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CocrosHne Tz1(4430)" nsyyanocs B akcnepmentax Belle [PRL 100,
142001; PRD 80, 031104; PRD 88, 074026] n LHCb [PRL 112, 222002;
PRD 92, 112009] & pacnage B® — ¢(2S)7~ KT. AMnanTtygHble aHann3si
Apyrux pacnagos B — ¢(2S)mK noka He npoBOfMANCE; B H4aCTHOCTH,
HeliTpanbHoe cocTosiHne T.z1(4430)° ewg He nssectHo. ITn pacnagwl
N3y4aloTCs B AaHHOM aHasnun3e.
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* Vlcronb3ytoTtcs Bce gaHHble skcnepumenTa Belle (711 b6 ) u
obpasen, gannbix Belle Il ¢ nnterpanshoii ceeTnmocTsio 365 6 L.

® B otanuune ot npegbigyliero ananusa Belle, 1(25)
BOCCTaHaeauBaetcs B KaHanax {70~ uw J/i(— £107)ntn~. Panee
NCNONBb30BANCA TONBLKO NENTOHHbINA KaHan. JTO yBeAndnsaer

K. Ynnunkun (MSAD)

cTaTuCTUKy B ~ 2.5 pasa, HO TpebyeT OZHOBPEMEHHOV MOATOHKM.
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CrpaTerust aHannsa
Belle I

Mopennposanune nokasbisaeT Hann4me nukyrowmxcs donos ot B — 1(25)K2
n camux pacnagos B — 1(25)w K. Heobxogumoctb nx yuéra onpegenser
CTpaTernto aHanmsa:

1. BoccranaenueatoTcs WwecTb pacnagos B: asa kaHana B — ¢(2S5)K
(Bt = 9(2S)K™, B — 9(25)K2) n ueTbipe kanana B — (2S)7K
(B® = v(2S)m= K+, BT — (2S)rTK2, Bt — ¢(2S)n°K™ n
B® — (25)7°K?Q).

2. Ha npepBaputenbHOiA CTaguy BbINOMHSAETCS aMMANTYAHbIA aHanm3
pacnagos B — ¥(2S)K ¢ nocnepyrowmm 1(2S) — J/p(— £H0 ) mTw™
Pe3synbrathl ncnonssytorcs gnsi reHepayumm curiansHoro MK ¢
pPE€ANNCTNYHBIM pacnpeneseHnemM, KOTopoe noTomM NCnosib3yeTca ans
napameTpu3auuy nepekpécTHoro ¢oHa B kaHane B — (2S)m~ K+,

3. Ha nepsoii ctagun oinonusietcst avanus B — (2S)wK ¢ ynpowgéHHoii
mogensto doHa. Ero pesynbTtaThl aHanormyHo ncnonb3yoTes aist
reHepauui peannctudHoro curiansHoro MK anst Bcex pacnagos
B — (25)7K n napametpusaunu nepekp&ctHoro ¢poHa.

4. Ha BTopoii ctagnu BoinosiHsieTcst aHanms B — ¢(2S)wK ¢ yuérom Beex
NUKYOLWNXCS POHOEB.
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OT1bop cobbITnii

Belle I

KpuTtepuu otbopa onTUMU3UPYHOTCS NP NMOMOLLU BbINOJHEHUS
npoueaypbl ONTUMK3auUN curHanbHol obnacTu, onucavHol fanee, C

Bapuauwneil oTaenbHbix Kputepnes. ONTUMU3AUNS BbINOIHSAETCSA OTLENBHO
AN AByX rpynn KaHanoe: ¢ T+ unv 6es m un ¢ 70,

Mepemennan Belle Belle II
B = 9(25)(7 )K | B = ¢(25)7°K | B = 4(25)(x )K | B — % (25)7°K
VmnakT-napametp dr, cm <20 <20 <4.0 <4.0
WwmnakT-napametp |dz|, cm <5.0 < 10.0 < 10.0 < 10.0
VaenTudbnkauus anekTpoHos Re > 0.1 Re > 0.1 Re > 0.5 Re > 0.5
Naentudbukaums MooHOB R, >0.1 R, >0.1 R, > 05 R, >05
NpenTtudpukauus Rz/k > 0.1 Ry/k > 0.1 R > 0.1 R. > 0.1
Npentudpukauus K Ry > 0.2 Ry /= > 0.6 Rk > 0.1 Rk > 0.5
[Myo — mo|, MaB/c? - (~11,10) - (~16,12)
Sueprus cpotoros, MaB — > 80 — > 50
Bpewms dboTonos |t], He - - - < 200
|t/At| ansi dboToHoB — <2
N pentudpnkauus 70 — > 0.75 — > 0.65
\MKu—ch\ MaB/c <30 <26 <30 <24
My —myy (e e”), MaB/c? (-100,70) (—100,70) (—100,80) (—100,80)
My — myp (1 " ). MaB/c? (—60,35) (—60, 35) (—80,40) (—80,40)
My(os) — my(as) (ete™), MaB/c? (—100,70) (—80,35) (—100,80) (—80,40)
Mygas) — mygas) (1*1i”), MaB/c? (—50,40) (—50,25) (—60,30) (—50,25)
My(2s) — My(2s) (J/z,)‘r*‘r ), MaB/c? <7 <7 <7 <6
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vy [lapameTpusauns paspelleHis

Paspeluenne onpeaensercs NOAroHKol B3BELLUEHHBLIX CODLITMIA
cnrnansHoro MK (napameTpunsauus npueegeHa B fONOJHUTENbHBIX
cnaiigax). Mpumep pesynstaTos (Belle Il, BT — 4(25)m0K ™,
(2S) = 07

Belle Il, w(2S)-H, bin 1 Belle II, w(2S)-I', bin 2

1g¢LPreliminary

Preliminary

Events / (8 MeV)
Events / (8 MeV)

ol

i 02 01 02
AE [GeV] AE [GeV]
KpaCHaﬂ CNAOLWHasA NNHNA - Pe3yabTaT NOATOHKN, 3esIéHas WTpnxoeas

NINHUS - NEPBbIA BKAAg B yp. (22), CNHAS NYHKTUPHASH NIMHNS - BTOPO

BK/f1a4 N KOpUYHEBaAA LWTPUXNYHKTUPHAA JINHUA - TPETVIM BKJ1ag. BuHb:

pr < 0.3T3B/c, pr >0.33B/c.
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=4
¥4 [logroqka pacnpegenequit no (AE, M)

MapameTpusauyns npuseseHa B AONONHUTENbHbIX Chaiigax. [pumep
pesynsTaTos (Belle Il, BT — (25)mOK™, 4(2S) — £+¢7):

Belle Il, (25)>I, bin 1 Belle Il, (25)>I, bin 1 Belle Il, (2S)->I', bin 2
3 Preliminary S preliminary 3 Preliminary
= 40 > s
© 2 ®
2 gt S 2
& 2 5
g 2 g
w [ w
g
20 }[ { [
o W !l W
B R X R R NP 82 525 53 D50 01 02
AE [GeV] M, [GeV/c] AE [GeV]

KpacHasi cniowHast IMHMS - pe3yabTaT NOArOHKMN, 3e/€Hast WTPUXoBasi
JIMHUS - MONHbLIA POH C BKIAAOM OT CUMHANbLHOIO MPOLECCA U CUHSS
MYHKTUPHAS ANHUS - KOMBUHATOPHBIA hOH.
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D
AHanus HelipoOHHOI CeTblo 1 BbIOOP NyYLIero KaHanaaTa

