU214k=">AAAB7HicbZDNTgIxFIXv4B/iH+rSTSMxwZCQGWKiS6Ibl5gIkgwD6ZQONHTaSdsxIRPeQldG3fk0voBvY8FZKHhWX+85Te65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRR8tUEdomkkvVDbGmnAnaNsxw2k0UxXHI6UM4uZn7D49UaSbFvZkmNIjxSLCIEWzsyHf7tWqjn9Vqs/NBueLW3YXQKng5VCBXa1D+7A0lSWMqDOFYa99zExNkWBlGOJ2VeqmmCSYTPKK+RYFjqoNssfIMnUVSITOmaPH+nc1wrPU0Dm0mxmasl7358D/PT010FWRMJKmhgtiI9aKUIyPRvDkaMkWJ4VMLmChmt0RkjBUmxt6nZOt7y2VXodOoe27du7uoNK/zQxThBE6hCh5cQhNuoQVtICDhGd7g3RHOk/PivP5EC07+5xj+yPn4Bv2KjWU=</latexit><latexit sha1_base64="c6jG8PKyiUPHeqV3f31OBbU214k=">AAAB7HicbZDNTgIxFIXv4B/iH+rSTSMxwZCQGWKiS6Ibl5gIkgwD6ZQONHTaSdsxIRPeQldG3fk0voBvY8FZKHhWX+85Te65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRR8tUEdomkkvVDbGmnAnaNsxw2k0UxXHI6UM4uZn7D49UaSbFvZkmNIjxSLCIEWzsyHf7tWqjn9Vqs/NBueLW3YXQKng5VCBXa1D+7A0lSWMqDOFYa99zExNkWBlGOJ2VeqmmCSYTPKK+RYFjqoNssfIMnUVSITOmaPH+nc1wrPU0Dm0mxmasl7358D/PT010FWRMJKmhgtiI9aKUIyPRvDkaMkWJ4VMLmChmt0RkjBUmxt6nZOt7y2VXodOoe27du7uoNK/zQxThBE6hCh5cQhNuoQVtICDhGd7g3RHOk/PivP5EC07+5xj+yPn4Bv2KjWU=</latexit><latexit sha1_base64="c6jG8PKyiUPHeqV3f31OBbU214k=">AAAB7HicbZDNTgIxFIXv4B/iH+rSTSMxwZCQGWKiS6Ibl5gIkgwD6ZQONHTaSdsxIRPeQldG3fk0voBvY8FZKHhWX+85Te65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRR8tUEdomkkvVDbGmnAnaNsxw2k0UxXHI6UM4uZn7D49UaSbFvZkmNIjxSLCIEWzsyHf7tWqjn9Vqs/NBueLW3YXQKng5VCBXa1D+7A0lSWMqDOFYa99zExNkWBlGOJ2VeqmmCSYTPKK+RYFjqoNssfIMnUVSITOmaPH+nc1wrPU0Dm0mxmasl7358D/PT010FWRMJKmhgtiI9aKUIyPRvDkaMkWJ4VMLmChmt0RkjBUmxt6nZOt7y2VXodOoe27du7uoNK/zQxThBE6hCh5cQhNuoQVtICDhGd7g3RHOk/PivP5EC07+5xj+yPn4Bv2KjWU=</latexit>

d�

dMD⇤D̄⇤
inv

=
1

(2⇡)3
k0pD⇤

4M2
Bc

<latexit sha1_base64="S6v9SYgdTISslfP1VQ5Ov887ck4="></latexit><latexit sha1_base64="S6v9SYgdTISslfP1VQ5Ov887ck4="></latexit><latexit sha1_base64="S6v9SYgdTISslfP1VQ5Ov887ck4="></latexit><latexit sha1_base64="S6v9SYgdTISslfP1VQ5Ov887ck4="></latexit>

|T |2
<latexit sha1_base64="3/EsAziPRSoGlvev6hZ89fe4BEo=">AAACEXicbVDLSsNAFL3xWesr6tLNYBFcSEmKoMuiG5cV+oI0lsl00g6dPJiZCCXNV+jP6ErUnf6Af+M0RtDWszpzzpnLvceLOZPKsj6NpeWV1bX10kZ5c2t7Z9fc22/LKBGEtkjEI9H1sKSchbSlmOK0GwuKA4/Tjje+mvmdOyoki8KmmsTUDfAwZD4jWGmpb1anaS+f4oih56ZW1cpxukCyZja9rfXNyo+AFoldkAoUaPTNj94gIklAQ0U4ltKxrVi5KRaKEU6zci+RNMZkjIfU0TTEAZVumm+UoWM/EkiNKMrfv7MpDqScBJ7OBFiN5Lw3E//znET5F27KwjhRNCQ6oj0/4UhFaFYPGjBBieITTTARTG+JyAgLTJQusazPt+ePXSTtWtW2qvbNWaV+WRRRgkM4ghOw4RzqcA0NaAGBB3iCV3gz7o1H49l4+Y4uGcWfA/gD4/0L4ZOZGA==</latexit><latexit sha1_base64="3/EsAziPRSoGlvev6hZ89fe4BEo=">AAACEXicbVDLSsNAFL3xWesr6tLNYBFcSEmKoMuiG5cV+oI0lsl00g6dPJiZCCXNV+jP6ErUnf6Af+M0RtDWszpzzpnLvceLOZPKsj6NpeWV1bX10kZ5c2t7Z9fc22/LKBGEtkjEI9H1sKSchbSlmOK0GwuKA4/Tjje+mvmdOyoki8KmmsTUDfAwZD4jWGmpb1anaS+f4oih56ZW1cpxukCyZja9rfXNyo+AFoldkAoUaPTNj94gIklAQ0U4ltKxrVi5KRaKEU6zci+RNMZkjIfU0TTEAZVumm+UoWM/EkiNKMrfv7MpDqScBJ7OBFiN5Lw3E//znET5F27KwjhRNCQ6oj0/4UhFaFYPGjBBieITTTARTG+JyAgLTJQusazPt+ePXSTtWtW2qvbNWaV+WRRRgkM4ghOw4RzqcA0NaAGBB3iCV3gz7o1H49l4+Y4uGcWfA/gD4/0L4ZOZGA==</latexit><latexit sha1_base64="3/EsAziPRSoGlvev6hZ89fe4BEo=">AAACEXicbVDLSsNAFL3xWesr6tLNYBFcSEmKoMuiG5cV+oI0lsl00g6dPJiZCCXNV+jP6ErUnf6Af+M0RtDWszpzzpnLvceLOZPKsj6NpeWV1bX10kZ5c2t7Z9fc22/LKBGEtkjEI9H1sKSchbSlmOK0GwuKA4/Tjje+mvmdOyoki8KmmsTUDfAwZD4jWGmpb1anaS+f4oih56ZW1cpxukCyZja9rfXNyo+AFoldkAoUaPTNj94gIklAQ0U4ltKxrVi5KRaKEU6zci+RNMZkjIfU0TTEAZVumm+UoWM/EkiNKMrfv7MpDqScBJ7OBFiN5Lw3E//znET5F27KwjhRNCQ6oj0/4UhFaFYPGjBBieITTTARTG+JyAgLTJQusazPt+ePXSTtWtW2qvbNWaV+WRRRgkM4ghOw4RzqcA0NaAGBB3iCV3gz7o1H49l4+Y4uGcWfA/gD4/0L4ZOZGA==</latexit><latexit sha1_base64="3/EsAziPRSoGlvev6hZ89fe4BEo=">AAACEXicbVDLSsNAFL3xWesr6tLNYBFcSEmKoMuiG5cV+oI0lsl00g6dPJiZCCXNV+jP6ErUnf6Af+M0RtDWszpzzpnLvceLOZPKsj6NpeWV1bX10kZ5c2t7Z9fc22/LKBGEtkjEI9H1sKSchbSlmOK0GwuKA4/Tjje+mvmdOyoki8KmmsTUDfAwZD4jWGmpb1anaS+f4oih56ZW1cpxukCyZja9rfXNyo+AFoldkAoUaPTNj94gIklAQ0U4ltKxrVi5KRaKEU6zci+RNMZkjIfU0TTEAZVumm+UoWM/EkiNKMrfv7MpDqScBJ7OBFiN5Lw3E//znET5F27KwjhRNCQ6oj0/4UhFaFYPGjBBieITTTARTG+JyAgLTJQusazPt+ePXSTtWtW2qvbNWaV+WRRRgkM4ghOw4RzqcA0NaAGBB3iCV3gz7o1H49l4+Y4uGcWfA/gD4/0L4ZOZGA==</latexit>

210 Page 6 of 7 Eur. Phys. J. C (2018) 78 :210

4000 4020 4040 4060 4080 4100 4120
0

10

20

30

MD∗D̄∗
inv (MeV)

dΓ
dM

D
∗ D̄

∗
in
v

×
10

8
[a
rb
.
un

its
] A=1 and B=0.5

A=1 and B=1.0
A=1 and B=1.5
A=1 and B=2.0

Fig. 6 d!

dMD∗ D̄∗
inv

results for the different values of the parameter B. The

normalization is the same as in Fig. 5

Table 2 Ratio R between the maximum of the D∗ D̄∗ mass distribution
in Fig. 6 and the strength of the cusp at the D∗ D̄∗ threshold in Fig. 5

A = 1.0

B = 0.5 B = 1.0 B = 1.5 B = 2.0

R = 2.57 R = 2.22 R = 2.16 R = 2.13

reaction, the two peaks actually merge into a broader one,
although a precise measurement could maybe allow a sepa-
ration of the two peaks, particularly if a partial wave analysis
is done that separates the two different spin resonances. Inter-
esting, however, is the fact that the cusp appears always at
the same place, the D∗ D̄∗ threshold. The other relevant fea-
ture is that its strength grows with increasing weight of the
tensor resonance, indicating that the cusp is basically tied to
the 2++ X (3930) state.

In Fig. 6 we show the D∗ D̄∗ mass distribution in the
B−
c → π− D∗ D̄∗ decay. We observe a distribution quite dif-

ferent from ordinary phase space, sticking close to threshold,
indicating that it is influenced by a resonance below thresh-
old. Its strength also grows with increasing strength of the
tensor resonance, which establishes a link between this state
and the D∗ D̄∗ distribution.

Very interesting is the ratio of the strengths of d!

dM J/ψω
inv

at the peak of the cusp of the D∗ D̄∗ threshold versus the
strength at the peak of d!

dMD∗ D̄∗
inv

. We show these numbers in

Table 2 for different values of B. As we can see, this ratio is
relatively stable and tied to the dynamically generated nature
of the two resonances discussed.

The fact that the ratio R is essentially independent on the
strength B of the tensor resonance indicates that it is this
resonance in practice the one that is responsible for both the
cusp in the J/ψω and the D∗ D̄∗ mass distributions in the
B−
c → π− D∗ D̄∗ reaction.
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results for the different values of the parameter B, but

with the mass of the two resonances at 3800 MeV

It is interesting to further investigate the role of the res-
onance in the D∗ D̄∗ cusp. Certainly, the fact that a cusp in
D∗ D̄∗ appears observing the J/ψω invariant mass indicates
that these channels are coupled, otherwise there would be no
cusp. Even more, for the particular case, since J/ψω does not
appear in the contribution of primary formed states of Eq. (2),
the presence of a cusp at the D∗ D̄∗ threshold implies a tran-
sition from D∗ D̄∗ or D∗

s D̄s
∗ to J/ψω. This information is

already helpful by itself, indicating the presence of coupled
channels. On the other hand, we can simulate a situation
where we have coupled channels but we have no resonances.
Without changing the formalism we can artificially place the
positions of the resonances, at 3800 MeV, for instance, and
see what happens. We show the results in Fig. 7 and we can
see that the resonances do not show up in the range of ener-
gies of Fig. 5, which we also consider in Fig. 7. We still see
a cusp at the D∗ D̄∗ threshold, which is a necessary conse-
quence of the coupled channels, with or without resonances.
However, for the same strength of B/A, the strength of the
cusp is much weaker than in Fig. 5, when we have the pres-
ence of the resonances nearby. Also the shape of the cusp is
sharper in the presence of the resonances, as seen in Fig. 5.

4 Conclusions

We have looked into the B−
c → J/ψω decay and in par-

ticular in the J/ψω mass distribution. We find that this
observable is much influenced by the role of the X (3940)
and X (3930) resonances, which in Ref. [18] appear dynam-
ically generated from the vector-vector meson interaction in
the charm sector. These resonances couple mostly to D∗ D̄∗

in 2++ and 0++, respectively. In order to find support for this
nature of the resonances we stress two particular features: the
first one is to observe that J/ψω is not the main channel for
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B−
c

D∗

π−

D̄∗

Fig. 2 Tree level contribution corresponding to the hadronization
depicted in Fig. 1b

and we get

|H⟩ = D∗0 D̄∗0 + D∗+ D̄∗− + D∗+
s D̄∗−

s + J/ψ J/ψ. (2)

The intrinsic phase convention for isospin multiplets in
(D∗+, − D∗0), (D̄∗0, D∗− ) indicates that the isospin com-
bination of H is I = 0, as it should be since it comes from
cc̄. Thus, we can write

|H⟩ =
√

2|D∗ D̄∗⟩ + |D∗
s D̄

∗
s ⟩, (3)

where we have neglected the J/ψ J/ψ component which is
far beyond in energy from our range of concern. In addition,
the coupling of the resonances found in [18] to J/ψ J/ψ is
negligibly small.

The combination of |H⟩ in Eq. (3) accounts only for the
flavor composition. We need to take into account the spin-
angular momentum structure of the vertices. If we produce
a 0+[0++] D∗ D̄∗ state we have 0− → 0− 0+ transition and
we adopt the common choice of taking the lowest possible
angular momentum in the vertex, L = 0. The s-wave and the
J P = 1− of the D∗ leads us to a vertex of the type

A′ ϵ · ϵ ′ (4)

with ϵ, ϵ ′ the polarization vertices of D∗, D̄∗. Note that
we shall work in the rest frame of the resonances produced,
where D∗, D̄∗ momenta are small with respect to their masses
and then we neglect the ϵ0 component. On the other hand, if
we produce a 2++ state, the 0− → 0− , 2+ requires L = 2
and we shall then take the D-wave structure

B
(

ϵ · kϵ ′ · k − 1
3
|k|2 ϵ · ϵ ′

)
, (5)

where k is the momentum of the pion. Hence, the tree level
amplitude for B−

s → π − D∗ D̄∗ shown in Fig. 2 is given by

B−
c

π−

D∗, D∗
s

R

D̄∗, D̄∗
s

J/ψ

ω

Fig. 3 Mechanism to produce the J/ψω final state through rescatter-
ing of the D∗ D̄∗ and D∗

s D̄
∗
s components. R is either the X (3922) (2++)

or X (3943) (0++)

B−
c

π−

D∗

D̄∗

(a)

+
B−

c

π−

D∗, D∗
s

R

D̄∗, D̄∗
s

D∗

D̄∗

(b)

Fig. 4 Mechanism to produce the D∗ D̄∗ in the final state through
tree level (a ) and rescattering (b). R is either the X (3922) (2++) or
X (3943) (0++)

t tree
Bc→π − D∗ D̄∗ =

√
2
[
A |kav|2 ϵ · ϵ ′

+B
(

ϵ · k ϵ ′ · k − 1
3
|k|2 ϵ · ϵ ′

)]
, (6)

where we have substituted A′ of Eq. (4) by A |kav|2, with
kav, an average value of k, just to make A and B have the
same dimension. We take |kav| = 1000 MeV.

After the first step for D∗ D̄∗ and D∗
s D̄

∗
s production, these

mesons undergo final state interaction, as depicted in Figs.
3 and 4, to produce J/ψω and D∗ D̄∗ in the final state. In
the case of J/ψω production shown in Fig. 3, since this
state is not primarily produced in |H⟩, it is produced through
rescattering via the resonances X (3922) and X (3943). In the
case of D∗ D̄∗ production, shown in Fig. 4, it proceeds via
tree level (primary production, Fig. 4a) and rescattering (Fig.
4b).

Analytically, we have

tJ/ψω = A |kav|2 ϵ · ϵ ′ t1

+B
(

ϵ · k ϵ ′ · k − 1
3
|k|2 ϵ · ϵ ′

)
t2, (7)

where

t1 =
√

2GD∗ D̄∗
(
MJ/ψω

inv

)
t ID∗ D̄∗→J/ψω

(
MJ/ψω

inv

)

+GD∗
s D̄∗

s

(
MJ/ψω

inv

)
t ID∗

s D̄∗
s →J/ψω

(
MJ/ψω

inv

)
, (8)
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resonance couples most strongly to D∗
s D̄

∗
s has the conse-

quence that the J/ψφ mass spectrum develops a strong cusp
at the D∗

s D̄
∗
s threshold, something visible in the experimen-

tal spectra with an increased strength in that region. It is
also worth mentioning that a similar enhancement is seen,
although with poor statistics, in the recent BESIII work on
the e+e− → γ J/ψφ reaction [23].

In the present work we want to continue along this line of
research and present results for a reaction that should reveal
the D∗ D̄∗ nature of two states found in [18] as 0+[0++] and
0+[2++] at 3943 and 3922 MeV, respectively, which can
be identified with some experimental states in that region
[16,18].1

In this case we note that the states found, mostly D∗ D̄∗

bound states, also couple to J/ψω in the second place, and
J/ψφ with smaller strength. So we choose the J/ψω obser-
vation channel looking into the necessary cusp that should
develop at the D∗ D̄∗ threshold. For this purpose we look into
the B−

c → π− J/ψω decay and then into the J/ψω invari-
ant mass distribution. The choice of this reaction is that in
a first stage of the reaction the D∗ D̄∗ state is formed with a
dominant weak decay mechanism, but the J/ψω state is not
formed at this level. Then the J/ψω is finally produced via
rescattering of the D∗ D̄∗ component with the other compo-
nents that make up the two molecular states. This stresses the
role of the resonance since there is no tree level J/ψω con-
tribution. Thus, we obtain two peaks in the J/ψω mass dis-
tribution corresponding to the molecular states and a strong
cusp at the D∗ D̄∗ threshold. In addition we also look at the
D∗ D̄∗ mass distribution in the B−

c → π−D∗ D̄∗ reaction
and evaluate its strength above the D∗ D̄∗ threshold, which
is closely connected to the strength of the J/ψω mass dis-
tribution. The D∗ D̄∗ cusp feature, together with the relative
strength of the D∗ D̄∗ compared to the one of J/ψω, are
two magnitudes which are tied to the molecular structure of
these two resonances, and we encourage the performance of
the experiment that should bring valuable light into these
issues.

