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Belle Experiment and data samples
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Selected topics

® Measurements of A} - Xtn%, tnand Xtn’

® Branching fractions of AL - pKJKg, pKdn

® Mass and width of A.(2625)* and branching fractions of

A (2625)F - 30t

® Evidence for O » Z-nt and search for QY -» 2~ (Q7)K™



Measurements of AY — 2+70, = n and Z+n’

PRD 107, 032003 (2023)

B Motivation

® For the charmed baryon weak decays: B, = B + M, there are six topological diagrams.
Among them, T and C are factorizable, while C' and E; _3 are nonfactorizable. All the
nonfactorizable diagrams contribute to A% —» Z*n(n").
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® Branching fractions of AT — X %1 (n') are measured with large uncertainty (6B/B>40%)
[PDG]. Decay asymmetry parameters for these two modes have never been measured.
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.032003

Measurements of AY — 2+70, = n and Z+n’

B Measurements of branching fractions of A > X npand AT - X*n’

Method:

B(AY » X™n/2% ) y(A¢ - ETn/ZFq)

B(A} - 2+n0)
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(y is the efficiency-corrected yield).
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B(At - 2%n) = (3.1440.35+ 0.11 + 0.25) x 1073

B(AT - I*n) = (4.16 £ 0.75 + 0.21 + 0.33) x 1073

Most precise result to date.



Measurements of AY — 2+70, = n and Z+n’

B Measurements of asymmetry parameters of A¥ — 2tn?, X*n, and Z*n’

The differential decay rate depends on the asymmetry parameter ay+y as:
dN
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05+ is the angle between the proton momentum vector and the opposite of the A7 momentum

vector in the 7 rest frame; a
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® ay+0=-048+0.02+0.02
» agrees with the world average value: —0.55 + 0.11.

—0.982 + 0.014 from world average value.
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» with much improved precision.
» The consistency with ayo,+ = —0.463 + 0.016 + 0.008 indicates no isospin symmetry broken.

. az+n

= —0.99 £0.03 £ 0.05 and ay+,, = —0.46 £ 0.06 £ 0.03

> measured for the first time.



Branching fractions of AL — pKSO K39 ) pKSO n

B Motivation PRD 107, 032004 (2023)

® Precise measurements of branching fractions of charmed baryon weak decays are
useful for studying the dynamics of charmed baryons and testing the predictions of
theoretical models.

® No result of branching fraction for AT — pKSOKSO is reported. According to theoretically
results based on SU(3)F symmetry [EPJC 79 (2019) 946], we estimate ~0(103) signal
yield at Belle.

® Measured branching fraction B(AJCr — pK_gn) = (4.15+ 0.90) x 1073 has large
uncertainty (6B/B~20%) [PDG]. We target at an improved precision of BF.

® Check Dalitz-plot for the intermediate resonances existence.:

e e.g. N*(1535), which is puzzling because it can decay with strange-hadron-involved
in final state, like nN and KA, but it does not contain any s5 component according to
the naive constituent quark model [PPNP. 45, S241 (2000)].


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.032004

Branching fractions of A7 — pKSO KSQ ) pKSO n
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* For reference mode, directly use the efficiency from MC.

* For signal modes, possible intermediate structures affect on final averaged efficiencies.
Therefore, we use the Dalitz-plot-based efficiency planes.



Branching fractions of A7 — pKSKg, szpn
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Plots (c, f) show the average signal efficiency in bins across the Dalitz plane. The red curves show
the edges of kinematic phase-space region of the decays.

B Branching fraction

B(Af - pK2K?, pK? A} - pKIK?, pK) . . :
(A _>I: S8 f s1) — y(A: - p 5+ s'P 50") (v is the efficiency-corrected yield).
B(Af - pKg) Bppg X y(Af - pKg)

B(A; — pKYKY)
B(Af — pK?Y)
B(AY — pKin)
B(AL — pKy)

— (148 £0.08) x 1072 B(A; — pKIKY) = (2.35+0.12+ 0.12) x 107* :First observation

— (2734 0.06) x 10! B(Af — pKin) = (4.35+£0.10 £ 0.22) x 107 .:Threef.o.Id improvement
in precision




Mass and width of A.(2625)*and BR of A.(2625)* - 22** «

B Motivation PRD 107, 032008 (2023)

® A.(2625)T(JP = 3/27)is the excited state of Af. It dominantly decaysto Al m™

via P-wave decay. The D-wave decay A.(2625)" — 22’++7T is also allowed, but its
contribution is known to be small.

