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J// The hyperons

® Hyperons are the strange siblings of the proton and neutron

> Half lifes: Ty —~ 107 10s; dj,_ot_%up
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47/ Semileptonic decays: Extraction of V

Prelude: The Cabibbo-angle anomaly

In the SM: First-row unitarity relation 2.30 tension PDG 2024: Independent measurements

Vial? + 1Vis|? + [V 1?2 = 1 [Vial? + Vsl 4 |V |2 = 0.9984 + 0.0007

A hint of new physics?

@ \V,,,|: Small (|V,,|? = 1.5 x 107°) =» The effect could be ignored in current precision

@ |V,,4|: Most precise; results from different decays are consistent at O (10~*) =» Precise and reliable

@ V..l: o (JV,.]) =2.6 xa (|V,,4]); inconsistence between results from different decays
s s u Y PRL 92, 251803 (2004)

1
Most precise Second most precise Largest uncertainty :
|

Kaon: 2.20 tension from CKM unitarity Tau: 3.60 deviation from CKM unitarity Hyperon: consistent with CKM unitarity |

V| = 0.2243 + 0.0008 V| = 0.2207 + 0.0014 1V,.| = 0.2250 + 0.0027

PDG 2024 [ HFLAYV 2022

2.20 tension Dominated by the A - pe™ v,

~——————_————————

Semileptonic hyperon decays gives additional inputs for | V,s|! J
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J// Semileptonic decays: Extraction of V

I I Decay width of A » pe v, in the SM

/ B 2 2 2 A5 \
Sve-v,  GEIV, 0)°A 3 6 4 PRD 70, 114036 (2004) | , _
FSM= ATpe Ve _ F|us6|0£13() [(1—554-;52)4‘;5295‘/ A:MA—Mp
A
My — M
9 12 12 6 , T
K 3__5""_5 gav+_5 gav2+§5 gw+(_4‘6+65 )gav.gavz]/ A
: : _01(0)  _ f2(0) _ g2(0)
> Extracting |V|, requires By_,pe—v,: f1(0)r gow = o Iw =50y and ggpp = £(0)°
O £, (0): From LQCD PRL 114, 161802 (2015)

OBropev,» Jav> Gw» and gg,n: From experimental measurement f1 : the vector form factor
g4 : the axial-vector form factor

f>: the weak-magnetism form factor

4 g-: the weak electric form factor
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41/ Semileptonic decays: Current status of By_, -3,

I (A—pev.)/T(A—pr) PDG 2024
VALUE (1073) EVTS DOCUMENT ID TECN COMMENT
@ Only relatlve BF 1.301 4 0.019 OUR AVERAGE
1.335 +0.056 7111 BOURQUIN 1983 SPEC SPS hyperon beam
1.313 +0.024 10k WISE 1980  SPEC
@ Old results (>40 yearS) 1.23 +0.11 544 LINDQUIST 1977 SPEC  p— K°A
1.27 +0.07 1089 KATZ 1973 HRC
1.31 4:0.06 1078 ALTHOFF 1971 OSPK
. . 1.17 £0.13 86 1 CANTER 1971 HBC K patrest
Only fixed target experiment
1.20 £0.12 143 2 MALONEY 1969 HBC
1.17 40.18 120 2 BAGLIN 1964  FBC K~ freon 1.45 GeV/c
1.23 40.20 150 2 ELY 1963 FBC
* » We do not use the Fo"owing datd for averages, fits, limitl, etc. ®
1.32 £0.15 218 ! LINDQUIST 1 1971 OSPK | See LINDQUIST 1977




J/7/ Semileptonic decays: Current status of g,

INSP

g4/ gvFORA — pe v,

PDG 2024

@ All assume g, = 0 Measurements with fewer than 500 events have been omitted. Where necessary, signs have been changed to agree

with our conventions, which are given in the “Note on Baryon Decay Parameters” in the neutron Listings. The

I measurements all assume that the form factor g, = O.ISee also the footnote on DWORKIN 1990 .

@ Old results (>30 years)
VALUE EVTS DOCUMENT ID TECN COMMENT
—0.718 £ 0.015 OUR AVERAGE
. . —0.719 £0.016 +0.012 37k ! DWORKIN 1990  SPEC ev angular corr.
Only fixed target experiment
—0.70 +0.03 7111 BOURQUIN 1983 SPEC = — An~
—0.734 £0.031 10k 2 WISE 1981 SPEC e angular correl.