1 The state at 3943 MeV can be associated with the X (3940) of [24,25]
and the X (3922) with the X (3930)[27] now classified in the PDG as
the χc2(2P). The width of the X (3943) MeV obtained in [18] of 15–
17 MeV looks small compared to ' = 87 ± 22 ± 26 MeV of [24].
These results are improved in [25] by measuring the DD̄ and DD̄∗
decay channels with ' = 15.4 ± 10.1 MeV, in good agreement with
the results of [18]. A further experiment for the X (3940) in [26] from
the measurement of the D∗ D̄∗ channel close to threshold, provides
' = 37+26

−15 ± 8 MeV, which is also compatible with the results of [18]
within the large errors. The width of about 50 MeV of [18] for the
X (3922) is also in fair agreement with ' = 29 ± 10 ± 2 MeV of [27].
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d

π−

B−
c
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Fig. 1 a Microscopic quark picture of B−
c → π−cc̄ decay. b

Hadronization through q̄q creation with vacuum quantum numbers

2 Formalism

We look into the B−
c decay mechanism at quark level depicted

in Fig. 1a.
The mechanism qualifies as external emission [28] and

is both Cabibbo favored in Wud vertex, and color favored
(the Wbc vertex is also the least Cabibbo suppressed of the b
decays). Then the final c quark from b decay and the spectator
c̄ quark from the B−

c hadronize, with the incorporation of q̄q
with the quantum numbers of the vacuum (see Fig. 1b) to give
two mesons. The resulting two mesons are easily obtained
by writing

H =
4∑

i=1

cq̄i qi c̄ =
4∑

i=1

M4i Mi4 = (M2)44,

where Mi j is the qq̄ matrix with the u, d , s, c quarks. How-
ever, it is convenient to write the qq̄ matrix in terms of phys-
ical mesons, in this case vector mesons as

Mi j → V =

⎛

⎜⎜⎜⎝

1√
2
ρ0 + 1√

2
ω ρ+ K ∗+ D̄∗0

ρ− − 1√
2
ρ0 + 1√

2
ω K ∗0 D̄∗−

K ∗− K̄ ∗0 φ D∗−
s

D∗0 D∗+ D∗+
s J/ψ

⎞

⎟⎟⎟⎠
,

(1)

123

⇡�
<latexit sha1_base64="iQH17EU6sDhCx2BTEYL6CWXRSL8=">AAAB5nicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLohuXFUxbaGOZTG+aoZMfZiZCCX0FXYm684F8Ad/GSc1CW8/qm3vOwD3XTwVX2ra/rMrK6tr6RnWztrW9s7tX3z/oqCSTDF2WiET2fKpQ8BhdzbXAXiqRRr7Arj+5KfzuI0rFk/heT1P0IjqOecAZ1WbkDlL+cDasN+ymPRdZBqeEBpRqD+ufg1HCsghjzQRVqu/YqfZyKjVnAme1QaYwpWxCx9g3GNMIlZfPl52RkyCRRIdI5u/f2ZxGSk0j32QiqkO16BXD/7x+poMrL+dxmmmMmYkYL8gE0QkpOpMRl8i0mBqgTHKzJWEhlZRpc5maqe8sll2GznnTsZvO3UWjdV0eogpHcAyn4MAltOAW2uACAw7P8AbvVmg9WS/W60+0YpV/DuGPrI9vXEqMAQ==</latexit><latexit sha1_base64="iQH17EU6sDhCx2BTEYL6CWXRSL8=">AAAB5nicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLohuXFUxbaGOZTG+aoZMfZiZCCX0FXYm684F8Ad/GSc1CW8/qm3vOwD3XTwVX2ra/rMrK6tr6RnWztrW9s7tX3z/oqCSTDF2WiET2fKpQ8BhdzbXAXiqRRr7Arj+5KfzuI0rFk/heT1P0IjqOecAZ1WbkDlL+cDasN+ymPRdZBqeEBpRqD+ufg1HCsghjzQRVqu/YqfZyKjVnAme1QaYwpWxCx9g3GNMIlZfPl52RkyCRRIdI5u/f2ZxGSk0j32QiqkO16BXD/7x+poMrL+dxmmmMmYkYL8gE0QkpOpMRl8i0mBqgTHKzJWEhlZRpc5maqe8sll2GznnTsZvO3UWjdV0eogpHcAyn4MAltOAW2uACAw7P8AbvVmg9WS/W60+0YpV/DuGPrI9vXEqMAQ==</latexit><latexit sha1_base64="iQH17EU6sDhCx2BTEYL6CWXRSL8=">AAAB5nicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLohuXFUxbaGOZTG+aoZMfZiZCCX0FXYm684F8Ad/GSc1CW8/qm3vOwD3XTwVX2ra/rMrK6tr6RnWztrW9s7tX3z/oqCSTDF2WiET2fKpQ8BhdzbXAXiqRRr7Arj+5KfzuI0rFk/heT1P0IjqOecAZ1WbkDlL+cDasN+ymPRdZBqeEBpRqD+ufg1HCsghjzQRVqu/YqfZyKjVnAme1QaYwpWxCx9g3GNMIlZfPl52RkyCRRIdI5u/f2ZxGSk0j32QiqkO16BXD/7x+poMrL+dxmmmMmYkYL8gE0QkpOpMRl8i0mBqgTHKzJWEhlZRpc5maqe8sll2GznnTsZvO3UWjdV0eogpHcAyn4MAltOAW2uACAw7P8AbvVmg9WS/W60+0YpV/DuGPrI9vXEqMAQ==</latexit><latexit sha1_base64="iQH17EU6sDhCx2BTEYL6CWXRSL8=">AAAB5nicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLohuXFUxbaGOZTG+aoZMfZiZCCX0FXYm684F8Ad/GSc1CW8/qm3vOwD3XTwVX2ra/rMrK6tr6RnWztrW9s7tX3z/oqCSTDF2WiET2fKpQ8BhdzbXAXiqRRr7Arj+5KfzuI0rFk/heT1P0IjqOecAZ1WbkDlL+cDasN+ymPRdZBqeEBpRqD+ufg1HCsghjzQRVqu/YqfZyKjVnAme1QaYwpWxCx9g3GNMIlZfPl52RkyCRRIdI5u/f2ZxGSk0j32QiqkO16BXD/7x+poMrL+dxmmmMmYkYL8gE0QkpOpMRl8i0mBqgTHKzJWEhlZRpc5maqe8sll2GznnTsZvO3UWjdV0eogpHcAyn4MAltOAW2uACAw7P8AbvVmg9WS/W60+0YpV/DuGPrI9vXEqMAQ==</latexit>

B�
c

<latexit sha1_base64="u45qBBkWUOkWecIfI7w7nF75coo=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcSNpDYkuCW5cYmKBBCqZDrd0wvQnM1MT0vAKujLqzgfyBXwbB+xCwbP65p4zyT3XTwVX2ra/rNLa+sbmVnm7srO7t39QPTzqqCSTDF2WiET2fKpQ8BhdzbXAXiqRRr7Arj+5mfvdR5SKJ/G9nqboRXQc84Azqs3IbT1cDNmwWrPr9kJkFZwCalCoPax+DkYJyyKMNRNUqb5jp9rLqd ScCZxVBpnClLIJHWPfYEwjVF6+WHZGzoJEEh0iWbx/Z3MaKTWNfJOJqA7Vsjcf/uf1Mx1cezmP00xjzEzEeEEmiE7IvDMZcYlMi6kByiQ3WxIWUkmZNpepmPrOctlV6FzWHbvu3DVqzVZxiDKcwCmcgwNX0IRbaIMLDDg8wxu8W6H1ZL1Yrz/RklX8OYY/sj6+ARIXi9A=</latexit><latexit sha1_base64="u45qBBkWUOkWecIfI7w7nF75coo=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcSNpDYkuCW5cYmKBBCqZDrd0wvQnM1MT0vAKujLqzgfyBXwbB+xCwbP65p4zyT3XTwVX2ra/rNLa+sbmVnm7srO7t39QPTzqqCSTDF2WiET2fKpQ8BhdzbXAXiqRRr7Arj+5mfvdR5SKJ/G9nqboRXQc84Azqs3IbT1cDNmwWrPr9kJkFZwCalCoPax+DkYJyyKMNRNUqb5jp9rLqd ScCZxVBpnClLIJHWPfYEwjVF6+WHZGzoJEEh0iWbx/Z3MaKTWNfJOJqA7Vsjcf/uf1Mx1cezmP00xjzEzEeEEmiE7IvDMZcYlMi6kByiQ3WxIWUkmZNpepmPrOctlV6FzWHbvu3DVqzVZxiDKcwCmcgwNX0IRbaIMLDDg8wxu8W6H1ZL1Yrz/RklX8OYY/sj6+ARIXi9A=</latexit><latexit sha1_base64="u45qBBkWUOkWecIfI7w7nF75coo=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcSNpDYkuCW5cYmKBBCqZDrd0wvQnM1MT0vAKujLqzgfyBXwbB+xCwbP65p4zyT3XTwVX2ra/rNLa+sbmVnm7srO7t39QPTzqqCSTDF2WiET2fKpQ8BhdzbXAXiqRRr7Arj+5mfvdR5SKJ/G9nqboRXQc84Azqs3IbT1cDNmwWrPr9kJkFZwCalCoPax+DkYJyyKMNRNUqb5jp9rLqd ScCZxVBpnClLIJHWPfYEwjVF6+WHZGzoJEEh0iWbx/Z3MaKTWNfJOJqA7Vsjcf/uf1Mx1cezmP00xjzEzEeEEmiE7IvDMZcYlMi6kByiQ3WxIWUkmZNpepmPrOctlV6FzWHbvu3DVqzVZxiDKcwCmcgwNX0IRbaIMLDDg8wxu8W6H1ZL1Yrz/RklX8OYY/sj6+ARIXi9A=</latexit><latexit sha1_base64="u45qBBkWUOkWecIfI7w7nF75coo=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcSNpDYkuCW5cYmKBBCqZDrd0wvQnM1MT0vAKujLqzgfyBXwbB+xCwbP65p4zyT3XTwVX2ra/rNLa+sbmVnm7srO7t39QPTzqqCSTDF2WiET2fKpQ8BhdzbXAXiqRRr7Arj+5mfvdR5SKJ/G9nqboRXQc84Azqs3IbT1cDNmwWrPr9kJkFZwCalCoPax+DkYJyyKMNRNUqb5jp9rLqd ScCZxVBpnClLIJHWPfYEwjVF6+WHZGzoJEEh0iWbx/Z3MaKTWNfJOJqA7Vsjcf/uf1Mx1cezmP00xjzEzEeEEmiE7IvDMZcYlMi6kByiQ3WxIWUkmZNpepmPrOctlV6FzWHbvu3DVqzVZxiDKcwCmcgwNX0IRbaIMLDDg8wxu8W6H1ZL1Yrz/RklX8OYY/sj6+ARIXi9A=</latexit>

Hadronized

ūu+ d̄d+ s̄s

D⇤+
<latexit sha1_base64="XcMq3i6lkbZe0cDOD5PUQtBRtRM=">AAAB53icbZDLSgMxFIZP6q3WW9Wlm2ARRKHMiKDLoi5cVrAXaMeSSc+0sZkLSUYoQ59BV6LufB9fwLcxrbPQ6r/6cv4/cP7jJ1Jo4zifpLCwuLS8Ulwtra1vbG6Vt3eaOk4VxwaPZazaPtMoRYQNI4zEdqKQhb7Elj+6nPqtB1RaxNGtGSfohWwQiUBwZuyoeXWXHR1PeuWKU3Vmon/BzaECueq98ke3H/M0xMhwybTuuE5ivIwpI7jESambakwYH7EBdixGLETtZbNtJ/QgiBU1Q6Sz989sxkKtx6FvMyEzQz3vTYf/eZ3UBOdeJqIkNRhxG7FekEpqYjotTftCITdybIFxJeyWlA+ZYtzY05RsfXe+7F9onlRdp+renFZqF/khirAH+3AILpxBDa6hDg3gcA9P8ApvRJBH8kxevqMFkv/ZhV8i71/IHow6</latexit><latexit sha1_base64="XcMq3i6lkbZe0cDOD5PUQtBRtRM=">AAAB53icbZDLSgMxFIZP6q3WW9Wlm2ARRKHMiKDLoi5cVrAXaMeSSc+0sZkLSUYoQ59BV6LufB9fwLcxrbPQ6r/6cv4/cP7jJ1Jo4zifpLCwuLS8Ulwtra1vbG6Vt3eaOk4VxwaPZazaPtMoRYQNI4zEdqKQhb7Elj+6nPqtB1RaxNGtGSfohWwQiUBwZuyoeXWXHR1PeuWKU3Vmon/BzaECueq98ke3H/M0xMhwybTuuE5ivIwpI7jESambakwYH7EBdixGLETtZbNtJ/QgiBU1Q6Sz989sxkKtx6FvMyEzQz3vTYf/eZ3UBOdeJqIkNRhxG7FekEpqYjotTftCITdybIFxJeyWlA+ZYtzY05RsfXe+7F9onlRdp+renFZqF/khirAH+3AILpxBDa6hDg3gcA9P8ApvRJBH8kxevqMFkv/ZhV8i71/IHow6</latexit><latexit sha1_base64="XcMq3i6lkbZe0cDOD5PUQtBRtRM=">AAAB53icbZDLSgMxFIZP6q3WW9Wlm2ARRKHMiKDLoi5cVrAXaMeSSc+0sZkLSUYoQ59BV6LufB9fwLcxrbPQ6r/6cv4/cP7jJ1Jo4zifpLCwuLS8Ulwtra1vbG6Vt3eaOk4VxwaPZazaPtMoRYQNI4zEdqKQhb7Elj+6nPqtB1RaxNGtGSfohWwQiUBwZuyoeXWXHR1PeuWKU3Vmon/BzaECueq98ke3H/M0xMhwybTuuE5ivIwpI7jESambakwYH7EBdixGLETtZbNtJ/QgiBU1Q6Sz989sxkKtx6FvMyEzQz3vTYf/eZ3UBOdeJqIkNRhxG7FekEpqYjotTftCITdybIFxJeyWlA+ZYtzY05RsfXe+7F9onlRdp+renFZqF/khirAH+3AILpxBDa6hDg3gcA9P8ApvRJBH8kxevqMFkv/ZhV8i71/IHow6</latexit><latexit sha1_base64="XcMq3i6lkbZe0cDOD5PUQtBRtRM=">AAAB53icbZDLSgMxFIZP6q3WW9Wlm2ARRKHMiKDLoi5cVrAXaMeSSc+0sZkLSUYoQ59BV6LufB9fwLcxrbPQ6r/6cv4/cP7jJ1Jo4zifpLCwuLS8Ulwtra1vbG6Vt3eaOk4VxwaPZazaPtMoRYQNI4zEdqKQhb7Elj+6nPqtB1RaxNGtGSfohWwQiUBwZuyoeXWXHR1PeuWKU3Vmon/BzaECueq98ke3H/M0xMhwybTuuE5ivIwpI7jESambakwYH7EBdixGLETtZbNtJ/QgiBU1Q6Sz989sxkKtx6FvMyEzQz3vTYf/eZ3UBOdeJqIkNRhxG7FekEpqYjotTftCITdybIFxJeyWlA+ZYtzY05RsfXe+7F9onlRdp+renFZqF/khirAH+3AILpxBDa6hDg3gcA9P8ApvRJBH8kxevqMFkv/ZhV8i71/IHow6</latexit>

D̄⇤�
<latexit sha1_base64="oSoUBBm0XJgJnbp6882erFjfrYk=">AAAB7XicbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLNLFMpift0MmFmYlQQh5DV6LufBlfwLdxWrPQ1n/1zfn/gfMfPxFcadv+skpLyyura+X1ysbm1vZOdXevreJUMmyxWMSy61OFgkfY0lwL7CYSaegL7Pjj66nfeUSpeBzd60mCXkiHEQ84o9qMXNenMrvJH7KT07xfrdl1eyayCE4BNSjU7Fc/3UHM0hAjzQRVqufYifYyKjVnAvOKmypMKBvTIfYMRjRE5WWznXNyFMSS6BGS2ft3NqOhUpPQN5mQ6pGa96bD/7xeqoNLL+NRkmqMmIkYL0gF0TGZVicDLpFpMTFAmeRmS8JGVFKmzYEqpr4zX3YR2md1x647d+e1xlVxiDIcwCEcgwMX0IBbaEILGCTwDG/wbsXWk/Vivf5ES1bxZx/+yPr4BoY2jwE=</latexit><latexit sha1_base64="oSoUBBm0XJgJnbp6882erFjfrYk=">AAAB7XicbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLNLFMpift0MmFmYlQQh5DV6LufBlfwLdxWrPQ1n/1zfn/gfMfPxFcadv+skpLyyura+X1ysbm1vZOdXevreJUMmyxWMSy61OFgkfY0lwL7CYSaegL7Pjj66nfeUSpeBzd60mCXkiHEQ84o9qMXNenMrvJH7KT07xfrdl1eyayCE4BNSjU7Fc/3UHM0hAjzQRVqufYifYyKjVnAvOKmypMKBvTIfYMRjRE5WWznXNyFMSS6BGS2ft3NqOhUpPQN5mQ6pGa96bD/7xeqoNLL+NRkmqMmIkYL0gF0TGZVicDLpFpMTFAmeRmS8JGVFKmzYEqpr4zX3YR2md1x647d+e1xlVxiDIcwCEcgwMX0IBbaEILGCTwDG/wbsXWk/Vivf5ES1bxZx/+yPr4BoY2jwE=</latexit><latexit sha1_base64="oSoUBBm0XJgJnbp6882erFjfrYk=">AAAB7XicbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLNLFMpift0MmFmYlQQh5DV6LufBlfwLdxWrPQ1n/1zfn/gfMfPxFcadv+skpLyyura+X1ysbm1vZOdXevreJUMmyxWMSy61OFgkfY0lwL7CYSaegL7Pjj66nfeUSpeBzd60mCXkiHEQ84o9qMXNenMrvJH7KT07xfrdl1eyayCE4BNSjU7Fc/3UHM0hAjzQRVqufYifYyKjVnAvOKmypMKBvTIfYMRjRE5WWznXNyFMSS6BGS2ft3NqOhUpPQN5mQ6pGa96bD/7xeqoNLL+NRkmqMmIkYL0gF0TGZVicDLpFpMTFAmeRmS8JGVFKmzYEqpr4zX3YR2md1x647d+e1xlVxiDIcwCEcgwMX0IBbaEILGCTwDG/wbsXWk/Vivf5ES1bxZx/+yPr4BoY2jwE=</latexit><latexit sha1_base64="oSoUBBm0XJgJnbp6882erFjfrYk=">AAAB7XicbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLNLFMpift0MmFmYlQQh5DV6LufBlfwLdxWrPQ1n/1zfn/gfMfPxFcadv+skpLyyura+X1ysbm1vZOdXevreJUMmyxWMSy61OFgkfY0lwL7CYSaegL7Pjj66nfeUSpeBzd60mCXkiHEQ84o9qMXNenMrvJH7KT07xfrdl1eyayCE4BNSjU7Fc/3UHM0hAjzQRVqufYifYyKjVnAvOKmypMKBvTIfYMRjRE5WWznXNyFMSS6BGS2ft3NqOhUpPQN5mQ6pGa96bD/7xeqoNLL+NRkmqMmIkYL0gF0TGZVicDLpFpMTFAmeRmS8JGVFKmzYEqpr4zX3YR2md1x647d+e1xlVxiDIcwCEcgwMX0IBbaEILGCTwDG/wbsXWk/Vivf5ES1bxZx/+yPr4BoY2jwE=</latexit>

D̄⇤�
s

<latexit sha1_base64="bXf495gJZC1E3tg5EtYlYwsU/k8=">AAAB73icbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLtGmZTE/aoZOLMxOhhDyHrkTd+S6+gG/jtGahrf/qm/P/A+c/Xiy40rb9ZRWWlldW14rrpY3Nre2d8u5eU0WJZNhgkYhk26MKBQ+xobkW2I4l0sAT2PLG11O/9YhS8Si815MY3YAOQ+5zRrUZ9boelelN1le99OQ065crdtWeiSyCk0MFctX75c/uIGJJgKFmgirVcexYuymVmjOBWambKIwpG9MhdgyGNEDlprOtM3LkR5LoEZLZ+3c2pYFSk8AzmYDqkZr3psP/vE6i/Us35WGcaAyZiRjPTwTREZmWJwMukWkxMUCZ5GZLwkZUUqbNiUqmvjNfdhGaZ1XHrjp355XaVX6IIhzAIRyDAxdQg1uoQwMYSHiGN3i3Hqwn68V6/YkWrPzPPvyR9fENE62P5w==</latexit><latexit sha1_base64="bXf495gJZC1E3tg5EtYlYwsU/k8=">AAAB73icbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLtGmZTE/aoZOLMxOhhDyHrkTd+S6+gG/jtGahrf/qm/P/A+c/Xiy40rb9ZRWWlldW14rrpY3Nre2d8u5eU0WJZNhgkYhk26MKBQ+xobkW2I4l0sAT2PLG11O/9YhS8Si815MY3YAOQ+5zRrUZ9boelelN1le99OQ065crdtWeiSyCk0MFctX75c/uIGJJgKFmgirVcexYuymVmjOBWambKIwpG9MhdgyGNEDlprOtM3LkR5LoEZLZ+3c2pYFSk8AzmYDqkZr3psP/vE6i/Us35WGcaAyZiRjPTwTREZmWJwMukWkxMUCZ5GZLwkZUUqbNiUqmvjNfdhGaZ1XHrjp355XaVX6IIhzAIRyDAxdQg1uoQwMYSHiGN3i3Hqwn68V6/YkWrPzPPvyR9fENE62P5w==</latexit><latexit sha1_base64="bXf495gJZC1E3tg5EtYlYwsU/k8=">AAAB73icbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLtGmZTE/aoZOLMxOhhDyHrkTd+S6+gG/jtGahrf/qm/P/A+c/Xiy40rb9ZRWWlldW14rrpY3Nre2d8u5eU0WJZNhgkYhk26MKBQ+xobkW2I4l0sAT2PLG11O/9YhS8Si815MY3YAOQ+5zRrUZ9boelelN1le99OQ065crdtWeiSyCk0MFctX75c/uIGJJgKFmgirVcexYuymVmjOBWambKIwpG9MhdgyGNEDlprOtM3LkR5LoEZLZ+3c2pYFSk8AzmYDqkZr3psP/vE6i/Us35WGcaAyZiRjPTwTREZmWJwMukWkxMUCZ5GZLwkZUUqbNiUqmvjNfdhGaZ1XHrjp355XaVX6IIhzAIRyDAxdQg1uoQwMYSHiGN3i3Hqwn68V6/YkWrPzPPvyR9fENE62P5w==</latexit><latexit sha1_base64="bXf495gJZC1E3tg5EtYlYwsU/k8=">AAAB73icbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLtGmZTE/aoZOLMxOhhDyHrkTd+S6+gG/jtGahrf/qm/P/A+c/Xiy40rb9ZRWWlldW14rrpY3Nre2d8u5eU0WJZNhgkYhk26MKBQ+xobkW2I4l0sAT2PLG11O/9YhS8Si815MY3YAOQ+5zRrUZ9boelelN1le99OQ065crdtWeiSyCk0MFctX75c/uIGJJgKFmgirVcexYuymVmjOBWambKIwpG9MhdgyGNEDlprOtM3LkR5LoEZLZ+3c2pYFSk8AzmYDqkZr3psP/vE6i/Us35WGcaAyZiRjPTwTREZmWJwMukWkxMUCZ5GZLwkZUUqbNiUqmvjNfdhGaZ1XHrjp355XaVX6IIhzAIRyDAxdQg1uoQwMYSHiGN3i3Hqwn68V6/YkWrPzPPvyR9fENE62P5w==</latexit>

D⇤+
s
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B−
c

D∗

π−

D̄∗

Fig. 2 Tree level contribution corresponding to the hadronization
depicted in Fig. 1b

and we get

|H⟩ = D∗0 D̄∗0 + D∗+ D̄∗− + D∗+
s D̄∗−

s + J/ψ J/ψ. (2)

The intrinsic phase convention for isospin multiplets in
(D∗+, − D∗0), (D̄∗0, D∗− ) indicates that the isospin com-
bination of H is I = 0, as it should be since it comes from
cc̄. Thus, we can write

|H⟩ =
√

2|D∗ D̄∗⟩ + |D∗
s D̄

∗
s ⟩, (3)

where we have neglected the J/ψ J/ψ component which is
far beyond in energy from our range of concern. In addition,
the coupling of the resonances found in [18] to J/ψ J/ψ is
negligibly small.

