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Why semileptonic hyperon decays?

Introduction
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Introduction

Physics of semileptonic hyperon decay

1. Test the SM prediction of the branching fraction

2. Test lepton flavor universality

3. Search for new CPV

4. Measure the form factors

5. Measure the CKM matrix element

6. Others 
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Introduction

It has been about 60 years since Cabibbo proposed a model[1]  for weak hadronic currents based on SU(3) symmetry. This

model is now embedded in the standard model of quarks and leptons and their interactions and led to detailed predictions

for the semileptonic decays of the baryon octet, in particular for the semileptonic decays of hyperons[2].

[1] Phys. Rev. Lett. 10, 531 (1963) [2] Phys. Rev. D 100, 076008 (2019)
A0
31; A

0
32e
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A0
21; Ā
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iδĀ0
22 for the d → ue−ν̄etransition; ð13Þ

where A0
ni contains f1ð0Þ but without the q2 depend-

ence, and the parametric relations of the helicity
amplitudes by A0

ni are similar to the ones by Ani listed
in the last column of Table I. For example, we take

f1ð0Þ ¼ jA0
31j for the Ξ− → Σ0l−ν̄l decays, f1ð0Þ ¼

jA0
31 þ 2A0

32e
iδA0

32 j for the Ξ− → Λ0l−ν̄l decays, and

f1ð0Þ ¼ j − ð2A0
31 þ A0

32e
iδA0

32 Þj for the Λ0 → pl−ν̄l
decays.

3. Numerical results

The results of the 12 s → ul−ν̄l decay modes are as
follows:
(a) In the S1 case, first, we use the experimental measure-

ments of BðΞ0 → Σþe−ν̄eÞ and BðΣ− → ne−ν̄eÞ to
obtain A31 and A32, second, we use the data of BðΛ0 →
pe−ν̄eÞ to constrain δA32

, which varies in the region
½−180°; 180°&, and then we give the predictions of
relevant branching ratios. We get A31 ¼ 5.87' 0.21,
A32 ¼ 2.57' 0.06, and jδA32

j ≤ 155.90°, and the pre-
dictions are listed in the second column of Table III. One
can see that when the branching ratio predictions satisfy
the data of BðΞ0 → Σþe−ν̄eÞ, BðΣ− → ne−ν̄eÞ, and
BðΛ0 → pe−ν̄eÞ, the predictions of BðΞ− → Λ0e−ν̄eÞ
and BðΞ− → Λ0μ−ν̄μÞ obviously deviate from their
experimental data.

(b) In the S2 case, we consider the q2 dependence of the
form factors and use all relevant experimental data to
constrain the parameters A0

31, A
0
32, and δA0

32
. We get

A0
31 ¼ 1.04' 0.04,A0

32¼0.98'0.03, and jδA0
32
j ≤ 28°,

and the branching ratio predictions are given in the third
column of Table III. We can see that the experimental
data of BðΞ− → Λ0e−ν̄e;Ξ0 → Σþe−ν̄e;Λ0 → pe−ν̄e;
Σ− → ne−ν̄e;Σ− → nμ−ν̄μÞ give the finally effective
constraints on the relevant parameters, and the SU(3)
IRA predictions in the S2 case are quite consistent
with the present data within 1σ error. We predict that
BðΞ− → Σ0μ−ν̄μÞ is on the 10−6 order of magnitude,
which is promised to be observed by the BESIII and
LHCb experiments.
The results of the six d → ue−ν̄e decay modes are as

follows:
(c) Three branching ratios, BðΣ− → Λ0e−ν̄eÞ, BðΣþ →

Λ0eþνeÞ, and Bðn → pe−ν̄eÞ, are precisely measured
which can be used to constrain on Að0Þ

21 and Āð0Þ
22 but

not on the relative phase δ
Āð0Þ
22

, so we have quite large

errors in the predictions of BðΣ− → Σ0e−ν̄e;Σ0 →
Σþe−ν̄e;Ξ− → Ξ0e−ν̄eÞ. We obtain A21 ¼
4.61' 0.01 and Ā22 ¼ 5.85' 0.16 in the S1 case
as well as A0

21 ¼ 4.50' 0.02 and Ā0
22 ¼ 0.36' 0.36

in the S2 case. The predictions for BðΣ− → Σ0e−ν̄e;
Σ0 → Σþe−ν̄e;Ξ− → Ξ0e−ν̄eÞ in the S2 case are ob-
viously different than that in the S1 case. We predict
that BðΣ− → Σ0e−ν̄e;Ξ− → Ξ0e−ν̄eÞ are on the order
of 10−10 in the S2 case, which should be tested in the
future experiments.

