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Abstract. The dynamics of the J¢ = 0~*, 0**, and 2** resonance contributions
to the decay J/y — yX(J€) — y¢¢ is analysed using the data obtained by
BESIII collaboration. The effective coupling constants parameterising invariant
amplitudes of the transitions J/y — yX(J*¢) and X(J*¢) — ¢¢ and masses of
X(JFC) found from the fits are used to plot the ¢¢ mass spectrum of each J€
component.

1 Introduction

The interest in the decay J/y — y¢¢ [1] is related with the possible existence of the exotic
glueball state decaying into the ¢¢ pair [2]. The spin-parity quantum numbers of the res-
onance states decaying into ¢¢ are reported to be J¥ = 0%,07, and 2* [1, 3]. The partial
wave analysis of the ¢¢ system was performed in Ref. [1] based on the model with the co-
herent sum of the Breit-Wigner amplitudes with the constant widths. Following Ref. [1], the
chain J/y — yX — y¢¢ is assumed here to give the dominant contribution to the amplitude.
However, the dynamics of the decay chain J/y — yX(J?), X(JP) — ¢¢ is relatively simple
only in case of the X(0™) resonance admitting the only p wave contribution in both above
vertices. In general, one should include the different spin-orbital momentum structures for
different spin-parities of the X(J”) resonances in the ¢¢ system, especially in case of the ten-
sor contribution JF€ = 2+*. So it is reasonable to reanalyze the data of Ref. [1] in the model
with the energy-dependent partial ¢¢ width in order to extract the magnitudes of the effective
coupling constants parameterizing the effective invariant amplitudes of the above transitions.
The results of such analysis are presented below.

2 Amplitudes for specific X(J”) resonance

(a) J¥ = 0~. The effective amplitudes for the processes J/y — yX(07) and X(07) — ¢¢ and
their three-dimensional form in the respective rest frame systems are chosen as follows:
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so that the amplitude of interest is
Myjyyxoryss = AP myymplkllki|E[n x e)(n[€) x &]). (2)

Here and in what follows O, = (myyy,0), |k]| = (m%2/4 - mé)l/z, |k| = (mi/w - mfz)/ij/w;
myy = mgy is the invariant mass of the ¢¢ system; &, &), stand for the polarization vectors
of the J/y and both ¢ mesons in their respective rest frames; n (n,) is, respectively, the
unit vector in the direction of the photon in the J/y rest frame (one of the ¢ mesons in
the X resonance rest frame); e is vector of polarization of the photon. Three pseudoscalar
resonances X123(07) = n(2225),7(2100), 7(2500) are included. Since the single p wave is
present in both J/iy — yX;(07) and X;(07) — ¢¢ transition amplitudes, we consider two
possible models for A°”. The model A admits the mixing between resonances in the form [4]

-1
_ D, =11, -IIj3 9X ¢4
A = Guyxon| Tz Dy -y Ix:90 | )
-3 -Tlp3 Ds X300

Guyxr = ( G Gumvx0)  Guyxsor) )- Hereafter,
2 2 2 .
Dygry(mpy) = my ey = miy = imy,gny, = imaly,grge )
is the inverse propagator of the resonance X;(J¥) where the energy dependence of the ¢¢

mode is taken into account while the constant I}, approximately takes into account other

possible modes. In the case of J* = 0~ the partial width and polarization operator I1;; re-
sponsible for the mixing look as follows:
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where Imll;; is fixed by the unitarity relation while Rell;; are assumed to be some constants,
app = Relly, a3 = Rell;s, and az3 = Rellys to be determined from the fit. In the model B
the mixing is neglected, I1;; = 0. The expression for the J*¢ = 0~* resonance component of
the ¢¢ mass spectrum spectrum is
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where N is unknown overall normalization factor.
(b) J¥ = 0*. One has
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The X(0") — ¢¢ decay width is
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The JP¢ = 0** resonance component of the spectrum which uses the single resonance con-
tribution is given by the expression
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(c) J¥ = 2*. The necessary amplitudes look as follows.
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where T, (t;;) is the polarization tensor of the X(2*) resonance (its three-dimensional coun-
terpart in its rest frame) and
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q0 = (mi/w + m%z)/ij/w. The X(2%) — ¢¢ decay amplitude is
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k;, = m2/2. The resulting amplitude M®") = M,y_yx(2+)-ysp 100ks like
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where Hij,kl = (6ik6j1 + 6,‘16]‘]()/2 - 6ij6k1/3. The radiative width is
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The expression for I'yo+)-¢¢ can be found in Ref. [5]. Note that nine free parameters are
required to fit the single 2* contribution. Taking into account three 2* contributions, as is
made in Ref. [1], requires 27 free parameters. So, having in mind a limited statistics of
the data [1], we will try to describe the 2* component with the single resonance using the
expression
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Using Egs. (2), (7), and (15) for the amplitudes M, x(7)—yps ONE can prove that different
J? contributions to the ¢¢ mass spectrum do not interfere [5].