The combination of |H⟩ in Eq. (3) accounts only for the
flavor composition. We need to take into account the spin-
angular momentum structure of the vertices. If we produce
a 0+[0++] D∗ D̄∗ state we have 0− → 0− 0+ transition and
we adopt the common choice of taking the lowest possible
angular momentum in the vertex, L = 0. The s-wave and the
J P = 1− of the D∗ leads us to a vertex of the type

A′ ϵ · ϵ ′ (4)

with ϵ, ϵ ′ the polarization vertices of D∗, D̄∗. Note that
we shall work in the rest frame of the resonances produced,
where D∗, D̄∗ momenta are small with respect to their masses
and then we neglect the ϵ0 component. On the other hand, if
we produce a 2++ state, the 0− → 0− , 2+ requires L = 2
and we shall then take the D-wave structure

B
(

ϵ · kϵ ′ · k − 1
3
|k|2 ϵ · ϵ ′

)
, (5)

where k is the momentum of the pion. Hence, the tree level
amplitude for B−

s → π − D∗ D̄∗ shown in Fig. 2 is given by

B−
c

π−

D∗, D∗
s

R

D̄∗, D̄∗
s

J/ψ

ω

Fig. 3 Mechanism to produce the J/ψω final state through rescatter-
ing of the D∗ D̄∗ and D∗

s D̄
∗
s components. R is either the X (3922) (2++)

or X (3943) (0++)

B−
c

π−

D∗

D̄∗

(a)

+
B−

c

π−

D∗, D∗
s

R

D̄∗, D̄∗
s

D∗

D̄∗

(b)

Fig. 4 Mechanism to produce the D∗ D̄∗ in the final state through
tree level (a ) and rescattering (b). R is either the X (3922) (2++) or
X (3943) (0++)

t tree
Bc→π − D∗ D̄∗ =

√
2
[
A |kav|2 ϵ · ϵ ′

+B
(

ϵ · k ϵ ′ · k − 1
3
|k|2 ϵ · ϵ ′

)]
, (6)

where we have substituted A′ of Eq. (4) by A |kav|2, with
kav, an average value of k, just to make A and B have the
same dimension. We take |kav| = 1000 MeV.

After the first step for D∗ D̄∗ and D∗
s D̄

∗
s production, these

mesons undergo final state interaction, as depicted in Figs.
3 and 4, to produce J/ψω and D∗ D̄∗ in the final state. In
the case of J/ψω production shown in Fig. 3, since this
state is not primarily produced in |H⟩, it is produced through
rescattering via the resonances X (3922) and X (3943). In the
case of D∗ D̄∗ production, shown in Fig. 4, it proceeds via
tree level (primary production, Fig. 4a) and rescattering (Fig.
4b).

Analytically, we have

tJ/ψω = A |kav|2 ϵ · ϵ ′ t1

+B
(

ϵ · k ϵ ′ · k − 1
3
|k|2 ϵ · ϵ ′

)
t2, (7)

where

t1 =
√

2GD∗ D̄∗
(
MJ/ψω

inv

)
t ID∗ D̄∗→J/ψω

(
MJ/ψω

inv

)

+GD∗
s D̄∗

s

(
MJ/ψω

inv

)
t ID∗

s D̄∗
s →J/ψω

(
MJ/ψω

inv

)
, (8)
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resonance couples most strongly to D∗
s D̄

∗
s has the conse-

quence that the J/ψφ mass spectrum develops a strong cusp
at the D∗

s D̄
∗
s threshold, something visible in the experimen-

tal spectra with an increased strength in that region. It is
also worth mentioning that a similar enhancement is seen,
although with poor statistics, in the recent BESIII work on
the e+e− → γ J/ψφ reaction [23].

In the present work we want to continue along this line of
research and present results for a reaction that should reveal
the D∗ D̄∗ nature of two states found in [18] as 0+[0++] and
0+[2++] at 3943 and 3922 MeV, respectively, which can
be identified with some experimental states in that region
[16,18].1

In this case we note that the states found, mostly D∗ D̄∗

bound states, also couple to J/ψω in the second place, and
J/ψφ with smaller strength. So we choose the J/ψω obser-
vation channel looking into the necessary cusp that should
develop at the D∗ D̄∗ threshold. For this purpose we look into
the B−

c → π− J/ψω decay and then into the J/ψω invari-
ant mass distribution. The choice of this reaction is that in
a first stage of the reaction the D∗ D̄∗ state is formed with a
dominant weak decay mechanism, but the J/ψω state is not
formed at this level. Then the J/ψω is finally produced via
rescattering of the D∗ D̄∗ component with the other compo-
nents that make up the two molecular states. This stresses the
role of the resonance since there is no tree level J/ψω con-
tribution. Thus, we obtain two peaks in the J/ψω mass dis-
tribution corresponding to the molecular states and a strong
cusp at the D∗ D̄∗ threshold. In addition we also look at the
D∗ D̄∗ mass distribution in the B−

c → π−D∗ D̄∗ reaction
and evaluate its strength above the D∗ D̄∗ threshold, which
is closely connected to the strength of the J/ψω mass dis-
tribution. The D∗ D̄∗ cusp feature, together with the relative
strength of the D∗ D̄∗ compared to the one of J/ψω, are
two magnitudes which are tied to the molecular structure of
these two resonances, and we encourage the performance of
the experiment that should bring valuable light into these
issues.

1 The state at 3943 MeV can be associated with the X (3940) of [24,25]
and the X (3922) with the X (3930)[27] now classified in the PDG as
the χc2(2P). The width of the X (3943) MeV obtained in [18] of 15–
17 MeV looks small compared to ' = 87 ± 22 ± 26 MeV of [24].
These results are improved in [25] by measuring the DD̄ and DD̄∗
decay channels with ' = 15.4 ± 10.1 MeV, in good agreement with
the results of [18]. A further experiment for the X (3940) in [26] from
the measurement of the D∗ D̄∗ channel close to threshold, provides
' = 37+26

−15 ± 8 MeV, which is also compatible with the results of [18]
within the large errors. The width of about 50 MeV of [18] for the
X (3922) is also in fair agreement with ' = 29 ± 10 ± 2 MeV of [27].

c̄ c̄

b c

W

ū

d

π−

B−
c

(a)

c̄ c̄

ūu + d̄d + s̄s + c̄c

b c

W

ū

d

π−

B−
c

(b)

Fig. 1 a Microscopic quark picture of B−
c → π−cc̄ decay. b

Hadronization through q̄q creation with vacuum quantum numbers

2 Formalism

We look into the B−
c decay mechanism at quark level depicted

in Fig. 1a.
The mechanism qualifies as external emission [28] and

is both Cabibbo favored in Wud vertex, and color favored
(the Wbc vertex is also the least Cabibbo suppressed of the b
decays). Then the final c quark from b decay and the spectator
c̄ quark from the B−

c hadronize, with the incorporation of q̄q
with the quantum numbers of the vacuum (see Fig. 1b) to give
two mesons. The resulting two mesons are easily obtained
by writing

H =
4∑

i=1

cq̄i qi c̄ =
4∑

i=1

M4i Mi4 = (M2)44,

where Mi j is the qq̄ matrix with the u, d , s, c quarks. How-
ever, it is convenient to write the qq̄ matrix in terms of phys-
ical mesons, in this case vector mesons as

Mi j → V =

⎛

⎜⎜⎜⎝

1√
2
ρ0 + 1√

2
ω ρ+ K ∗+ D̄∗0

ρ− − 1√
2
ρ0 + 1√

2
ω K ∗0 D̄∗−

K ∗− K̄ ∗0 φ D∗−
s

D∗0 D∗+ D∗+
s J/ψ

⎞

⎟⎟⎟⎠
,

(1)

123
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D̄⇤�
<latexit sha1_base64="oSoUBBm0XJgJnbp6882erFjfrYk=">AAAB7XicbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLNLFMpift0MmFmYlQQh5DV6LufBlfwLdxWrPQ1n/1zfn/gfMfPxFcadv+skpLyyura+X1ysbm1vZOdXevreJUMmyxWMSy61OFgkfY0lwL7CYSaegL7Pjj66nfeUSpeBzd60mCXkiHEQ84o9qMXNenMrvJH7KT07xfrdl1eyayCE4BNSjU7Fc/3UHM0hAjzQRVqufYifYyKjVnAvOKmypMKBvTIfYMRjRE5WWznXNyFMSS6BGS2ft3NqOhUpPQN5mQ6pGa96bD/7xeqoNLL+NRkmqMmIkYL0gF0TGZVicDLpFpMTFAmeRmS8JGVFKmzYEqpr4zX3YR2md1x647d+e1xlVxiDIcwCEcgwMX0IBbaEILGCTwDG/wbsXWk/Vivf5ES1bxZx/+yPr4BoY2jwE=</latexit><latexit sha1_base64="oSoUBBm0XJgJnbp6882erFjfrYk=">AAAB7XicbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLNLFMpift0MmFmYlQQh5DV6LufBlfwLdxWrPQ1n/1zfn/gfMfPxFcadv+skpLyyura+X1ysbm1vZOdXevreJUMmyxWMSy61OFgkfY0lwL7CYSaegL7Pjj66nfeUSpeBzd60mCXkiHEQ84o9qMXNenMrvJH7KT07xfrdl1eyayCE4BNSjU7Fc/3UHM0hAjzQRVqufYifYyKjVnAvOKmypMKBvTIfYMRjRE5WWznXNyFMSS6BGS2ft3NqOhUpPQN5mQ6pGa96bD/7xeqoNLL+NRkmqMmIkYL0gF0TGZVicDLpFpMTFAmeRmS8JGVFKmzYEqpr4zX3YR2md1x647d+e1xlVxiDIcwCEcgwMX0IBbaEILGCTwDG/wbsXWk/Vivf5ES1bxZx/+yPr4BoY2jwE=</latexit><latexit sha1_base64="oSoUBBm0XJgJnbp6882erFjfrYk=">AAAB7XicbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLNLFMpift0MmFmYlQQh5DV6LufBlfwLdxWrPQ1n/1zfn/gfMfPxFcadv+skpLyyura+X1ysbm1vZOdXevreJUMmyxWMSy61OFgkfY0lwL7CYSaegL7Pjj66nfeUSpeBzd60mCXkiHEQ84o9qMXNenMrvJH7KT07xfrdl1eyayCE4BNSjU7Fc/3UHM0hAjzQRVqufYifYyKjVnAvOKmypMKBvTIfYMRjRE5WWznXNyFMSS6BGS2ft3NqOhUpPQN5mQ6pGa96bD/7xeqoNLL+NRkmqMmIkYL0gF0TGZVicDLpFpMTFAmeRmS8JGVFKmzYEqpr4zX3YR2md1x647d+e1xlVxiDIcwCEcgwMX0IBbaEILGCTwDG/wbsXWk/Vivf5ES1bxZx/+yPr4BoY2jwE=</latexit><latexit sha1_base64="oSoUBBm0XJgJnbp6882erFjfrYk=">AAAB7XicbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLNLFMpift0MmFmYlQQh5DV6LufBlfwLdxWrPQ1n/1zfn/gfMfPxFcadv+skpLyyura+X1ysbm1vZOdXevreJUMmyxWMSy61OFgkfY0lwL7CYSaegL7Pjj66nfeUSpeBzd60mCXkiHEQ84o9qMXNenMrvJH7KT07xfrdl1eyayCE4BNSjU7Fc/3UHM0hAjzQRVqufYifYyKjVnAvOKmypMKBvTIfYMRjRE5WWznXNyFMSS6BGS2ft3NqOhUpPQN5mQ6pGa96bD/7xeqoNLL+NRkmqMmIkYL0gF0TGZVicDLpFpMTFAmeRmS8JGVFKmzYEqpr4zX3YR2md1x647d+e1xlVxiDIcwCEcgwMX0IBbaEILGCTwDG/wbsXWk/Vivf5ES1bxZx/+yPr4BoY2jwE=</latexit>

D̄⇤�
s

<latexit sha1_base64="bXf495gJZC1E3tg5EtYlYwsU/k8=">AAAB73icbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLtGmZTE/aoZOLMxOhhDyHrkTd+S6+gG/jtGahrf/qm/P/A+c/Xiy40rb9ZRWWlldW14rrpY3Nre2d8u5eU0WJZNhgkYhk26MKBQ+xobkW2I4l0sAT2PLG11O/9YhS8Si815MY3YAOQ+5zRrUZ9boelelN1le99OQ065crdtWeiSyCk0MFctX75c/uIGJJgKFmgirVcexYuymVmjOBWambKIwpG9MhdgyGNEDlprOtM3LkR5LoEZLZ+3c2pYFSk8AzmYDqkZr3psP/vE6i/Us35WGcaAyZiRjPTwTREZmWJwMukWkxMUCZ5GZLwkZUUqbNiUqmvjNfdhGaZ1XHrjp355XaVX6IIhzAIRyDAxdQg1uoQwMYSHiGN3i3Hqwn68V6/YkWrPzPPvyR9fENE62P5w==</latexit><latexit sha1_base64="bXf495gJZC1E3tg5EtYlYwsU/k8=">AAAB73icbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLtGmZTE/aoZOLMxOhhDyHrkTd+S6+gG/jtGahrf/qm/P/A+c/Xiy40rb9ZRWWlldW14rrpY3Nre2d8u5eU0WJZNhgkYhk26MKBQ+xobkW2I4l0sAT2PLG11O/9YhS8Si815MY3YAOQ+5zRrUZ9boelelN1le99OQ065crdtWeiSyCk0MFctX75c/uIGJJgKFmgirVcexYuymVmjOBWambKIwpG9MhdgyGNEDlprOtM3LkR5LoEZLZ+3c2pYFSk8AzmYDqkZr3psP/vE6i/Us35WGcaAyZiRjPTwTREZmWJwMukWkxMUCZ5GZLwkZUUqbNiUqmvjNfdhGaZ1XHrjp355XaVX6IIhzAIRyDAxdQg1uoQwMYSHiGN3i3Hqwn68V6/YkWrPzPPvyR9fENE62P5w==</latexit><latexit sha1_base64="bXf495gJZC1E3tg5EtYlYwsU/k8=">AAAB73icbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLtGmZTE/aoZOLMxOhhDyHrkTd+S6+gG/jtGahrf/qm/P/A+c/Xiy40rb9ZRWWlldW14rrpY3Nre2d8u5eU0WJZNhgkYhk26MKBQ+xobkW2I4l0sAT2PLG11O/9YhS8Si815MY3YAOQ+5zRrUZ9boelelN1le99OQ065crdtWeiSyCk0MFctX75c/uIGJJgKFmgirVcexYuymVmjOBWambKIwpG9MhdgyGNEDlprOtM3LkR5LoEZLZ+3c2pYFSk8AzmYDqkZr3psP/vE6i/Us35WGcaAyZiRjPTwTREZmWJwMukWkxMUCZ5GZLwkZUUqbNiUqmvjNfdhGaZ1XHrjp355XaVX6IIhzAIRyDAxdQg1uoQwMYSHiGN3i3Hqwn68V6/YkWrPzPPvyR9fENE62P5w==</latexit><latexit sha1_base64="bXf495gJZC1E3tg5EtYlYwsU/k8=">AAAB73icbZDLSsNAFIZP6q3WW9Wlm8EiiGBJRNBlURcuK9gLtGmZTE/aoZOLMxOhhDyHrkTd+S6+gG/jtGahrf/qm/P/A+c/Xiy40rb9ZRWWlldW14rrpY3Nre2d8u5eU0WJZNhgkYhk26MKBQ+xobkW2I4l0sAT2PLG11O/9YhS8Si815MY3YAOQ+5zRrUZ9boelelN1le99OQ065crdtWeiSyCk0MFctX75c/uIGJJgKFmgirVcexYuymVmjOBWambKIwpG9MhdgyGNEDlprOtM3LkR5LoEZLZ+3c2pYFSk8AzmYDqkZr3psP/vE6i/Us35WGcaAyZiRjPTwTREZmWJwMukWkxMUCZ5GZLwkZUUqbNiUqmvjNfdhGaZ1XHrjp355XaVX6IIhzAIRyDAxdQg1uoQwMYSHiGN3i3Hqwn68V6/YkWrPzPPvyR9fENE62P5w==</latexit>

D⇤+
s

<latexit sha1_base64="VNNTE6FCwFjudpv1G7R7/QPVAfM=">AAAB6XicbZDLSgMxFIZP6q3WW9Wlm2ARRKHMiKDLoi5cVrAXaMeSSc+0oZkLSUYoQx9CV6LufB1fwLcxrbPQ1n/15fx/4PzHT6TQxnG+SGFpeWV1rbhe2tjc2t4p7+41dZwqjg0ey1i1faZRiggbRhiJ7UQhC32JLX90PfVbj6i0iKN7M07QC9kgEoHgzNhR+6anH7KT00mvXHGqzkx0EdwcKpCr3it/dvsxT0OMDJdM647rJMbLmDKCS5yUuqnGhPERG2DHYsRC1F4223dCj4JYUTNEOnv/zmYs1Hoc+jYTMjPU8950+J/XSU1w6WUiSlKDEbcR6wWppCam09q0LxRyI8cWGFfCbkn5kCnGjT1OydZ358suQvOs6jpV9+68UrvKD1GEAziEY3DhAmpwC3VoAAcJz/AG72REnsgLef2JFkj+Zx/+iHx8A1BrjSA=</latexit><latexit sha1_base64="VNNTE6FCwFjudpv1G7R7/QPVAfM=">AAAB6XicbZDLSgMxFIZP6q3WW9Wlm2ARRKHMiKDLoi5cVrAXaMeSSc+0oZkLSUYoQx9CV6LufB1fwLcxrbPQ1n/15fx/4PzHT6TQxnG+SGFpeWV1rbhe2tjc2t4p7+41dZwqjg0ey1i1faZRiggbRhiJ7UQhC32JLX90PfVbj6i0iKN7M07QC9kgEoHgzNhR+6anH7KT00mvXHGqzkx0EdwcKpCr3it/dvsxT0OMDJdM647rJMbLmDKCS5yUuqnGhPERG2DHYsRC1F4223dCj4JYUTNEOnv/zmYs1Hoc+jYTMjPU8950+J/XSU1w6WUiSlKDEbcR6wWppCam09q0LxRyI8cWGFfCbkn5kCnGjT1OydZ358suQvOs6jpV9+68UrvKD1GEAziEY3DhAmpwC3VoAAcJz/AG72REnsgLef2JFkj+Zx/+iHx8A1BrjSA=</latexit><latexit sha1_base64="VNNTE6FCwFjudpv1G7R7/QPVAfM=">AAAB6XicbZDLSgMxFIZP6q3WW9Wlm2ARRKHMiKDLoi5cVrAXaMeSSc+0oZkLSUYoQx9CV6LufB1fwLcxrbPQ1n/15fx/4PzHT6TQxnG+SGFpeWV1rbhe2tjc2t4p7+41dZwqjg0ey1i1faZRiggbRhiJ7UQhC32JLX90PfVbj6i0iKN7M07QC9kgEoHgzNhR+6anH7KT00mvXHGqzkx0EdwcKpCr3it/dvsxT0OMDJdM647rJMbLmDKCS5yUuqnGhPERG2DHYsRC1F4223dCj4JYUTNEOnv/zmYs1Hoc+jYTMjPU8950+J/XSU1w6WUiSlKDEbcR6wWppCam09q0LxRyI8cWGFfCbkn5kCnGjT1OydZ358suQvOs6jpV9+68UrvKD1GEAziEY3DhAmpwC3VoAAcJz/AG72REnsgLef2JFkj+Zx/+iHx8A1BrjSA=</latexit><latexit sha1_base64="VNNTE6FCwFjudpv1G7R7/QPVAfM=">AAAB6XicbZDLSgMxFIZP6q3WW9Wlm2ARRKHMiKDLoi5cVrAXaMeSSc+0oZkLSUYoQx9CV6LufB1fwLcxrbPQ1n/15fx/4PzHT6TQxnG+SGFpeWV1rbhe2tjc2t4p7+41dZwqjg0ey1i1faZRiggbRhiJ7UQhC32JLX90PfVbj6i0iKN7M07QC9kgEoHgzNhR+6anH7KT00mvXHGqzkx0EdwcKpCr3it/dvsxT0OMDJdM647rJMbLmDKCS5yUuqnGhPERG2DHYsRC1F4223dCj4JYUTNEOnv/zmYs1Hoc+jYTMjPU8950+J/XSU1w6WUiSlKDEbcR6wWppCam09q0LxRyI8cWGFfCbkn5kCnGjT1OydZ358suQvOs6jpV9+68UrvKD1GEAziEY3DhAmpwC3VoAAcJz/AG72REnsgLef2JFkj+Zx/+iHx8A1BrjSA=</latexit>

