=N

LESHYESCPRIFHTS

THE 21ST NATIONAL SYMPOSIUM ON HEAVY FLAVOR PHYSICS AND “CP VIOLATION

IFCPV2024 i fiifH 2024.10.25-10.29

Recent results on baryons and charmed
baryons from Belle and Belle Il

[ €




Belle and Belle Il Experiments

e Asymmetric eTe™ colliders

e Collisions mainly at 10.58 GeV , 1.e at Y(45) resonance 2 , PELLE @,KEKB
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\ I Charm physics at Belle (lI)

Two primary mechanisms for charm production at Belle/Belle II:
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AAbsolute measurements not possible without reference

AUsed for most analyses due to its simplicity comparéibtprocesses
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APrecised & cross section allows for absolute measurements

Full topics for charm physics:

U O 'O mixing
Lifetime

CP violation
Rare decay
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Amplitude analysis

Charmed baryon
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\ I Selectedlopics

. CharmedBaryon Spectroscopy:
ASearch foexcitedcharmedaryonsn ¥ — system

., Hadronic decaypf charmedbaryons:
Ajh © hQ(Q “ hh)
Ay 0ot — IB

. Semileptonic decays aharmed baryons:
A O h aa

. First observation aff(¢c TP @ fH(p v gur



I Search for excited charmed baryons in it system

Excited . states predicted by quark model.
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I Search for excited charmed baryons in it system

Belle 980/fb PRD 110, 032021 (2024)
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** No significant excess is found in the
M(A.n) spectrum. This is in contrast to
excited hyperons, where resonances
decaying into An have been observed.

¢ Clear A,(2880)* and A.(2940)* signals
are observed in the pD® mass
spectrum.

¢ Ratio to 2 .(2455)m :

R,p0(2880) = 0.75 £ 0.03 = 0.07,
R,p0(2940) = 3.59 + 0.21 + 0.56,

(‘ First measurement




Branching fractions of JIIF decays Belle 980/fb, PRD 107, 032003 (2023)

B Measurements of branching fractions of Al - X*npand Af - Xn’
>t > pn n' s> nomn - yy

Method: B(A7 - X™n/Zn")  y(AT - EX'n/EZ'q’)

(v is the efficiency-corrected yield).
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PDG: B(AY - =*+n’) = (15 + 6) x 1073 Consistent with PDG.

Most precise result to date



I Branching fractions of . decays Belle 980/fb, PRD 103, 032004 (2023)
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(v is the efficiency-corrected yield).

B(A? - pKY)

B(AY-pKQ)

= (1.48 + 0.08 + 0.0

> First observation

B(Af-pKIm)

B(AY-pKd)

(2.73+0.06 +£0.13

Bppg X y(AF > pK?)

4) x 1072 mp B(A} - pKKS) = (2.3540.12 4+ 0.07 + 0.12) x 107*

) x 107! = B(Af - pKdn) = (4.35+0.10 + 0.20 + 0.22) x 1073

» Consistent with world average value (4.15 + 0.90) x 10~2 and threefold improvement in precision. 8



I Branching fractions of . © 1 (] Z nh ) rerwoeoasos
| | Belle + Belle| 1.4/ab

v" Hadronic two-body decay of charmed baryons

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

difficulties for theoretical predictions

»  Feynman diagramsc,; s, . for Cabibbo-favored signal modes 2 — £°h°, only nonfactorizable

amplitudes contribute to.

d —> d d > > U
<— - < -
Internal W-emission d < u

W -exchange
> u > u
¢ —> > S ¢ > > s
— S ) — S

Serval theoretical approaches developed to deal with nonfactorizable contributions, give various
predictions on branching fractions ((0.5-26.7)x 10~%) and decay asymmetry parameters, backup]-

* Need experiment measurement to clarify the theoretical picture.



I Branching fractions of . © 1 (] Z nh ) rerwoeoasos

Belle + Bellel 1.4/ab
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First searchfor L© == Belle 980/fb [PRD 109, 052003 (2024)]
1C

v

No neutrino-less semileptonic decays of charmed baryons observed yet.