TABLE III. The experimental data and the SM predictions with the '1σ error bar of branching ratios of T8A → T8Blνl.

Observables Experimental Data [1] Br − S1 Br − S2 BrL − S2

BðΞ− → Σ0e−ν̄eÞð×10−5Þ 8.7' 1.7 8.12' 0.60 8.27' 0.58 5.23' 0.35
BðΞ− → Λ0e−ν̄eÞð×10−4Þ 5.63' 0.31 1.21' 0.71 5.47' 0.15a 4.94' 0.14
BðΞ0 → Σþe−ν̄eÞð×10−4Þ 2.52' 0.08 2.52' 0.08a 2.52' 0.08a 1.60' 0.06
BðΛ0 → pe−ν̄eÞð×10−4Þ 8.32' 0.14 8.32' 0.14a 8.32' 0.14a 6.05' 0.13
BðΣ0 → pe−ν̄eÞð×10−13Þ ( ( ( 2.41' 0.32 2.46' 0.32 2.01' 0.26
BðΣ− → ne−ν̄eÞð×10−3Þ 1.017' 0.034 1.017' 0.034a 1.013' 0.030a 0.851' 0.034

BðΞ− → Σ0μ−ν̄μÞð×10−6Þ ≤ 800 1.08' 0.09 1.13' 0.08 0.57' 0.04
BðΞ− → Λ0μ−ν̄μÞð×10−4Þ 3.5þ3.5

−2.2 0.33' 0.19 1.58' 0.04 1.41' 0.04
BðΞ0 → Σþμ−ν̄μÞð×10−6Þ 2.33' 0.35 2.14' 0.14 2.18' 0.1 1.09' 0.08
BðΛ0 → pμ−ν̄μÞð×10−4Þ 1.57' 0.35 1.35' 0.02 1.40' 0.02 0.94' 0.02
BðΣ0 → pμ−ν̄μÞð×10−13Þ ( ( ( 1.05' 0.14 1.13' 0.15 0.92' 0.12
BðΣ− → nμ−ν̄μÞð×10−4Þ 4.5' 0.4 4.53' 0.15 4.76' 0.14a 3.99' 0.17

BðΣ− → Σ0e−ν̄eÞð×10−10Þ ( ( ( 4.36' 4.01b 1.35' 0.28b 1.11' 0.23b

BðΣ− → Λ0e−ν̄eÞð×10−5Þ 5.73' 0.27 5.73' 0.27a 5.73' 0.27a 3.18' 0.15
BðΣ0 → Σþe−ν̄eÞð×10−20Þ ( ( ( 3.41' 3.20b 0.97' 0.35b 0.80' 0.28b

BðΣþ → Λ0eþνeÞð×10−5Þ 2.0' 0.5 1.88' 0.11 1.86' 0.11 1.04' 0.06
BðΞ− → Ξ0e−ν̄eÞð×10−9Þ ≤ 2.3 × 106 2.57' 2.53b 0.42' 0.24b 0.37' 0.21b

Bðn → pe−ν̄eÞ 100% 100%a 100%a ð58.38' 0.03Þ%
aExperimental data giving the final effective constraints on the parameters.
bPredictions depending on the relative phase, which is not constrained well with the present data.

TESTING SU(3) FLAVOR SYMMETRY IN SEMILEPTONIC AND … PHYS. REV. D 100, 076008 (2019)

076008-5

1. Test the SM prediction of the branching fraction
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𝑅(𝐷(∗)) =
ℬ( -𝐵 → 𝐷(∗)𝜏$𝜈̅%)
ℬ( -𝐵 → 𝐷(∗)𝑙$𝜈̅&)

[3] arXiv:1909.12524

𝐺'

𝐺(

𝐺%

𝐺) = 𝐺'=𝐺(=𝐺%

2. Test lepton flavor universality
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Comparisons between the predictions of 𝑅(' in the SM at next-to-leading order

and experimental measurements for different semileptonic hyperon decay[4].

