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 Search for P — p]/Win Y(1S, 2S) decays [arXiv:2403.04340]

e Search for T..(3875)" — DYD** [Preliminary results]

* Evidence of h,(2P) — Y(1S)n decay and search for h, (1P, 2P) —
Y(1S)rtY [Preliminary results]

e Y(10753) >mtm-Y(nS) (n = 1, 2, 3) [arXiv: 2401.12021]

e E2 5 Z%°Y (h® =7, 1, ) [Preliminary results]



Search for P/ — pJ/W

B Motivation
e LHCDb discovered P.(4312)%,P.(4440)*, and P.(4457)" decaying into pJ/{ in the

process A{ — Kp]/y [PRL 122, 222001 (2019)].
* The Y(1S, 2S, 3S) decay into three gluons (ggg) or two gluons plus a photon (ygg) with

large branching fractions, providing an entry to many potential final states, including

glueballs, light Higgs bosons, and states made of light quarks.
Y(1S,2S,3S) datasets at eTe™ colliders:

¥(1S) ¥(2S) T (3S5)
fb—1 106 fb—1 106 fb—1 106

Experiment

CLEO i | 12 10 1.2 54
BaBar — — 14 99 30 122
Belle 6 102 25 158 3 12




B Results
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Search for P/ — pJ/W

[arX1v:2403.04340]
submitted to PRD
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—a— data of Y(1S5) E —m— data of Y(2S)
(a) sideband .. 30 = (b) sideband Belle
- - - signal MC 9 - - - - signal MC
E oo | T | e nf_Pc MC N 25k + ------ nf—Pc MC Y (15,2S)
B - rom sideban: et - - rom sideban
2 “ bkg fi deband < p: bkg fi deband dataset
R + $1] . ++ T £ 55 .......
.~ -~.1..;.d,«...-ll.:-... ﬁ:;,"_gmt_.‘fumﬂ 0 :;. ey et P T rinnie ST - —
4.2 46 4.8 D 4 42 44 46 48 5
M@pJ/iy)  GeV/c’ M@J/iy)  GeV/c’
Yield / UL Y(1S) inclusive decay Y(2S) inclusive decay
P. state P.(4312)* | P.(4440)" | P.(4457)" | P.(4312)* | P.(4440)" | P.(4457)"
INfit 1018 14112 -319 30+16 33+15 0+3
NUL 26 37 14 52 60 6
BUL
(x10-6) 4.5 6.8 4.9 53 7.2 2.4




Search for T..(3875)" —» D’D**

[Preliminary results]

Motivation: 45
The T..(3875)* - D°D%nt* was first observed

by LHCb [Nature Phys. 18 (2022) 7, 751-754]. 5

<, 35

Analysis strategy: > 30
. : . @
Partially reconstruction using two D® > K™t to =

increase the efficiency and improve signal g 25

resolution = 20
.

Results: § 15

Nobs = 9 and Nbke = 9,38+0->8 w 10

o(ete™ - T, (3875)" +
anything)B(T..(3875)" — D°D**) <38.7 fb L
at 90% C.L.
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Evidence of h,(2P) — Y(1S)n decay and search for h, (1P, 2P) — Y(1S)m®

Motivation:
Based on the QCD multipole expansion [NPB 154, 365 (1979)], hy,(2P) — Y(1S)1 decay is of
great interest as its rate 1s suppressed by the heavy quark spin symmetry.

Data SampleS: The signal yield 1s extracted from
Y(SS) - 1214 b1 M,,, V.S. ‘Mz for signal events.

Energy-scan data: 12.0 fb-!
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Evidence of h, (2P) — Y(1S)n decay and search for h, (1P, 2P) — Y(1S)m®

Results: [Preliminary results]
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Evidence of h, (2P) — Y(1S)n decay and search for h, (1P, 2P) — Y(1S)m®

Results:
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Discovery of Y(10753)

n
LR |

i Y, (10753 Y(5S) Y(6S .
; 5(_20 )\ ”{] 77 e Belle: several ~1fb ! scan points below Y(5S)
’ 1 % H . H} Hfl « New structure observed in Tt~ Y (nS) transitions
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' JHEP 10, 220 (2019
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M(up) [GeV/c?]

Measurement of Y(10753) -ttt Y (nS) at Belle 11

The full reconstruction: e*e™ = [Y(nS) - p u™|n

AM = M(pfp~n n™) — M(uT )
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[arXiv: 2401.12021]
submitted to JHEP

seke.  Belle I, 9.8 fb
S '_.,_ \(‘_ 10.745 GeV

I Y'QZS). g .’Y(SS) |

L Y(10753) |

Belle 11, 4.7 fb™
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Signal: e"e™ - [Y(nS) > p | ™

If we require p*(n™n~p* ™) < 100 MeV/c, the background from non-prompt

production of the Y(10753) is suppressed.
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Measurement of Y(10753) —»t* 1t~ Y(nS) at Belle 11

s - [arX1v: 2401.12021]
S S bl submitted to JHEP
“ : yasymwn r1o # %‘ * New measurement confirms previous
m : Belle result.
_ ,,,,,,, { ¢‘ o  Fit: Use coherent sum of Breit-Wigner
_ — S oseman % amplitudes, convolve with a Gaussian to
f e T account for energy spread.
% 45— Y(2S) Tt~
S Mass (10756.3+2.7+0.6) MeV/c?
e T Width (29.7+8.5+1.1) MeV
§ o i } Ry18/25) 0.46315
g “:: Y@ES)m'TT g 24 } J[ .‘RY(IWSB) 0.10+905
& ok ’ 6(3S/2S) - 1U_0.04

Center-of-mass energy [GeV] 1 1



Measurement of Y(10753) -t~ Y(nS) at Belle I1
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Dataset and charmed baryon production at Belle (II)

* In B-factories, ete™ collider at 10.58 GeV to make Y (4S) resonance decaying into BB and

B*B~ in 96% of the time.
* Meanwhile, a large cross section for continuum processes ete”™ — qQ (Qq=u,d,s,c).