® HeiipoHHas ceTb, NCMOJIb3yeMas TOJLKO AJISi KaHaJOoB C 70,

C0343€TCsA C MCNONb30BaHNEM Habopa nepeMeHHbIX, KOTOpble He
BHOCSIT AOMOJIHUTENbHBIX CUCTEMATUYECKUX OLLIMBOK: XenucnTu-yria
T(4S), MuHuMansHoli sHeprum goqepHux cdotoHos 70 B
nabopaTopHoii cucTeme, XenncuTu-yraa ° n asuMyTanbHOro yrna
pouepHero choToHa 70, ONpeaen&HHOro Kak npu BblYMCAEHUN
CNVpanbHBIX aMIINTYA.
® BrinonHsieTca Bbibop ny4liero kaHangaTa:
1. BbibpaHHas obnactb no (AE, My.) (JAE| < 0.2 3B,
5.2 < My < 5.3 ['3B/c?) paspensetca Ha natb 6uxos no AE u Tpu
6uHa no Mpc. OTOOp BLINONAHATCA OTAENLHO AN KaXKAOro buHa un
kaHana pacnaga (25).
2. [ns kananoe BT — ¢(25)7°K™ n B® — ¢(25)7°K2 otbupaercs
KaHAMaaT C HanbONbLWINM BLIXOAOM HERpPOHHON ceTu. [1ns kaHanos
BY — (2S)n~ Kt n BT — ¢(25)7T K2, y KOTOpbIX HET HeiipoHHOI
ceTu, nyywuii KaHAMAAT oTbnpaeTcsa caydaliHeiM obpasom.
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-D

Belle I

CwurHanbHasa obnactb

Kputepun ot6opa curHanbHoii 061acTu onpeaensitoTcs MakCUMmM3auneli BeNYNHbI

5 )

sig

, TAe i - nHpekc kaHana (2S), a Ns(iig) n Nt(;ig) - OXKUJAEMbIE YMCNA

CUrHaNbHbIX N d)OHOBbIX COBbLITNE COOTBETCTBEHHO.

5 2
My, _ —m i i
CurHanbHas ob6n1acTb ONPefensieTcs Kak A('j_ + "C(,.i)s <1, rpe R(A}:' n RI(VI) -
RAE R M, be
<
nosyocu eé annunca.
SchbeKTuBHOCTE Oxupaemble CobbITHs

Kanan B Sxcnepument Kawan 1(25) Mapawerper o EYOY) BT v )
Rae | Ruy | W) SR Train Test Train Test Train Train
Belle [aN3 19.4 6.92 0.000 | 28.52% | 100.0% | 100.0% | 100.00% | 100.00% | 1969.76 295.47
Belle J/o(— [*l )r T 16.4 6.34 0.000 | 15.37% | 100.0% | 100.0% | 100.00% | 100.00% | 2767.15 622.54
Belle 11 o 215 6.39 0.000 | 33.69% | 100.0% | 100.0% | 100.00% | 100.00% | 1167.55 237.30
B° — U(ZS)T K* Belle 1l J/ (*) /*[ ) - 17.4 5.97 0.000 14.46% 100.0% 100.0% 100.00% 100.00% 1306.45 346.58
Bt — (2S)rt K_g Belle 19.0 6.54 0.000 | 13.38% | 100.0% | 100.0% | 100.00% | 100.00% 495.47 102.22
BT — d*(ZS)W*Kg Belle J/o(— [*l )rt 16.1 5.87 0.000 6.83% 100.0% | 100.0% | 100.00% | 100.00% 659.40 190.78
BT — (28)7t K Belle 11 o 200 6.94 0.000 | 34.04% | 100.0% | 100.0% | 100.00% | 100.00% 43767 79.01
BY — L(?S)W+Kﬁ Belle 1l J/ (*) /*[ )t 17.0 6.88 0.000 14.50% 100.0% 100.0% 100.00% 100.00% 486.02 129.38
BY — u(25)7r°K Belle 40.8 6.65 0.232 12.63% 96.9% 97.0% 88.25% 90.46% 447.85 186.24
B — y(25)7°K* Belle I/ (A m Yt 322 | 579 | 0232 | 7.10% | 91.3% | 912% | 75.43% | 76.52% | 618.86 337.24
BT — (QS)WOK’ Belle 11 o 36.0 5.64 0.266 | 20.82% 93.9% 94.0% 79.20% 79.47% 359.01 18365
BT — L(ZS)W“K’ Belle 1l J/v (*) /*[ )t 319 5.53 0.324 9.16% 87.7% 87.7% 64.49% 63.96% 384.70 250.50
BY — Ur(ZS)WoKo Belle 338 7.14 0.250 5.90% 95.5% 95.5% 89.22% 91.23% 97.41 33.03
“(ZS)WQK% Belle J/ (4» i*[ )rta— 323 4.51 0.292 3.16% 89.7% 89.7% 76.89% 75.04% 128.02 63.00
(QS)WOK Belle 11 i 382 573 0.268 | 22.78% 95.7% 95.7% 83.72% 85.38% 13087 48.59
B° — L(ZS)WOKﬁ Belle Il J/9(= /H yrtn— | 265 | 6.25 | 0242 | 9.61% | 93.3% | 93.4% | 86.11% | 83.10% | 140.36 84.06

ScpdbekTusHOCTM Ans pacnagos BT — (2S)n T K2 u B — (25)r0KQ sknioqator
BepoaTHOCTL pacnaga B(K2 — wtn~) ans Belle.
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Belle I

Habop paHHbIX gns aHanusa

® [locne onTuMK3aLMN NMPUMEHSIOTCS MOJIYHEHHbIE KPUTEPUN A5t CUTHANIBbHON obnacTu.
KoHTponbHble obnactu onpegenetsl kak 0.06 < |[AE| < 0.12 3B,
5.2667 < My, < 5.3 M3B/c2.

® [logronka paspewenus n pacnpegenennii no (AE, Mp.) ebinonHsietcs choea. lMNogrorka
pacnpegenetnii no (AE, Mp.) BbINONHAETCA OAHOBPEMEHHO A/ KAHANOB

B® — (2S)r~ Kt n B® — ¢(2S)Kg.
MonHoe Yncno cobbiTnii B CurHanbHoi obnactn n ShcbekTBHOCTL 0THOPa NyULlero KaHangaTa:

Kanan B JKCNepuMeHT Kanan ¢ Hucno cobbituii | €multiple
BY — (2S)n— KT Belle A 2239 95.4%
BO — ¢(2S)n~ K+ Belle J/(— er e )ynt ™ 3333 90.3%
BO — (2S)n~ K+ Belle 11 ot 1341 94.8%
BO — (28)n— K+ Belle Il J/p(— te)ynt = 1616 90.3%
Bt — ¢(28)7T K2 Belle ot 631 89.6%
BT — p(2S)rtK Belle J/p(— et )ynt ™ 945 86.5%
BT — p(2S)rTK Belle Il A 415 91.0%
Bt — (28)nt K2 Belle Il J/Y(— er e )ynt ™ 482 88.3%
Bt — ¢(2S)r okt Belle i 503 96.0%
Bt — ¢(2S)mOK+ Belle J/p(— et )ynt ™ 896 91.1%
Bt — (28)m°K+ Belle 11 ot 471 89.7%
Bt = (28)r0K* Belle Il J/Y(— e )ynt ™ 646 87.2%
B — (2S)m °K° Belle i 107 95.5%
BO — (2S)n° Belle J/p(— et )ynt 176 91.2%
B® — 4(25)r° Belle 11 ot 119 88.8%
BO — (2S)n° Belle Il J/p(— e )nt ™ 174 79.5%

K. Yunnunkun (MSAD)

AmnanTtygHeii ananus B — 9 (2S)rK

Ceccus CAP OPH PAH, 11.03.2026
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K-maTtpuua

Belle I

S-BoniHa cnctembl K7 ONMCBIBAeTCs ABYXKaHanAbHOW K-MaTpuueii:

