
Hyperon semileptonic weak decays at 

BESIII

罗 涛

复旦大学

华北电力大学

2026年2月7日，北京



⚫ Hyperons are the strange siblings of the proton and neutron

➢Half lifes: 𝝉𝒀 ∽ 𝟏𝟎−𝟏𝟎s; 
✓  𝟏𝟎−𝟐 of  for 𝑲+, 𝑲𝑳

➢Rich phenomenology:

✓ Spin→sensitivity to various NP 

structures

✓ SU(3)-relations to nucleon-

structure
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The hyperons



Semileptonic decays: Extraction of Vus 
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In the SM：First-row unitarity relation

𝑉𝑢𝑑
2 + 𝑉𝑢𝑠

2 + 𝑉𝑢𝑏
2 = 1

2.3𝜎 tension

A hint of new physics?

PDG 2024：Independent measurements 

𝑉𝑢𝑑
2 + 𝑉𝑢𝑠

2 + 𝑉𝑢𝑏
2 = 0.9984 ± 0.0007

𝑉𝑢𝑏 : Small（ 𝑉𝑢𝑏
2 ≅ 1.5 × 10−5）→ The effect could be ignored in current precision

𝑉𝑢𝑑 : Most precise; results from different decays are consistent at 𝒪(10−4) → Precise and reliable

𝑉𝑢𝑠 : 𝜎 𝑉𝑢𝑠 = 2.6 × 𝜎 𝑉𝑢𝑑 ；inconsistence between results from different decays

Kaon：2.2𝜎 tension from CKM unitarity

𝑉𝑢𝑠 = 0.2243 ± 0.0008

Tau：3.6𝜎 deviation from CKM unitarity

𝑉𝑢𝑠 = 0.2207 ± 0.0014

Hyperon：consistent with CKM unitarity

𝑉𝑢𝑠 = 0.2250 ± 0.0027

Most precise Second most precise Largest uncertainty

2.2𝝈 tension Dominated by the 𝚲 → 𝐩𝒆−ഥ𝝂𝒆

PRL 92, 251803 (2004)

PDG 2024 HFLAV 2022

Prelude: The Cabibbo-angle anomaly

https://doi.org/10.1103/PhysRevLett.92.251803
https://doi.org/10.1103/PhysRevLett.92.251803
https://doi.org/10.1103/PhysRevLett.92.251803
https://doi.org/10.1103/PhysRevLett.92.251803
https://doi.org/10.1103/PhysRevLett.92.251803
https://doi.org/10.1103/PhysRevLett.92.251803
https://doi.org/10.1103/PhysRevLett.92.251803


Semileptonic decays: Extraction of Vus
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ΓSM =
ℬΛ→p𝑒−ഥ𝜈𝑒
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 =
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➢ Extracting 𝑉𝑢𝑠 , requires ℬΛ→p𝑒−ഥ𝜈𝑒
，𝑓1(0)，𝑔𝑎𝑣 ≡

𝑔1(0)

𝑓1(0)
, 𝑔𝑤 ≡

𝑓2(0)

𝑓1(0)
, and 𝑔𝑎𝑣2 ≡

𝑔2(0)

𝑓1(0)
, 

 𝑓1(0): From LQCD

 ℬΛ→p𝑒−ഥ𝜈𝑒
，𝑔𝑎𝑣, 𝑔𝑤, and 𝑔𝑎𝑣2：From experimental measurement

𝛿 ≡
𝑀Λ − 𝑀𝑝

𝑀Λ

PRD 70, 114036 (2004)
Δ ≡ 𝑀Λ − 𝑀𝑝

Decay width of 𝚲 → 𝐩𝒆−ഥ𝝂𝒆 in the SM

PRL 114, 161802 (2015)