3 Results

Let us present the results of the analysis. The magnitudes of the coupling constants neces-
sary for plotting all the following J* contributions to the ¢¢ mass spectrum can be found in
Ref. [5].

(a) JP = 07. The results of fitting this component are presented in Figs. 1 and 2. One
can see that three 0~ resonances in the models A and B interfere differently but the resulting
spectra coincide.
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Figure 1. Fitting the 0~ component in the model A.

(b) J¥ = 0*. The fitting with Eq. (10) results in a poor fit with y?/ng.r = 37.8/28 = 1.4.
A better fit is obtained when adding the second 0* resonance. To this end, we neglect the
mixing of the X;(0%) and X,(0") analogously to the model B in the J* = 0~ case and use the
expression

dN© Nk| k|
= (2lAoP + 140 + Ao°), (18)
dmy @n)3 x 12m3,,
where N is the same unknown overall normalization factor as in Eq. (6) and Ay =
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shown in Fig. 3.
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Figure 2. Fitting the 0~ component in the model B.
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Figure 3. Fitting the 0* component in the models with one or two scalar resonances.

(c) JP = 2*. Surprisingly, but a rather good fit is obtained with the single tensor reso-
nance; the corresponding curve is shown in Fig. 4.

4 Discussion and conclusion

The correct comparison of the above results with Ref. [1] and [3] requires the evaluation of
the effective resonance peak positions and widths. A rough estimate can be obtained upon
neglecting the resonance peak distortion due to the effects of the phase space volume. This
can be made with help of Figs. 1, 2, 3, and 4 by evaluating the width at the half of height of
the resonance peaks. In the case of the pseudoscalar resonances (in both models A and B)
one finds the peak pOSitiOl’lS My, (0-) = My2250) = 2260 MeV, mMx,0-) = Mpy2100) = 2120 MeV,
and my, -y = myesoy ~ 2480 MeV while the effective widths are I'x, o~y = I'y2250) = 220
MCV, FXZ(O’) = r,](zloo) ~ 210 MCV, and Iﬁx}(of) = F,](2500) ~ 400 MeV. Within one or two
magnitudes of the experimental uncertainty they agree with the values given in Ref. [1].
When fitting the scalar resonance contribution, the first one designated here as X;(0"), has the
effective peak characteristics which, within the experimental accuracy, agree with those of the
resonance fp(2100) observed in Ref. [1]. The second one, X,(0%), included here to achieve the
better description of the data, is new. However, taking into account rather large experimental
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Figure 4. Fitting the 2* component.

error bars in this sector, see Fig. 3, the latter conclusion should be treated as preliminary.
The data with improved statistics could resolve the issue. The effective characteristics of the
tensor resonance obtained here agree with those of f,(2340) cited in Ref. [3]. Note that the
analysis of the tensor component of the ¢¢ mass spectrum in Ref. [1] requires three tensor
resonances.

To conclude, the dynamical analysis of the resonance contributions to the J/yy — yX —
y¢¢ decay amplitude is performed based on the effective amplitudes of the transitions
J/y — yX and X — ¢¢. The X-resonances with the quantum numbers J°¢ = 0,
0**, and 2** are taken into account to describe the ¢¢ mass spectrum in the reaction
ete” — J/Yy — yX(JTC) — y¢¢ studied by BESIII collaboration [1]. Two models, with
and without mixing of three X(0™") resonances were shown to give satisfactory description
of the data, hence one cannot distinguish them with the present accuracy of the data. The
scalar component of the ¢¢ spectrum is better described in the model with two scalar reso-
nances. The tensor component requires only one resonance, because the non-trivial behaviour
shown in Fig. 4 at the left shoulder of the resonance peak is due to the dependence on the
¢¢ invariant mass of the contributions with given spin and orbital angular momentum in the
X(2**) — ¢¢ vertex. Masses and effective coupling constants parametrizing invariant am-
plitudes are extracted from the fits and used for evaluation of branching fractions Bysrc)_, ¢4,
relative branching fractions B j/y—.yx(s7¢)—ys¢, and for obtaining the photon angular distribu-
tions [5]. The consistency of the fits is supported by the evaluation of the incoherent sum
of the 07*, 0**, and 2** resonance contributions to the ¢¢ mass spectrum of the reaction
ete” — J/y — y¢¢ and of the angular distribution of the final photons [5]. Their calculated
magnitudes are shown [5] to agree with the data Ref. [1].
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