« Only upper limits of A, = p£* £~ decays were set for charmed baryons®2], which receive both W-exchange
and FCNC process contributions.
* Theoretically face difficulties from the Hamiltonian helicity structure and hadronic form factors

. - ibution i +p- [1] PRD 84, 072006(2011)
To understand W-exchange contribution in A, —» p£* ¢ 21 PRD 97 091101(2018)

* |f observed, the signal channels would allow to test LFU [31PRD 103, 013007 (2021)

® Belle Result: No significant signal was observed

. . 25 15
but consistent with SM : "« Data i . Data
~, 20F (a) —gotad Fit g N - (b) —;otal: Fit 4
i imi 0 . = C ---.. Backgroun = AL e ackgroun
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QB(ES — =% %) <65Xx105 <2.25x10-6 2.3 2.4 25 26 235 24 245 25 255 26
M(E%ete) [GeV/c?] M@Eutw) [GeV/c?]

SM prediction: PRD 103, 013007 (2021)
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\ I Study of ( )OO ( )€ Bellel i i

Arxiv:2207.03090

Thell ¢ 1 p was first observed in 2018 by the Belle
experiment in decaysfp 0 andf U near

| p ¢ T "8 0 (mn@g M)- A6

3 (g8 §)- As
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PRL 121, 052003 (2018)

Combinations/2.5 MeV/c?
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U There are mainly two interpretatiofts LI ¢ 11 p:@ standard baryon andjép v g+imolecule

U Alargerate fom(¢ TP @ H(p v gHwas predicted in the molecule scenario:

0 mg mPQ hip v g
O mcmpeh+ W e

A Measuring the branching fraction fiafc mp @ A(p v gHC A[* Omay inform us about the internal structurengt Q.

12



\ I Study of ( )OO ( )€ Bellel i i

Arxiv:2207.03090
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\ I Summary

Belle & Belle Il provide a unique environment & unique sensitivity for SM measurements as well as for the search

for physics beyond the SM in the charm sector.

A significant room to improve the basic knowledge o
. BELLE is still producing important measurements after more than 10 years after the end of data taking

A Search for the new excited charmed baryons

A Branching fraction measurements of theandfy decays

A Study of Semieptonic decay; © f & &

, First BELLE + Belle Il combined analysis of the . © | decays rules out several theoretical approaches

proposed to deal with nonfactorizable amplitudes

. Belle Il has started Run 2 data taking, expecting more physics results with a larger data sample

14



I Backup

Comparison of available charm samples

Experiment Machine C.M. Luminosity Nprod Efficiency Characters
3.77 GeV 2.9 (8 —20) fb ! D%*: 107(— 108) ® extremely clean environment
B,ES]]I BEPC-II 4.18-4.23 GeV 7.3 fb! D}: 5 x 106 ® quantum coherence
(ete™) 4.6-4.7 GeV 4.5 fb! Al : 0.8 x 10° ® no boost, no time-dept analysis
K * kK
D> SuperKEKB 1 D°: 6 x 10% (— 10%1) ® high-efficiency detection of neutrals
(ete™) 10.58 GeV 0.4 (= 50) ab D(t): 108 (— 10%0) ® good trigger efficiency
— AL: 107 (— 109) © time-dependent analysis
> KEKB 1 D"+, D;: 107 0(1-10%)  © smaller cross-section than LHCb
RERE 1088 Gev 1 ab AL
BELLE T Fe v **
LHC 7+8 TeV 142 fb ! 5 x 1012 © very large production cross-section
Cb (pp) 13 TeV 6 fb! 1013 © large boost, excellent time resolution
(— 23 — 50) b1 ® dedicated trigger required
¥ kk *

Here uses U'(DO 50@3.77GeV):3.61 nb, o(DT D™ @3.77 GeV)=2.88 nb, 0'( D Ds©4.17 GeV)=0.967 nb; 0(cz@10.58 GeV)=1.3 nb where each c¢ event averagely has 1.1/0.6/0.3 DO/D+/D;|—
yields; U'(DO@CDF):13.3 ub, and (T(DO@LHCb):1661 ub, mainly from Int. J. Mod. Phys. A29(2014)24,14300518.

e BESIII, Belle Il, and LHCb experiments have their advantages for charm studies.

@ They all are continuously collecting more datasets with increased luminosity in the foreseeable future.
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