𝑓1 : the vector form factor

𝑔1 : the axial-vector form factor

𝑓2: the weak-magnetism form factor

𝑔2: the weak electric form factor

https://doi.org/10.1103/PhysRevD.70.114036
https://doi.org/10.1103/PhysRevD.70.114036
https://doi.org/10.1103/PhysRevD.70.114036
https://doi.org/10.1103/PhysRevD.70.114036
https://doi.org/10.1103/PhysRevD.70.114036
https://doi.org/10.1103/PhysRevD.70.114036
https://doi.org/10.1103/PhysRevD.70.114036


Semileptonic decays: Current status of 𝓑𝚲→𝐩𝒆− ത𝝂𝒆
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Only relative BF

Only fixed target experiment

Old results (>40 years)

PDG 2024



Semileptonic decays: Current status of 𝒈𝒂𝒗
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All assume 𝑔2 = 0 

Old results (>30 years)

PDG 2024

Only fixed target experiment



Semileptonic decays: Current status of 𝒈𝒘, and 𝒈𝒂𝒗𝟐
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w
Lg

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Cabibbo theory 1.066

Fermilab PRD41(1990)780 0.30±0.15

CERN Z.Phys.C21(1983)1 0.81±1.32

CERN PLB43(1973)237 0.90±0.80

CERN PLB37(1971)535 0.61±0.89

s3.05

𝒈𝒘:

Results are old and scarce

3.05𝜎 deviation

Only fixed target experiment

𝒈𝒂𝒗𝟐:

No experimental measurement



Semileptonic decays: The lepton-universality Test
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𝑅𝜇𝑒 𝛬 → 𝑝𝑙− ҧ𝜈𝑙 𝛴− → 𝑛𝑙− ҧ𝜈𝑙 𝛯0 → 𝛴+𝑙− ҧ𝜈𝑙 𝛯− → 𝛬𝑙− ҧ𝜈𝑙

Experiment 0.189±0.041 0.442±0.039 0.0092±0.0014 0.6±0.5

SM NLO 0.153±0.008 0.444±0.022 0.0084±0.0004 0.275±0.014

PRL 114, 161802(2015)



BEPCII and BESIII
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Reached Ecm=4.95 GeV in Jan. 2021

• 1989-2004  (BEPC): 

       Lpeak=1.0x1031/cm2s 

• 2009-now (BEPCII):   

       Lpeak=1.1x1033/cm2s (2022、2023)



Introduction

10 billion 𝐽/𝜓 and 3 billon 𝜓(2S) 

events collected Large datasets of  hyperon pair Double tag method

Advantage of double tag method:

✓ Absolute BF

✓ Low background

✓ Cancel the systematic uncertainties in tag side 

Hyperon pair production

Large BFs in 𝐽/𝜓 decays

Known initial 4-momentum Information on the neutrino

4-momentum conservation

Polarized-hyperon Quantum correlated 
factories (BESIII&SCTF)

Nature Physics 15, 

631-634(2019)

Hyperon Study at BESIII
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Determination of CKM matrix element and 

axial vector form factors from weak decays of 

quantum-entangled strange baryons

𝑱/𝝍
𝒆−𝒆+

Tag

Signal

𝛬
𝑝 𝑙−

ҧ𝜈𝑙

ҧ𝛬

ҧ𝑝

𝜋+
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First absolute BF measurement of 𝚲 → 𝒑𝒆− ത𝝂𝒆

)2c/GeV(
tag

BCM

1.06 1.08 1.1 1.12 1.14 1.16

)
2
c /

M
eV

E
v
en

ts
/(

 0
.6

 

0

0.1

0.2

0.3

0.4

0.5

0.6

6
10´

ℬ Λ → 𝑝𝑒− ҧ𝜈𝑒 = (8.16 ± 0.22 ± 0.15) × 10−4
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𝑁DT = 1854 ± 49

BESIII: arXiv:2509.09266
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𝑀𝐵𝐶
𝑡𝑎𝑔

= 𝐸𝑏𝑒𝑎𝑚
2 − |𝑃ഥΛ|2 

𝑁𝑆𝑇 = 14, 609, 800 ± 7, 117(𝑠𝑡𝑎𝑡)