,
,

T

  Formalism…

T =

D⇤D̄⇤
<latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit><latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit><latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit><latexit sha1_base64="J+h5TQcvqRnxCjaIHjddbmrOF+Y=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYGBakNSa6JMrCJSbyk9BCpsMtTJh2mpmpCWl4DF0ZdefL+AK+jQN2oeBZfXPPmeSeGyScKe04X1ZhbX1jc6u4XdrZ3ds/KB8etZVIJcUWFVzIbkAUchZjSzPNsZtIJFHAsRNMbud+5xGlYiJ+0NME/YiMYhYySrQZeY1+1QuIzBqzfnVQrjg1ZyF7FdwcKpCrOSh/ekNB0whjTTlRquc6ifYzIjWjHGclL1WYEDohI+wZjEmEys8WO8/ss1BIW4/RXrx/ZzMSKTWNApOJiB6rZW8+/M/rpTq89jMWJ6nGmJqI8cKU21rY8+r2kEmkmk8NECqZ2dKmYyIJ1eZAJVPfXS67Cu2LmuvU3PvLSv0mP0QRTuAUzsGFK6jDHTShBRQSeIY3eLeE9WS9WK8/0YKV/zmGP7I+vgH9+I6o</latexit>

0+(0++)
<latexit sha1_base64="7WvpBgLRye8aVi5TLtsg432rS1U=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiVAplRgRdFt24rGB/YDotmfROG5pJhiQjlKFvoStRdz6NL+DbmNZZaOtZfbnnBO65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRW8tUUWhRyaXqhkQDZwJahhkO3UQBiUMOnXByO/c7j6A0k+LBTBMIYjISLGKUGDvy3X6t6vazWm12PihX3Lq7EF4FL4cKytUclD97Q0nTGIShnGjte25igowowyiHWamXakgInZAR+BYFiUEH2WLlGT6LpMJmDHjx/p3NSKz1NA5tJiZmrJe9+fA/z09NdB1kTCSpAUFtxHpRyrGReN4cD5kCavjUAqGK2S0xHRNFqLH3Kdn63nLZVWhf1D237t1fVho3+SGK6ASdoiry0BVqoDvURC1EkUTP6A29O8J5cl6c159owcn/HKM/cj6+AfqCjWM=</latexit><latexit sha1_base64="7WvpBgLRye8aVi5TLtsg432rS1U=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiVAplRgRdFt24rGB/YDotmfROG5pJhiQjlKFvoStRdz6NL+DbmNZZaOtZfbnnBO65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRW8tUUWhRyaXqhkQDZwJahhkO3UQBiUMOnXByO/c7j6A0k+LBTBMIYjISLGKUGDvy3X6t6vazWm12PihX3Lq7EF4FL4cKytUclD97Q0nTGIShnGjte25igowowyiHWamXakgInZAR+BYFiUEH2WLlGT6LpMJmDHjx/p3NSKz1NA5tJiZmrJe9+fA/z09NdB1kTCSpAUFtxHpRyrGReN4cD5kCavjUAqGK2S0xHRNFqLH3Kdn63nLZVWhf1D237t1fVho3+SGK6ASdoiry0BVqoDvURC1EkUTP6A29O8J5cl6c159owcn/HKM/cj6+AfqCjWM=</latexit><latexit sha1_base64="7WvpBgLRye8aVi5TLtsg432rS1U=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiVAplRgRdFt24rGB/YDotmfROG5pJhiQjlKFvoStRdz6NL+DbmNZZaOtZfbnnBO65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRW8tUUWhRyaXqhkQDZwJahhkO3UQBiUMOnXByO/c7j6A0k+LBTBMIYjISLGKUGDvy3X6t6vazWm12PihX3Lq7EF4FL4cKytUclD97Q0nTGIShnGjte25igowowyiHWamXakgInZAR+BYFiUEH2WLlGT6LpMJmDHjx/p3NSKz1NA5tJiZmrJe9+fA/z09NdB1kTCSpAUFtxHpRyrGReN4cD5kCavjUAqGK2S0xHRNFqLH3Kdn63nLZVWhf1D237t1fVho3+SGK6ASdoiry0BVqoDvURC1EkUTP6A29O8J5cl6c159owcn/HKM/cj6+AfqCjWM=</latexit><latexit sha1_base64="7WvpBgLRye8aVi5TLtsg432rS1U=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiVAplRgRdFt24rGB/YDotmfROG5pJhiQjlKFvoStRdz6NL+DbmNZZaOtZfbnnBO65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRW8tUUWhRyaXqhkQDZwJahhkO3UQBiUMOnXByO/c7j6A0k+LBTBMIYjISLGKUGDvy3X6t6vazWm12PihX3Lq7EF4FL4cKytUclD97Q0nTGIShnGjte25igowowyiHWamXakgInZAR+BYFiUEH2WLlGT6LpMJmDHjx/p3NSKz1NA5tJiZmrJe9+fA/z09NdB1kTCSpAUFtxHpRyrGReN4cD5kCavjUAqGK2S0xHRNFqLH3Kdn63nLZVWhf1D237t1fVho3+SGK6ASdoiry0BVqoDvURC1EkUTP6A29O8J5cl6c159owcn/HKM/cj6+AfqCjWM=</latexit>

0+(2++)
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B−
c

D∗

π−

D̄∗

Fig. 2 Tree level contribution corresponding to the hadronization
depicted in Fig. 1b

and we get

|H⟩ = D∗0 D̄∗0 + D∗+ D̄∗− + D∗+
s D̄∗−

s + J/ψ J/ψ. (2)

The intrinsic phase convention for isospin multiplets in
(D∗+, − D∗0), (D̄∗0, D∗− ) indicates that the isospin com-
bination of H is I = 0, as it should be since it comes from
cc̄. Thus, we can write

|H⟩ =
√

2|D∗ D̄∗⟩ + |D∗
s D̄

∗
s ⟩, (3)

where we have neglected the J/ψ J/ψ component which is
far beyond in energy from our range of concern. In addition,
the coupling of the resonances found in [18] to J/ψ J/ψ is
negligibly small.

The combination of |H⟩ in Eq. (3) accounts only for the
flavor composition. We need to take into account the spin-
angular momentum structure of the vertices. If we produce
a 0+[0++] D∗ D̄∗ state we have 0− → 0− 0+ transition and
we adopt the common choice of taking the lowest possible
angular momentum in the vertex, L = 0. The s-wave and the
J P = 1− of the D∗ leads us to a vertex of the type

A′ ϵ · ϵ ′ (4)

with ϵ, ϵ ′ the polarization vertices of D∗, D̄∗. Note that
we shall work in the rest frame of the resonances produced,
where D∗, D̄∗ momenta are small with respect to their masses
and then we neglect the ϵ0 component. On the other hand, if
we produce a 2++ state, the 0− → 0− , 2+ requires L = 2
and we shall then take the D-wave structure

B
(

ϵ · kϵ ′ · k − 1
3
|k|2 ϵ · ϵ ′

)
, (5)

where k is the momentum of the pion. Hence, the tree level
amplitude for B−

s → π − D∗ D̄∗ shown in Fig. 2 is given by

B−
c

π−

D∗, D∗
s

R

D̄∗, D̄∗
s

J/ψ

ω

Fig. 3 Mechanism to produce the J/ψω final state through rescatter-
ing of the D∗ D̄∗ and D∗

s D̄
∗
s components. R is either the X (3922) (2++)

or X (3943) (0++)

B−
c

π−

D∗

D̄∗

(a)

+
B−

c

π−

D∗, D∗
s

R

D̄∗, D̄∗
s

D∗

D̄∗

(b)

Fig. 4 Mechanism to produce the D∗ D̄∗ in the final state through
tree level (a ) and rescattering (b). R is either the X (3922) (2++) or
X (3943) (0++)

t tree
Bc→π − D∗ D̄∗ =

√
2
[
A |kav|2 ϵ · ϵ ′

+B
(

ϵ · k ϵ ′ · k − 1
3
|k|2 ϵ · ϵ ′

)]
, (6)

where we have substituted A′ of Eq. (4) by A |kav|2, with
kav, an average value of k, just to make A and B have the
same dimension. We take |kav| = 1000 MeV.

After the first step for D∗ D̄∗ and D∗
s D̄

∗
s production, these

mesons undergo final state interaction, as depicted in Figs.
3 and 4, to produce J/ψω and D∗ D̄∗ in the final state. In
the case of J/ψω production shown in Fig. 3, since this
state is not primarily produced in |H⟩, it is produced through
rescattering via the resonances X (3922) and X (3943). In the
case of D∗ D̄∗ production, shown in Fig. 4, it proceeds via
tree level (primary production, Fig. 4a) and rescattering (Fig.
4b).

Analytically, we have

tJ/ψω = A |kav|2 ϵ · ϵ ′ t1

+B
(

ϵ · k ϵ ′ · k − 1
3
|k|2 ϵ · ϵ ′

)
t2, (7)

where

t1 =
√

2GD∗ D̄∗
(
MJ/ψω

inv

)
t ID∗ D̄∗→J/ψω

(
MJ/ψω

inv

)

+GD∗
s D̄∗

s

(
MJ/ψω

inv

)
t ID∗

s D̄∗
s →J/ψω

(
MJ/ψω

inv

)
, (8)

123

T =

D⇤D̄⇤
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B−
c

D∗

π−

D̄∗

Fig. 2 Tree level contribution corresponding to the hadronization
depicted in Fig. 1b

and we get

|H⟩ = D∗0 D̄∗0 + D∗+ D̄∗− + D∗+
s D̄∗−

s + J/ψ J/ψ. (2)

The intrinsic phase convention for isospin multiplets in
(D∗+, − D∗0), (D̄∗0, D∗− ) indicates that the isospin com-
bination of H is I = 0, as it should be since it comes from
cc̄. Thus, we can write

|H⟩ =
√

2|D∗ D̄∗⟩ + |D∗
s D̄

∗
s ⟩, (3)

where we have neglected the J/ψ J/ψ component which is
far beyond in energy from our range of concern. In addition,
the coupling of the resonances found in [18] to J/ψ J/ψ is
negligibly small.

The combination of |H⟩ in Eq. (3) accounts only for the
flavor composition. We need to take into account the spin-
angular momentum structure of the vertices. If we produce
a 0+[0++] D∗ D̄∗ state we have 0− → 0− 0+ transition and
we adopt the common choice of taking the lowest possible
angular momentum in the vertex, L = 0. The s-wave and the
J P = 1− of the D∗ leads us to a vertex of the type

A′ ϵ · ϵ ′ (4)

with ϵ, ϵ ′ the polarization vertices of D∗, D̄∗. Note that
we shall work in the rest frame of the resonances produced,
where D∗, D̄∗ momenta are small with respect to their masses
and then we neglect the ϵ0 component. On the other hand, if
we produce a 2++ state, the 0− → 0− , 2+ requires L = 2
and we shall then take the D-wave structure

B
(

ϵ · kϵ ′ · k − 1
3
|k|2 ϵ · ϵ ′

)
, (5)

where k is the momentum of the pion. Hence, the tree level
amplitude for B−

s → π − D∗ D̄∗ shown in Fig. 2 is given by

B−
c

π−

D∗, D∗
s

R

D̄∗, D̄∗
s

J/ψ

ω

Fig. 3 Mechanism to produce the J/ψω final state through rescatter-
ing of the D∗ D̄∗ and D∗

s D̄
∗
s components. R is either the X (3922) (2++)

or X (3943) (0++)

B−
c

π−

D∗

D̄∗

(a)

+
B−

c

π−

D∗, D∗
s

R

D̄∗, D̄∗
s

D∗

D̄∗

(b)

Fig. 4 Mechanism to produce the D∗ D̄∗ in the final state through
tree level (a ) and rescattering (b). R is either the X (3922) (2++) or
X (3943) (0++)

t tree
Bc→π − D∗ D̄∗ =

√
2
[
A |kav|2 ϵ · ϵ ′

+B
(

ϵ · k ϵ ′ · k − 1
3
|k|2 ϵ · ϵ ′

)]
, (6)

where we have substituted A′ of Eq. (4) by A |kav|2, with
kav, an average value of k, just to make A and B have the
same dimension. We take |kav| = 1000 MeV.

After the first step for D∗ D̄∗ and D∗
s D̄

∗
s production, these

mesons undergo final state interaction, as depicted in Figs.
3 and 4, to produce J/ψω and D∗ D̄∗ in the final state. In
the case of J/ψω production shown in Fig. 3, since this
state is not primarily produced in |H⟩, it is produced through
rescattering via the resonances X (3922) and X (3943). In the
case of D∗ D̄∗ production, shown in Fig. 4, it proceeds via
tree level (primary production, Fig. 4a) and rescattering (Fig.
4b).

Analytically, we have

tJ/ψω = A |kav|2 ϵ · ϵ ′ t1

+B
(

ϵ · k ϵ ′ · k − 1
3
|k|2 ϵ · ϵ ′

)
t2, (7)

where

t1 =
√

2GD∗ D̄∗
(
MJ/ψω

inv

)
t ID∗ D̄∗→J/ψω

(
MJ/ψω

inv

)

+GD∗
s D̄∗

s

(
MJ/ψω

inv

)
t ID∗

s D̄∗
s →J/ψω

(
MJ/ψω

inv

)
, (8)

123

T =

D⇤D̄⇤
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Table 1 Couplings g i of the
0++ and 2++ resonances to the
relevant channels, in units of
MeV

D∗ D̄∗ D∗
s D̄

∗
s K ∗ K̄ ∗ ρρ

√
s pole = 3943 + i7.4, I G [J PC ] = 0+[0++]
18,810 − i682 8426 + i1933 10 − i11 −22 + i47

ωω φφ J/ψ J/ψ

1348 + i234 −1000 − i150 417 + i64

ωJ/ψ φ J/ψ ωφ

−1429 − i216 889 + i196 −215 − i107
√
s pole = 3922 + i26, I G [J PC ] = 0+[2++]
21,100 − i1802 1633 + i6797 42 + i14 −75 + i37

ωω φφ J/ψ J/ψ

1558 + i1821 −904 − i1783 1783 + i197

ωJ/ψ φ J/ψ ωφ

−2558 − i2289 918 + i2921 91 − i784

%
(i)
0 = %Ri −%

(i)
J/ψω(M

J/ψω
inv = MRi ). (23)

Note that in Eq. (22), %
(i)
D∗ D̄∗ only starts above the D∗ D̄∗

threshold, but since the coupling of the resonance to this
channel is so large, it grows fast above threshold giving rise
to the Flatté effect.

In [18] only the vector-vector channels were used in the
coupled channel calculation. The D∗ D̄∗ channel can also
couple to DD̄ via pion exchange. This contribution was taken
into account in [18], including box diagrams with DD̄ in the
intermediate states. As shown there, the inclusion of these
channels barely changes the mass of the states and modifies
the width in only a few MeV. We thus ignore it here. A pos-
sible ηcη decay channel is even more suppressed because if
involves the D exchange, rather than the pion, and the heavy
mass reduces the strength of the propagator.

3 Results

We will present the invariant mass distribution in arbitrary
units, but d%

dM J/ψω
inv

and d%

dMD∗ D̄∗
inv

will have the same normal-

ization. For this purpose, we take A = 1 and look at the
results for different values of B. Since A and B have been
normalized to have the same dimensions, providing similar
strength for the two terms for A = B, we will take values
of B close to 0.5, 1, 1.5 and 2. The values chosen for this
ratio are not arbitrary. Using the 3P0 model to implement the
q q̄ hadronization [30] and Racah algebra one can relate the
states for scalar and vector or tensor production. This exer-
cise is done in [31] to relate pseudoscalar and vector pro-
duction in 'b → π−(D−

s )'c(2595), π−(D−
s )'c(2625)

decays and the difference results in a factor of
√

3. Further-
more, we have empirical information more closely related to
the problem discussed here in the D+ → π+ f0(1370) and

3900 3950 4000 4050 4100

0

5

10

15

20

MJ/ψω
inv (MeV)

dΓ
dM

J
/ψ

ω
in
v

×
10

8
[a
rb
.
un

its
] A=1 and B=0.5

A=1 and B=1.0
A=1 and B=1.5
A=1 and B=2.0

Fig. 5 d%

dM J/ψω
inv

results for the different values of the parameter B

D+ → π+ f2(1270). Indeed, the f0(1370) and f2(1270) are
obtained from the interaction of ρρ in [10– 12]. They are the
equivalent in the light sector to the X (3940) and X (3930)
studied here in the heavy quark sector. The branching ratios
are (8 ± 4) × 10−5 and (4.8 ± 0.8) × 10−4, respectively,
with the resonances decaying to π+π− [16]. Correcting by
3
2 to account for π0π0 decay of the I = 0 state, and divid-
ing by the branching fractions to ππ from the PDG [16], we
obtain the rates (4.6 ± 2.3) × 10−4 and (8.5 ± 1.4) × 10−4

for the production of the two resonances irrespectively of
their decay mode. As we can see these rates differ by about
a factor of two. This also indicates a preference for value of
B/A bigger than 1 in our case. We show in Fig. 5 the results
of d%

dM J/ψω
inv

and in Fig. 6 for d%

dMD∗ D̄∗
inv

for these different val-

ues. The absolute normalization is arbitrary and the shape
changes a bit since one gives more strength to one or another
resonance changing B.

In Fig. 5 we see that due to the proximity of the two reso-
nances, and the fact that both of them can be produced in this

123

D⇤D̄⇤
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B−
c

D∗

π−

D̄∗

Fig. 2 Tree level contribution corresponding to the hadronization
depicted in Fig. 1b

and we get

|H⟩ = D∗0 D̄∗0 + D∗+ D̄∗− + D∗+
s D̄∗−

s + J/ψ J/ψ. (2)

The intrinsic phase convention for isospin multiplets in
(D∗+, − D∗0), (D̄∗0, D∗− ) indicates that the isospin com-
bination of H is I = 0, as it should be since it comes from
cc̄. Thus, we can write

|H⟩ =
√

2|D∗ D̄∗⟩ + |D∗
s D̄

∗
s ⟩, (3)

where we have neglected the J/ψ J/ψ component which is
far beyond in energy from our range of concern. In addition,
the coupling of the resonances found in [18] to J/ψ J/ψ is
negligibly small.

The combination of |H⟩ in Eq. (3) accounts only for the
flavor composition. We need to take into account the spin-
angular momentum structure of the vertices. If we produce
a 0+[0++] D∗ D̄∗ state we have 0− → 0− 0+ transition and
we adopt the common choice of taking the lowest possible
angular momentum in the vertex, L = 0. The s-wave and the
J P = 1− of the D∗ leads us to a vertex of the type

A′ ϵ · ϵ ′ (4)

with ϵ, ϵ ′ the polarization vertices of D∗, D̄∗. Note that
we shall work in the rest frame of the resonances produced,
where D∗, D̄∗ momenta are small with respect to their masses
and then we neglect the ϵ0 component. On the other hand, if
we produce a 2++ state, the 0− → 0− , 2+ requires L = 2
and we shall then take the D-wave structure

B
(

ϵ · kϵ ′ · k − 1
3
|k|2 ϵ · ϵ ′

)
, (5)

where k is the momentum of the pion. Hence, the tree level
amplitude for B−

s → π − D∗ D̄∗ shown in Fig. 2 is given by

B−
c

π−

D∗, D∗
s

R

D̄∗, D̄∗
s

J/ψ

ω

Fig. 3 Mechanism to produce the J/ψω final state through rescatter-
ing of the D∗ D̄∗ and D∗

s D̄
∗
s components. R is either the X (3922) (2++)

or X (3943) (0++)

B−
c

π−

D∗

D̄∗

(a)

+
B−

c

π−

D∗, D∗
s

R

D̄∗, D̄∗
s

D∗

D̄∗

(b)

Fig. 4 Mechanism to produce the D∗ D̄∗ in the final state through
tree level (a ) and rescattering (b). R is either the X (3922) (2++) or
X (3943) (0++)

t tree
Bc→π − D∗ D̄∗ =

√
2
[
A |kav|2 ϵ · ϵ ′

+B
(

ϵ · k ϵ ′ · k − 1
3
|k|2 ϵ · ϵ ′

)]
, (6)

where we have substituted A′ of Eq. (4) by A |kav|2, with
kav, an average value of k, just to make A and B have the
same dimension. We take |kav| = 1000 MeV.

