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Physics Motivation

Overview

> Decay of ground hyperons:
> Weak hadronic decay (A = pm™)
o Semi-leptonic decay (A — pev,)
> Weak radiative decay (WRHD) (A4 - ny)

> \Weak radiative decays

o flavor changing neutral current (FCNC)
process (s —dy transition)

o Significant non-perturbative QCD effects

o A symphony of strong, weak and EM
Interaction
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Physics Motivation

—ffecitve Theory Point-of-view

> Effective Lagrangian > Reveal common hyperon properties
eGp — > Decay mechanism
—— "B PC PV WB.F
L= 2 (a + by ot B, ald > EM structure

...... VWeak Hadronic Decay
> Decay width & decay asymmetry
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Physics Motivation

—ffecitve Theory Point-of-view

> Unique contribution from “direct photon emission”
o PV amplitude from direct photon emission:

Re(b)=oy0 = V3Re(b)=o,. Re(b),,, = —Re(b)=op
Re(b)E“n — _\/gRe(b)E“ﬁa Re(b)E*p — Re(b)E'E':ﬂ

> Need experiment input from 2% - A(Z%)y or A > ny process

> Two quark exchange suppressed £~ —» X~y and 0~ — E7y process
> Much smaller decay width
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Physics Motivation
Physics Beyond the Scope of QCD Phenomenon

l+

> New physics in B; = B¢~ decay
> Smoke screen of new physicsin Xt - putu~ decay (PhysRevlett.94.021801)

o Experiment results of WRHDs provide SM expectations on such decays — narrowing the
range for NP! (JHEP10(2018)040, JHEP02(2022)178)

o CP Violation in WRHDs

o CPV in heavy flavor radiative decays may be significantly enhanced by NP
o Extensive experimental studies on D and B meson decays

o Limited studies in baryon sector

VWRHDs serve as a probe for CPV
PhysRevlett.109.171801, JHEP01(2013)027. JHEP04(2017)027. JHEP08(2017)09

o

(@]

PhysRevlett./0.2529, PhysRevLett.109.191801, PhysRevlLett.118.051801, PhysRevlLett.119.191802

o

PhysRevD.b1.22/1, PhysRevD.65.0/4038, PhysRevD.105.116001, Commun.Theor.Phys.19.4

o

o

PhysRevD.105.L051104




Physics Motivation

-xperiment Research Status

Fixed target experiments govern the results in
1965-2010 (~23 papers from over b
experiments)

T —py
WffE) SRR A ERSEE TR st (x1072) a,
2023 BESIII 0.996 + 0.021 £ 0.018 —0.652-+0.056+0.020
1995 E761 1.20 + 0.08 -
1992 SPEC - —0.720 4+ 0.086
1989 CNTR 1.45+0.31 -
1987 CNTR 1.23 +£0.20 -
1985 CNTR 1.27 4 0.18 -
1980 HBC 1.09 + 0.20 —0.53 £ 0.36
1969 HBC 1.140.2 -
1969 HBC 1.42 + 0.26 —1.03 £0.52
1965 HBC 1.94+0.4 -
A — nry
IfA) SRR AL ERSERR TR 3 (x1073) a,
2022 BESIII 0.846 + 0.039 +0.052 —0.160+0.101+0.046
1994 E761 1.75 £ 0.15 -
1992 SPEC 1.78 £0.24 -

=0 — Ay
fE] SR AR TR 3t (x1073) o,
2010 NA48 - —0.704 4 0.064
2004 NA48 1.17 +0.09 —0.78 £ 0.18
2000 NA48 1.91 £0.34 -
1990 SPEC 1.06 £ 0.18 —0.43 £ 0.44
20 — 20y
Wi LR AR TR A (x1073) o,
2010 NA48 - —0.729 4+ 0.076
2001 KTEV 3.34 +0.09 —0.63 4+ 0.09
2000 NA48 3.16 £ 0.76 -
1989 SPEC 3.56 +0.42 0.20 4+ 0.32
BT X7y
W SRERERTE AL (x10°)
1994 E761 0.122 + 0.023 -
1987 SPEC 0.227 +0.102 -
O~ = =7y
A SREG ARG T 3 (x1073) o,
1994 E761 <0.46 -
1984 SPEC <0.22 -
1979 SPEC <0.31 -




Research Methods

Absolute BF Measurement

Double-tag method for BF measurement ST reconstruction ST recoil
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Research Methods

Decay Parameter Measurement

Uniquely pair-produced hyperons from ¥ decay
ceg.ete” > ]/ > E%(-> AY)EY (> Ar®) A-pr~ A - pr*t
Decay amplitude (Helicity):

— \'3 3 3 = A A
W = Zu,sz Zu’:O Zv’:O Cﬂvam,t’ A,0Qyy Ay

g Helicity angles:

Oz, 05 Pn, OF, D, Op, Pp, 05, 35
Decay parameters:
)/ AD; ), oz, ADg, az, ADz, ap, ag,