Determination of form factors of 𝚲 → 𝒑𝒆− ത𝝂𝒆

BESIII: arXiv:2509.09266
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Observable This work Previous result

𝑔𝑎𝑣
− 0.742−0.057

+0.075 ± 0.009 0.718 ± 0.015 [PDG2024]

𝑔𝑎𝑣
+ −0.706−0.073

+0.069 ± 0.014 -

⟨𝑔𝑎𝑣⟩ 0.729−0.047
+0.048 ± 0.007 -

𝑔𝑤
− 0.93 ± 0.51 ± 0.17 0.15 ± 0.30 [PRD41(1990)780]

𝑔𝑤
+ 0.89 ± 0.49 ± 0.20 -

⟨𝑔𝑤⟩ 0.89 ± 0.35 ± 0.14 -

⟨𝑔𝑎𝑣⟩ 0.706−0.086
+0.089 -

⟨𝑔𝑤⟩ 0.77−0.49
+0.53 -

⟨𝑔𝑎𝑣2⟩ −0.19−0.63
+0.65 -

Assuming

𝑔𝑎𝑣2 = 0

Used approach allows FF extraction with

reasonable uncertainties using limited data

➢ This work: 

    1.8 ∙ 103 events → 𝜎 𝑔𝑎𝑣
= 0.049 

➢ Fermilab [PRD41(1990)780]: 

    37 ∙ 103 events → 𝜎𝑔𝑎𝑣
= 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.



Extraction of |𝑽𝒖𝒔| from 𝚲 → 𝒑𝒆− ത𝝂𝒆

BESIII: arXiv:2509.09266
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0.22 0.23

|us|V

This work, input LQCD FF

0.0042±0.2332

e  p e Cabibbo, 

0.0034±0.2224

Cabibbo, hyperon av.

0.0027±0.2250

 lepton av.

0.0014±0.2207

K meson av.

0.00085±0.22431

2|
ub

-|V2|
ud

1-|VCKM unitarity 

0.00137±0.22799

� � ( � � � )

ℬ
58.0%

ℬ

27.4%

LQCD
11.2%

Others
3.4%

➢ Assume SU(3) is conserved, 𝑓1 = 3/2 [PRL92(2004)251803]

𝑉𝑢𝑠 SU 3 = 0.2190 ± 0.0036BESIII BF ± 0.0087BESIII FF ± 0.0004𝜏Λ
± 0.0005RC

➢ Using LQCD FF prediction [arXiv:2507.09970]

𝑉𝑢𝑠 LQCD = 0.2339 ± 0.0038BESIII BF ± 0.0011LQCD ± 0.0004τΛ
± 0.0006RC

STCF!!!



Impact of LQCD Calculations on |𝑉𝑢𝑠| Measurement Precision LQCD calculation：PRL 135, 231901 (2025)

BESIII measurement, arXiv:2509.09266

Total uncertainty ↓ ~56%

Form factor uncertainty ↓ ~87%

𝐕𝐮𝐬 𝐒𝐔 𝟑 = 𝟎. 𝟐𝟏𝟗𝟎 ± 𝟎. 𝟎𝟎𝟗𝟒

Dominant Uncertainty ：

BESIII form factor: ±0.0087

Before LQCD Publication

𝐕𝐮𝐬 𝐋𝐐𝐂𝐃 = 𝟎. 𝟐𝟑𝟑𝟗 ± 𝟎. 𝟎𝟎𝟒𝟏

Reduced Uncertainty：

LQCD form factor: ±0.0011

After LQCD Publication

LQCD improves the precision of |𝑉𝑢𝑠| by more than twofold, reducing the total uncertainty from 0.0094 to 0.0041

Theoretical inputs are so important!
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Impact of LQCD Calculations on |𝑉𝑢𝑠| Measurement Precision
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First absolute BF measurement of Ξ− → Λ𝑒− ҧ𝜈𝑒