* ® We do not use the following data for averages, fitsJlimits, efc. ® o

—0.63 £0.06 817 ALTHOFF 1973 OSPK Polarized A




J/7/ Semileptonic decays: Current status of g,,, and g,,»

9w:

@ Results are old and scarce

@ 3.050 deviation

Only fixed target experiment

0.15+0.30 ————
) 3.050 (
Jav2: Cabibbo theory 1.066 ' s
I|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|I
@ No experimental measurement 2 15 -1 -05 0 0.5 1 15 2
A
9
3

ZPhys.C21(1983)1  1.32+0.81

Fermilab PRD41(1990)780

I L L L O B B
CERN PLB37(1971)535 0.89+0.61 m

CERN PLB43(1973)237  0.80%0.90 -

CERN




J7/ Semileptonic decays: The lepton-universality Test

F(B1 — Bo ™~ ﬂ,,b)

RB1 B, —

J

SM: Only phase-space up to 0(52)' Chang, Gonzalez-Alonso and JMC PRL114(2015)16,161802

m2 m2 m4 R”’e A b pl_ﬁl P nl_ﬁl 50 b Z+l_171 = - Al_ﬁl
M [ (1_9 e 4 u)
i A 2 A at Experiment 0.189+0.041  0.4424+0.039  0.0092+0.0014 0.6+0.5
4 m2
+ 3 %%arctanh( = SM NLO 0.15340.008  0.4444+0.022  0.0084 +0.0004 0.275+0.014
V.
LUV does not depend on FFs up to O(52)
0.10¢ s A-pfl
NeW'P hys |CS . 0.05 0 S """"""
SR Al SR \
b " R | HC ™~
Scalar and tensor operators 5 o0&
G V _ _ ) | T~ ¢
e D EZE (er (Dot (1=5)8) (Topuw (1 =75)v) oL
+(a(cs—cp5)s)(E(1—5)v) -5t
o 7040 005 000 005

€

S

" PRL 114, 161802(2015)



47/ BEPCII and BESIII

FROBER : 2.0-4.95 GeV i
Reached E_,=4.95 GeV in Jan. 2021

T g 3 B

. ‘- 2004 : FFHABEPCIFHE,
3 BESIII&EE :
N 2009- E4:BESIIERELT

S+ 1989-2004 (BEPC):
Lpeat=1.0x10%!/cm?’s

* 2009-now (BEPCII):
L...=1.1x1033/cm32s (2022, 2023)

p

7~ 3
.

Electromagnetic Muon Counter
Calorimeter RPC

o Barrel: 9 layers
CsI(TI): L=28 cm Endcap: 8 layers
Barrel 05=2.5%

Ospatial—1-48 cm
Endcap 05=5.0% S

Electro Magnetic
aversgle |

s,
§ B g

Main Drift Chamber Time Of Flight

Small cell, 43 layer Plastic scintillator

Oxy=130 pum or(barrel)=80 ps

dE/dx~6% or(endcap)=110 ps
0p/p=0.5% at 1 GeV (update to 65 ps with MRPC)

10




47/ Hyperon Study at BESIII

Hyperon pair production

Double tag method

Large datasets of hyperon pair

10 billion J /3 and 3 billon ¥(2S)
events collected

Polarized-hyperon Quantum correlated

_ _Larg_e BFS in ]/ decays factories (BESIII&SCTF)
Decay mode B(x107?) Npp(x109) o i il
T/ — AA 1.89 + 0.09 19.06 + 0.91 AV
JJih — $080 1.17 4 0.03 11.82 +0.32 -
J/p = LtE- 1.50 4+ 0.24 15.13 4 2.42 . 2
J/p — £(1385)" 2% (or c.c.) 0.31 4 0.05 3.13 4 0.50 Nature Physics 15, !
J/1) — £(1385)~£(1385)" (or c.c.) 1.16 £ 0.05 11.70 £ 0.50 631-634(2019)
J/1p — BO=0 1.174+0.04 11.80 + 0.40
J/p — E"EF 0.97 4 0.08 9.78 + 0.81
J /v — Z(1530)°=° 0.32 4+ 0.14 3.23 + 1.41
J/p — 2(1530)" =+ 0.32 £ 0.01 3.2140.08
(28) = Q- QF 0.05 4 0.004 0.16 + 0.01

4-momentum conservation —l

Advantage of double tag method:
v’ Absolute BF
v" Low background

Information on the neutrino

Known 1nitial 4-momentum

v’ Cancel the systematic uncertainties in tag side

11



47/ Determination of CKM matrix element and

axial vector Torm Tactors from weak decays of
quantum-entangled strange baryons

ﬁ e

AN
nt - LV,

et : I | vl
ra
. 2o
Signal \l/
p \ _ Fig. 1 Schematic representation of the A decay to a proton, an electron and an electric anti-neutrino via
VvV [ virtual (mediating) W~ boson.

12



477 First absolute BF measurement of A — pe™ v,

tag __ 2 D_
MBC - \/Ebeam _ |PA|2

110°
: T | T T T | T T T | T T T | T T T T T T T :
0.6 ] 10?
4 0.5 = E 08, 4 peud g%
> . s I
S 0.4 — =
o F . 2 10" Npr = 1854 + 49
© 0.3__ ] g — :f)tallﬁt
%/ C ] H 10-2 ------ B;gckground: A—pr E
+~ - — —— — Other backgrounds 7
8 02— - g
> - -
sa C ]
0.1 _
O: T 1
1.06 1.08 1.1 1.12 1.14 1.16
M:2(GeV/c?)