After the first step for D∗ D̄∗ and D∗
s D̄

∗
s production, these

mesons undergo final state interaction, as depicted in Figs.
3 and 4, to produce J/ψω and D∗ D̄∗ in the final state. In
the case of J/ψω production shown in Fig. 3, since this
state is not primarily produced in |H⟩, it is produced through
rescattering via the resonances X (3922) and X (3943). In the
case of D∗ D̄∗ production, shown in Fig. 4, it proceeds via
tree level (primary production, Fig. 4a) and rescattering (Fig.
4b).

Analytically, we have

tJ/ψω = A |kav|2 ϵ · ϵ ′ t1

+B
(

ϵ · k ϵ ′ · k − 1
3
|k|2 ϵ · ϵ ′

)
t2, (7)

where

t1 =
√

2GD∗ D̄∗
(
MJ/ψω

inv

)
t ID∗ D̄∗→J/ψω

(
MJ/ψω

inv

)

+GD∗
s D̄∗

s

(
MJ/ψω

inv

)
t ID∗

s D̄∗
s →J/ψω

(
MJ/ψω

inv

)
, (8)
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Table 1 Couplings g i of the
0++ and 2++ resonances to the
relevant channels, in units of
MeV

D∗ D̄∗ D∗
s D̄

∗
s K ∗ K̄ ∗ ρρ

√
s pole = 3943 + i7.4, I G [J PC ] = 0+[0++]
18,810 − i682 8426 + i1933 10 − i11 −22 + i47

ωω φφ J/ψ J/ψ

1348 + i234 −1000 − i150 417 + i64

ωJ/ψ φ J/ψ ωφ

−1429 − i216 889 + i196 −215 − i107
√
s pole = 3922 + i26, I G [J PC ] = 0+[2++]
21,100 − i1802 1633 + i6797 42 + i14 −75 + i37

ωω φφ J/ψ J/ψ

1558 + i1821 −904 − i1783 1783 + i197

ωJ/ψ φ J/ψ ωφ

−2558 − i2289 918 + i2921 91 − i784

%
(i)
0 = %Ri −%

(i)
J/ψω(M

J/ψω
inv = MRi ). (23)

Note that in Eq. (22), %
(i)
D∗ D̄∗ only starts above the D∗ D̄∗

threshold, but since the coupling of the resonance to this
channel is so large, it grows fast above threshold giving rise
to the Flatté effect.

In [18] only the vector-vector channels were used in the
coupled channel calculation. The D∗ D̄∗ channel can also
couple to DD̄ via pion exchange. This contribution was taken
into account in [18], including box diagrams with DD̄ in the
intermediate states. As shown there, the inclusion of these
channels barely changes the mass of the states and modifies
the width in only a few MeV. We thus ignore it here. A pos-
sible ηcη decay channel is even more suppressed because if
involves the D exchange, rather than the pion, and the heavy
mass reduces the strength of the propagator.

3 Results

We will present the invariant mass distribution in arbitrary
units, but d%

dM J/ψω
inv

and d%

dMD∗ D̄∗
inv

will have the same normal-

ization. For this purpose, we take A = 1 and look at the
results for different values of B. Since A and B have been
normalized to have the same dimensions, providing similar
strength for the two terms for A = B, we will take values
of B close to 0.5, 1, 1.5 and 2. The values chosen for this
ratio are not arbitrary. Using the 3P0 model to implement the
q q̄ hadronization [30] and Racah algebra one can relate the
states for scalar and vector or tensor production. This exer-
cise is done in [31] to relate pseudoscalar and vector pro-
duction in 'b → π−(D−

s )'c(2595), π−(D−
s )'c(2625)

decays and the difference results in a factor of
√

3. Further-
more, we have empirical information more closely related to
the problem discussed here in the D+ → π+ f0(1370) and
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Fig. 5 d%

dM J/ψω
inv

results for the different values of the parameter B

D+ → π+ f2(1270). Indeed, the f0(1370) and f2(1270) are
obtained from the interaction of ρρ in [10– 12]. They are the
equivalent in the light sector to the X (3940) and X (3930)
studied here in the heavy quark sector. The branching ratios
are (8 ± 4) × 10−5 and (4.8 ± 0.8) × 10−4, respectively,
with the resonances decaying to π+π− [16]. Correcting by
3
2 to account for π0π0 decay of the I = 0 state, and divid-
ing by the branching fractions to ππ from the PDG [16], we
obtain the rates (4.6 ± 2.3) × 10−4 and (8.5 ± 1.4) × 10−4

for the production of the two resonances irrespectively of
their decay mode. As we can see these rates differ by about
a factor of two. This also indicates a preference for value of
B/A bigger than 1 in our case. We show in Fig. 5 the results
of d%

dM J/ψω
inv

and in Fig. 6 for d%

dMD∗ D̄∗
inv

for these different val-

ues. The absolute normalization is arbitrary and the shape
changes a bit since one gives more strength to one or another
resonance changing B.

In Fig. 5 we see that due to the proximity of the two reso-
nances, and the fact that both of them can be produced in this

123

-The two resonances merge into a  
broader one

D⇤D̄⇤
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B−
c

D∗

π−

D̄∗

Fig. 2 Tree level contribution corresponding to the hadronization
depicted in Fig. 1b

and we get

|H⟩ = D∗0 D̄∗0 + D∗+ D̄∗− + D∗+
s D̄∗−

s + J/ψ J/ψ. (2)

The intrinsic phase convention for isospin multiplets in
(D∗+, − D∗0), (D̄∗0, D∗− ) indicates that the isospin com-
bination of H is I = 0, as it should be since it comes from
cc̄. Thus, we can write

|H⟩ =
√

2|D∗ D̄∗⟩ + |D∗
s D̄

∗
s ⟩, (3)

where we have neglected the J/ψ J/ψ component which is
far beyond in energy from our range of concern. In addition,
the coupling of the resonances found in [18] to J/ψ J/ψ is
negligibly small.

The combination of |H⟩ in Eq. (3) accounts only for the
flavor composition. We need to take into account the spin-
angular momentum structure of the vertices. If we produce
a 0+[0++] D∗ D̄∗ state we have 0− → 0− 0+ transition and
we adopt the common choice of taking the lowest possible
angular momentum in the vertex, L = 0. The s-wave and the
J P = 1− of the D∗ leads us to a vertex of the type

A′ ϵ · ϵ ′ (4)

with ϵ, ϵ ′ the polarization vertices of D∗, D̄∗. Note that
we shall work in the rest frame of the resonances produced,
where D∗, D̄∗ momenta are small with respect to their masses
and then we neglect the ϵ0 component. On the other hand, if
we produce a 2++ state, the 0− → 0− , 2+ requires L = 2
and we shall then take the D-wave structure

B
(

ϵ · kϵ ′ · k − 1
3
|k|2 ϵ · ϵ ′

)
, (5)

where k is the momentum of the pion. Hence, the tree level
amplitude for B−

s → π − D∗ D̄∗ shown in Fig. 2 is given by

B−
c

π−

D∗, D∗
s

R

D̄∗, D̄∗
s

J/ψ

ω

Fig. 3 Mechanism to produce the J/ψω final state through rescatter-
ing of the D∗ D̄∗ and D∗

s D̄
∗
s components. R is either the X (3922) (2++)

or X (3943) (0++)

B−
c

π−

D∗

D̄∗

(a)

+
B−

c

π−

D∗, D∗
s

R

D̄∗, D̄∗
s

D∗

D̄∗

(b)

Fig. 4 Mechanism to produce the D∗ D̄∗ in the final state through
tree level (a ) and rescattering (b). R is either the X (3922) (2++) or
X (3943) (0++)

t tree
Bc→π − D∗ D̄∗ =

√
2
[
A |kav|2 ϵ · ϵ ′

+B
(

ϵ · k ϵ ′ · k − 1
3
|k|2 ϵ · ϵ ′

)]
, (6)

where we have substituted A′ of Eq. (4) by A |kav|2, with
kav, an average value of k, just to make A and B have the
same dimension. We take |kav| = 1000 MeV.

After the first step for D∗ D̄∗ and D∗
s D̄

∗
s production, these

mesons undergo final state interaction, as depicted in Figs.
3 and 4, to produce J/ψω and D∗ D̄∗ in the final state. In
the case of J/ψω production shown in Fig. 3, since this
state is not primarily produced in |H⟩, it is produced through
rescattering via the resonances X (3922) and X (3943). In the
case of D∗ D̄∗ production, shown in Fig. 4, it proceeds via
tree level (primary production, Fig. 4a) and rescattering (Fig.
4b).

Analytically, we have

tJ/ψω = A |kav|2 ϵ · ϵ ′ t1

+B
(

ϵ · k ϵ ′ · k − 1
3
|k|2 ϵ · ϵ ′

)
t2, (7)

where

t1 =
√

2GD∗ D̄∗
(
MJ/ψω

inv

)
t ID∗ D̄∗→J/ψω

(
MJ/ψω

inv

)

+GD∗
s D̄∗

s

(
MJ/ψω

inv

)
t ID∗

s D̄∗
s →J/ψω

(
MJ/ψω

inv

)
, (8)

123

T =

D⇤D̄⇤
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Table 1 Couplings g i of the
0++ and 2++ resonances to the
relevant channels, in units of
MeV

D∗ D̄∗ D∗
s D̄

∗
s K ∗ K̄ ∗ ρρ

√
s pole = 3943 + i7.4, I G [J PC ] = 0+[0++]
18,810 − i682 8426 + i1933 10 − i11 −22 + i47

ωω φφ J/ψ J/ψ

1348 + i234 −1000 − i150 417 + i64

ωJ/ψ φ J/ψ ωφ

−1429 − i216 889 + i196 −215 − i107
√
s pole = 3922 + i26, I G [J PC ] = 0+[2++]
21,100 − i1802 1633 + i6797 42 + i14 −75 + i37

ωω φφ J/ψ J/ψ

1558 + i1821 −904 − i1783 1783 + i197

ωJ/ψ φ J/ψ ωφ

−2558 − i2289 918 + i2921 91 − i784

%
(i)
0 = %Ri −%

(i)
J/ψω(M

J/ψω
inv = MRi ). (23)

Note that in Eq. (22), %
(i)
D∗ D̄∗ only starts above the D∗ D̄∗

threshold, but since the coupling of the resonance to this
channel is so large, it grows fast above threshold giving rise
to the Flatté effect.

In [18] only the vector-vector channels were used in the
coupled channel calculation. The D∗ D̄∗ channel can also
couple to DD̄ via pion exchange. This contribution was taken
into account in [18], including box diagrams with DD̄ in the
intermediate states. As shown there, the inclusion of these
channels barely changes the mass of the states and modifies
the width in only a few MeV. We thus ignore it here. A pos-
sible ηcη decay channel is even more suppressed because if
involves the D exchange, rather than the pion, and the heavy
mass reduces the strength of the propagator.

3 Results

We will present the invariant mass distribution in arbitrary
units, but d%

dM J/ψω
inv

and d%

dMD∗ D̄∗
inv

will have the same normal-

ization. For this purpose, we take A = 1 and look at the
results for different values of B. Since A and B have been
normalized to have the same dimensions, providing similar
strength for the two terms for A = B, we will take values
of B close to 0.5, 1, 1.5 and 2. The values chosen for this
ratio are not arbitrary. Using the 3P0 model to implement the
q q̄ hadronization [30] and Racah algebra one can relate the
states for scalar and vector or tensor production. This exer-
cise is done in [31] to relate pseudoscalar and vector pro-
duction in 'b → π−(D−

s )'c(2595), π−(D−
s )'c(2625)

decays and the difference results in a factor of
√

3. Further-
more, we have empirical information more closely related to
the problem discussed here in the D+ → π+ f0(1370) and
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Fig. 5 d%

dM J/ψω
inv

results for the different values of the parameter B

D+ → π+ f2(1270). Indeed, the f0(1370) and f2(1270) are
obtained from the interaction of ρρ in [10– 12]. They are the
equivalent in the light sector to the X (3940) and X (3930)
studied here in the heavy quark sector. The branching ratios
are (8 ± 4) × 10−5 and (4.8 ± 0.8) × 10−4, respectively,
with the resonances decaying to π+π− [16]. Correcting by
3
2 to account for π0π0 decay of the I = 0 state, and divid-
ing by the branching fractions to ππ from the PDG [16], we
obtain the rates (4.6 ± 2.3) × 10−4 and (8.5 ± 1.4) × 10−4

for the production of the two resonances irrespectively of
their decay mode. As we can see these rates differ by about
a factor of two. This also indicates a preference for value of
B/A bigger than 1 in our case. We show in Fig. 5 the results
of d%

dM J/ψω
inv

and in Fig. 6 for d%

dMD∗ D̄∗
inv

for these different val-

ues. The absolute normalization is arbitrary and the shape
changes a bit since one gives more strength to one or another
resonance changing B.

In Fig. 5 we see that due to the proximity of the two reso-
nances, and the fact that both of them can be produced in this

123

-The two resonances merge into a  
broader one

-Cusp at        threshold        D⇤D̄⇤
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Table 1 Couplings g i of the
0++ and 2++ resonances to the
relevant channels, in units of
MeV

D∗ D̄∗ D∗
s D̄

∗
s K ∗ K̄ ∗ ρρ

√
s pole = 3943 + i7.4, I G [J PC ] = 0+[0++]
18,810 − i682 8426 + i1933 10 − i11 −22 + i47

ωω φφ J/ψ J/ψ

1348 + i234 −1000 − i150 417 + i64

ωJ/ψ φ J/ψ ωφ

−1429 − i216 889 + i196 −215 − i107
√
s pole = 3922 + i26, I G [J PC ] = 0+[2++]
21,100 − i1802 1633 + i6797 42 + i14 −75 + i37

ωω φφ J/ψ J/ψ

1558 + i1821 −904 − i1783 1783 + i197

ωJ/ψ φ J/ψ ωφ

−2558 − i2289 918 + i2921 91 − i784

%
(i)
0 = %Ri −%

(i)
J/ψω(M

J/ψω
inv = MRi ). (23)

Note that in Eq. (22), %
(i)
D∗ D̄∗ only starts above the D∗ D̄∗

threshold, but since the coupling of the resonance to this
channel is so large, it grows fast above threshold giving rise
to the Flatté effect.

In [18] only the vector-vector channels were used in the
coupled channel calculation. The D∗ D̄∗ channel can also
couple to DD̄ via pion exchange. This contribution was taken
into account in [18], including box diagrams with DD̄ in the
intermediate states. As shown there, the inclusion of these
channels barely changes the mass of the states and modifies
the width in only a few MeV. We thus ignore it here. A pos-
sible ηcη decay channel is even more suppressed because if
involves the D exchange, rather than the pion, and the heavy
mass reduces the strength of the propagator.

3 Results

We will present the invariant mass distribution in arbitrary
units, but d%

dM J/ψω
inv

and d%

dMD∗ D̄∗
inv

will have the same normal-

ization. For this purpose, we take A = 1 and look at the
results for different values of B. Since A and B have been
normalized to have the same dimensions, providing similar
strength for the two terms for A = B, we will take values
of B close to 0.5, 1, 1.5 and 2. The values chosen for this
ratio are not arbitrary. Using the 3P0 model to implement the
q q̄ hadronization [30] and Racah algebra one can relate the
states for scalar and vector or tensor production. This exer-
cise is done in [31] to relate pseudoscalar and vector pro-
duction in 'b → π−(D−

s )'c(2595), π−(D−
s )'c(2625)

decays and the difference results in a factor of
√

3. Further-
more, we have empirical information more closely related to
the problem discussed here in the D+ → π+ f0(1370) and

3900 3950 4000 4050 4100

0

5

10

15

20

MJ/ψω
inv (MeV)

dΓ
dM

J
/ψ

ω
in
v

×
10

8
[a
rb
.
un

its
] A=1 and B=0.5

A=1 and B=1.0
A=1 and B=1.5
A=1 and B=2.0

Fig. 5 d%

dM J/ψω
inv

results for the different values of the parameter B

D+ → π+ f2(1270). Indeed, the f0(1370) and f2(1270) are
obtained from the interaction of ρρ in [10– 12]. They are the
equivalent in the light sector to the X (3940) and X (3930)
studied here in the heavy quark sector. The branching ratios
are (8 ± 4) × 10−5 and (4.8 ± 0.8) × 10−4, respectively,
with the resonances decaying to π+π− [16]. Correcting by
3
2 to account for π0π0 decay of the I = 0 state, and divid-
ing by the branching fractions to ππ from the PDG [16], we
obtain the rates (4.6 ± 2.3) × 10−4 and (8.5 ± 1.4) × 10−4

for the production of the two resonances irrespectively of
their decay mode. As we can see these rates differ by about
a factor of two. This also indicates a preference for value of
B/A bigger than 1 in our case. We show in Fig. 5 the results
of d%

dM J/ψω
inv

and in Fig. 6 for d%

dMD∗ D̄∗
inv

for these different val-

ues. The absolute normalization is arbitrary and the shape
changes a bit since one gives more strength to one or another
resonance changing B.

In Fig. 5 we see that due to the proximity of the two reso-
nances, and the fact that both of them can be produced in this

123

d�

dMD⇤D̄⇤
inv
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results for the different values of the parameter B. The

normalization is the same as in Fig. 5

Table 2 Ratio R between the maximum of the D∗ D̄∗ mass distribution
in Fig. 6 and the strength of the cusp at the D∗ D̄∗ threshold in Fig. 5

A = 1.0

B = 0.5 B = 1.0 B = 1.5 B = 2.0

R = 2.57 R = 2.22 R = 2.16 R = 2.13

reaction, the two peaks actually merge into a broader one,
although a precise measurement could maybe allow a sepa-
ration of the two peaks, particularly if a partial wave analysis
is done that separates the two different spin resonances. Inter-
esting, however, is the fact that the cusp appears always at
the same place, the D∗ D̄∗ threshold. The other relevant fea-
ture is that its strength grows with increasing weight of the
tensor resonance, indicating that the cusp is basically tied to
the 2++ X (3930) state.

In Fig. 6 we show the D∗ D̄∗ mass distribution in the
B−
c → π− D∗ D̄∗ decay. We observe a distribution quite dif-

ferent from ordinary phase space, sticking close to threshold,
indicating that it is influenced by a resonance below thresh-
old. Its strength also grows with increasing strength of the
tensor resonance, which establishes a link between this state
and the D∗ D̄∗ distribution.

Very interesting is the ratio of the strengths of d!

dM J/ψω
inv

at the peak of the cusp of the D∗ D̄∗ threshold versus the
strength at the peak of d!

dMD∗ D̄∗
inv

. We show these numbers in

Table 2 for different values of B. As we can see, this ratio is
relatively stable and tied to the dynamically generated nature
of the two resonances discussed.

The fact that the ratio R is essentially independent on the
strength B of the tensor resonance indicates that it is this
resonance in practice the one that is responsible for both the
cusp in the J/ψω and the D∗ D̄∗ mass distributions in the
B−
c → π− D∗ D̄∗ reaction.
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results for the different values of the parameter B, but

with the mass of the two resonances at 3800 MeV

It is interesting to further investigate the role of the res-
onance in the D∗ D̄∗ cusp. Certainly, the fact that a cusp in
D∗ D̄∗ appears observing the J/ψω invariant mass indicates
that these channels are coupled, otherwise there would be no
cusp. Even more, for the particular case, since J/ψω does not
appear in the contribution of primary formed states of Eq. (2),
the presence of a cusp at the D∗ D̄∗ threshold implies a tran-
sition from D∗ D̄∗ or D∗

s D̄s
∗ to J/ψω. This information is

already helpful by itself, indicating the presence of coupled
channels. On the other hand, we can simulate a situation
where we have coupled channels but we have no resonances.
Without changing the formalism we can artificially place the
positions of the resonances, at 3800 MeV, for instance, and
see what happens. We show the results in Fig. 7 and we can
see that the resonances do not show up in the range of ener-
gies of Fig. 5, which we also consider in Fig. 7. We still see
a cusp at the D∗ D̄∗ threshold, which is a necessary conse-
quence of the coupled channels, with or without resonances.
However, for the same strength of B/A, the strength of the
cusp is much weaker than in Fig. 5, when we have the pres-
ence of the resonances nearby. Also the shape of the cusp is
sharper in the presence of the resonances, as seen in Fig. 5.