K11(S):( ( )) K(1/2) s)+2(g )27

My —s
o) KT g(K)
Kia(s) = Kai(s) = g g\ & K(1/2)(s +Z L L (1)
mK* — 5
(K %), O ))2
Kaa(s) = (g™ KW/ (s) + 3 Bk
‘M. —s

rae K(l/z)(s) - bOpMa HEPE3OHAHCHOIrO BKJAAA, §NR - KOHCTAHTbI CBSI3N 4151 HEPEBOHAHCHOMO
BKJIaAA N ZK* - KOHCTAHThl CBA3MN ANS pe30HaHCOoB K™ 1 KaHana, yKa3aHHOro B BepxHem
nHpaekce. Bce KOHCTaHTHI CBA3M - AeiicTBUTENBHBLIE Yncna. MaTpuua ¢a30BOro npocTpaHcTea
paBHa

L 20D Vs
—_ or /s > m, m_+,
160 /s K+ Mt 1 2K @)
e 1 2|gKm)]j for /5 < N T Vs
or v/s < m, m_+,
160 /s = e

Mopor & cucteme Kot Belle cooteeTcTRYIOUEro nopora B cucteme K70 kak ans K*t, tak un
ans K*0.
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P-BekTOp 1 amMnanTyaa

Belle I

P-BekTOp 3apaéTtcs dpopmynoii

. - A(B—9(28)K*) f(KmT)
Pi(s) = A(BAMU(2S)(KO)NR)g'£|’§ ) 4 3 2 Bk 3)
K* mK* — S

rae ABB=v(28)(Kgnr) y ABB—=¥(25)K™) _ omnnekcHble aMnAnTyabl poxxaeHus. BoiparkeHue
ans komnorenTel K70 (Py(s)) ananoruuno. AMnantysa paeHa

. _ L
Arja(s) = [1 = iK(s)p(s)] "2 P(s)F®)(s), (4)
rae | - pnaroHanbHas maTpuua C anemeHTamu, pasHbiMn 1, 1/2 o6osHavaer nsocnmH

kombuHauunn (K, 7) n FéLB) - chopmdbakTop pacnaga B, pasHblii

F2)(s) = as(s)"8 F2") (as(s)), ®)

rae Lp - yrnoeoii MomMeHT pacnaga B, gg - umnynsc godepHeii 4acTuubl B cucteme nokos B
n F{BW) - cpopmcpakTop Bbnatra-Balicckonda. epBbiii 371eMEHT NOJIYyHEHHOrO BEKTOPA
aMnINTYyabl NCNONb3yeTCs Ans kavana K* — K7+, a BTopoii - gna kanana K* — Kn0.
AwvnanTypa Az >(s) Ans nsocnuHa 3/2 aHanorMuHa, HO B Heli €CTb TONBKO HEPE3OHAHCHDII
Bknag. [Monnas amnantyga pasHa

A(s) = Ay 2(s) + Az )2(s)- (6)
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OrpaHVI‘-IeHVIFI Ha KOHCTAHTbl CBA3U

Knt Kn® .
Mpepnonaraercs, YTO KOHCTaHTLI CBA3M K™, ( W " (*” ), CBsA3aHbl Mexay coboii kak
K K

abcontoTHble 3HaYeHna ko3 dpuynentos Knebwa-lopaana:

Belle I

(knty _ V2 (K=®) 1

= ﬁékﬁ

KOHCTaHTBI CBSIBN gK+ MOMAraloTCsl OUHAKOBBIMU 151 3APSKEHHBIX 1 HEATPasbHBIX
pe3oHaHcoB K™*. AHanorn4yHble OrpaHNYeHNsa HAKNaAbIBAIOTCA HA KOHCTAHThI CBA3MN ANS
Hepe3oHaHCcHOro Bkaaga. Maccel K{;+ n K(;«o (napameTpbl K-MaTpuubl) Tak>ke noaararoTcs
OAVIHAKOBBIMU. DTO MPEANONOKEHNE NPUBOANT K HEMHOrO Pa3HOMY MOJIOXKEHWIO MOIOCOB AN
K(;‘+ n K(;«o 13-3a pasnuyna B pasoBOM NPOCTPaHCTBE.

Bk = 8K Bk (7)

HepesonaHcHble Bknagbl ans K-matpuy ¢ | =1/2 n | = 3/2 dukcnpytotes aHanorn4Ho
Hannu-ananusy pacnaga DT — K~ n" B akcnepumente FOCUS [PLB 653, 1] (yp. [8.9]
Tam). OHun BbIIM NapamMeTpM30BaHbl C MCNOML30BAHUEM [AHHbIX MO PACcCestHMIO U3 CTaTeil
[NPB 133, 490; NPB 296, 493]:

—0.23 '3B?
2= 222 198 (072299 — 0.150995 + 0.0081152),
snDrm (8)

s —0.27 I'3B2 _ 5
T— == (—0.22147 + 0.0266375 — 0.0009205757),

Snorm

K1/2)(s) = 167
K©3/2)(s) = 167

rae Snorm = mf<+ + mfr+, 5= s/snorm — 1. Ncnonb3yeTca AONONHNTENbHBIA MHOXNTENL 167,
notomy 410 B FOCUS 6b1s10 icnone3oBaHo onpegesieHne MatTpuupl pasoBOro npoCTpaHCTBa
6e3 Hero uz [Annalen Phys. 4, 404] (yp. [36,37] Tam).
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K-maTpuua aas napuuanbHbix BOSH ¢ bonbwmnm L

Belle I

MapumnanbHble BOAHbI B cucteme K7 ¢ BONBLWIUM YrI0OBBIM MOMEHTOM TaKXXe OMUCLIBAKOTCS
ABYXKaHanbHOW K-maTpuueii. KOHCTaHTbI CBSI3M paBHbI

TR 9)

m2)2L+1 (BW) 2
R)ZETIFLT(mR)

rae R - pacnagaoowniica pe3oHaHc, mg n ['g - ero Macca v wmpuHa, L - yrnogoii MOMeHT 1

q(S) - nMNynbC AOYEpPHER HacTuLbl B CUCTEME NOKOSI POANTENBCKON.

MaTtpuua ¢a3oBoro npocTpaHcTBa onpefenseTcs 6e3 YnCneHHbIX KO3hULNEHTOB:

q(KW+) f

) \/E or \/E > mg + m,+, ) q(Kwo)

P11 = po2 = . (10)
gk Dji Vs
T for /s < mg +m_+,

Amnnantyga 3agaércs cpopmynoii

Ay ja(s) = n(s)[I — iK(s)a(s)n?(s)] "2 P(s)Fy B)(s), (11)

rAe n - ANAroHaNbHas MaTpULA, SJIEMEHTbI KOTOPOI BKIIOYAIOT LIeHTPobEeXHbI 6apbep U
dopmdakTop:
L ~(BW
n(s) = a(s)-FL2")(s). (12)
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vy [lapameTpbl K-MaTpuLbl

Ecnn B napuymansHyto BOSIHY faéT BKag TONLKO OauH pe3oHaHc K™, amnautypa
ynpoLlaeTcs go

AT () AE 0K g™ ) g(y/5)-F(1/5)

2 2w\ )y
)) W (VK*)

D70 cTaHgapTHas ¢opmMa pensiTuBucTckoin amnantygbl Bpeiita-Burnepa.

2
my. —s — imy-T g e > (qg'a_’)*)
j

® |A3BectHbie napametpbl Bpeiita-Burnepa ncnons3ytorcs gnsa scex
coctosiHuii, kpome K*(892).

® B P-onny cuctembl K7 gatoT Bknag Tpu pesoHadca: K*(892), K*(1410)
n K*(1680), noatomy nx napametpbl OosbLIe HE COOTBETCTBYIOT
napameTtpam Bpeiita-Burnepa. Pasnnua 3naunma gna K*(892)™ n
K*(892)°, nostomy ux napameTpbl Npu NOAroHKe CBOGOAHbI.