Ngr = 14,609,800 + 7, 117(stat)

BESIII: arXiv:2509.09266

B(A - peV,) = (8.16 + 0.22 + 0.15) x 10™*

13



477 Determination of form factors of A —» pe~ v,

BESIII: arXiv:2509.09266

Used approach allows FF extraction with

: reasonable uncertainties using limited data
— Assuming

Javz =0

> This work:

Observable This work Previous result

Jav 0.742%3:5%5 4+ 0.009 0.718 4 0.015 [PDG2024]
Ja —0.706%9:92 + 0.014 ;

(Gav) 0.72972-028 4+ 0.007 ;
9w 0.93 + 0.51 + 0.17 0.15 + 0.30 [PRD41(1990)780]
G 0.89 + 0.49 + 0.20 ]

(9w) 0.89 + 0.35 + 0.14 _

(Gav) 0.706%2:982 :

(Gw) 0.7713:33 -

(Gav2) —0.19+9-¢5 -

1.8 - 103 events — 0(g,, = 0.049

» Fermilab [PRD41(1990)780]:
37 - 103 events - g, = 0.020

» The first exploitation of polarization
and quantum entanglement in baryon
semi-leptonic decays.

» The first usage of joint angular-
distribution fit method in hyperon semi-
leptonic dacyas.

W= {aw; AP, gav, 8wy gav2y Ot (OC_)}



JI/ Extraction of |V, ;| from A - pe v,

» Assume SU(3) is conserved, f; = /3/2 [PRL92(2004)251803] BESIII: arXiv:2509.09266
[Vuslsuczy = 0.2190 £ 0.0036ggsy; gr £ 0.0087gEsy pr £ 0.0004;, + 0.0005g¢

» Using LQCD FF prediction [arXiv:2507.09970]
VslLgcp = 0.2339 + 0.0038ggsy gr + 0.0011;gcp £ 0.0004,, + 0.0006pc
Cabibbo, hyperon av.
Cabibbo, A —pe” V,

0.2250+0.0027 / \|
0.2224+0.0034
This work, input LQCD FF
e ——
0.2332+0.0042 Others

- R S E——— ¢ ) 34%
0.22 0.23

Vi

BESII

1 1 1 1 1 1
P v 2 2
CKM unitarity [ 1-[V [~V ]

0.22799+0.00137

K meson av.
0.22431£0.00085

T lepton av.
0.2207+0.0014

STCF!!!

15



J// Impact of LQCD Calculations on |V,,.| Measurement Precision

II Impact of LQCD Calculations on |V, | Measurement Precision = LQCD caleulation: PRL 135, 231901 (2025)
BESIII measurement, arXiv:2509.09266

Before LQCD Publication After LQCD Publication
Vs lsucz) = 0.2190 + 0.0094 Total uncertainty | ~56% ViuslLocp = 0.2339 + 0.0041
4
Dominant Uncertainty : Form factor uncertainty | ~87% Reduced Uncertainty :
BESIII form factor: £0.0087 LQCD form factor: £0.0011

LQCD improves the precision of |V},¢| by more than twofold, reducing the total uncertainty from 0.0094 to 0.0041
Theoretical inputs are so important!

16



27/ First absolute BF measurement of =

- Ae "V,

» Before our measurement, the experimental
information comes only from fixed-target
experiments which were performed about
40 years ago.

» All these previous branching fraction

results are relative.

Ts 5 — Ae D, (5.63 +0.31) x10~* 190

The following data is related to the above value:

» expand all datablocks

L(E- = Ae D)+ T(E~ — 2% 3,)]/T(E- — An7) (Ts+ T'5)/T4

VALUE (1073) EVIS DOCUMENT ID TECN COMMENT

*  We do not use the followin, its |imits, efc. ® ®
0.651 £0.031 3011 T BOURQUIN 1983 SPEC SPS hyperon beam
0.68 £0.22 17 2 DUCLOS 1971 OSPK

! See the separate BOURQUIN 1983 values for T'(E~ — Ae ¥.)/T(5~ — Ar ) and [[(E~ — X% 7e)[(E~ — An~)] above.

2 DUCLOS 1971 cannot distinguish £°'s from A's. The Cabibbo theory predicts the ° rate is about a factor 6 smaller than the A rate.