Research Methods

Decay Parameter Measurement

C: polarization and spin correlation matrix a: decay matrices of hyperons

of BB
B =vV1—a?sin(A®), y = V1 — a?cos(AD)
Coo = 21 H{arvpos” o). G0 = ~Con. - For 2" 51" 1 0-decay (2° > An?)
Cop=24/1- agl, sin Ozo cos Oz sin(ADy), Cr = ayCqy, 2 | 2 0 0 o
Ci1 = 2sin2 6o Cai = —C = |acos¢sing ycosfcosd —pBsing —Bcostcosd—ysing sinfcosd
H =" = @ = asinflsing Lcos¢d+ycosfsing ycos¢—Lcosfsing  sinfsing
Ci3 = 2 4J1 = @2 sin Bz cos Bz0 cos(ADy),  Cs3 = —2(avy + cos” fz), acos ~ysind Psind cosd
1t 1t _ —_
» For -2 +1 decay (29 - Ay)
. 1 00 ~a
BESIIl observation of non-zero Ady = _|acososing 0 0 —sinbcosg
. . . . " |asinfsing 0 0 -sinfsing
> Transverse polarization and spin-correlation weosd 0 0  —cosf
between hyperon pairs (Nat. Phys. 15, 631-634 (2019))
L oy A, s o Decay parameters fitted from amplitude
J/1J)—>A1_\ 0.475 4+ 0.002 4 0.003 0.752 + 0.004 4+ 0.007 24.7 o I R Y _~ H .
I T E- 0508 L0006 L0008 02704 0.012 £ 0.009 o Sensitivity multiplicated by ~10 times (Chin. Phys.
J/p === 0.586 £0.012+0.010  1.213 +0.046 + 0.016 30.1 C47,093103 (2023) )
J/p— =020 0.514 4+ 0.006 + 0.015 1.168 4+ 0.019 4+ 0.018 32.1




A - ny Analysis
Analysis Method Highlights

—Sgnal — gl

Kinematic fit with missing particle/energy = [, Oh Bl O ] = e
> Hypothesis: A(— prt*)y + n(missing particle) 4 @ 1 A ILG)
> Hypothesis: A(= prt™)y + fi(missing energy) b sPeer e e
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A - ny Analysis
Analysis Results
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E} in A rest frame(GeV) Ef,c in A rest frame(GeV)
Decay mode A — ny A — iy
Ngr (x10°) 6853.2 £ 2.6 7036.2 +2.7
est (%) 51.13 £0.01 52.53 £0.01
Npr 723 + 40 498 + 41
ept (%) 6.58 +£0.04 4.32 +0.03
BF (x107%)  0.820 £ 0.045 £ 0.066 0.862 +0.071 £ 0.084
0.832 +0.038 £+ 0.054
a, —-0.13+0.13 +£0.03 0.21 £0.15 £ 0.06
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YT - py Analysis
Analysis Method Highlights

Utilize joint decay length to discriminate short-lived baryons from signals

%x10°

/ _
N L // p 5% —— Dat_a
P it o abe -
\_,// _________ g8 A Bl Other Bkg
S qb A
5+ |P S 3t S AR
/ -
/Y 5 2t
SR 4
s
p // n 00 1 2 3 4 5 6 7 8 9 10
|P/ p L/GL
/ T : .
’ A* Signal efficiency > 78%
-4 Background efficiency < 7%




X - py Analysis
Analysis Results

x103 x103
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Individual a, —0.587 £ 0.082 0.710 £ 0.076
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YT - py Analysis
CP Asymmetry Test

Potential CP asymmetry sources:
o Loop diagram contribution:

First Measurement of CP asymmetry of 2+ -

py decay
o Statistical uncertainty dominated

> Need more statistics to reach the precision of

3 d
W theory predictions
B:O BzO ( N\
B, —B_
Acp = h = 0.006 + 0.011410¢, & 0.004gyst
o Other terms - strong phase dependent on QCD 3
odels. Acp = =% 0,095 + 0.087,10;. + 0.0184y0.
. & M y,
g — Z Sjei(€f+5§})
j I Acp
-5 —4
p_ Z P-ei(’stragf PhysRevD.51.22/1 10~ — 10
- J Commun. Theor. Phys. 19.475 10~5 — 104
arxiv:2312.17568 2% 107>




sSummary & Prospects

Since 2022, BESIII experiment has provided fresh results to the field

Inconsistency between exp. results and theory predictions still exist

More results with higher precision expected

BF (x10 3) Experiment BF (x10‘3)
2022, BESIII  0.8464+0.039+0.052 -0.16010.10110.046 2024, BESIII XXX XXX
PDG 1.75+0.15 PDG 1.1/£0.07 -0.70+£0.07/
- py(
Experlment BF (x1073) Experiment BF (x1073) a,
2022, BESIII  0.99640.021+0.018 -0.65210.05610.020 BESIII XXX XXX
PDG 1.234+0.05 -0.7610.08 PDG 3.3340.10 -0.6940.06
Significantly improved precision Competitive precision




sSummary & Prospects

Studieson E= » X"y and QF - E7y decays undergoing

“The last piece of the puzzle”

Experiment  BF (x1073) a,
BESIII ? ?
PDG 1.2740.23 ---

Qt > E7y

Experiment  BF (x1073) a,
BESIII ?

PDG <0.46 ---

Special thanks to Prof. L.-S. Geng and Dr. R.-X. Shi