➢ 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. 
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Study of the Semileptonic Decay Ξ− → Λ𝑒− ҧ𝜈𝑒

𝑱/𝝍
𝒆−𝒆+

Tag

Signal

Ξ−

Λ 𝑒−

ҧ𝜈𝑒

തΞ+

ഥΛ

𝜋+

ҧ𝑝

𝜋+

𝑝

𝜋−

BESIII: arXiv:2512.15273

𝑀𝑟𝑒𝑐 ≡ 𝐸𝐶𝑀 − 𝐸ഥΛ𝜋+
2 − |𝑃ഥΛ𝜋+|2 

Single tag തΞ+ Single tag Ξ−

𝑁𝑆𝑇 = 2, 069, 000 ± 2,000(𝑠𝑡𝑎𝑡) 𝑁𝑆𝑇 = 2, 157, 000 ± 2,000(𝑠𝑡𝑎𝑡)
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First absolute BF measurement of Ξ− → Λ𝑒− ҧ𝜈𝑒

BESIII: arXiv:2512.15273
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Determination of form factors of Ξ− → Λ𝑒− ҧ𝜈𝑒

BESIII: arXiv:2512.15273
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Summary of the Results for Ξ− → Λ𝑒− ҧ𝜈𝑒

BESIII: arXiv:2512.15273

➢ The axial-vector to vector coupling: 

𝑔𝑎𝑣 = 0.18 ± 0.07𝑠𝑡𝑎𝑡. ± 0.02𝑠𝑦𝑠𝑡.

A comparable precision achieved with 1/20

data size

➢ Taking 𝑓1 = 3/2 , the axial charge of 

the Ξ−:

𝑔𝐴
𝐻 = 𝑔𝑎𝑣 × 𝑓1

= 0.22 ± 0.08𝑠𝑡𝑎𝑡. ± 0.02𝑠𝑦𝑠𝑡.

Updated for the first time in over 40 years

➢ The absolute BF is lower than the PDG 

value by 3.9σ

➢ 𝑔𝑎𝑣 is consistent with the previous 

result and in good agreement with 

prediction of chiral perturbation theory



➢ Before our measurement, the experimental information comes only from fixed-target experiments[1-4] 

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.

[1] Phys. Lett. 11, 357 (1964)

[2] Stern, Phys. Rev. 135, B1483 (1964)

[3] Phys. Rev. Lett. 27, 59 (1971) 

[4] Zeitschrift fu¨r Physik A Hadrons and nuclei 252,362 (1972)
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First absolute BF measurement of 𝜦 → 𝒑𝝁− ത𝝂𝝁



𝑱/𝝍
𝒆−𝒆+

Tag

Signal

𝛬
𝑝 𝑙−

ҧ𝜈𝑙

ҧ𝛬

ҧ𝑝

𝜋+

𝑁𝑡𝑎𝑔 = 2𝑁ΛഥΛℬ𝑡𝑎𝑔𝜖𝑡𝑎𝑔

𝑁𝑠𝑖𝑔 = 2𝑁ΛഥΛℬ𝑡𝑎𝑔ℬ𝑠𝑖𝑔𝜖𝑡𝑎𝑔,𝑠𝑖𝑔

ℬ𝑠𝑖𝑔 =
𝑁𝑠𝑖𝑔/𝜖𝑡𝑎𝑔,𝑠𝑖𝑔

𝑁𝑡𝑎𝑔/𝜖𝑡𝑎𝑔

𝑁ΛഥΛ:       the number of ΛഥΛ pairs

ℬ𝑡𝑎𝑔:      branching fraction of ഥΛ → ҧ𝑝𝜋+

ℬ𝑠𝑖𝑔:       branching fraction of Λ → 𝑝𝑙− ҧ𝜈𝑙

𝑁𝑡𝑎𝑔:      ST yield

𝑁𝑠𝑖𝑔:       DT yield

𝜖𝑡𝑎𝑔:       ST efficiency

𝜖𝑡𝑎𝑔,𝑠𝑖𝑔:  DT efficiency

Obtained in the analysis 

The charge-conjugated channel is also implied.