References ~

BOURQUIN 1983 ZPHY C21 1 Measurements of Hyperon Semileptonic Decays at the CERN Super Proton Synchrotron. 2. The A — pe ., 5~ —
Ae 7, and £~ — X% 7, Decay Modes

DUCLOS 1971 NP B32 493 A Spark Chamber Experiment of the 8 Decay of =~ Hyperons

T(E~ = Adev,)/T(E~ — A7) I'3/Ty
VALUE (10~3) EVIS DOCUMENT ID TECN COMMENT
0.564 +0.031 OUR FIT
0.564 -£0.031 2857 BOURQUIN [ 1983 SPEC SPS hyperon beam

* ¢ We do not use the followillg data for averages, fits, liflits, etc. ®

0.30 +0.13 1 THOMPSON 1980 ASPK Hyperon beam

17




477 Study of the Semileptonic Decay =

- Ae "V,

/ ’
\A — M,,. =
=+ F ——
= &\105I:'_ '?(3; fit (a)
Q E sssvsss Signal
Tag \ T[+ ; F e Background
= ‘
= 10*
+ e- o VE
— < T I S -
= 10° o st
0 1 =4 |
AR Single tag 7 |
102:i|..\..|....|.l. i
o 1.25 1.3 1.35 1.4
p —A — \<\> e~ M .. (GeV/c?)
/ Ve

BESIII: arXiv:2512.15273

Events / (1.6 MeV/c?)

Eow = Exen)? = 1P

—+— Data
5 L. — Total fit
L - Signal
10*
10E o e

—
(@)
™

1:25

EC
M ... (GeV/c?)

Iec

1.4

Ngr = 2,069,000 + 2,000(stat) Ng, = 2,157,000 + 2,000(stat)

18



47/ First absolute BF measurement of == — Ae v,
.—— Data ~—4— Data
20 [— Total fi (a) "— Total fit (b)

§ ------- Signal g [ n
O e S AT O Hnl +
E 15 [....... Other background 2 20 i
sl T ol
S| = |
9p] 9p]
= | =10
> sl >
@ o =

-‘ aahadihis s onn ......................... [

0 -0.1 0 0.1 = -0.1 0 0.1
Umiss (GCV) Umiss (GGV)
Mode =T — Ae v, =t 5 AeTr,
Nst(10°) 2069 + 2 21567 £+ 2
est(%) 28.71 £0.02 30.53 4+ 0.02
Npr 49.4 + 8.5 61.5+9.4
ept (%) 3.39 £ 0.02 3.18 £0.02 BESIII: arXiv:2512.15273
Indiv. BF(10™%) 3131054 4.04 + 0.62

Simul. BF(10™%)

3.60 £0.40 £0.10

19




J/7/ Determination of form factors of == —» Ae v,
—— Signal MC withg =0.18 20 - —— Signal MC with g '=0.18
0.5 _ ......... Signal MC withg =0 I e——— Signal MC withg =0
- —4— Data 15 g 1 —4— Data
A S [
T L o = P
\?} |- —— § 10 | S IR W P
| :
: x? / ndf = 0.45 [/ ndf =1.20
-1 -0.5 0 0.5 1 0-1 -0.5 0 0.5 1
cosO_- cosep

f e (05_79A7¢A79€_7¢6—7 p7¢p79/_\7¢/_\79137¢13)
W

= (Oé\p, A(I) OZE, ¢57 QA5 YGavs Gy Jav2s aA)

=3 3 Y Gt abuiial

=0 gl =0 pr=

20 BESIII: arXiv:2512.15273




47/ Summary of the Results for =

- Ae "V,

» The axial-vector to vector coupling:
Jay = 0.18 £ 0.07 544, + 0.025y,5,
A comparable precision achieved with 1/20

data size

» Taking f; = \/T/Z , the axial charge of
the Z~:
gi = gav X f1
= 0.22 £ 0.084¢4¢. £ 0.024,,5¢
Updated for the first time in over 40 years
» The absolute BF is lower than the PDG
value by 3.9¢
> Ja, 1S consistent with the previous
result and 1n good agreement with
prediction of chiral perturbation theory

—AeV,) (10

BF(E=

Cabibbo-model fits

3F
0 0.1 02 03
gav

BESIII: arXiv:2512.15273

0.4

21



417 First absolute BF measurement of A - pu~v,

> Before our measurement, the experimental information comes only from fixed-target experiments!!-#
which were performed about 50 years ago.

» All these previous branching fraction results are relative with huge uncertainty.

» The best previous result was obtained based on only 14 events that are selected from about 0.6M bubble

chamber pictures.

A->puvy, (IN
v I'(A—>puv, )IT(A— Nr)

VALUE (107%) EVTS DOCUMENT ID TECN COMMENT
1.57 + 0.35 OUR FIT
1.57 + 0.35 OUR AVERAGE
1.4 +0.5 BAGGETT 1972B HBC K~ p at rest
2.4 +0.8 9 CANTER 1971B HBC K~ p at rest
[1] Phys. Lett. 11, 357 (1964) T 3 NG 1964  RVUE
[2] StCI'Il, Phys Rev. 135, B148&3 (1964) 1.5 +1.2 2 RONNE 1964 FBC

[3] Phys. Rev. Lett. 27, 59 (1971)
[4] Zeitschrift fu = r Physik A Hadrons and nuclei 252,362 (1972)

22



477 Double Tag method

Ntag = 2NpzBrag€tag * Advantage:
_ - v’ Absolute BF
ﬁ Nsig - 2NAABL“angigEtag,SLg v Low background
_ Nsig/€tag,sig v" Cancel the systematic

Ta
g / \ ot
o _

The charge-conjugated channel is also implied.

uncertainties in tag side
Niag/€tag g

N,z:  the number of AA pairs
Biag:  branching fraction of A - prt
Bsig:  branching fraction of A - pl™ v,

Nigg: STyield R

Nsig: DT yield
=— | Obtained in the analysis

€tag: ST efficiency

23



J7/ Number of observed A in single tag analysis

L]

_M

(e
o

S
o

e
n

o o
W e

<
b

Events/( 0.6 MeV/c?)