4 Conclusions

We have looked into the B−
c → J/ψω decay and in par-

ticular in the J/ψω mass distribution. We find that this
observable is much influenced by the role of the X (3940)
and X (3930) resonances, which in Ref. [18] appear dynam-
ically generated from the vector-vector meson interaction in
the charm sector. These resonances couple mostly to D∗ D̄∗

in 2++ and 0++, respectively. In order to find support for this
nature of the resonances we stress two particular features: the
first one is to observe that J/ψω is not the main channel for

123
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Table 1 Couplings g i of the
0++ and 2++ resonances to the
relevant channels, in units of
MeV

D∗ D̄∗ D∗
s D̄

∗
s K ∗ K̄ ∗ ρρ

√
s pole = 3943 + i7.4, I G [J PC ] = 0+[0++]
18,810 − i682 8426 + i1933 10 − i11 −22 + i47

ωω φφ J/ψ J/ψ

1348 + i234 −1000 − i150 417 + i64

ωJ/ψ φ J/ψ ωφ

−1429 − i216 889 + i196 −215 − i107
√
s pole = 3922 + i26, I G [J PC ] = 0+[2++]
21,100 − i1802 1633 + i6797 42 + i14 −75 + i37

ωω φφ J/ψ J/ψ

1558 + i1821 −904 − i1783 1783 + i197

ωJ/ψ φ J/ψ ωφ

−2558 − i2289 918 + i2921 91 − i784

%
(i)
0 = %Ri −%

(i)
J/ψω(M

J/ψω
inv = MRi ). (23)

Note that in Eq. (22), %
(i)
D∗ D̄∗ only starts above the D∗ D̄∗

threshold, but since the coupling of the resonance to this
channel is so large, it grows fast above threshold giving rise
to the Flatté effect.

In [18] only the vector-vector channels were used in the
coupled channel calculation. The D∗ D̄∗ channel can also
couple to DD̄ via pion exchange. This contribution was taken
into account in [18], including box diagrams with DD̄ in the
intermediate states. As shown there, the inclusion of these
channels barely changes the mass of the states and modifies
the width in only a few MeV. We thus ignore it here. A pos-
sible ηcη decay channel is even more suppressed because if
involves the D exchange, rather than the pion, and the heavy
mass reduces the strength of the propagator.

3 Results

We will present the invariant mass distribution in arbitrary
units, but d%

dM J/ψω
inv

and d%

dMD∗ D̄∗
inv

will have the same normal-

ization. For this purpose, we take A = 1 and look at the
results for different values of B. Since A and B have been
normalized to have the same dimensions, providing similar
strength for the two terms for A = B, we will take values
of B close to 0.5, 1, 1.5 and 2. The values chosen for this
ratio are not arbitrary. Using the 3P0 model to implement the
q q̄ hadronization [30] and Racah algebra one can relate the
states for scalar and vector or tensor production. This exer-
cise is done in [31] to relate pseudoscalar and vector pro-
duction in 'b → π−(D−

s )'c(2595), π−(D−
s )'c(2625)

decays and the difference results in a factor of
√

3. Further-
more, we have empirical information more closely related to
the problem discussed here in the D+ → π+ f0(1370) and
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Fig. 5 d%
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inv

results for the different values of the parameter B

D+ → π+ f2(1270). Indeed, the f0(1370) and f2(1270) are
obtained from the interaction of ρρ in [10– 12]. They are the
equivalent in the light sector to the X (3940) and X (3930)
studied here in the heavy quark sector. The branching ratios
are (8 ± 4) × 10−5 and (4.8 ± 0.8) × 10−4, respectively,
with the resonances decaying to π+π− [16]. Correcting by
3
2 to account for π0π0 decay of the I = 0 state, and divid-
ing by the branching fractions to ππ from the PDG [16], we
obtain the rates (4.6 ± 2.3) × 10−4 and (8.5 ± 1.4) × 10−4

for the production of the two resonances irrespectively of
their decay mode. As we can see these rates differ by about
a factor of two. This also indicates a preference for value of
B/A bigger than 1 in our case. We show in Fig. 5 the results
of d%

dM J/ψω
inv

and in Fig. 6 for d%

dMD∗ D̄∗
inv

for these different val-

ues. The absolute normalization is arbitrary and the shape
changes a bit since one gives more strength to one or another
resonance changing B.

In Fig. 5 we see that due to the proximity of the two reso-
nances, and the fact that both of them can be produced in this
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results for the different values of the parameter B. The

normalization is the same as in Fig. 5

Table 2 Ratio R between the maximum of the D∗ D̄∗ mass distribution
in Fig. 6 and the strength of the cusp at the D∗ D̄∗ threshold in Fig. 5

A = 1.0

B = 0.5 B = 1.0 B = 1.5 B = 2.0

R = 2.57 R = 2.22 R = 2.16 R = 2.13

reaction, the two peaks actually merge into a broader one,
although a precise measurement could maybe allow a sepa-
ration of the two peaks, particularly if a partial wave analysis
is done that separates the two different spin resonances. Inter-
esting, however, is the fact that the cusp appears always at
the same place, the D∗ D̄∗ threshold. The other relevant fea-
ture is that its strength grows with increasing weight of the
tensor resonance, indicating that the cusp is basically tied to
the 2++ X (3930) state.

In Fig. 6 we show the D∗ D̄∗ mass distribution in the
B−
c → π− D∗ D̄∗ decay. We observe a distribution quite dif-

ferent from ordinary phase space, sticking close to threshold,
indicating that it is influenced by a resonance below thresh-
old. Its strength also grows with increasing strength of the
tensor resonance, which establishes a link between this state
and the D∗ D̄∗ distribution.

Very interesting is the ratio of the strengths of d!

dM J/ψω
inv

at the peak of the cusp of the D∗ D̄∗ threshold versus the
strength at the peak of d!

dMD∗ D̄∗
inv

. We show these numbers in

Table 2 for different values of B. As we can see, this ratio is
relatively stable and tied to the dynamically generated nature
of the two resonances discussed.

The fact that the ratio R is essentially independent on the
strength B of the tensor resonance indicates that it is this
resonance in practice the one that is responsible for both the
cusp in the J/ψω and the D∗ D̄∗ mass distributions in the
B−
c → π− D∗ D̄∗ reaction.
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results for the different values of the parameter B, but

with the mass of the two resonances at 3800 MeV

It is interesting to further investigate the role of the res-
onance in the D∗ D̄∗ cusp. Certainly, the fact that a cusp in
D∗ D̄∗ appears observing the J/ψω invariant mass indicates
that these channels are coupled, otherwise there would be no
cusp. Even more, for the particular case, since J/ψω does not
appear in the contribution of primary formed states of Eq. (2),
the presence of a cusp at the D∗ D̄∗ threshold implies a tran-
sition from D∗ D̄∗ or D∗

s D̄s
∗ to J/ψω. This information is

already helpful by itself, indicating the presence of coupled
channels. On the other hand, we can simulate a situation
where we have coupled channels but we have no resonances.
Without changing the formalism we can artificially place the
positions of the resonances, at 3800 MeV, for instance, and
see what happens. We show the results in Fig. 7 and we can
see that the resonances do not show up in the range of ener-
gies of Fig. 5, which we also consider in Fig. 7. We still see
a cusp at the D∗ D̄∗ threshold, which is a necessary conse-
quence of the coupled channels, with or without resonances.
However, for the same strength of B/A, the strength of the
cusp is much weaker than in Fig. 5, when we have the pres-
ence of the resonances nearby. Also the shape of the cusp is
sharper in the presence of the resonances, as seen in Fig. 5.

4 Conclusions

We have looked into the B−
c → J/ψω decay and in par-

ticular in the J/ψω mass distribution. We find that this
observable is much influenced by the role of the X (3940)
and X (3930) resonances, which in Ref. [18] appear dynam-
ically generated from the vector-vector meson interaction in
the charm sector. These resonances couple mostly to D∗ D̄∗

in 2++ and 0++, respectively. In order to find support for this
nature of the resonances we stress two particular features: the
first one is to observe that J/ψω is not the main channel for

123
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Table 1 Couplings g i of the
0++ and 2++ resonances to the
relevant channels, in units of
MeV

D∗ D̄∗ D∗
s D̄

∗
s K ∗ K̄ ∗ ρρ

√
s pole = 3943 + i7.4, I G [J PC ] = 0+[0++]
18,810 − i682 8426 + i1933 10 − i11 −22 + i47

ωω φφ J/ψ J/ψ

1348 + i234 −1000 − i150 417 + i64

ωJ/ψ φ J/ψ ωφ

−1429 − i216 889 + i196 −215 − i107
√
s pole = 3922 + i26, I G [J PC ] = 0+[2++]
21,100 − i1802 1633 + i6797 42 + i14 −75 + i37

ωω φφ J/ψ J/ψ

1558 + i1821 −904 − i1783 1783 + i197

ωJ/ψ φ J/ψ ωφ

−2558 − i2289 918 + i2921 91 − i784

%
(i)
0 = %Ri −%

(i)
J/ψω(M

J/ψω
inv = MRi ). (23)

Note that in Eq. (22), %
(i)
D∗ D̄∗ only starts above the D∗ D̄∗

threshold, but since the coupling of the resonance to this
channel is so large, it grows fast above threshold giving rise
to the Flatté effect.

In [18] only the vector-vector channels were used in the
coupled channel calculation. The D∗ D̄∗ channel can also
couple to DD̄ via pion exchange. This contribution was taken
into account in [18], including box diagrams with DD̄ in the
intermediate states. As shown there, the inclusion of these
channels barely changes the mass of the states and modifies
the width in only a few MeV. We thus ignore it here. A pos-
sible ηcη decay channel is even more suppressed because if
involves the D exchange, rather than the pion, and the heavy
mass reduces the strength of the propagator.

3 Results

We will present the invariant mass distribution in arbitrary
units, but d%

dM J/ψω
inv

and d%

dMD∗ D̄∗
inv

will have the same normal-

ization. For this purpose, we take A = 1 and look at the
results for different values of B. Since A and B have been
normalized to have the same dimensions, providing similar
strength for the two terms for A = B, we will take values
of B close to 0.5, 1, 1.5 and 2. The values chosen for this
ratio are not arbitrary. Using the 3P0 model to implement the
q q̄ hadronization [30] and Racah algebra one can relate the
states for scalar and vector or tensor production. This exer-
cise is done in [31] to relate pseudoscalar and vector pro-
duction in 'b → π−(D−

s )'c(2595), π−(D−
s )'c(2625)

decays and the difference results in a factor of
√

3. Further-
more, we have empirical information more closely related to
the problem discussed here in the D+ → π+ f0(1370) and
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Fig. 5 d%
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inv

results for the different values of the parameter B

D+ → π+ f2(1270). Indeed, the f0(1370) and f2(1270) are
obtained from the interaction of ρρ in [10– 12]. They are the
equivalent in the light sector to the X (3940) and X (3930)
studied here in the heavy quark sector. The branching ratios
are (8 ± 4) × 10−5 and (4.8 ± 0.8) × 10−4, respectively,
with the resonances decaying to π+π− [16]. Correcting by
3
2 to account for π0π0 decay of the I = 0 state, and divid-
ing by the branching fractions to ππ from the PDG [16], we
obtain the rates (4.6 ± 2.3) × 10−4 and (8.5 ± 1.4) × 10−4

for the production of the two resonances irrespectively of
their decay mode. As we can see these rates differ by about
a factor of two. This also indicates a preference for value of
B/A bigger than 1 in our case. We show in Fig. 5 the results
of d%

dM J/ψω
inv

and in Fig. 6 for d%

dMD∗ D̄∗
inv

for these different val-

ues. The absolute normalization is arbitrary and the shape
changes a bit since one gives more strength to one or another
resonance changing B.

In Fig. 5 we see that due to the proximity of the two reso-
nances, and the fact that both of them can be produced in this
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Table 2 Ratio R between the maximum of the D∗ D̄∗ mass distribution
in Fig. 6 and the strength of the cusp at the D∗ D̄∗ threshold in Fig. 5

A = 1.0

B = 0.5 B = 1.0 B = 1.5 B = 2.0

R = 2.57 R = 2.22 R = 2.16 R = 2.13

reaction, the two peaks actually merge into a broader one,
although a precise measurement could maybe allow a sepa-
ration of the two peaks, particularly if a partial wave analysis
is done that separates the two different spin resonances. Inter-
esting, however, is the fact that the cusp appears always at
the same place, the D∗ D̄∗ threshold. The other relevant fea-
ture is that its strength grows with increasing weight of the
tensor resonance, indicating that the cusp is basically tied to
the 2++ X (3930) state.

In Fig. 6 we show the D∗ D̄∗ mass distribution in the
B−
c → π− D∗ D̄∗ decay. We observe a distribution quite dif-

ferent from ordinary phase space, sticking close to threshold,
indicating that it is influenced by a resonance below thresh-
old. Its strength also grows with increasing strength of the
tensor resonance, which establishes a link between this state
and the D∗ D̄∗ distribution.

Very interesting is the ratio of the strengths of d!

dM J/ψω
inv

at the peak of the cusp of the D∗ D̄∗ threshold versus the
strength at the peak of d!

dMD∗ D̄∗
inv

. We show these numbers in

Table 2 for different values of B. As we can see, this ratio is
relatively stable and tied to the dynamically generated nature
of the two resonances discussed.

The fact that the ratio R is essentially independent on the
strength B of the tensor resonance indicates that it is this
resonance in practice the one that is responsible for both the
cusp in the J/ψω and the D∗ D̄∗ mass distributions in the
B−
c → π− D∗ D̄∗ reaction.
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with the mass of the two resonances at 3800 MeV

It is interesting to further investigate the role of the res-
onance in the D∗ D̄∗ cusp. Certainly, the fact that a cusp in
D∗ D̄∗ appears observing the J/ψω invariant mass indicates
that these channels are coupled, otherwise there would be no
cusp. Even more, for the particular case, since J/ψω does not
appear in the contribution of primary formed states of Eq. (2),
the presence of a cusp at the D∗ D̄∗ threshold implies a tran-
sition from D∗ D̄∗ or D∗

s D̄s
∗ to J/ψω. This information is

already helpful by itself, indicating the presence of coupled
channels. On the other hand, we can simulate a situation
where we have coupled channels but we have no resonances.
Without changing the formalism we can artificially place the
positions of the resonances, at 3800 MeV, for instance, and
see what happens. We show the results in Fig. 7 and we can
see that the resonances do not show up in the range of ener-
gies of Fig. 5, which we also consider in Fig. 7. We still see
a cusp at the D∗ D̄∗ threshold, which is a necessary conse-
quence of the coupled channels, with or without resonances.
However, for the same strength of B/A, the strength of the
cusp is much weaker than in Fig. 5, when we have the pres-
ence of the resonances nearby. Also the shape of the cusp is
sharper in the presence of the resonances, as seen in Fig. 5.

4 Conclusions

We have looked into the B−
c → J/ψω decay and in par-

ticular in the J/ψω mass distribution. We find that this
observable is much influenced by the role of the X (3940)
and X (3930) resonances, which in Ref. [18] appear dynam-
ically generated from the vector-vector meson interaction in
the charm sector. These resonances couple mostly to D∗ D̄∗

in 2++ and 0++, respectively. In order to find support for this
nature of the resonances we stress two particular features: the
first one is to observe that J/ψω is not the main channel for
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D∗ D̄∗ appears observing the J/ψω invariant mass indicates
that these channels are coupled, otherwise there would be no
cusp. Even more, for the particular case, since J/ψω does not
appear in the contribution of primary formed states of Eq. (2),
the presence of a cusp at the D∗ D̄∗ threshold implies a tran-
sition from D∗ D̄∗ or D∗
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∗ to J/ψω. This information is

already helpful by itself, indicating the presence of coupled
channels. On the other hand, we can simulate a situation
where we have coupled channels but we have no resonances.
Without changing the formalism we can artificially place the
positions of the resonances, at 3800 MeV, for instance, and
see what happens. We show the results in Fig. 7 and we can
see that the resonances do not show up in the range of ener-
gies of Fig. 5, which we also consider in Fig. 7. We still see
a cusp at the D∗ D̄∗ threshold, which is a necessary conse-
quence of the coupled channels, with or without resonances.
However, for the same strength of B/A, the strength of the
cusp is much weaker than in Fig. 5, when we have the pres-
ence of the resonances nearby. Also the shape of the cusp is
sharper in the presence of the resonances, as seen in Fig. 5.

4 Conclusions

We have looked into the B−
c → J/ψω decay and in par-

ticular in the J/ψω mass distribution. We find that this
observable is much influenced by the role of the X (3940)
and X (3930) resonances, which in Ref. [18] appear dynam-
ically generated from the vector-vector meson interaction in
the charm sector. These resonances couple mostly to D∗ D̄∗

in 2++ and 0++, respectively. In order to find support for this
nature of the resonances we stress two particular features: the
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esting, however, is the fact that the cusp appears always at
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ture is that its strength grows with increasing weight of the
tensor resonance, indicating that the cusp is basically tied to
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The fact that the ratio R is essentially independent on the
strength B of the tensor resonance indicates that it is this
resonance in practice the one that is responsible for both the
cusp in the J/ψω and the D∗ D̄∗ mass distributions in the
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It is interesting to further investigate the role of the res-
onance in the D∗ D̄∗ cusp. Certainly, the fact that a cusp in
D∗ D̄∗ appears observing the J/ψω invariant mass indicates
that these channels are coupled, otherwise there would be no
cusp. Even more, for the particular case, since J/ψω does not
appear in the contribution of primary formed states of Eq. (2),
the presence of a cusp at the D∗ D̄∗ threshold implies a tran-
sition from D∗ D̄∗ or D∗

s D̄s
∗ to J/ψω. This information is

already helpful by itself, indicating the presence of coupled
channels. On the other hand, we can simulate a situation
where we have coupled channels but we have no resonances.
Without changing the formalism we can artificially place the
positions of the resonances, at 3800 MeV, for instance, and
see what happens. We show the results in Fig. 7 and we can
see that the resonances do not show up in the range of ener-
gies of Fig. 5, which we also consider in Fig. 7. We still see
a cusp at the D∗ D̄∗ threshold, which is a necessary conse-
quence of the coupled channels, with or without resonances.
However, for the same strength of B/A, the strength of the
cusp is much weaker than in Fig. 5, when we have the pres-
ence of the resonances nearby. Also the shape of the cusp is
sharper in the presence of the resonances, as seen in Fig. 5.

4 Conclusions

We have looked into the B−
c → J/ψω decay and in par-

ticular in the J/ψω mass distribution. We find that this
observable is much influenced by the role of the X (3940)
and X (3930) resonances, which in Ref. [18] appear dynam-
ically generated from the vector-vector meson interaction in
the charm sector. These resonances couple mostly to D∗ D̄∗

in 2++ and 0++, respectively. In order to find support for this
nature of the resonances we stress two particular features: the
first one is to observe that J/ψω is not the main channel for
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Table 1 Couplings g i of the
0++ and 2++ resonances to the
relevant channels, in units of
MeV

D∗ D̄∗ D∗
s D̄

∗
s K ∗ K̄ ∗ ρρ

√
s pole = 3943 + i7.4, I G [J PC ] = 0+[0++]
18,810 − i682 8426 + i1933 10 − i11 −22 + i47

ωω φφ J/ψ J/ψ

1348 + i234 −1000 − i150 417 + i64

ωJ/ψ φ J/ψ ωφ

−1429 − i216 889 + i196 −215 − i107
√
s pole = 3922 + i26, I G [J PC ] = 0+[2++]
21,100 − i1802 1633 + i6797 42 + i14 −75 + i37

ωω φφ J/ψ J/ψ

1558 + i1821 −904 − i1783 1783 + i197

ωJ/ψ φ J/ψ ωφ

−2558 − i2289 918 + i2921 91 − i784

%
(i)
0 = %Ri −%

(i)
J/ψω(M

J/ψω
inv = MRi ). (23)

Note that in Eq. (22), %
(i)
D∗ D̄∗ only starts above the D∗ D̄∗

threshold, but since the coupling of the resonance to this
channel is so large, it grows fast above threshold giving rise
to the Flatté effect.

In [18] only the vector-vector channels were used in the
coupled channel calculation. The D∗ D̄∗ channel can also
couple to DD̄ via pion exchange. This contribution was taken
into account in [18], including box diagrams with DD̄ in the
intermediate states. As shown there, the inclusion of these
channels barely changes the mass of the states and modifies
the width in only a few MeV. We thus ignore it here. A pos-
sible ηcη decay channel is even more suppressed because if
involves the D exchange, rather than the pion, and the heavy
mass reduces the strength of the propagator.