• Advantage:

✓ Absolute BF

✓ Low background

✓ Cancel the systematic 

uncertainties in tag side 
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Double Tag method
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𝑀𝐵𝐶
𝑡𝑎𝑔

= 𝐸𝑏𝑒𝑎𝑚
2 − |𝑃ഥΛ|2 

• Use the minimun ∆𝐸  to select the best ST ഥΛ candidates, 

where

• The total ST ഥΛ yield:

           𝑁𝑆𝑇 = 14, 609, 800 ± 7, 117(𝑠𝑡𝑎𝑡)

𝛥𝐸 ≡ 𝐸ഥΛ − 𝐸𝑏𝑒𝑎𝑚

✓ Signal: 

MC-simulated shape ⊗ a double-Gaussian 

✓ Background:

3rd order Chebyshev function

Reconstructed via ഥΛ → ҧ𝑝𝜋+

Number of observed ഥ𝚲 in single tag analysis

24



Number of observed 𝜦 → 𝒑𝝁− ത𝝂𝝁 signals in double tag 

analysis from 10 billion 𝑱/𝝍
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𝑈𝑚𝑖𝑠𝑠 ≡ 𝐸𝑚𝑖𝑠𝑠 − 𝑐|𝑃𝑚𝑖𝑠𝑠|

𝑃𝑚𝑖𝑠𝑠 = |𝑃Λ − 𝑃𝑝 − 𝑃𝜇−|

𝐸𝑚𝑖𝑠𝑠 = 𝐸𝑏𝑒𝑎𝑚 − 𝐸𝑝 − 𝐸𝜇−

𝑃Λ = −
𝑃ഥΛ

|𝑃ഥΛ|
𝐸𝑏𝑒𝑎𝑚

2 − 𝑚Λ
2

• The total DT yield:

           𝑁𝐷𝑇 = 64.12 ± 9.13(𝑠𝑡𝑎𝑡)
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Other backgrounds

✓ Signal: MC-simulated shape ⊗ a Gaussian 

✓ Background 1: MC-simulated shape 

from Τ𝐽 𝜓 → ΛഥΛ, Λ → p𝜋−, ഥΛ → തpπ+

✓ Background 2 (dashed): MC-simulated shape 

from Τ𝐽 𝜓 → ΛഥΛ, Λ → p𝑒− ҧ𝜈𝑒 , ഥΛ → തpπ+ +c.c.

✓ Other background (dashed): 1st order polynomial

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



✓ The first absolute BF measurement.

✓ The most precise result to date.

ℬ Λ → 𝑝𝜇− ҧ𝜈𝜇 = [1.48 ± 0.21 𝑠𝑡𝑎𝑡 ± 0.08(𝑠𝑦𝑠𝑡)] × 10−4

Theory
Prediction of 

ℬ Λ → 𝑝𝜇− ҧ𝜈𝜇 × 10−4

SU(3) symmetry without symmetry

breaking
1.40 ± 0.02

The factorization of the contribution of 

valence quarks and chiral effects
1.50[1]

ℬ Λ → 𝑝𝜇− ҧ𝜈𝜇 × 10−4)
-410´(mn 

-
m p ® L: BF

-3 -2 -1 0 1 2 3

This work
 

0.23±1.48

PDG2021
 

0.35±1.57

HBC(1972)
 

0.50±1.40

HBC(1971)
 

0.80±2.40

RVUE(1964)
 

0.70±1.30

FBC(1964)
 

1.20±1.50

𝛬 → 𝑝𝜇− ҧ𝜈𝜇
Phys. Rev. Lett. 127. 121802 (2021)

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

[1] Phys. Rev. D 78, 094005 (2008)
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Open a new area of studying hyperon semi-leptonic 

decays in electron-positron collisions!