<
p—d

—

| | | | | | | L L |
1.06 1.08 1.1 1.12 1.14 1.16

M 5(GeV/e?)

v’ Signal:

MC-simulated shape @ a double-Gaussian
v Background:

3rd order Chebyshev function

tag __ 2 D_
MBC - \/Ebeam o |PA|2

Use the minimun |AE] to select the best ST A candidates,
where

AE = E/_\ — Ebeam

The total ST A yield:

Ngr = 14,609,800 + 7,117 (stat)

Reconstructed via A - prrt

24



47/ Number of observed A — pu v, signals in double tag

analysis from 10 billion J /Y

20 :_I T T | T T T _:
- ¢+ Data 3
18:_ — Total fit =
—~ 16 —— A-puv ]
> 16: ----- A—>pr " 3
L 14 A—peV, —
2 12 C e Other backgrounds /\ .
o0 - ]
< 10F | \ =
2] C 7
= 8 / l —
° b / R E
T 4 Fo\ L 5
41— y' : 9 —]
LU Ll N
- L - NLLL}LW'%-' il i '-1-4.?.1- L I"T-':J" [Bevee SRl bl L1 99 0 w0

—8.08 -0.06 -0.04 -0.02 0 0.02 0.04

m1ss(GeV)

e The total DT yield:

BESIII: Phys. Rev. Lett. 127. 121802 (2021)

Umiss = Limiss — Clpmissl

Emiss = Epeam — Ep - Eu_

Ppiss = |PA_Pp _Pu‘l
P

PA — Ebeam — My
|PA|

Signal: MC-simulated shape @ a Gaussian
Background 1: MC-simulated shape

from J/¢Y - AA, A - prn~,A - pn’t
Background 2 (dashed): MC-simulated shape
from J /1 — AA, A - pe v, A > pnt +c.c.

Other background (dashed): 15t order polynomial

25



417 First absolute BF measurement of A - pu~v,

FBC(1964) 1.50+1.20 -
RVUE(1964) 1.30+0.70 —_
HBC(1971) 2.40+0.80 -
HBC(1972) 1.40+0.50 1
PDG2021 1.57+£0.35 _

. .T|hi.S\.N(.)r.k| . .1'.46.34_?0.'2.3. N

-3 -2 -1 0 1 2 3
B(A - pu,) x 1074
[1] Phys. Rev. D 78, 094005 (2008)

Open a new area of studying hyperon semi-leptonic
decays in electron-positron collisions!

BESIIl: Phys. Rev. Lett. 127. 121802 (2021)

Prediction of

Th
oy B(A - pu‘VM) X 10—4

SU(3) symmetry without symmetry

. 1.40 £ 0.02
breaking

The factorization of the contribution of

valence quarks and chiral effects

1.50!1]

B(A - pu™v,) = [1.48 £ 0.21(stat) + 0.08(syst)] X 10~*

v The first absolute BF measurement.

v" The most precise result to date.

27



J// The lepton-universality Testin A — pl v,

Prediction from SM PRL 114, 161802(2015)

pe _
Rom =

Experimental measurement

RHe =

B(A - pu~v,)
B(A - pe~v,)

= 0.153 + 0.008
Consistent
with LFU

B(A—-puv,) (148+£0.23)x107*

BESIIl: Phys. Rev. Lett. 127. 121802 (2021)

From this work

= =0.178 + 0.028
B(A - pev,) (832+0.14)%x 104 ~
From PDG 2021

BA%pu“Vu - Bﬁ—nﬂﬁvu

Acp

Acp = 0.02 + 0.14(stat) + 0.02(syst)

Consistent
with CP symmetry

v’ The R*¢ result agrees with the SM
suppoorting NO LFUV.

v" No evidence of CP violation.

28



477 Discussion and Prospect

B(A ~ pus BC

VM)BESIH
RHe = =0.178 + 0.028

a Rf,, = 0.153 + 0.008
B(A = pe~Ve)ppe

BESII, PRL 127, 121802 (2021) PRL 114, 161802 (2015)

S R

______________________________________

Half uncertainty |
. Assuming the central values are same and the systematical ! e R B

uncertainty is comparable to the statistical one.