3 Results

We will present the invariant mass distribution in arbitrary
units, but d%

dM J/ψω
inv

and d%

dMD∗ D̄∗
inv

will have the same normal-

ization. For this purpose, we take A = 1 and look at the
results for different values of B. Since A and B have been
normalized to have the same dimensions, providing similar
strength for the two terms for A = B, we will take values
of B close to 0.5, 1, 1.5 and 2. The values chosen for this
ratio are not arbitrary. Using the 3P0 model to implement the
q q̄ hadronization [30] and Racah algebra one can relate the
states for scalar and vector or tensor production. This exer-
cise is done in [31] to relate pseudoscalar and vector pro-
duction in 'b → π−(D−

s )'c(2595), π−(D−
s )'c(2625)

decays and the difference results in a factor of
√

3. Further-
more, we have empirical information more closely related to
the problem discussed here in the D+ → π+ f0(1370) and
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D+ → π+ f2(1270). Indeed, the f0(1370) and f2(1270) are
obtained from the interaction of ρρ in [10– 12]. They are the
equivalent in the light sector to the X (3940) and X (3930)
studied here in the heavy quark sector. The branching ratios
are (8 ± 4) × 10−5 and (4.8 ± 0.8) × 10−4, respectively,
with the resonances decaying to π+π− [16]. Correcting by
3
2 to account for π0π0 decay of the I = 0 state, and divid-
ing by the branching fractions to ππ from the PDG [16], we
obtain the rates (4.6 ± 2.3) × 10−4 and (8.5 ± 1.4) × 10−4

for the production of the two resonances irrespectively of
their decay mode. As we can see these rates differ by about
a factor of two. This also indicates a preference for value of
B/A bigger than 1 in our case. We show in Fig. 5 the results
of d%

dM J/ψω
inv

and in Fig. 6 for d%

dMD∗ D̄∗
inv

for these different val-

ues. The absolute normalization is arbitrary and the shape
changes a bit since one gives more strength to one or another
resonance changing B.

In Fig. 5 we see that due to the proximity of the two reso-
nances, and the fact that both of them can be produced in this
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results for the different values of the parameter B. The

normalization is the same as in Fig. 5

Table 2 Ratio R between the maximum of the D∗ D̄∗ mass distribution
in Fig. 6 and the strength of the cusp at the D∗ D̄∗ threshold in Fig. 5

A = 1.0

B = 0.5 B = 1.0 B = 1.5 B = 2.0

R = 2.57 R = 2.22 R = 2.16 R = 2.13

reaction, the two peaks actually merge into a broader one,
although a precise measurement could maybe allow a sepa-
ration of the two peaks, particularly if a partial wave analysis
is done that separates the two different spin resonances. Inter-
esting, however, is the fact that the cusp appears always at
the same place, the D∗ D̄∗ threshold. The other relevant fea-
ture is that its strength grows with increasing weight of the
tensor resonance, indicating that the cusp is basically tied to
the 2++ X (3930) state.

In Fig. 6 we show the D∗ D̄∗ mass distribution in the
B−
c → π− D∗ D̄∗ decay. We observe a distribution quite dif-

ferent from ordinary phase space, sticking close to threshold,
indicating that it is influenced by a resonance below thresh-
old. Its strength also grows with increasing strength of the
tensor resonance, which establishes a link between this state
and the D∗ D̄∗ distribution.

Very interesting is the ratio of the strengths of d!

dM J/ψω
inv

at the peak of the cusp of the D∗ D̄∗ threshold versus the
strength at the peak of d!

dMD∗ D̄∗
inv

. We show these numbers in

Table 2 for different values of B. As we can see, this ratio is
relatively stable and tied to the dynamically generated nature
of the two resonances discussed.

The fact that the ratio R is essentially independent on the
strength B of the tensor resonance indicates that it is this
resonance in practice the one that is responsible for both the
cusp in the J/ψω and the D∗ D̄∗ mass distributions in the
B−
c → π− D∗ D̄∗ reaction.
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dM J/ψω
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results for the different values of the parameter B, but

with the mass of the two resonances at 3800 MeV

It is interesting to further investigate the role of the res-
onance in the D∗ D̄∗ cusp. Certainly, the fact that a cusp in
D∗ D̄∗ appears observing the J/ψω invariant mass indicates
that these channels are coupled, otherwise there would be no
cusp. Even more, for the particular case, since J/ψω does not
appear in the contribution of primary formed states of Eq. (2),
the presence of a cusp at the D∗ D̄∗ threshold implies a tran-
sition from D∗ D̄∗ or D∗

s D̄s
∗ to J/ψω. This information is

already helpful by itself, indicating the presence of coupled
channels. On the other hand, we can simulate a situation
where we have coupled channels but we have no resonances.
Without changing the formalism we can artificially place the
positions of the resonances, at 3800 MeV, for instance, and
see what happens. We show the results in Fig. 7 and we can
see that the resonances do not show up in the range of ener-
gies of Fig. 5, which we also consider in Fig. 7. We still see
a cusp at the D∗ D̄∗ threshold, which is a necessary conse-
quence of the coupled channels, with or without resonances.
However, for the same strength of B/A, the strength of the
cusp is much weaker than in Fig. 5, when we have the pres-
ence of the resonances nearby. Also the shape of the cusp is
sharper in the presence of the resonances, as seen in Fig. 5.

4 Conclusions

We have looked into the B−
c → J/ψω decay and in par-

ticular in the J/ψω mass distribution. We find that this
observable is much influenced by the role of the X (3940)
and X (3930) resonances, which in Ref. [18] appear dynam-
ically generated from the vector-vector meson interaction in
the charm sector. These resonances couple mostly to D∗ D̄∗

in 2++ and 0++, respectively. In order to find support for this
nature of the resonances we stress two particular features: the
first one is to observe that J/ψω is not the main channel for
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although a precise measurement could maybe allow a sepa-
ration of the two peaks, particularly if a partial wave analysis
is done that separates the two different spin resonances. Inter-
esting, however, is the fact that the cusp appears always at
the same place, the D∗ D̄∗ threshold. The other relevant fea-
ture is that its strength grows with increasing weight of the
tensor resonance, indicating that the cusp is basically tied to
the 2++ X (3930) state.

In Fig. 6 we show the D∗ D̄∗ mass distribution in the
B−
c → π− D∗ D̄∗ decay. We observe a distribution quite dif-

ferent from ordinary phase space, sticking close to threshold,
indicating that it is influenced by a resonance below thresh-
old. Its strength also grows with increasing strength of the
tensor resonance, which establishes a link between this state
and the D∗ D̄∗ distribution.
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relatively stable and tied to the dynamically generated nature
of the two resonances discussed.

The fact that the ratio R is essentially independent on the
strength B of the tensor resonance indicates that it is this
resonance in practice the one that is responsible for both the
cusp in the J/ψω and the D∗ D̄∗ mass distributions in the
B−
c → π− D∗ D̄∗ reaction.
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It is interesting to further investigate the role of the res-
onance in the D∗ D̄∗ cusp. Certainly, the fact that a cusp in
D∗ D̄∗ appears observing the J/ψω invariant mass indicates
that these channels are coupled, otherwise there would be no
cusp. Even more, for the particular case, since J/ψω does not
appear in the contribution of primary formed states of Eq. (2),
the presence of a cusp at the D∗ D̄∗ threshold implies a tran-
sition from D∗ D̄∗ or D∗

s D̄s
∗ to J/ψω. This information is

already helpful by itself, indicating the presence of coupled
channels. On the other hand, we can simulate a situation
where we have coupled channels but we have no resonances.
Without changing the formalism we can artificially place the
positions of the resonances, at 3800 MeV, for instance, and
see what happens. We show the results in Fig. 7 and we can
see that the resonances do not show up in the range of ener-
gies of Fig. 5, which we also consider in Fig. 7. We still see
a cusp at the D∗ D̄∗ threshold, which is a necessary conse-
quence of the coupled channels, with or without resonances.
However, for the same strength of B/A, the strength of the
cusp is much weaker than in Fig. 5, when we have the pres-
ence of the resonances nearby. Also the shape of the cusp is
sharper in the presence of the resonances, as seen in Fig. 5.

4 Conclusions

We have looked into the B−
c → J/ψω decay and in par-

ticular in the J/ψω mass distribution. We find that this
observable is much influenced by the role of the X (3940)
and X (3930) resonances, which in Ref. [18] appear dynam-
ically generated from the vector-vector meson interaction in
the charm sector. These resonances couple mostly to D∗ D̄∗

in 2++ and 0++, respectively. In order to find support for this
nature of the resonances we stress two particular features: the
first one is to observe that J/ψω is not the main channel for
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Table 1 Couplings g i of the
0++ and 2++ resonances to the
relevant channels, in units of
MeV

D∗ D̄∗ D∗
s D̄

∗
s K ∗ K̄ ∗ ρρ

√
s pole = 3943 + i7.4, I G [J PC ] = 0+[0++]
18,810 − i682 8426 + i1933 10 − i11 −22 + i47

ωω φφ J/ψ J/ψ

1348 + i234 −1000 − i150 417 + i64

ωJ/ψ φ J/ψ ωφ

−1429 − i216 889 + i196 −215 − i107
√
s pole = 3922 + i26, I G [J PC ] = 0+[2++]
21,100 − i1802 1633 + i6797 42 + i14 −75 + i37

ωω φφ J/ψ J/ψ

1558 + i1821 −904 − i1783 1783 + i197

ωJ/ψ φ J/ψ ωφ

−2558 − i2289 918 + i2921 91 − i784

%
(i)
0 = %Ri −%

(i)
J/ψω(M

J/ψω
inv = MRi ). (23)

Note that in Eq. (22), %
(i)
D∗ D̄∗ only starts above the D∗ D̄∗

threshold, but since the coupling of the resonance to this
channel is so large, it grows fast above threshold giving rise
to the Flatté effect.

In [18] only the vector-vector channels were used in the
coupled channel calculation. The D∗ D̄∗ channel can also
couple to DD̄ via pion exchange. This contribution was taken
into account in [18], including box diagrams with DD̄ in the
intermediate states. As shown there, the inclusion of these
channels barely changes the mass of the states and modifies
the width in only a few MeV. We thus ignore it here. A pos-
sible ηcη decay channel is even more suppressed because if
involves the D exchange, rather than the pion, and the heavy
mass reduces the strength of the propagator.

3 Results

We will present the invariant mass distribution in arbitrary
units, but d%

dM J/ψω
inv

and d%

dMD∗ D̄∗
inv

will have the same normal-

ization. For this purpose, we take A = 1 and look at the
results for different values of B. Since A and B have been
normalized to have the same dimensions, providing similar
strength for the two terms for A = B, we will take values
of B close to 0.5, 1, 1.5 and 2. The values chosen for this
ratio are not arbitrary. Using the 3P0 model to implement the
q q̄ hadronization [30] and Racah algebra one can relate the
states for scalar and vector or tensor production. This exer-
cise is done in [31] to relate pseudoscalar and vector pro-
duction in 'b → π−(D−

s )'c(2595), π−(D−
s )'c(2625)

decays and the difference results in a factor of
√

3. Further-
more, we have empirical information more closely related to
the problem discussed here in the D+ → π+ f0(1370) and
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results for the different values of the parameter B

D+ → π+ f2(1270). Indeed, the f0(1370) and f2(1270) are
obtained from the interaction of ρρ in [10– 12]. They are the
equivalent in the light sector to the X (3940) and X (3930)
studied here in the heavy quark sector. The branching ratios
are (8 ± 4) × 10−5 and (4.8 ± 0.8) × 10−4, respectively,
with the resonances decaying to π+π− [16]. Correcting by
3
2 to account for π0π0 decay of the I = 0 state, and divid-
ing by the branching fractions to ππ from the PDG [16], we
obtain the rates (4.6 ± 2.3) × 10−4 and (8.5 ± 1.4) × 10−4

for the production of the two resonances irrespectively of
their decay mode. As we can see these rates differ by about
a factor of two. This also indicates a preference for value of
B/A bigger than 1 in our case. We show in Fig. 5 the results
of d%

dM J/ψω
inv

and in Fig. 6 for d%

dMD∗ D̄∗
inv

for these different val-

ues. The absolute normalization is arbitrary and the shape
changes a bit since one gives more strength to one or another
resonance changing B.

In Fig. 5 we see that due to the proximity of the two reso-
nances, and the fact that both of them can be produced in this
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  Results: Ratio between the distributions
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Fig. 6 d!
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results for the different values of the parameter B. The

normalization is the same as in Fig. 5

Table 2 Ratio R between the maximum of the D∗ D̄∗ mass distribution
in Fig. 6 and the strength of the cusp at the D∗ D̄∗ threshold in Fig. 5

A = 1.0

B = 0.5 B = 1.0 B = 1.5 B = 2.0

R = 2.57 R = 2.22 R = 2.16 R = 2.13

reaction, the two peaks actually merge into a broader one,
although a precise measurement could maybe allow a sepa-
ration of the two peaks, particularly if a partial wave analysis
is done that separates the two different spin resonances. Inter-
esting, however, is the fact that the cusp appears always at
the same place, the D∗ D̄∗ threshold. The other relevant fea-
ture is that its strength grows with increasing weight of the
tensor resonance, indicating that the cusp is basically tied to
the 2++ X (3930) state.

In Fig. 6 we show the D∗ D̄∗ mass distribution in the
B−
c → π− D∗ D̄∗ decay. We observe a distribution quite dif-

ferent from ordinary phase space, sticking close to threshold,
indicating that it is influenced by a resonance below thresh-
old. Its strength also grows with increasing strength of the
tensor resonance, which establishes a link between this state
and the D∗ D̄∗ distribution.

Very interesting is the ratio of the strengths of d!

dM J/ψω
inv

at the peak of the cusp of the D∗ D̄∗ threshold versus the
strength at the peak of d!

dMD∗ D̄∗
inv

. We show these numbers in

Table 2 for different values of B. As we can see, this ratio is
relatively stable and tied to the dynamically generated nature
of the two resonances discussed.

The fact that the ratio R is essentially independent on the
strength B of the tensor resonance indicates that it is this
resonance in practice the one that is responsible for both the
cusp in the J/ψω and the D∗ D̄∗ mass distributions in the
B−
c → π− D∗ D̄∗ reaction.
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Fig. 7 d!

dM J/ψω
inv

results for the different values of the parameter B, but

with the mass of the two resonances at 3800 MeV

It is interesting to further investigate the role of the res-
onance in the D∗ D̄∗ cusp. Certainly, the fact that a cusp in
D∗ D̄∗ appears observing the J/ψω invariant mass indicates
that these channels are coupled, otherwise there would be no
cusp. Even more, for the particular case, since J/ψω does not
appear in the contribution of primary formed states of Eq. (2),
the presence of a cusp at the D∗ D̄∗ threshold implies a tran-
sition from D∗ D̄∗ or D∗

s D̄s
∗ to J/ψω. This information is

already helpful by itself, indicating the presence of coupled
channels. On the other hand, we can simulate a situation
where we have coupled channels but we have no resonances.
Without changing the formalism we can artificially place the
positions of the resonances, at 3800 MeV, for instance, and
see what happens. We show the results in Fig. 7 and we can
see that the resonances do not show up in the range of ener-
gies of Fig. 5, which we also consider in Fig. 7. We still see
a cusp at the D∗ D̄∗ threshold, which is a necessary conse-
quence of the coupled channels, with or without resonances.
However, for the same strength of B/A, the strength of the
cusp is much weaker than in Fig. 5, when we have the pres-
ence of the resonances nearby. Also the shape of the cusp is
sharper in the presence of the resonances, as seen in Fig. 5.

4 Conclusions

We have looked into the B−
c → J/ψω decay and in par-

ticular in the J/ψω mass distribution. We find that this
observable is much influenced by the role of the X (3940)
and X (3930) resonances, which in Ref. [18] appear dynam-
ically generated from the vector-vector meson interaction in
the charm sector. These resonances couple mostly to D∗ D̄∗

in 2++ and 0++, respectively. In order to find support for this
nature of the resonances we stress two particular features: the
first one is to observe that J/ψω is not the main channel for

123

-The ratio is relatively stable

Tensor state
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- We have looked at                   decay B�
c ! J/ !
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is influenced by the X(3940) and X(3930) states
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<latexit sha1_base64="7WvpBgLRye8aVi5TLtsg432rS1U=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiVAplRgRdFt24rGB/YDotmfROG5pJhiQjlKFvoStRdz6NL+DbmNZZaOtZfbnnBO65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRW8tUUWhRyaXqhkQDZwJahhkO3UQBiUMOnXByO/c7j6A0k+LBTBMIYjISLGKUGDvy3X6t6vazWm12PihX3Lq7EF4FL4cKytUclD97Q0nTGIShnGjte25igowowyiHWamXakgInZAR+BYFiUEH2WLlGT6LpMJmDHjx/p3NSKz1NA5tJiZmrJe9+fA/z09NdB1kTCSpAUFtxHpRyrGReN4cD5kCavjUAqGK2S0xHRNFqLH3Kdn63nLZVWhf1D237t1fVho3+SGK6ASdoiry0BVqoDvURC1EkUTP6A29O8J5cl6c159owcn/HKM/cj6+AfqCjWM=</latexit><latexit sha1_base64="7WvpBgLRye8aVi5TLtsg432rS1U=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiVAplRgRdFt24rGB/YDotmfROG5pJhiQjlKFvoStRdz6NL+DbmNZZaOtZfbnnBO65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRW8tUUWhRyaXqhkQDZwJahhkO3UQBiUMOnXByO/c7j6A0k+LBTBMIYjISLGKUGDvy3X6t6vazWm12PihX3Lq7EF4FL4cKytUclD97Q0nTGIShnGjte25igowowyiHWamXakgInZAR+BYFiUEH2WLlGT6LpMJmDHjx/p3NSKz1NA5tJiZmrJe9+fA/z09NdB1kTCSpAUFtxHpRyrGReN4cD5kCavjUAqGK2S0xHRNFqLH3Kdn63nLZVWhf1D237t1fVho3+SGK6ASdoiry0BVqoDvURC1EkUTP6A29O8J5cl6c159owcn/HKM/cj6+AfqCjWM=</latexit><latexit sha1_base64="7WvpBgLRye8aVi5TLtsg432rS1U=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiVAplRgRdFt24rGB/YDotmfROG5pJhiQjlKFvoStRdz6NL+DbmNZZaOtZfbnnBO65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRW8tUUWhRyaXqhkQDZwJahhkO3UQBiUMOnXByO/c7j6A0k+LBTBMIYjISLGKUGDvy3X6t6vazWm12PihX3Lq7EF4FL4cKytUclD97Q0nTGIShnGjte25igowowyiHWamXakgInZAR+BYFiUEH2WLlGT6LpMJmDHjx/p3NSKz1NA5tJiZmrJe9+fA/z09NdB1kTCSpAUFtxHpRyrGReN4cD5kCavjUAqGK2S0xHRNFqLH3Kdn63nLZVWhf1D237t1fVho3+SGK6ASdoiry0BVqoDvURC1EkUTP6A29O8J5cl6c159owcn/HKM/cj6+AfqCjWM=</latexit><latexit sha1_base64="7WvpBgLRye8aVi5TLtsg432rS1U=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiVAplRgRdFt24rGB/YDotmfROG5pJhiQjlKFvoStRdz6NL+DbmNZZaOtZfbnnBO65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRW8tUUWhRyaXqhkQDZwJahhkO3UQBiUMOnXByO/c7j6A0k+LBTBMIYjISLGKUGDvy3X6t6vazWm12PihX3Lq7EF4FL4cKytUclD97Q0nTGIShnGjte25igowowyiHWamXakgInZAR+BYFiUEH2WLlGT6LpMJmDHjx/p3NSKz1NA5tJiZmrJe9+fA/z09NdB1kTCSpAUFtxHpRyrGReN4cD5kCavjUAqGK2S0xHRNFqLH3Kdn63nLZVWhf1D237t1fVho3+SGK6ASdoiry0BVqoDvURC1EkUTP6A29O8J5cl6c159owcn/HKM/cj6+AfqCjWM=</latexit>