25' ............................................... e+e' 9 ccbar
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Motivation:

* Nonfactorizable amplitudes arising from internal W/ -emission and W-exchange lead to the

Study of Z2 - Z°h® (h® =n,n,n")

difficulties for theoretical predictions in hadronic weak decay of charmed baryons.

Theoretical predictions for branching fractions (X10~3) and asymmetry parameters:

Reference Model BE2 =% BE 2% BE!-Z%) oF! - =Y
Korner, Kramer [5] quark 0.5 3.2 11.6 0.92

Xu, Kamal [7] pole (£ - 0.92
Cheng, Tseng (8] pole 3.8 —0.78
Cheng, Tseng [8] CA 17.1 - - 0.54
Zenczykowski [9] pole 6.9 1.0 9.0 0.21
Ivanov et al. [6] quark 0.5 6 4.1 0.94
Sharma, Verma [11] CA = = 2 -0.8
Geng et al. [12] SU(3)r 4.340.9 s 8i6EAL0 -
Geng et al. [13] SU(3) 7.6+1.0 10.34£2.0 9.1+4.1 11 1
Zhao et al. [14] SU(3)p 4.740.9 8.342.3 7.241.9 :

Zou et al. [10] pole 18.2 26.7 - —0.77
Huang et al. [15] SU(3)r 2.5640.93 - —0.23 £+ 0.60
Hsiao et al. [16] SU(3)r 6.0+1.2 49%L2 -
Hsiao et al. [16] SU(3)g-breaking 3.6:11.2 7.3+3.2 - -
Zhong et al. [17] SU(3) Jy3Eaeo 1.5641.92 0.683+3-272 0:5010:3
Zhong et al. [17] SU(3)p-breaking 742 2435518 1635297 <=9 5220
Xing et al. [18] SU(3)r 1.3040.51 —0.28 +0.18

Internal W-emission for 22 — E%h°

[5] Z. Phys. C 55 (1992) 659 [6] PRD 57 (1998) 6532 [7] PRD 46 (1992) 053004 [8] PRD 48 (1993) 4188 [9] PRD 50 (1994) 5787
[10] PRD 101 (2020) 014011 [11] EPIC 7 (1999) 217 [12] PRD 97 (2018) 073006 [13] PLB 794 (2019) 19 [14] THEP 02 (2020) 165
[15] JHEP 03 (2022) 143 [16] JHEP 09 (2022) 35 [17] JHEP 02 (2023) 235 [18] PRD 108 (2023) 053004

d —> d
> d
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¢ > > S
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W-exchange for £2 —» Z%h°
d —> —> u
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> u
c . > S
—> S
14



Events/(3 MeV/c?)

Pull

Reference mode of E0 —» E™ Tt

First Belle + Belle II combined charm measurement.
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Branching fractions for Z
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Preliminary results, will be submitted to JHEP

Signal yield:
Channel Belle

Belle 11

50 - 50q0 1315466 869+46
20 - 20y 8115 6011
20 - 20y 23+6 8+4

First measurement of the following BRs:

ittt —eet A G20 2070) = (6.9 + 0.3(stat.) + 0.5(syst.) £ 1.5(norm.)) x 1073

B(E? - 2%) = (1.6 £ 0.2(stat.) £ 0.2(syst.) & 0.4(norm.)) x 1073
B(Z° - =%’) = (1.2 £ 0.3(stat.) & 0.1(syst.) £ 0.3(norm.)) x 107>

They are compatible with theoretical prediction based
on SU(3)g-breaking [JHEP 02, 235 (2023)].
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0

Asymmetry parameter for 0 — E°

1.':O

The asymmetry parameter, related to P-violation, i1s measured through the differential decay

rate: L
[Preliminary results]

dN
d cos f=o

x 14+ a(E2 = Z%ANa(EY - A1) cos f=o

The cosBxo is the angle between the A momentum vector and the opposite of the 22 momentum vector in the Z° rest frame.

" Belle, 980 b " Belle Il, 426 fb™
30000 _ 15000 [ +
< : pi -
e B Q ]
£20000 #10000 |
p o I o I
[} )
0 [ (0
10000 |- 5000
| | | [ x | |
0—1 -0.5 0 0.5 1 0—1 -0.5 0 0.5 1
cosB._ cos6_,

The a (22 - E%°1t%) = —0.90+0.15+0.23, which is consistent with predictions based on the pole model [PRD 48 (1993)

4188, PRD 101 (2020) 0140111, CA [EPJC 7 (1999) 217], and SU(3)r flavor symmetry [PLB 794 (2019) 19] approaches. 17



Summary

ONeither P — pJ/y nor T..(3875)* —» DD** signals are found.
O First evidence of h,(2P) — Y(1S5)7.
O Updated measurement of Y(10753) -t~ Y(nS) with improved precision.

OFirst observation of 2 —» 2%t /2% /2%’ with combined Belle and Belle
11 data.

Thanks for your attentions!
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