-\-\\ /I/-- D——I/—‘\Q -\:\\ //:/-
N =) N7
[\
bl il
B(A - p,u‘VM)STCF . Lo ue __
RH¢ =0.178+ 0.0036 4. 60 deviation Rgy = 0.153 £ 0.004

B B(A - pe~Ve)srcr

Inputs from theorists
are needed !!!
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J// First direct absolute BF measurement of Z+* — Ae*v,

» About second-class currents, previous nuclear  decay experiments gave contradictory conclusions.
v’ Refs. [1-4] are in favor of the existence of the second-class currents
v Refs. [5-8] reported the absence of second-class currents.
» In hyperon S decay, flavor-SU(3)-symmetry-breaking effects [9-10] or second-class currents [11] can cause a nonzero

form factor g,, and some of the polarized A experiments suggest a large g, [12].

Gy o
M = Eub (O{f + Oﬁf‘) ugit,y” (1 + ys)v,,
where ,
. >(q%) f3(g?)
OV — 2 o f B
« = [1(@)y* + M, oupq” + M, G

) 22(q%) 23(g?)
d 04 = 2y« 8q"° o ) s
an o (81(61 Ye + M, oupq” + M, qo | V5
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J// First direct absolute BF measurement of Z+* — Ae*v,

» In order to confirm the existence of second-class currents, a unique observable (R) was first proposed by S. Weinberg

[13] in 1958.
['Z™ - Ae7v,) B B(Z™ = AeTV,) * Tg+

R —
['Zt - Aetv,) BET - Aetv,) - Tx-

» If there is no second-class currents, R value should be just the phase-space ratio for these two decays , no matter flavor-
SU(3)-symmetry-breaking effects exist or not, so any experimental deviation from this deduction would be decisive
evidence for the existence of second-class currents.

PHVYSICAL REVIEW VOLUME 112, NUMBER 4 ' NOVEMBER 15, 1958

Charge Symmetry of Weak Interactions™

STEVEN WEINBERG
Columbia University, New York, New York

(Received June 25, 1958)

[13] Phys. Rev. 112, 1375 (1958).
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J// First direct absolute BF measurement of Z+* — Ae*v,

» T.D. Lee and C. N. Yang [ 14] calculate R on the basis of no second-class currents.

R =1.57

PHYSICAL REVIEW VOLUME 119, NUMBER 4 AUGUST 15, 1960

Implications of the Intermediate Boson Basis of the Weak Interactions:
Existence of a Quartet of Intermediate Bosons and Their
Dual Isotopic Spin Transformation Properties

T. D. Lee
Columbia Unaiversity, New York, New York

AND

C. N. Yanc
Institute for Advanced Study, Princeton, New Jersey

(Received April 11, 1960)

[14] Phys. Rev. 119, 1410 (1960).
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J// First direct absolute BF measurement of Z+* — Ae*v,

R = B = Ae” Vo) - Tyt BNL (1967) 6 events 20:08  —————
Bt — Aetv,) « Tx-
CERN (1969) 10 events 2.9+1.0 e e
PDG2022:
BNL (1969) 5 events 1.6+0.7 ——
0(tg+) ~0.003 o(B(E~ - Ae™7,)) ~ 0.047
PDG (2022) 2.0+0.5 B
o(15-) ~ 0.007 o(BE* - Aetv,)) ~ 0.250
e b by b by e e |
-8 -6 -4 -2 0 2 4

BE* — A e* v,)(x107)
» The X - Aetv, was studied at the fixed-target experiments with the bubble chamber pictures, Br(Z* —
Ae*v, ) was measured with indirect method
» All the experimentally determined R values are consistent with theoretical calculation, i.e. 1.57, within

uncertainty.
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2/ First direct absolute BF measurement of X7 - Ae*v,

Previous experiment BESIII

Fixed-target e*e collider
bubble chamber pictures spectrometer system
Indirect measurement Direct measurement

O A direct measurement of the absolute B(X* — Ae*v,) is crucial to
provide a more credible input.
O An independent measurement at a modern collider experiment is

essential for higher precision and cross checking.
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477 Double Tag method

Ntag = 2Ny+5- Btag €tag

Y
\no

Nsig/etag,sig < 1

\\ Nsig = 2NZ”E‘Btangingiungtag,sig e Niag/€tag BSSil?gb
- Ny+s-: the number of 2*X ™ pairs
Tag / \ D Biag:  branching fraction of tag channel
Iy e Bsig:  branching fraction of signal channel
Bgi“gb branching faction of sub-decay
o4 Niag:  STyield ]
’ AN et Ngig: DT yield

€tag: ST efficiency

— | Obtained in the analysis

—
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J7/ Number of observed X~ in single tag analysis

Use the minimun |AE| to select the best ST candidates, where

AE = Ebeam — EST

The ST signal yield is estimated in the mass region M]gacg

mg—| < 0.049 GeV/c? which is corresponding to approximate

+3c of the My distritbution.

The total ST yield:

Ngp = 4,693,360 + 4,339(stat)

BESIIl: Phys. Rev. D 107. 072010 (2023)

tag 2 __ 2 D 2
MBC = \/Ebeam - |PSTC|

]

=

(e
>

e
) .
|IIII|IIII|IIII|IIII|

0.1

Events / (0.6 MeV/c?)