(o]
e KoHCTaHTbI CBA3M 7%7#) n 'yi(}i” ) 3abNKCMPOBaHbI HAa abCOMOTHBIX

+ o
3HauveHunsx koapduunentos Knebwa-lopaaxa: 'yfg’r ) — % 7%“ ) — %
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Belle I

K-matpuua ans Tz v Tegs

® Coctosnusa Tz n Tezs NapameTpusyroTCs aHaNOrM4HO

napumansHeiM BonHam K7 ¢ L > 1 ¢ ncnonb3oBaHnem oaHo- uamn
ABYXKaHanbHOW K-MaTpuubl B 3aBUCUMOCTU OT YUCAA BO3MOXKHbIX
napumanbHbix BosH B pacnage Tcz — ¥(28)m nam Tezs — P(2S)K,
COOTBETCTBEHHO.

Macca mr,. v wupuHa 1, - cBObOAHbIE NapaMeTpbi.

B cnyyae ogHokananbHoW K-MaTpuLbl KOHCTaHTa CBSA3M YT,
cukenpyetcs Ha 3HaveHnm 1. B cnydae gyxkaHanbHol K-maTpuupl
napumafbHble BOJAHbI JAKOT BKAAZ B OAHO U TO XK€ KOHEYHOe
cocTosiHne. KOHCTaHTBI CBSI3M NapaMeTpU3yOTCs Kak

Ly S (14)

1
e = g2 e Ti 2

_ L2 Ly
rae r = fcha/’chE - OTHOLUEHNE MEXAY KOHCTAHTaMU CBSI3U NS
napumanbHbIX BOJH C 6ObLINM YrioBbIM MOMEHTOM Ly N MEHbLIMM
YrioBbIM MOMeEHTOM Lj.
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CDyH Kunsa nJaoTHOCTWU CUTrHana

Belle I

®yHKUMA NNOTHOCTU curHana anst pacnagos B® n Bt paena

i [1]
Ay 1
Sp(®) = 3 ‘ Do Anys (@) VENT AL
At —Ap—=—1,1 Xys)=-10,1

(1]
(25 Aot =2 (O 25))

(15)
ons kaHana ¥(2S) — €10~

. [2] . [2]

_ Ay (28)9 1 [2] iXg/p
5@ = D | A (@) G (05 (a5))e /v
At —A—=—1,1 Ays=—10,1

Ag/p=—1,0,1

(@8) A/p

2
X, (O5,) [A(M2, )+ do(0Fh A (M2, )] |
(16)
ans kawana (25) — J/1/17r+7r_, roe

B—h(2S)K*
AAu;(zs)(d) Z dAw 25) o( K*) ( —9(25) )(MKTF)

Ay(28)
J(K*)
4 —1)Mv(28) g1 J(Tez) (p(2)
5 Z Lo 1( ) Ap(25) Ay (28) (82) ST °>‘d(zs)( TCE)
»(28)=—1,0, ce
(Tee—y(2S)
X Z A)\w(zs) (Mw 28)r)

...(npoponxxeHue Ha cnenylou.l,eﬁ cTpaHuLe)
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CDyH Kunsa nJaoTHOCTWU CUTrHana

Belle I

...(Ha4ano Ha npeablAywWweii CTpaHuLe)

J(Tezs 3
n Z (—1)Mws) d)1\¢,(25)>‘ /(28 (/83) do(s‘w(zs))(g(-r‘)a')
X p(28)=—1,0,1 J(Tees) (17)
A Tees—Y 25)K)
X Z Apes) (My25)K),

rne A()\Bﬂw(25)K*)’ AlTez=¥(@5)m) - A(Tezs > (25)K)

»(28) Ay (28) Ay (28
CNMPaNnbHOCTLIO, KOTOPbIE BbIPAXKAKOTCS HEPE3 NapLNaNbHO-BOHOBbLIE aMMANTYAbI C
ncnons3osaruem yp. (B5) n3 [Annals Phys. 7, 404]:

[2L+1
(JM; LSlJM; >\1>\2> = 2J+ C(LSJ 0 )\1 — >\2)C($1525;)\17 —>\2)7 (18)

@yHKUMS NNOTHOCTYM curHana Sg Ans B® n B~ 324a8TCs TeMU e ypaBHEHNSIMU C
NPOTMBONONOKHEIM 3HAKOM a3nMyTaneHeix yros. B kanane BO — ¢(25)m0K2 nesoamoxHo
paznnuunts BO n BO-me3oHbl, noaToMy cbyHKLMS NAOTHOCTH CUrHaNa ONPEAENseTcs Kak

- aMNAnTYAbl C ONpeAenéHHOIi

Sa(®) + 55(9)

5(¢) = :

(19)
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D
PyHKuMs npasgonoaobus

MuHumMnsnpyetcs yHKLmMs

S(®i) ¢i)
F=2 -2 fSZW/ (%)”2 B(a» F S B
" > (20)
_ 2
n (Ng —U§/\/B)o)2 +Z(NB Uz(NB )o) ,
Np k Nk

rae UHAEKC | MPOXOAUT NO COOLITMAM B JaHHbIX, UHAEKC j MPOXOAUT NO COOLITUAM
curHansHoro MK, creHepypoBaHHbBIM C paBHOMEPHBLIM pacnpegeneHmnemM no ¢asoBomy
NPOCTPaHCTBY M BOCCTAHOBNEHHBIM C TEMU XK€ KpuTepusiMn oTbopa, 4To n gantele, B(P) -

(k)

¢ynkumsa nnotHocTm choHa, w; - Bec j-ro cobuitus MK, fs n f5/ - gponn curnanbHeix n
hboHOBBIX COBLITUN COOTBETCTBEHHO, BblHMCAsieMble Kak fs = Ng /N, fék) = N(Bk)/N, rae Ns n
Np - Bbixogpbl curHana u cpoHa, N = Ng + > N(Bk) n k - Homep ncTouHuka cpona. Mpn

k

napameTtpusauun hoHa TakXKe UCMONb3YIOTCA NCTOYHUKK hOHa:

B(%)) Bk (Vg — (Ng)o)?
F = Z —21In fBZ B(¢’)+Z W Z—: (21)

(k)
NB

F(k)

rAe AONV KOMMNOHEHTOB fg 1 fg'’ BbIYMCNEHBI ANS KOHTPONLHONW obnacTu.
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Mapametpusaumns dona ot B® — ¢(25)Kg

Mukytowniica don ot B — ¢(25)K2 & kanane B® — 1(25)r~ KT napametpusyetcs u3
curHansHoro MK CréHepnpPoBaHHOro B COOTBETCTBNN C PE3YNBTATOM aMNJUTYAHOrO aHaaAN3a
B — (2S)K. Npumep pesynstatos (Belle, B — (2S)n~ K™, J/¢(— X4 )ntn—,
KOHTpOnbHbIE 06nacTn):

%520000/-Preliminary o G 4500EPreliminary
& B S
318000 % & 4000
© 16000~ ©
> ped & 3500
214000~ § S 3000
e H
£ 3 2 5
2 80000 5 & 2%
w i} 1500]

6000F w

4000 1000}

2000F 500}

. | . | |
05 1 15 2 25 06T Hs 20 22
Events / (0.09 GeV2/c*) ME sy [GEV2Ic?]