First absolute BF measurement of 𝜦 → 𝒑𝝁− ത𝝂𝝁



Prediction from SM

Experimental measurement

𝑅𝑆𝑀
𝜇𝑒

=
ℬ(𝛬 → 𝑝𝜇− ҧ𝜈𝜇)

ℬ(𝛬 → 𝑝𝑒− ҧ𝜈𝑒)
= 0.153 ± 0.008

𝑅𝜇𝑒 =
ℬ(𝛬 → 𝑝𝜇− ҧ𝜈𝜇)

ℬ(𝛬 → 𝑝𝑒− ҧ𝜈𝑒)
=

(1.48 ± 0.23) × 10−4

(8.32 ± 0.14) × 10−4
= 0.178 ± 0.028

From this work

From PDG 2021

𝒜𝐶𝑃 = 0.02 ± 0.14 𝑠𝑡𝑎𝑡 ± 0.02(𝑠𝑦𝑠𝑡)

✓ The 𝑅𝜇𝑒  result agrees with the SM 

suppoorting NO LFUV.

✓ No evidence of CP violation.

𝒜𝐶𝑃 ≡
ℬ𝛬→𝑝𝜇−ഥ𝜈𝜇

− ℬഥ𝛬→ ҧ𝑝𝜇+𝜈𝜇

ℬ𝛬→𝑝𝜇−ഥ𝜈𝜇
+ ℬഥ𝛬→ ҧ𝑝𝜇+𝜈𝜇

𝛬 → 𝑝𝜇− ҧ𝜈𝜇
Phys. Rev. Lett. 127. 121802 (2021)

BESIII: Phys. Rev. Lett. 127. 121802 (2021)PRL 114, 161802(2015)
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The lepton-universality Test in 𝜦 → 𝒑𝒍− ത𝝂𝒍

Consistent

with LFU

Consistent

with CP symmetry



Test lepton flavor universality

𝑅𝑆𝑀
𝜇𝑒

= 𝟎. 𝟏𝟓𝟑 ± 𝟎. 𝟎𝟎𝟖

BESIII, PRL 127, 121802 (2021)

100 × statistics at STCF

Half uncertainty

𝑅𝑆𝑀
𝜇𝑒

= 𝟎. 𝟏𝟓𝟑 ± 𝟎. 𝟎𝟎𝟒𝟒. 𝟔𝝈 deviation

PRL 114, 161802 (2015)

consistent

Inputs from theorists 

are needed !!!

𝑅𝜇𝑒 =
ℬ 𝛬 → 𝑝𝜇− ҧ𝜈𝜇 𝐵𝐸𝑆𝐼𝐼𝐼

ℬ(𝛬 → 𝑝𝑒− ҧ𝜈𝑒)𝑃𝐷𝐺
= 𝟎. 𝟏𝟕𝟖 ± 𝟎. 𝟎𝟐𝟖

𝑅𝜇𝑒 =
ℬ 𝛬 → 𝑝𝜇− ҧ𝜈𝜇 𝑆𝑇𝐶𝐹

ℬ(𝛬 → 𝑝𝑒− ҧ𝜈𝑒)𝑆𝑇𝐶𝐹
= 𝟎. 𝟏𝟕𝟖 ± 𝟎. 𝟎𝟎𝟑𝟔

Assuming the central values are same and the systematical

uncertainty is comparable to the statistical one.

Discussion and Prospect
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➢ About second-class currents, previous nuclear 𝛽 decay experiments gave contradictory conclusions.

✓ Refs. [1-4] are in favor of the existence of the second-class currents 

✓ Refs. [5-8] reported the absence of second-class currents.

➢  In hyperon 𝛽 decay, flavor-SU(3)-symmetry-breaking effects [9-10] or second-class currents [11] can cause a nonzero

form factor 𝑔2, and some of the polarized Λ experiments suggest a large 𝑔2 [12].

[1] Phys. Rev. Lett. 35, 1566 (1975). 

[2] Phys. Rev. Lett. 34, 1533 (1975). 

[3] Phys. Rev. C 59, 1113 (1999). 