L L ! ! 1 1 | 1 1 1 | 1 1 i L
2 1.14 1.16 1.18 1.2 1.22 1.24

[u—
o LN URBB

M5 (GeV/c?)
Signal:
MC-simulated shape @ a Gaussian resolution function
Background:

31 order Chebyshev function
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27/ Number of observed ™ — Ae™ v, signals in double tag

analysis Trom 10 billion J /Y

2 4 _ 2 A2 2
T ] Mhiss€" = Emiss — Pmiss €
8= ¢ Data =
< 75 — Total fit . . . . .
o~ - —— Signal — . — _ _ +
> b e Background fit 3 mISSs beam A e
§ g [ Background MC g
v 5:_ = I e — —
S 4 E Pmiss = |Pg+ — PA — Pe+|
a  AF :
= 35 =
5 oF = f))_
M TE . 2 X 2 2 .4
= 3 Pzt = — |—>_ |\/Ebeam — My+C
: ClPz-

ol

dleeol- = LT
-0.002 0 0.002 0.004 0.

M. (GeV7/c*)

20.006 -0.004 06

, _ _ * The total DT yield:
v" Signal: MC shape @ a Gaussian resolution function

v Background: A flat shape Npr = 15.7 &+ 4.0(stat)

BESIIl: Phys. Rev. D 107. 072010 (2023)
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477 First Direct Measurement of the Absolute Branching

Fraction of X7 — Ae v,

v" The absolute branching fraction of Z* — Aetv, is

measured at a collider experiment for the first time: BNL (1967) 6 events 2.0+0.8 —_—

CERN (1969) 10 events 2.9+1.0 - p—

Bt - Aetv,) = [2.93 + 0.74(stat) + 0.13(syst)] x 107°

BNL (1969) 5 events 1.6+£0.7 ——
This work 15.7+4.0 events 2.93+0.74+0.13 —
which is the first direct measurement of the
Average 2.27+0.40 ——
X+ semileptonic decay rate and also the most precise result T
-8 6 4 -2 0 2 4

obtained in a single experiment. . . 5
BE - A e v,)(10°)

The “Average” denotes the updated weighted

This results 1s consistent with all the previous measurements . .
average value including our measurement.

within uncertainty.

BESIIl: Phys. Rev. D 107. 072010 (2023)
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277 SM test with R value

v' Combining our result with the Ty and B(X~ = Ae~V,) from PDG, the R is determine to be:

F(E™ = Ae"Ve) BE™ = NAe V) Ty+

= = = 1.06 + 0.

R [ZET - Aetv,) BET = Aetv,) « Tx- 1.06£0.28
SR
BNLASGD.  ouns 1551063 ——a— The most precise measurement of R 1n a
CERN (1969) 10 events 1.0710.37 =——r—
oo e ossss single experiment, which is still hard to
Tmerk - IsTreen e T judge the existence of second-class currents
Average 1.37£0.25 E—
Llee-Yang’s pll'ediction (19|60) 1.5|7 | u | that are eXCIUded from the SM.
coo 2 BESIII: Phys. Rev. D 107. 072010 (2023)

The “Average” denotes the updated weighted average value including our measurement.

Expectation for STCF! 39



47/ More BESIII results are coming......

> Study of O~ - E%7 ¥,

» AS = 2 forbidden modes
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477 Prospect
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477 Prospect
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477 Prospect

Y0 DECAY MODES

Mode

I Ay

Ly Ayy
I's Aete

[1]1 Atheoretical value using QED.

Fraction T'; /T')
~ 100 %
<3 %

M (5) x 1073

Scale Factor/
Conf. Level

CL=90%

P(MeV/c)
74

74

74
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477 Prospect
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477 Prospect




477 Prospect

2~ DECAY MODES

Scale Factor/
Mode Fraction I"; /T) Conf. Level P(MeV/c)
T nmw™ (99.848 4-0.005 ) % 193
I nw (21 (4.6 +0.6) x10* 193
I's ne v, (1.017 +£0.034) x10~3 230
'y nuv, (4.5 +0.4) x10™* 210
[ Ty Ae v, (5.73 +0.27) x107° 79

Tg ItX <1.2x10"* CL=90%
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477 Prospect

2
N = NJ/¢ . BJ/¢—>1_X7T+E_+C.C. ) BE_—>A€_77e ) BA—>p7r_ " €

N =~ 287 x 20% =~ 57.5

The expected number of events is far below earlier measurements.

gv/g4 FOR X~ — Ae v, INSPIRE Q

For the sign convention, see the **Note on Baryon Decay Parameters' in the neutron Listings. The value is predicted fo be zero by conserved vector current theory. The values
averaged assume CVC-SU(3) weak magnetism term.

VALUE EVTS DOCUMENT ID COMMENT

0.01 +0.10 OUR AVERAGE Error includes scale factor of 1.5. See the ideogram below.