— 8000 - - E
S Preliminary S 50000/ Preliminary S45000E preliminary
@ 7000 P 240000
g 6000 8 400000 350005
w w w

5000 300008

4000 30000F 250005

a000 200008

20000f 15000F
2000¢ 10000% 100005
1000E 5000E
| | . ! |
105 0 05 1 905 0 05 ot T 05 0 05 1
cos ef(-] cos QTY cos BTI
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Belle IT HapaMeTle?:aLl,l/lﬂ d)OHa

3atem napametpuayetcsa doH (ans B — 4(2S)m~ K+ npn 3ToM ecTb ncTo4HMK choHa OT
B9 — (25)K2). Mpumep pesynetatos (Belle II, B® — ¢(2S)r~ K+,
Y(2S) = J/Pp(— £Y07 )T ™, KoHTponbHble obnacTn):

< Preliminary %  80FPreliminary % 80fPreliminary
= L by >
3 100 3 70 e 70E
o] ] o
2 3 60 8 60
S N (=3
e S 50 < s0b *
) ~ 2
H 2 40 S 400 *
[ c
: : 2 fir
& g a0 O 30p *
20, 208 *
10 100 ft
. . . . ,
0.5 1 15 2 25 0 16 18 20 22 42 44 46 48 5
M. [GeV/c] ME s [GeV?ic?] M, (o5 [GeV/e]

S 180 Preliminary S S 180
2 1607 2 £ 160
2 140- K 2 140
. 120 . . 120}

oo +1 1+ 100

a0t 1 Hf 80)

60 60

40| 40

20 20

, , .
%05 0 o5 4 95 0 05t o

cos(e[ﬁ)
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Belle I

[Nogroxka curnana, ctagus 1

MpoBoauTCcA 0fHOBpPEMEHHAsA MOAFOHKA BCEX YETbIPEX N30CMUHOBO-COMPAXKEHHBIX KaHaNOoB:

BY - (2S)r~ K+, BT — ¢(25)mt K2, B+ — 1(2S)7K* u B® — 1(25)7°KY. Mpumep
pesynbtatoe (B® — (25)n~ K, cymma Bcex kananoe 1(2S), Belle + Belle I1):
Belle + Belle 11

1400
1200
1000
800F
600F
400+
200F

Events / (0.09 GeV?/c?)

1600} Preliminary

Belle + Belle 11
o

M., [GeVic]

2 25

500}

Events /0.1

400

300

200F

Ha sToii cTapun HeT nonyyeHuns prn3nmyecKnx pesynbTaToB

Preli

0.5
cos(eil)

Events / (0.254 GeV?/c?)

Events /0.1

300
250
200
150]
100|

50

0f

1200|

1000

Belle + Belle 11

Preliminary

ME e [GeV2/cY]

Belle 4+ Belle 11

Preliminary +

Events / (0.02 GeV/c?)

Events /0.1

300}
250
200
150
100|

50

Belle + Belle 11

Pre|imi|}fry

Belle + Belle 11

M, o5y [GeVie]

1000

800

600

400,

200|

Preliminary

0.5 1
cos(e?' )

. BmecTo aToro mogens

KUETHOM b3y & VCRDS/ISARSHAPYHHAIL PN B 1AY HORS JGUH HaNEERERs M A nno s 1B eex4 nacnages
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Belle I

[Mocne 3Toro ¢ MCNoONL30BaHMEM peanncTUHHOro curianbHoro MK napametpusytortcs
nepekpéctHble boHbl 0T B — 1)(2S)mK n ¢oH ot curnansHoro npouecca. Mpumep

pesynsTaTos (Belle, nepekpécThbiii dhon: cobbitus B® — ¢)(2S)m~ KT pekoHCTpynpoBaHHbie
kak Bt — (2S)nOK ™, (2S) — J/(— £T¢~)ntn~, koHTponbHele obnacTn):

< % 4000LPreliminary Q 4500EPreliminary
3000 > % 4000C
] @ 3500 8
o © 35005
@ 2500 < 3 8
2 3 3000 >
= S 2500 S
= =) - =
< 2000 e @ 25000
2 E g
5 1500 2 2000 S 20005
I S 15001 w E
1000 @ 1500
1000f] 1000E
500 500 500
\ , , | o , , t TR
05 1 15 2 25 16 18 20 22 42 44 46 48 5
My [GeV/c] M ey [GEVZ/c] M, sy« [GeV/c]
S 8000, liminary S EPreliminary 5 FPreliminary
e S 6000 S 5000
& 7000 P P
£ 2 2
S 6000 g 5000 2 4000f
w w w
5000} 4000
. 3000)
000 3000
3000 2000
2000
2000
1000 10005 1000
, | , o , | \ , | ,
A8 0 05 1 05 0 05t 05 0 05
cos(@)) cos(67) cos(ey) )
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MapameTtpusaumnsa cdoHa, ctagmus 2

Belle I

Mepep 2 cTapneli aHann3a NOArOHKM paspelueHusi u pacrnpegenenuii no (AE, My.)
BBINOJHSOTCS CHOBa. [MoaroHka pacnpegenennii no (AE, My.) BBINOAHSIETCS Of4HOBPEMEHHO
Ans Bcex pacnagos B — ¢(2S)nK n B® — 1/)(25)K2. Bbixogbl curHana npusefeHbl B
[ONONHUTENBHBIX CNaiigax.

DoH NOArOHAETCA C UCMONBL30BAHNEM TOI XKe (PYHKLMW, YTO 1 PaHee, HO C HOBLIMM
nukytowmmucs conamu. Mpumep pesynstatos (BT — 1(2S)nT K2, Belle Il

P(2S) = J/P(— €107 )rT 7™ ; kpacHas WTPMXOBas AUHUSA - pe3ynbTaT cTagun 1, cunas
CMIOLIHAS NUHUS - Pe3ynbTaT cTaguu 2):

Preliminan
30
25k

M F Preliminary
25p

35F
30F
25F
20F
150
10

5

40’Prerminary

Events / (0.09 GeV?/c*)

Events / (0.254 GeV/c?)
N
S
T
=,
Events / (0.02 GeV/c?)
- n
PP
.
E——
=

\ . , | . . , |
05 1 15 2 25 g g 20 22 42 44 46 48 5
My... [GeV/c] M e[GOV M, ey [GeVic]

PasHocTb Mexay nosyYeHHbIMN 3HadYeHusiMu pyHKUnn npasgonogobusi F gns nepeoii un
BTOpOIi cTaguii coctaensaer ot -7.6 go 90.5. MNMpapgonopobue ynyyluaeTcs gna BCex KaHanoe,
kpome BT — 1(25)7t K2 ¢ (25) — £14~ pns panneix Belle Il, gns kotoporo ou
CTaHOBMUTCA HE3HAYNMO XY>Ke.
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D
(e [lofroHka curHana, ctagus 2

AHaNOrnyYHO, CMrHasbHas MOAENb CTaAnu 2 OCTA&TCs TOl XKe, HO AobaBnstOTCA
MCTOYHUKI NUKyHoLWerocsi ¢oHa. PesynbTaTel cTagum 2 (cniowHas cuHss
nuHns) n ctagum 1 (KpacHast lWTprxoBast JINHMS) CPAaBHUBAKOTCS ANs

B% — (2S)m~ K" (cnesa) n BT — (25)7°K™ (cnpasa) (cymma no
skcnepmmMeHTam 1 kaHanam (25)):

Belle + Belle 11

Events / (0.254 GeV%/c?)

16 18 20 22
M 25, [GEV/CY)

VnyudiweHune no cpaBHeHuto co craguein 1 cocragnsiet 6.80. PesynbTaThl
MOArOHKN OTAMYAIOTCS FNaBHbIM 00pa3oM B 0DNACTU HU3KMX IHEPruii 7.
Paznuune oueHb Mano Ans KaHaioB C T B KOHEYHOM COCTOSIHUW, a Ans

KaHanoB C 7TO B KOHEYHOM COCTOAHUN OHO 3HAYUMO.
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EeM aAPaMeTpPbl [z N OPYyrne KBaHTOBbIE HMNCJA

Belle + Belle 11
300

250
200}

150

Events / (0.254 GeV?/c’)

100)

50|

16 18 20 22
M s [GeVZ/c?]