® The limited decay phase space of A.(2625)" — Afmw*m~™ makes it difficult to extract

the 22'“ yields by fitting the M(AF®), due to the presence of reflection peaks
formed by the combination of the A} and the other final-state pion. This can be solved
by using a full Dalitz fit [PRD 98, 114007 (2018)].

® The mass of the A.(2625)7, relative to the A} mass, is already relatively well known
[PRD 84,012003 (2011)], but the large Belle data sample allows for a more precise
measurement.

® No intrinsic width of the A.(2625)* has yet been measured, and the current upper
limit ' < 0.97 MeV/c? at 90% confidence level is based on the CDF measurement in

2011 [PRD 84,012003 (2011)].
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.032008

Mass and width of A.(2625)*and BR of A.(2625)* - 22** «

B Measurements of mass and width 980 fb~1

Reconstruction mode: A (2625)% » Afn*n~, At - pK~n*
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O The measured mass is consistent with the previous CDF measurement but with
approximately half the uncertainty.

O The upper limit on width is around a factor of 2 more stringent than the previous
limit. An improved limit on the width of the A.(2625)* will help to constrain

various theoretical predictions.
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Mass and width of A.(2625)*and BR of A.(2625)* - 22** =

B Measurements of branching fractions

Full Dalitz plot fitted with AmpTools is performed [PRD 98, 114007 (2018)].
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Mass and width of A.(2625)*and BR of A.(2625)* - 22** «

B Measurements of branching fractions

The branching ratio of A,(2625)" — 22’++7T relative to the reference mode
A.(2625)T - Afn* ™ is calculated using:

B(Ac(2625)* 5 227" m)  Nyjg(Z™™) — Npieg (5 ™)
B(A.(2625)T = Afmtm) Nsig(A:(2625)*)

kag(22’++) is obtained from sidebands of M(Afm ™). We obtain:

B(A.(2625)* - 2%7)
B(A.(2625)* - Atn*r-)

= (5.19 + 0.23 + 0.40)%

B(A.(2625)* - T*m)
B(A.(2625)* > Atn*r-)

= (5.13 + 0.26 + 0.32)%

O The measured branching fraction ratios are the most precise to date.

O Our measurements align with the prediction that assuming A.(2625)" is a
A mode excitation [PRD 98, 114007 (2018)].
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Evidence for QY —» =~ m*and search for Q2 - 2= (Q7)K?

JHEPO1 (2023) 055

B Motivation

® 02 (P =1/2%)is the heaviest singly-charmed hadron that decays weakly. The

knowledge of the Q2 state is limited compared with A, 32*

® No measurements of the absolute BF of the (0¥ are reported, but some measurements
of the BF ratios for Q2 decay modes with respect to the reference mode Q2 - Q
have been made. [PTEP 2020,083C01]

® Various theoretical methods have been developed to describe the Q2 decays, e.g.
quark model [CPC 42,093101 (2018)], pole model and current algebra (CA) [PRD 101,
094033 (2020)]. However, the range of these predictions is rather wide.

® The predictions of BF for Q2 - Z~n*,E"K* are listed. No prediction is available for
Q" K*.No measurements of these decays are made.

Decay mode quark model pole model and CA
QY - =7t 1.96 x 1077 1.04 x 1071
QY - ="KT 1.74x101 1.06 x 1072
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https://link.springer.com/content/pdf/10.1007/JHEP01(2023)055.pdf

Evidence for Q2 - E-wtand searchfor QY - =2~ (Q7)K™
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0 Although Belle has stopped data taking for ~10 years, we are still producing
excited results, especially for charmed baryons. In this talk, we report:

® Measurement of B(AL - Z™n(n")) with the best precision to date and asymmetry
parameters of AL - X n(n) for the first time.

® Measurement of B(AF - pKIK?Q) for the first time and B(A} - pK2n) with
threefold improvement in precision.

Most precise A.(2625)* mass, width, and branching fraction ratios to date.

Evidence for Q2 - 2~ and measurements of B(QY » 2 1, 27K+, Q"K™).

O These experimental results will be useful to future constrain the parameter

space of the theoretical models and can be applied to other heavy quark
systems.

O In the future, Belle Il will provide greater sensitivity and precise measurements
in charmed baryon physics with 50 ab™*.

Thanks for your attentions!
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