0+(2++)
<latexit sha1_base64="c6jG8PKyiUPHeqV3f31OBbU214k=">AAAB7HicbZDNTgIxFIXv4B/iH+rSTSMxwZCQGWKiS6Ibl5gIkgwD6ZQONHTaSdsxIRPeQldG3fk0voBvY8FZKHhWX+85Te65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRR8tUEdomkkvVDbGmnAnaNsxw2k0UxXHI6UM4uZn7D49UaSbFvZkmNIjxSLCIEWzsyHf7tWqjn9Vqs/NBueLW3YXQKng5VCBXa1D+7A0lSWMqDOFYa99zExNkWBlGOJ2VeqmmCSYTPKK+RYFjqoNssfIMnUVSITOmaPH+nc1wrPU0Dm0mxmasl7358D/PT010FWRMJKmhgtiI9aKUIyPRvDkaMkWJ4VMLmChmt0RkjBUmxt6nZOt7y2VXodOoe27du7uoNK/zQxThBE6hCh5cQhNuoQVtICDhGd7g3RHOk/PivP5EC07+5xj+yPn4Bv2KjWU=</latexit><latexit sha1_base64="c6jG8PKyiUPHeqV3f31OBbU214k=">AAAB7HicbZDNTgIxFIXv4B/iH+rSTSMxwZCQGWKiS6Ibl5gIkgwD6ZQONHTaSdsxIRPeQldG3fk0voBvY8FZKHhWX+85Te65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRR8tUEdomkkvVDbGmnAnaNsxw2k0UxXHI6UM4uZn7D49UaSbFvZkmNIjxSLCIEWzsyHf7tWqjn9Vqs/NBueLW3YXQKng5VCBXa1D+7A0lSWMqDOFYa99zExNkWBlGOJ2VeqmmCSYTPKK+RYFjqoNssfIMnUVSITOmaPH+nc1wrPU0Dm0mxmasl7358D/PT010FWRMJKmhgtiI9aKUIyPRvDkaMkWJ4VMLmChmt0RkjBUmxt6nZOt7y2VXodOoe27du7uoNK/zQxThBE6hCh5cQhNuoQVtICDhGd7g3RHOk/PivP5EC07+5xj+yPn4Bv2KjWU=</latexit><latexit sha1_base64="c6jG8PKyiUPHeqV3f31OBbU214k=">AAAB7HicbZDNTgIxFIXv4B/iH+rSTSMxwZCQGWKiS6Ibl5gIkgwD6ZQONHTaSdsxIRPeQldG3fk0voBvY8FZKHhWX+85Te65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRR8tUEdomkkvVDbGmnAnaNsxw2k0UxXHI6UM4uZn7D49UaSbFvZkmNIjxSLCIEWzsyHf7tWqjn9Vqs/NBueLW3YXQKng5VCBXa1D+7A0lSWMqDOFYa99zExNkWBlGOJ2VeqmmCSYTPKK+RYFjqoNssfIMnUVSITOmaPH+nc1wrPU0Dm0mxmasl7358D/PT010FWRMJKmhgtiI9aKUIyPRvDkaMkWJ4VMLmChmt0RkjBUmxt6nZOt7y2VXodOoe27du7uoNK/zQxThBE6hCh5cQhNuoQVtICDhGd7g3RHOk/PivP5EC07+5xj+yPn4Bv2KjWU=</latexit><latexit sha1_base64="c6jG8PKyiUPHeqV3f31OBbU214k=">AAAB7HicbZDNTgIxFIXv4B/iH+rSTSMxwZCQGWKiS6Ibl5gIkgwD6ZQONHTaSdsxIRPeQldG3fk0voBvY8FZKHhWX+85Te65YcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRR8tUEdomkkvVDbGmnAnaNsxw2k0UxXHI6UM4uZn7D49UaSbFvZkmNIjxSLCIEWzsyHf7tWqjn9Vqs/NBueLW3YXQKng5VCBXa1D+7A0lSWMqDOFYa99zExNkWBlGOJ2VeqmmCSYTPKK+RYFjqoNssfIMnUVSITOmaPH+nc1wrPU0Dm0mxmasl7358D/PT010FWRMJKmhgtiI9aKUIyPRvDkaMkWJ4VMLmChmt0RkjBUmxt6nZOt7y2VXodOoe27du7uoNK/zQxThBE6hCh5cQhNuoQVtICDhGd7g3RHOk/PivP5EC07+5xj+yPn4Bv2KjWU=</latexit>
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- Both states couple mostly to D⇤D̄⇤
<latexit sha1_base64="nCefGsAwiineZEO59+jTf7T3WP4=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAjSRUhE0WXRLlxWsA9o0jKZ3rRDJ5kwMxFK6GfoStSdP+MP+DdOagoqelbnnnMu3HODhDOlHefDWlpeWV1bL22UN7e2d3Yre/ttJVJJoUUFF7IbEAWcxdDSTHPoJhJIFHDoBJPr3O/cg1RMxHd6moAfkVHMQkaJNpLX6Ne8gMisMevXBpWqY587ObBjOwtSKG6hVFGB5qDy7g0FTSOINeVEqZ7rJNrPiNSMcpiVvVRBQuiEjKBnaEwiUH42v3mGj0MhsR4Dns/fsxmJlJpGgclERI/Vby8X//J6qQ4v/YzFSaohpiZivDDlWAucV8dDJoFqPjWEUMnMlZiOiSRUmweVTf1FR/w/aZ/armO7t2fV+lXxiBI6REfoBLnoAtXRDWqiFqIoQY/oBb1awnqwnqznr+iSVewcoB+w3j4BDF2Osg==</latexit><latexit sha1_base64="nCefGsAwiineZEO59+jTf7T3WP4=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAjSRUhE0WXRLlxWsA9o0jKZ3rRDJ5kwMxFK6GfoStSdP+MP+DdOagoqelbnnnMu3HODhDOlHefDWlpeWV1bL22UN7e2d3Yre/ttJVJJoUUFF7IbEAWcxdDSTHPoJhJIFHDoBJPr3O/cg1RMxHd6moAfkVHMQkaJNpLX6Ne8gMisMevXBpWqY587ObBjOwtSKG6hVFGB5qDy7g0FTSOINeVEqZ7rJNrPiNSMcpiVvVRBQuiEjKBnaEwiUH42v3mGj0MhsR4Dns/fsxmJlJpGgclERI/Vby8X//J6qQ4v/YzFSaohpiZivDDlWAucV8dDJoFqPjWEUMnMlZiOiSRUmweVTf1FR/w/aZ/armO7t2fV+lXxiBI6REfoBLnoAtXRDWqiFqIoQY/oBb1awnqwnqznr+iSVewcoB+w3j4BDF2Osg==</latexit><latexit sha1_base64="nCefGsAwiineZEO59+jTf7T3WP4=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAjSRUhE0WXRLlxWsA9o0jKZ3rRDJ5kwMxFK6GfoStSdP+MP+DdOagoqelbnnnMu3HODhDOlHefDWlpeWV1bL22UN7e2d3Yre/ttJVJJoUUFF7IbEAWcxdDSTHPoJhJIFHDoBJPr3O/cg1RMxHd6moAfkVHMQkaJNpLX6Ne8gMisMevXBpWqY587ObBjOwtSKG6hVFGB5qDy7g0FTSOINeVEqZ7rJNrPiNSMcpiVvVRBQuiEjKBnaEwiUH42v3mGj0MhsR4Dns/fsxmJlJpGgclERI/Vby8X//J6qQ4v/YzFSaohpiZivDDlWAucV8dDJoFqPjWEUMnMlZiOiSRUmweVTf1FR/w/aZ/armO7t2fV+lXxiBI6REfoBLnoAtXRDWqiFqIoQY/oBb1awnqwnqznr+iSVewcoB+w3j4BDF2Osg==</latexit><latexit sha1_base64="nCefGsAwiineZEO59+jTf7T3WP4=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAjSRUhE0WXRLlxWsA9o0jKZ3rRDJ5kwMxFK6GfoStSdP+MP+DdOagoqelbnnnMu3HODhDOlHefDWlpeWV1bL22UN7e2d3Yre/ttJVJJoUUFF7IbEAWcxdDSTHPoJhJIFHDoBJPr3O/cg1RMxHd6moAfkVHMQkaJNpLX6Ne8gMisMevXBpWqY587ObBjOwtSKG6hVFGB5qDy7g0FTSOINeVEqZ7rJNrPiNSMcpiVvVRBQuiEjKBnaEwiUH42v3mGj0MhsR4Dns/fsxmJlJpGgclERI/Vby8X//J6qQ4v/YzFSaohpiZivDDlWAucV8dDJoFqPjWEUMnMlZiOiSRUmweVTf1FR/w/aZ/armO7t2fV+lXxiBI6REfoBLnoAtXRDWqiFqIoQY/oBb1awnqwnqznr+iSVewcoB+w3j4BDF2Osg==</latexit>

- In order to find support for this nature of these states:

1)          is not the main channel, but         .J/ !
<latexit sha1_base64="Wl/UuMs4dTmmXcscBPEJd2vo8iM=">AAAB8nicdVDLSsNAFJ34rPXRqEs3g0VwIXEiii6LbsRVBfuAJpTJ9KYdOnkwMxFK6I/oStSdn+IP+DdOagoqelbnnnMu3HODVHClCfmwFhaXlldWK2vV9Y3NrZq9vdNWSSYZtFgiEtkNqALBY2hprgV0Uwk0CgR0gvFV4XfuQSqexHd6koIf0WHMQ86oNlLfrt0ce6ni3hH2kgiGtG/XiXNGCmDikDkpFbdU6qhEs2+/e4OEZRHEmgmqVM8lqfZzKjVnAqZVL1OQUjamQ+gZGtMIlJ/PDp/igzCRWI8Az+bv2ZxGSk2iwGQiqkfqt1eIf3m9TIcXfs7jNNMQMxMxXpgJrBNc9McDLoFpMTGEMsnNlZiNqKRMmy9VTf15R/w/aZ84LnHc29N647J8RAXtoX10iFx0jhroGjVRCzGUoUf0gl4tbT1YT9bzV3TBKnd20Q9Yb5+QIJAO</latexit><latexit sha1_base64="Wl/UuMs4dTmmXcscBPEJd2vo8iM=">AAAB8nicdVDLSsNAFJ34rPXRqEs3g0VwIXEiii6LbsRVBfuAJpTJ9KYdOnkwMxFK6I/oStSdn+IP+DdOagoqelbnnnMu3HODVHClCfmwFhaXlldWK2vV9Y3NrZq9vdNWSSYZtFgiEtkNqALBY2hprgV0Uwk0CgR0gvFV4XfuQSqexHd6koIf0WHMQ86oNlLfrt0ce6ni3hH2kgiGtG/XiXNGCmDikDkpFbdU6qhEs2+/e4OEZRHEmgmqVM8lqfZzKjVnAqZVL1OQUjamQ+gZGtMIlJ/PDp/igzCRWI8Az+bv2ZxGSk2iwGQiqkfqt1eIf3m9TIcXfs7jNNMQMxMxXpgJrBNc9McDLoFpMTGEMsnNlZiNqKRMmy9VTf15R/w/aZ84LnHc29N647J8RAXtoX10iFx0jhroGjVRCzGUoUf0gl4tbT1YT9bzV3TBKnd20Q9Yb5+QIJAO</latexit><latexit sha1_base64="Wl/UuMs4dTmmXcscBPEJd2vo8iM=">AAAB8nicdVDLSsNAFJ34rPXRqEs3g0VwIXEiii6LbsRVBfuAJpTJ9KYdOnkwMxFK6I/oStSdn+IP+DdOagoqelbnnnMu3HODVHClCfmwFhaXlldWK2vV9Y3NrZq9vdNWSSYZtFgiEtkNqALBY2hprgV0Uwk0CgR0gvFV4XfuQSqexHd6koIf0WHMQ86oNlLfrt0ce6ni3hH2kgiGtG/XiXNGCmDikDkpFbdU6qhEs2+/e4OEZRHEmgmqVM8lqfZzKjVnAqZVL1OQUjamQ+gZGtMIlJ/PDp/igzCRWI8Az+bv2ZxGSk2iwGQiqkfqt1eIf3m9TIcXfs7jNNMQMxMxXpgJrBNc9McDLoFpMTGEMsnNlZiNqKRMmy9VTf15R/w/aZ84LnHc29N647J8RAXtoX10iFx0jhroGjVRCzGUoUf0gl4tbT1YT9bzV3TBKnd20Q9Yb5+QIJAO</latexit><latexit sha1_base64="Wl/UuMs4dTmmXcscBPEJd2vo8iM=">AAAB8nicdVDLSsNAFJ34rPXRqEs3g0VwIXEiii6LbsRVBfuAJpTJ9KYdOnkwMxFK6I/oStSdn+IP+DdOagoqelbnnnMu3HODVHClCfmwFhaXlldWK2vV9Y3NrZq9vdNWSSYZtFgiEtkNqALBY2hprgV0Uwk0CgR0gvFV4XfuQSqexHd6koIf0WHMQ86oNlLfrt0ce6ni3hH2kgiGtG/XiXNGCmDikDkpFbdU6qhEs2+/e4OEZRHEmgmqVM8lqfZzKjVnAqZVL1OQUjamQ+gZGtMIlJ/PDp/igzCRWI8Az+bv2ZxGSk2iwGQiqkfqt1eIf3m9TIcXfs7jNNMQMxMxXpgJrBNc9McDLoFpMTGEMsnNlZiNqKRMmy9VTf15R/w/aZ84LnHc29N647J8RAXtoX10iFx0jhroGjVRCzGUoUf0gl4tbT1YT9bzV3TBKnd20Q9Yb5+QIJAO</latexit>

D⇤D̄⇤
<latexit sha1_base64="nCefGsAwiineZEO59+jTf7T3WP4=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAjSRUhE0WXRLlxWsA9o0jKZ3rRDJ5kwMxFK6GfoStSdP+MP+DdOagoqelbnnnMu3HODhDOlHefDWlpeWV1bL22UN7e2d3Yre/ttJVJJoUUFF7IbEAWcxdDSTHPoJhJIFHDoBJPr3O/cg1RMxHd6moAfkVHMQkaJNpLX6Ne8gMisMevXBpWqY587ObBjOwtSKG6hVFGB5qDy7g0FTSOINeVEqZ7rJNrPiNSMcpiVvVRBQuiEjKBnaEwiUH42v3mGj0MhsR4Dns/fsxmJlJpGgclERI/Vby8X//J6qQ4v/YzFSaohpiZivDDlWAucV8dDJoFqPjWEUMnMlZiOiSRUmweVTf1FR/w/aZ/armO7t2fV+lXxiBI6REfoBLnoAtXRDWqiFqIoQY/oBb1awnqwnqznr+iSVewcoB+w3j4BDF2Osg==</latexit><latexit sha1_base64="nCefGsAwiineZEO59+jTf7T3WP4=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAjSRUhE0WXRLlxWsA9o0jKZ3rRDJ5kwMxFK6GfoStSdP+MP+DdOagoqelbnnnMu3HODhDOlHefDWlpeWV1bL22UN7e2d3Yre/ttJVJJoUUFF7IbEAWcxdDSTHPoJhJIFHDoBJPr3O/cg1RMxHd6moAfkVHMQkaJNpLX6Ne8gMisMevXBpWqY587ObBjOwtSKG6hVFGB5qDy7g0FTSOINeVEqZ7rJNrPiNSMcpiVvVRBQuiEjKBnaEwiUH42v3mGj0MhsR4Dns/fsxmJlJpGgclERI/Vby8X//J6qQ4v/YzFSaohpiZivDDlWAucV8dDJoFqPjWEUMnMlZiOiSRUmweVTf1FR/w/aZ/armO7t2fV+lXxiBI6REfoBLnoAtXRDWqiFqIoQY/oBb1awnqwnqznr+iSVewcoB+w3j4BDF2Osg==</latexit><latexit sha1_base64="nCefGsAwiineZEO59+jTf7T3WP4=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAjSRUhE0WXRLlxWsA9o0jKZ3rRDJ5kwMxFK6GfoStSdP+MP+DdOagoqelbnnnMu3HODhDOlHefDWlpeWV1bL22UN7e2d3Yre/ttJVJJoUUFF7IbEAWcxdDSTHPoJhJIFHDoBJPr3O/cg1RMxHd6moAfkVHMQkaJNpLX6Ne8gMisMevXBpWqY587ObBjOwtSKG6hVFGB5qDy7g0FTSOINeVEqZ7rJNrPiNSMcpiVvVRBQuiEjKBnaEwiUH42v3mGj0MhsR4Dns/fsxmJlJpGgclERI/Vby8X//J6qQ4v/YzFSaohpiZivDDlWAucV8dDJoFqPjWEUMnMlZiOiSRUmweVTf1FR/w/aZ/armO7t2fV+lXxiBI6REfoBLnoAtXRDWqiFqIoQY/oBb1awnqwnqznr+iSVewcoB+w3j4BDF2Osg==</latexit><latexit sha1_base64="nCefGsAwiineZEO59+jTf7T3WP4=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAjSRUhE0WXRLlxWsA9o0jKZ3rRDJ5kwMxFK6GfoStSdP+MP+DdOagoqelbnnnMu3HODhDOlHefDWlpeWV1bL22UN7e2d3Yre/ttJVJJoUUFF7IbEAWcxdDSTHPoJhJIFHDoBJPr3O/cg1RMxHd6moAfkVHMQkaJNpLX6Ne8gMisMevXBpWqY587ObBjOwtSKG6hVFGB5qDy7g0FTSOINeVEqZ7rJNrPiNSMcpiVvVRBQuiEjKBnaEwiUH42v3mGj0MhsR4Dns/fsxmJlJpGgclERI/Vby8X//J6qQ4v/YzFSaohpiZivDDlWAucV8dDJoFqPjWEUMnMlZiOiSRUmweVTf1FR/w/aZ/armO7t2fV+lXxiBI6REfoBLnoAtXRDWqiFqIoQY/oBb1awnqwnqznr+iSVewcoB+w3j4BDF2Osg==</latexit>

As consequence, a cusp appears!

2) The states influence the         distributionD⇤D̄⇤
<latexit sha1_base64="nCefGsAwiineZEO59+jTf7T3WP4=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAjSRUhE0WXRLlxWsA9o0jKZ3rRDJ5kwMxFK6GfoStSdP+MP+DdOagoqelbnnnMu3HODhDOlHefDWlpeWV1bL22UN7e2d3Yre/ttJVJJoUUFF7IbEAWcxdDSTHPoJhJIFHDoBJPr3O/cg1RMxHd6moAfkVHMQkaJNpLX6Ne8gMisMevXBpWqY587ObBjOwtSKG6hVFGB5qDy7g0FTSOINeVEqZ7rJNrPiNSMcpiVvVRBQuiEjKBnaEwiUH42v3mGj0MhsR4Dns/fsxmJlJpGgclERI/Vby8X//J6qQ4v/YzFSaohpiZivDDlWAucV8dDJoFqPjWEUMnMlZiOiSRUmweVTf1FR/w/aZ/armO7t2fV+lXxiBI6REfoBLnoAtXRDWqiFqIoQY/oBb1awnqwnqznr+iSVewcoB+w3j4BDF2Osg==</latexit><latexit sha1_base64="nCefGsAwiineZEO59+jTf7T3WP4=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAjSRUhE0WXRLlxWsA9o0jKZ3rRDJ5kwMxFK6GfoStSdP+MP+DdOagoqelbnnnMu3HODhDOlHefDWlpeWV1bL22UN7e2d3Yre/ttJVJJoUUFF7IbEAWcxdDSTHPoJhJIFHDoBJPr3O/cg1RMxHd6moAfkVHMQkaJNpLX6Ne8gMisMevXBpWqY587ObBjOwtSKG6hVFGB5qDy7g0FTSOINeVEqZ7rJNrPiNSMcpiVvVRBQuiEjKBnaEwiUH42v3mGj0MhsR4Dns/fsxmJlJpGgclERI/Vby8X//J6qQ4v/YzFSaohpiZivDDlWAucV8dDJoFqPjWEUMnMlZiOiSRUmweVTf1FR/w/aZ/armO7t2fV+lXxiBI6REfoBLnoAtXRDWqiFqIoQY/oBb1awnqwnqznr+iSVewcoB+w3j4BDF2Osg==</latexit><latexit sha1_base64="nCefGsAwiineZEO59+jTf7T3WP4=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAjSRUhE0WXRLlxWsA9o0jKZ3rRDJ5kwMxFK6GfoStSdP+MP+DdOagoqelbnnnMu3HODhDOlHefDWlpeWV1bL22UN7e2d3Yre/ttJVJJoUUFF7IbEAWcxdDSTHPoJhJIFHDoBJPr3O/cg1RMxHd6moAfkVHMQkaJNpLX6Ne8gMisMevXBpWqY587ObBjOwtSKG6hVFGB5qDy7g0FTSOINeVEqZ7rJNrPiNSMcpiVvVRBQuiEjKBnaEwiUH42v3mGj0MhsR4Dns/fsxmJlJpGgclERI/Vby8X//J6qQ4v/YzFSaohpiZivDDlWAucV8dDJoFqPjWEUMnMlZiOiSRUmweVTf1FR/w/aZ/armO7t2fV+lXxiBI6REfoBLnoAtXRDWqiFqIoQY/oBb1awnqwnqznr+iSVewcoB+w3j4BDF2Osg==</latexit><latexit sha1_base64="nCefGsAwiineZEO59+jTf7T3WP4=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAjSRUhE0WXRLlxWsA9o0jKZ3rRDJ5kwMxFK6GfoStSdP+MP+DdOagoqelbnnnMu3HODhDOlHefDWlpeWV1bL22UN7e2d3Yre/ttJVJJoUUFF7IbEAWcxdDSTHPoJhJIFHDoBJPr3O/cg1RMxHd6moAfkVHMQkaJNpLX6Ne8gMisMevXBpWqY587ObBjOwtSKG6hVFGB5qDy7g0FTSOINeVEqZ7rJNrPiNSMcpiVvVRBQuiEjKBnaEwiUH42v3mGj0MhsR4Dns/fsxmJlJpGgclERI/Vby8X//J6qQ4v/YzFSaohpiZivDDlWAucV8dDJoFqPjWEUMnMlZiOiSRUmweVTf1FR/w/aZ/armO7t2fV+lXxiBI6REfoBLnoAtXRDWqiFqIoQY/oBb1awnqwnqznr+iSVewcoB+w3j4BDF2Osg==</latexit>
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