Tcz1(4430)": 3AKPBITO

Tcz1(4430)%: 3AKPBLITO

VYPpOBHU UCKIKOHEHUS:
JP | Tee1(4430)F
0~ | 3AKPbITO
17 | 3AKPbITO
2T | 3AKPbITO
2~ | 3AKPbITO
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3akaro4eHne

Belle I

® PaspaboTaH MeTOL aMNANTYAHOrO aHaaW3a pacnagos
B — ¢(25)7K c ogHOBPeMEHHON NOATOHKOR BCEX COMPSKEHHBIX NO
nsocnuuy karanoe: B — (2S)r~ KT, BT — (2S)ntKY,
BT — ¢(2S)m°KT, n B® — ¢(2S)n°KQ.

® [Toka 4YncneHHble pe3ynbTaThl 3aKPbIThl 4151 NPELCTABAEHMS BHE
konnabopauun. Pesynbtatsl gns coctosHus Toz1(4430)7"
BOCpom3BoaaT bosiee paHHue pesynstatol Belle u LHCb.
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HononHntenbHble cnaiigbl
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Q(B B — (2S)K signal fit results

Events /0.1
Events / (1/10)

Events / (0.007 GeV?/c%)

2
Oyizs)

cos(

All experiments and channels are summed. The points with error bars are data,

the solid line is the fit result, and the hatched histograms are the background
estimated from AE sidebands.

The resulting value of « (real parameter describing 77 D-wave contribution) is
0.1956 + 0.0037, where the error is statistical only; it is consistent (2.40
greater) with BES value (from ete™ — ¢(2S) — J/¢rtn™)

k = 0.183 £+ 0.002 + 0.003. The Belle result may be slightly shifted due to
unaccounted non-1(2S) Bt — J/Ymntn~ KT events. Thus, the

Bt — 1(2S)K™ model is considered to be validated.
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D .
(¥ Resolution

The resolution in (AE, My.) is parameterized by the function

SAEN‘S'MBC(NlGa(Xl)Ga(Yl)
S(AE, Myp) = + Ny Feg(Xo)Feg(Ya) for Mye < (Mbc)max
+ N3Fcg(X3)Fea(Y3))
0 for Myc > (Mbc)max.

(22)
where (Mbe)max = (v/S)max/2, N is common normalization, Ny, N,, and Nj are
normalizations of individual terms, G, is an asymmetric Gaussian function, Fcg
is an asymmetric Crystal Ball function, and X; and Y; are rotated variables that

are given by
cosa;  sinq; AE — (AE); fori=1
—sina; cosaj) \ Mpc — (M) -

X\
(Y,-) N cosa sina;\ (AE' — (AE'), — (AE'); fori—=23
—sinoy cosa; ) \ M{ . — (M} )y — (M[.)i S
(23)
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D .
(¥ Resolution

where «; is the rotation angle; AE" and M{_ are scaled variables given by

Mbc — (Mbc)o

_ AE—(AE)
SMbc

Sar (24)

AFE' , M. = ,
where Sag and Sy, are the resolution scaling coefficients in AE and
My, respectively, and ((AE)q, (Mpc)o) is the central point; (AE’); and
(M[.); define the central points for rotations. For resolution fit, both
resolution scaling coefficients are fixed at 1 and the central point ((AE)o,
(Mpc)o) is fixed at (0, mg).

The resolution is determined from a binned maximum likelihood fit to
signal MC events weighted by their efficiency-correction coefficients. The
weights include differences of 7 and K™ fake rates in data and MC. This
has no effect on resolution fits, but changes results of (AE, My.) fits and

cross-feed background parameterization compared to B2GM version.
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(AE, My.) fit

The (AE, My.) distribution is fitted using the function
NsIS(AE, Mye) + NS'® BEE (AE, Myo)] + C(AE, Mye), (25)

where Ng is the signal yield, S is the signal PDF, Ngg is the ratio of signal-process background
yields in data and MC, B(5i8) is the signal-process background distribution obtained from MC
by bilinear interpolation, and C is the combinatorial-background density function given by

vV mo — My exp[—a(mo — Mp)] for Mye < mo — Am,
1
C(AE, Myc) = P3(AE, My) X § VAmexp[—aAm + (a — Am Y(Mpe — (mo — Am))]  for mp — Am < Mpe < Mypy, >
m

0 for mypy < Mie,

(26)
where P3 is a two-dimensional third-order polynomial, myy,, is the threshold, mg is the effective
threshold, a is a rate parameter, and Am is the difference between the effective threshold and
the transition point.

The threshold mass my, is fixed at the maximal value of \/s/2. The parameters of the signal
density function are fixed at the results of the resolution fit except for the central point
((AE)o, (Mpc)o) and resolution scalings Sag and SMbc’ which are released to take the
difference between the MC simulation and data into account.

K. Yunvknn (MADP)  Amnnautypueii ananus B — ¢(2S)7K Ceccus CSA® OPH PAH, 11.03.2026 32/ 46



7=d . .
Signal region

The expected number of signal events for BY — 4(2S)7°K™ is calculated as

NS) =2Ny(as)B(T(4S) — BYBT)B(BT — 1(2S)m°K*)B(1(25) — i)elged (vi")
(27)

where Ny(4s) is the number of T(45) events, B(¢)(2S) — i) is the branching

fraction of the ¢(25) to its i-th decay channel, 6(5'% is the reconstruction

efficiency for the specific signal region SR before the requirement (v > vg) on

the neural-network output variable v for the signal events, and e(s')(vé')) is the

efficiency of the neural-network output requirement. The

signal-region-dependent reconstruction efficiency is calculated as

el = €l / SAE, My)d AEdMye., (28)
SR

where eg) is the reconstruction efficiency, and S; is the signal probability density
function for i-th J/v decay channel (the integral of S; over the signal region is
the efficiency of the signal region selection).
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7=d . .
Signal region

The expected number of background events is calculated as

Mog = ca(v0) | BIAE. Myc)dAEdMpe, (29)
SR

where eg(vp) is the efficiency of the neural-network output requirement
for the background events and B is the background density function.
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Likelihood for cross-feed background

MC events are used for parameterization of cross-feed background, but it
is necessary to determine the distribution in data. Thus, a fit with
weighted data is used. There are no background sources. The likelihood

function is
(K) (-
B (o) (30)

where N(K) is the total number of reconstructed cross-feed events.
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B® — (2S)K2 background fit

In the B-meson rest frame

Belle I

M o= mie +m2e +2\/E2 iy, — m2 Eve —2(Bp Bre)  (31)

for wrong identification and

m%(g S m72r+ + m72-r+ + 2E7-r— E7'rJr - 2(ﬁ‘n" I ﬁﬂ'+) (32)

for correct identification, where

m2 4 m. — M2
Eﬂ,— _ B° mt P(28)nt (33)
ZmBo

is the energy of the incorrectly identified 7 meson. Subtracting Eq. (31) from
Eq. (32), one gets

M2, — mf(g =m% — m2. +2E,+ (\/Ei +m2, —m?, — Eﬂ) (34)
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B® — (2S)K2 background fit

Belle I

The energy of the correctly identified  meson is

_ Migo + M2 — MJ(36),- (35)

2mBo

-
Using the relation 2m?, + mfp(zs) + m2, = Mi(zs)r + Mi(zs)w + mf(g, the
formula becomes
(M3 g =g + e — 2.