—0.034 £0.080 1 BOURQUIN 1982 SPS hyperon beam

—0.29 £0.29 114 THOMPSON 1980 BNL hyperon beam

—0.17 £0.35 55 TANENBAUM 1975B BNL hyperon beam

+0.45 +0.20 186 2,1 FRANZINI 1972

1 The sign has been changed to agree with our convention.




477 Prospect
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477 Prospect
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477 Prospect

=9 DECAY MODES

Scale Factor/

Mode Fraction T"; /1) Conf. Level P(MeV/c)
I Ar® (99.524 +0.012) % 135
I Ay (1.17 +0.07) x10°3 184
s Aete” (7.6 £0.6) x10~° 184
Ty 30~ (3.33 +0.10) x10~* 117
I's Yte v, (2.52 +0.08) x10* 120
Tg Ttuy, (2.33 +0.35) x10°© 64
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477 Prospect

Confirm the efficiency (0.4M signal MC)

Xi0 > Si N anti-Xi0 ->
V== >igma effi relative effi | anti-Sigma- e effi relative effi total
enu n
ST 26225 13.11% - 27481 13.74% - 13.43%
only recp 24983 12.49% 95.26% 23069 11.53% 83.95% 12.01%
only rec pi0 19398 9.70% 73.97% 20849 10.42% 75.87% 10.06%
only rec o .
Sigma+ 18494 9.25% 70.52% 17558 8.78% 63.89% AUl xpect Signal Num 172
onlyrece 11769 5.88% 44.88% 11885 5.94% 43.25% 5.91%

rec all tracks 6441 3.22% 5877 2.94% KXYl xpect Signal Num 61
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477 Prospect

Try different models

BDT

eve
Ede Edt View Options Tooks

TMVA overtraining check for classifier: BDT

method

TMVA comparison BOT

FE Signat (wst dample) |
HZA

(1/N) dN/dx

T

—Q). 1 —0.0&0.06-0.04—%02 e

IREENEERNRERE RAR

0.02 0.04 0.06 0.08 0.1
eV)

miss'

BDTG method

enve
Ede Edit View Qptions Tools

TMVA overtraining check for classifier: BDTG

TMVA comparison BOTG

3

L

i Signal fost sarhpie) |

"] Background (test sample)

2

(1/N) dN/dx
O LT

@
T

WSS

T s g by

* Background (training sample)

(0.081)

MLP method

TMVA comparison MLP
Eile Edit Yiew Qptions Tools

TMVA overtraining check for classifier: MLP °
TMVA

§
g “i,_,‘ sy 701 0.232)
Z b

b

e

so0F

18F

10F

sf,

ovyes "

WO-tlow (5,8): (0.0, 0.01% / (0.0, 0.01%

BDTG response MLP response
Y '. .
K:E:Y-W-'h‘ Lo e G0 Yoo Qeters Toow
6 T T TTTT TTT 8 T IRRRZRERE IBRRERERE T
2oarpey, et g Forprd)ey, i
s ey S 6 i
C )
= =
< S
o ! s 4
2z 2
§ 2 1 t 5
2 I L
T .
[ L A I i I
gl o || i - i unsl ! sbodl L
—QJ.I—0.0S-0.0()-O.M-0.0Z (0 0.02 0.04 0.06 0.08 0.1 -%.1—0.08-0.06-0.04-0.02 ? %02 0.04 0.06 0.08 0.1
U,,.(GeV) U,.,.(GeV)

Background can be well suppressed.

But the signal efficiency still smaller than 3%.

ene
Ede Et Yiew Qptions Yool

TMVA overtraining check for classifier: MLPBNN °
A

Events/(5.0 MeV)

MLPBNN method

TMVA comparison MLPBNN

o« JMVA,
g “__ihr-lduuu\ﬂ-) i 14" sighal (traihing safple) |
$ "] Background (test sample) + Background (training sample)
sd 538 (0.343)
< »sE
»E
s
wE
=
=
Sp.,
O 02 05 04 08 08 0T 08 08 1
MLPBNN response
ene
e 6 vow Qoo Toon
ST
1 wgre NC

21 (pr)e v,

&

[¥)

i w 1 i
—%.1-0.08-0.06-0.04-0.02 0_0.02 0.04 0.06 0.08 0.
(GeV)

Expected number of signal < 30

WO-flow (8,8): (0.0, 0.0/% / (0.0, 0.01%

Before TMVA training, the expected number of signal ~ 60

Help
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/// Summary

 Hyperons are a laboratory for strong interaction, weak
interaction, baryon structure and symmetry studies. BESIII
provides huge amount quantum-correlated hyperon pairs!

» Time for a precise and robust |V .| determination from hyperons!

» Update form factor measurement from hyperon semi-leptonic decays!

» Renew the branching fractions with absolute Br at a modern collider

experiment!

» Test LFUV ratios for scalar-tensor NP! Thank you !

» Search for rare decays to probe NP!

» More data are definitely required for Hyperon semileptonic weak decay
study , STCFE.
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