[4] Phys. Rev. C 95, 035501 (2017). 

[5] Phys. Rev. Lett. 26, 1127 (1971). 

[6] Phys. Rev. Lett. 32, 314 (1974). 

[7] Eur. Phys. J. A 7, 307 (2000). 

[8] Phys. Rev. C 84, 055501 (2011).

[9] Phys. Rev. D 8, 2963 (1973).

[10] Phys. Rev. D 79, 074508 (2009).

[11] Annu. Rev. Nucl. Part. Sci. 53, 39 (2003).

[12] Phys. Rev. D 3, 2638 (1971).

First direct absolute BF measurement of 𝚺+ → 𝚲𝐞+𝝂𝐞



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

[13] in 1958.

➢ 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.

[13] Phys. Rev. 112, 1375 (1958).

𝑅 ≡
Γ Σ− → Λe− ҧ𝜈e

Γ Σ+ → Λe+𝜈e
=

ℬ Σ− → Λe− ҧ𝜈e ∙ 𝜏Σ+

ℬ Σ+ → Λe+𝜈e ∙ 𝜏Σ−
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First direct absolute BF measurement of 𝚺+ → 𝚲𝐞+𝝂𝐞



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

[14] Phys. Rev. 119, 1410 (1960).

𝑅 = 1.57
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First direct absolute BF measurement of 𝚺+ → 𝚲𝐞+𝝂𝐞



➢ The Σ+ → Λe+𝜈e was studied at the fixed-target experiments with the bubble chamber pictures, Br(Σ+ →

Λe+𝜈e ) was measured with indirect method

➢ All the experimentally determined R values are consistent with theoretical calculation, i.e. 1.57, within 

uncertainty. 

𝜎 𝜏Σ+ ∼ 0.003

𝜎 𝜏Σ− ∼ 0.007

𝜎 ℬ Σ− → Λe− ҧ𝜈e ∼ 0.047

𝜎 ℬ Σ+ → Λe+𝜈e ∼ 0.250

𝑅 ≡
ℬ Σ− → Λe− ҧ𝜈e ∙ 𝜏Σ+

ℬ Σ+ → Λe+𝜈e ∙ 𝜏Σ−

PDG2022:

First direct absolute BF measurement of 𝚺+ → 𝚲𝐞+𝝂𝐞
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Previous experiment BESIII

Fixed-target e+e- collider

bubble chamber pictures spectrometer system

Indirect measurement Direct measurement

 A direct measurement of the absolute ℬ Σ+ → Λe+𝜈e  is crucial to 

provide a more credible input. 

 An independent measurement at a modern collider experiment is 

essential for higher precision and cross checking.

First direct absolute BF measurement of 𝚺+ → 𝚲𝐞+𝝂𝐞
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Ntag = 2NΣ+ഥΣ−ℬtagϵtag

Nsig = 2NΣ+ഥΣ−ℬtagℬsigℬsig
subϵtag,sig

NΣ+ഥΣ−:   the number of Σ+ തΣ− pairs

ℬtag:      branching fraction of tag channel 

ℬsig:       branching fraction of signal channel

ℬsig
sub:      branching faction of sub-decay

Ntag:      ST yield

Nsig:       DT yield

ϵtag:       ST efficiency

ϵtag,sig:  DT efficiency

Obtained in the analysis 

𝑱/𝝍
𝒆−𝒆+

Tag

Signal

Σ+

𝑒+

𝜈𝑒

തΣ−

𝜋0

ҧ𝑝

𝛾

𝛾

𝛬

𝑝

𝜋−

ℬsig =
Nsig/ϵtag,sig

Ntag/ϵtag
×

1

ℬsig
sub

Double Tag method
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6
10´

✓ Signal: 

MC-simulated shape ⊗ a Gaussian resolution function 

✓ Background:

3rd order Chebyshev function

MBC
tag

𝑐2 = Ebeam
2 − |PST𝑐|2 • Use the minimun ∆𝐸  to select the best ST candidates, where

• The ST signal yield is estimated in the mass region ห

ห

MBC
tag

−

mഥΣ− < 0.049 GeV/𝑐2 which is corresponding to approximate

±3 of the MBC
tag

distritbution.