. m;2<g — M= Mgy + Mgy (\/Ez +m2 —m2, — E

mgo
(36)

This expression is an approximation ignoring B-meson energy change and
kinematic-fitting effects. Further corrections should be applied to get the actual
cross-feed background peak position.
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Wt B0 — ¢)(25)K2 background fit
The B® — (25)K2 background model is given by
Bkg(®) =
N exp [Pi(®) + Nene(1 — x(28)x)7] Pa(cos 0y 2s))

K2 K2 .
+ NKg exp |:PI( 5)(<I>1) + Pm(cos 95(12 )} P,(, s)(cos Op(2s)) Slg(l\/li(zs)ﬂ)

X [(1 = £)G1 (Mix — (Mx)kg)(1 + P2(®1)), D1(®1), 01 (cos 0 )(1 + o1 (¢2)))
+£.G2 (Micr — (Micx)cg)(1 + P2(®1)), D1(®1) + Dz, 72(cos 0i¢)))],
(37)
0
where N and NKso are normalizations, P, and PI(KS) are main polynomials for the non-peaking

background and the Kg peak, respectively, their orders k and / being up to six depending on

0
the channel; P4(cos 0, 2s)) and P,(,Ks)(cos 0y (2s)) are polynomials describing the dependence
on cos fy,(2s), the order n or the K2 polynomial being 8 for the background region and 4 for
the signal region; P, is polynomial describing the dependence of the Kg peak on the K*
helicity angle, its order m being up to 10 depending on the channel; G; and G> are Gaussian
functions, P» is a two-dimensional polynomial without a constant term, D is a
one-dimensional eighth-order polynomial, o1 and o2 are one-dimensional polynomials of order
up to four deoending on the channel, crlm") is a second-order polynomial. ®; is reduced phase
space with no dependence on Mk, and ®; is reduced phase space with no dependence on

My and on cos 65(13
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=4 o
Background parameterization

The combinatorial-background density is given by

Bio (®) =N exp [Pi(®)] (1 + bNy)

1
+ Nk« (g92) exp[P1(®1)] :
(892) |mf<*(892) — M2 — img(802)l k= (802) |? (38)

+ Nﬁ(’é’ exp P1(®3)

where N is normalization, Py is a polynomial describing non-peaking combinatorial
background (its order k being up to 7 for the terms containing B — (2S5)nw K Dalitz-plot
variables and up to 5 for other terms), b is B-meson flavor, N}, describes the normalization

dependence on flavor, Ny (ggz) is the normalization of the K*(892) background, Nf{{,) is the

S
normalization of the Kg background in the f; invariant mass, and ®3 is reduced phase space
without Mg, . A simple constant-width Breit-Wigner matrix element is used for the K*(892). It
is not necessary to use the relativistic Breit-Wigner formula because the background has an
additional probability for the event to contibute to the background, thus, its shape generally
does not coincide exactly with the physical signal. The Kg background is added for
P(28) = J/P(— LT~ )r T~ only.
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Cross-feed background

The density for the cross-feed from BT — ¢(25)rt K2 to B® — ¢(25)n~ K™ is similar to
Eq. (37), with additional terms for contibution of real K*(892) mesons, background from real
Kg in the f; invariant mass, and dependence on the B-meson flavor b:

Bkg(®) =
N exp [P(®) + Nen (1 — xp(25)7)7] Pal(cosOy(2s))[1 + B(N, + Pg(®) cos? (gp+ — a))]

1
+ Ny« exp[P1(®1)] -
(892) | %(*(892) — M2 — imyc+(g02) K+ (802)

‘ 2

+ N,(:é) exp Py (®3)

K2 K2 .
+ NKg exp P,( s)(¢1) + P,,,(coses(lz) Pf, s)(cosed,(zs))Slg(Mi(zs)ﬂ)

x [(1 = )G ((Mkx — (Mkx)k

0
s

)(1+ Pa(®1)), D1 (®1), o1 (cos i) (1 + o) (¢2)))
+ £G2 (Micr = (Micr)kg) (1 + P2(®1)), D1 (1) + Dz, 72(cos 0¢)) )],

(39)
where Ny is the normalization of flavor-dependent part, Pg is a zeroth-order polynomial, the

angle o is a fit parameter, Ny (gg2) is the normalization of the K*(892) background, Ngé) is

S
the normalization of the Kg background in the f; invariant mass, and ®3 is reduced phase
space without My, . The Kg background in the f; invariant mass is added for

W(2S) = J/p(— £+6~)atr only.
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Cross-feed background

For other cross-feed backgrounds, the density is given by

B(®) =N exp(Pi(®)) Tr(®) T (P)[1 + b(Np + Pg(P) cos®(pp+ — )]
+ N;(é’) exp P2(¢3).

(40)
where the phase-space variables for the decay chain via T, are used, the

polynomial Py(®) contains the terms up to order 20 for terms containing

B — ¢(2S5)7K Dalitz-plot variables and up to sixth order for other terms,
T, and Tk are threshold functions given by

1
®=7 exp—k(®)(Er — EV (o)) “y

where the rate parameter k and threshold E7(r0) are polynomials up to the
second order.
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Signal-process background

The density for signal-process background is similar to Eq. (40):
B(®) =N exp(Py(®)) Tx(®) Tk (P)[1 + b(Np + Ps(P) cos? (pp+ — )]

1
+ Ng(592) exp[Pa(P1)] '
K*(892) M. (802) — Migr — iMic+(892) Kc+(892)

’ 2

+ /V;((f;é) exp P2(¢3),

(42)
where the order of the main polynomial k may reach 28 for Dalitz-plot
variables depending on the channel, and an additional term for the
K*(892) contribution is added similar to Eq. (39) but with a higher order
of the normalization polynomial which may reach four. The K*(892) mass
and width depend on the phase space and described by first-order
polynomials.
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Signal and background yields in the signal

region

B channel Experiment Component ot J/p(—= 0 )nt ™
BY = (2S)m K+ Belle Signal 10461 +40.8£43 | 2823.6 +58.7 4.4
B® — ¢(2S)r~ K+ Belle Signal-process background 86.5+20+0.3 107.2+£25+0.1
B® — ¢(2S)n~ K+ Belle B — 1(2S)K2 cross-feed 4.84+0.1+0.0 5.4+£0.1+£0.0
B® — ¢(2S)nr~ K+ Belle Bt — (2S)nt K2 cross-feed 15.440.6+0.1 18.6+ 0.7+ 0.0
B® — ¢(2S)n~ K+ Belle BT — ¢(2S)7°K™ cross-feed 24.34+1.0+0.6 35.24+1.4+17
B® — ¢(2S)n~ K+ Belle Combinatorial background 170.3 +£5.3+0.5 368.1 £9.4+1.7
BO — (2S)m~ K+ Belle 11 Signal 1095.5 £36.7 £10.8 | 1338.6 =40.7 = 26.6
BY — (2S)7~K* Belle Il Signal-process background 526 +23+0.4 50.4+1.8+0.8
B® — ¢(2S)n~K* | Bellell B — 1(2S)K2 cross-feed 48+0.2+0.1 4.6+0.2+0.1
B® = ¢(2S)r Kt | Bellell | B* — (25)r" K2 cross-feed 81+04+0.1 7.3+04+0.0
BY — (2S)n~K* | Bellell | B* — ¢(2S5)7°K™ cross-feed 1454+0.8+0.1 16.6 0.8 +£0.3
B® — ¢(2S)n~ K+ Belle 11 Combinatorial background 157.7+75+6.8 209.9+7.5+17.0
B* ~>1§)(25)ﬁ+K_ Belle Signal 548.3+£21.8+4.2 800.5+31.0+2.1
BT — (28)ntK Belle Signal-process background 36.2+1.6+0.3 454+21+0.4
BT — ¢(2S)nT K Belle B® — 4(2S)7~ K™ cross-feed 41+0.1+0.0 47+01+0.0
BT — (28)nt K. Belle B® — 1(25)7°K2 cross-feed 8.6+07+1.0 129+1.0+09
BT — ¢(2S)nT K Belle Combinatorial background 46.9+34+1.1 954 +48+13
Bt — 1/)(25)7T+K_ Belle 11 Signal 349.04+20.0+35 393.04+219+15
Bt — w(ZS)W+K Belle 1I Signal-process background 26.3+1.7+0.3 28.5+2.14+0.1
BT — (28) Belle Il B® — 4)(2S)m~ K™ cross-feed 3.34+0.1£0.0 3.64+01£0.1
Bt — ¢(25)7T+K Belle I B — (25)70K? cross-feed 5.0+05+09 7.0+0.6+0.2
BT — (25)n K Belle Il Combinatorial background 382+39+35 67.0+45+17
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Signal and background yields in the signal region

B channel Experiment Component ot J/p(— )yt
Bt = ¢(2S)n°K* Belle Signal 326.5£17.9+8.0 | 572.8 £31.4 +28.2
Bt — (2S)7°K+ Belle Signal-process background 414432410 64.7 +4.8+5.2
Bt — (2S)n°K+ Belle B® — (2S)n~ K" cross-feed | 37.5+0.6+0.1 39.5+0.6+0.1
BT — ¢(2S)m°K* Belle B — ¢(2S)7OKQ cross-feed | 4.3+05+05 5.84+0.6+04
BT — ¢(2S)m°K* Belle Combinatorial background 107.4+11.54+52 | 218.1+8.1+20.7
Bt — ¢(2S)n°K* | Belle Il Signal 302.0 £345+1.2 | 420.6+£23.1+6.7
Bt — (2S)7°K+ Belle Il Signal-process background 443+40+1.1 54.7+5.2+0.1
Bt — ¢(2S)m°K* | Belle Il | B® — 4(2S)r~ K+ cross-feed | 28.4+0.7+0.3 31.3+£0.7+06
Bt — ¢(2S)m°K* | Belle Il B — 1(25)7°KY cross-feed 1.6+0.2403 23+03+0.1
Bt — ¢(2S)m°K* Belle II Combinatorial background 107.5+6.0£0.6 1457+ 6.9+ 4.6
B — (25)n°K2 Belle Signal 73.8+£7.9+87 | 130.5+11.14+8.8
B — 1(25)°K2 Belle Signal-process background 8.8+13+1.0 114417417
B — (2S)m0K2 Belle Bt — (2S)rtKQ cross-feed | 11.8+0.3+0.1 11.4+£03£0.0
B — (25)m°K2 Belle Bt — 4(2S)m°K™* cross-feed | 1.240.140.0 13401401
B — (25)m0K2 Belle Combinatorial background 16.0 £ 1.5 £5.0 345+£2.0£53
B — 1(25)7°K? Belle 11 Signal 67.44+734+11.9 | 104.7+11.8+3.6
B — 1(25)m°K? Belle 11 Signal-process background 147+23+1.6 16.0 +£2.7+0.3
B — ¢ (25)m°K2 Belle Il | B® — t(2S)7~ K™ cross-feed | 12.4+0540.1 11.14+0.5+0.0
B — (2S)m°K2 Belle Il | Bt — (2S)7°K* cross-feed | 1.5+ 0.1+ 0.0 1.6+0.1+0.0
B — (25)m°K2 Belle II Combinatorial background 21.84+18+6.5 445+244+1.1
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Signal and background yields

in the background region

B channel Experiment Component e J/p(— 70 )™
BY — (2S)n K+ Belle Signal-process background 318.0+7.3+1.0 477.9+11.3+04
BY — (2S)n~ K+ Belle B — ¢(25)K? cross-feed 57.1+1.4+02 81.0+2.1+0.7
BY = y(2S)m K* | Belle | Bt — p(25)rKY cross-feed | 866 £3.2+£0.7 | 133.1+£48+04
BY - y(2S)r~K* | Belle | B* — 1(25)1%K" crossfeed | 111.0+45+28 | 205.8+8.2+10.0
BY — (2S)n~ K+ Belle Combinatorial background 1273.6 +24.24+3.3 | 3122.0 £52.7+9.4
BY — (2S)n~ K+ Belle Il Signal-process background 181.7+79+1.4 214.7+8.0+34
B® — (2S)m~K* | Belle Il B — ¢(25)K? cross-feed 50.24+1.9+0.6 63.5+23+1.4
BY — ¢(2S)r~K* | Bellell | Bt — ¢(2S)n"K? cross-feed | 40.4+2.0+0.4 47.9+24+0.2
BY - p(2S)rK* | Bellell | B* — 4(25)7°K¥ crossfeed | 65.2+3.5+0.3 97.6+ 45+ 1.6
BY — (2S)n~ K+ Belle Il Combinatorial background | 999.5 4+ 31.2 +10.0 | 1690.2 + 38.2 + 14.8
B* — ¢(2S)nT K2 Belle Signal-process background 140.8+6.4 £1.2 216.3+10.3+1.9
Bt — ¢(28)nT K2 Belle B® — (25)m~ K™ cross-feed | 22.7+0.4+0.1 34.1+£0.7+0.1
Bt — ¢(2S)nT K2 Belle B — ¢(25)mOKQ crossfeed | 40.6 £3.5+4.8 78.7+58+52
Bt — ¢(2S)n T K2 Belle Combinatorial background 384.1+193+3.4 | 9451+31.3+3.9
Bt = ¢(2S)7TK2 | Bellell Signal-process background 75.4+55+0.8 92.9+7.7+0.2
Bt — (2S)ntK2 | Bellell | B® — 4)(2S)r KT cross-feed | 16.8£0.5+£0.2 21.2+0.6+0.4
Bt — ¢(2S)nTK2 | Bellell B — ¢(2S)mOKQ cross-feed | 21.1+£22+3.7 34.8+£3.0+1.2
Bt — ¢(28)nT K2 Belle Il Combinatorial background 303.3+18.24+7.5 | 515.9+22.8 +14.0
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Signal and background yields in the background region

B channel Experiment Component Al J/Y(— )yt
BT — ¢(2S)n°K* Belle Signal-process background 789+5.6+13 | 165.8+11.6+12.7
Bt — ¢(2S)m°K* Belle B® — )(2S)m~ K™ cross-feed | 91.7 +1.440.2 137.74£2.2+0.2
Bt — (28)n°K+ Belle B — )(25)mOKQ cross-feed | 106 £1.3+£1.2 206+21+1.4
Bt — (2S)7°K+ Belle Combinatorial background 349.6 £29.04+6.8 | 999.2 +26.5+18.8
Bt — (2S)n°K* | Belle Il Signal-process background 95.7+7.8+1.8 | 135.5+11.2+0.6
Bt — (2S)m°K* | Belle Il | B® — (2S)n~ K* cross-feed | 80.4+2.0+0.8 101.7+23+20
BT — ¢(2S)m°K* Belle II B — 1(25)7°K2 cross-feed 45+06=+0.8 73+0.8+0.3
BT — ¢(2S)m°K* Belle 11 Combinatorial background | 455.5 4+ 18.44+4.9 | 680.94+22.14+0.8
B — 1(25)7°K? Belle Signal-process background 159424419 20.7+46+45
B — (25)m0K2 Belle Bt — (2S)rtKQ cross-feed | 31.3£0.9+0.2 48.1+1.440.1
BY = 4(25)m°K2 Belle | B* — 4(25)n°K ™ cross-feed | 3.2+02+0.1 59403403
B — (25)m0K2 Belle Combinatorial background 61.6+51+83 | 214.5+10.5+20.4
B — 1(25)7°K? Belle II Signal-process background 247 +3.9427 343458407
B — 1(25)7°K?2 Belle 11 Bt — ¢(2S)nTKQ cross-feed | 31.24+1.3+0.3 36.9+15+0.1
B — ¢ (25)m°K2 Belle Il | BT — (2S)7°K™ cross-feed | 4.4-+0340.0 6.6+ 0.4+0.1
BY — (25)r°KZ | Belle Il Combinatorial background | 92.2+6.6+16.8 | 239.8+11.4 +12.9
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