• The total ST yield:

           NST = 4, 693, 360 ± 4, 339(stat)

ΔE ≡ Ebeam − EST

BESIII: Phys. Rev. D 107. 072010 (2023)
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Number of observed തΣ− in single tag analysis



)4c/2GeV (2
missM

-0.006 -0.004 -0.002 0 0.002 0.004 0.006

)
4
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2
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v
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 /

 (
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Data

Total fit

Signal

Background fit

Background MC

• The total DT yield:

           NDT = 15.7 ± 4.0(stat)

✓ Signal: MC shape ⊗ a Gaussian resolution function 

✓ Background: A flat shape

Mmiss
2 𝑐4 = Emiss

2 − pmiss
2  𝑐2

Emiss = Ebeam − EΛ − Ee+

pmiss = pΣ+ − pΛ − pe+

pΣ+ = −
pഥΣ−

𝑐 pഥΣ−
Ebeam

2 − mΣ+
2 𝑐4

BESIII: Phys. Rev. D 107. 072010 (2023)
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Number of observed 𝚺+ → 𝚲𝐞+𝝂𝐞 signals in double tag 

analysis from 10 billion 𝑱/𝝍



)-510´)(en 
+ eL ® +S(B

-8 -6 -4 -2 0 2 4

Average 0.40±2.27

This work 4.0 events±15.7 0.13±0.74±2.93

BNL (1969) 5 events 0.7±1.6

CERN (1969) 10 events 1.0±2.9

BNL (1967) 6 events 0.8±2.0

✓ The absolute branching fraction of Σ+ → Λe+νe is

measured at a collider experiment for the first time:

which is the first direct measurement of the

Σ+ semileptonic decay rate and also the most precise result

obtained in a single experiment. 

ℬ Σ+ → Λe+νe = [2.93 ± 0.74 stat ± 0.13(syst)] × 10−5

This results is consistent with all the previous measurements

within uncertainty.

The “Average” denotes the updated weighted 

average value including our measurement.

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

Fraction of 𝚺+ → 𝚲𝐞+𝝂𝐞



R

-3 -2 -1 0 1 2

Lee-Yang’s prediction (1960) 1.57

Average 0.25±1.37

This work 4.0 events±15.7 0.28±1.06

BNL (1969) 5 events 0.86±1.94

CERN (1969) 10 events 0.37±1.07

BNL (1967) 6 events 0.63±1.55

✓ Combining our result with the 𝜏Σ± and ℬ(𝛴− → 𝛬𝑒− ҧ𝜈𝑒) from PDG, the R is determine to be:

𝑅 ≡
Γ(Σ− → Λe− ҧ𝜈e)

Γ(Σ+ → Λe+𝜈e)
=

ℬ(Σ− → Λe− ҧ𝜈e) ∙ 𝜏Σ+

ℬ(Σ+ → Λe+𝜈e) ∙ 𝜏Σ−
= 1.06 ± 0.28

The most precise measurement of R in a 

single experiment, which is still hard to 

judge the existence of second-class currents

that are excluded from the SM.

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

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

Expectation for STCF!



➢ Study of Ω− → Ξ0𝑙− ҧ𝜈𝑙

➢ S = 2 forbidden modes

➢ ……

More BESIII results are coming……
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Prospect
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Prospect

Σ0
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Prospect
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Prospect

44



Prospect

Σ−
45



Prospect
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The expected number of events is far below earlier measurements.

Prospect



Prospect
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Prospect

49

Ξ0



Prospect
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Prospect
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Prospect
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• 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 |Vus| 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!

➢ Search for rare decays to probe NP!

➢More data are definitely required for Hyperon semileptonic weak decay

study , STCF.

Summary

Thank you!
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