𝑅(' =
ℬ(𝐵 → 𝑏𝜇$𝜈̅()
ℬ(𝐵 → 𝑏𝑒$𝜈̅')

The semileptonic hyperon decay can be denoted as:  𝐵 → 𝑏𝑙$𝜈̅&

Then,

𝑅(' 𝛬 → 𝑝𝑙$𝜈̅& 𝛴$ → 𝑛𝑙$𝜈̅& 𝛯* → 𝛴+𝑙$𝜈̅& 𝛯$ → 𝛬𝑙$𝜈̅&
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

[4] Phys. Rev. Lett. 114, 161802 (2015)

2. Test lepton flavor universality
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ü In 1964, CPV was observed in K meson decay[5] → Nobel prize in Physics 1980

ü In 2001, CPV was observed in B meson decay[6,7] → Nobel prize in Physics 2008

ü In 2019, CPV was observed in D meson decay[8]

p More CPV is needed to explain the observed matter-antimatter asymmetry in the Universe.

p CPV has not yet been observed in the decays of any baryon.

p Recently, the BESIII collaboration reported the most precise direct test of CPV in hyperon nonleptonic decays[9-11]. In 

comparison, no search for CPV in semileptonic hyperon decays has yet been reported.

[5] Phys. Rev. Lett. 13, 138 (1964) [8] Phys. Rev. Lett. 122, 211803 (2019) [11] arXiv:2105.11155
[6] Phys. Rev. Lett. 87, 091802 (2001) [9] Nat. Phys. 15, 631(2019)
[7] Phys. Rev. Lett. 87, 091801 (2001) [10] Phys. Rev. Lett. 125, 052004 (2020)

3. Search for new CPV
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The transition matrix element for the generic hyperon semileptonic decay process 𝐵 → 𝑏𝑙$𝜈̅&, where 𝐵 and 𝑏

are the initial- and final-state baryons, can be written in the form[12]

4. Measure the form factors

[12]Ann. Rev. Nucl. Part. Sci. 53, 39 (2003)
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Kobayashi & Maskawa[13] generalized Cabibbo universality to three generations of quarks through a 3×3 matrix V is known as 

the Cabibbo-Kobayashi-Maskawa (CKM) matrix. They observed that three generations could accommodate CP violation.

[13] Prog. Theor. Phys. 49, 652 (1973)

From PDG2021, using the independently measured CKM elements, we obtain |𝑉,-|. + |𝑉,/|.+

|𝑉,0|.=0.9985±0.0005 which indicates 3σ tension with unitarity in the 1st row.

Besides, the value of 𝑉,/ dominantly derived from K semileptonic decays. 

5. Measure the CKM matrix element
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Why semileptonic hyperon decays at BESIII?

Introduction
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Table 1: Hyperon pair production via J/ resonance at BESIII

Decay mode B(⇥10
�3

) NBB̄(⇥10
6
)

J/ ! ⇤⇤̄ 1.89± 0.09 19.06± 0.91
J/ ! ⌃

0
⌃̄

0
1.17± 0.03 11.82± 0.32

J/ ! ⌃
+
⌃̄

�
1.50± 0.24 15.13± 2.42

J/ ! ⌃(1385)
�
⌃̄

+
(or c.c.) 0.31± 0.05 3.13± 0.50

J/ ! ⌃(1385)
�
⌃̄(1385)

+
(or c.c.) 1.16± 0.05 11.70± 0.50

J/ ! ⌅
0
⌅̄
0

1.17± 0.04 11.80± 0.40
J/ ! ⌅

�
⌅̄
+

0.97± 0.08 9.78± 0.81
J/ ! ⌅(1530)

0
⌅̄
0

0.32± 0.14 3.23± 1.41
J/ ! ⌅(1530)

�
⌅̄
+

0.32± 0.01 3.21± 0.08

Table 2: Hyperon semi-leptonic decay production base on BESIII data

Decay mode B(⇥10
�4

) N(⇥10
3
) +c.c.

⇤ ! pe�⌫̄e 8.32± 0.14 31.72± 1.60
⇤ ! pµ�⌫̄µ 1.57± 0.35 5.99± 1.36
⌃

+ ! ⇤e+⌫e 0.20± 0.05 0.61± 0.18
⌃

� ! ne�⌫̄e 10.17± 0.34 6.36± 1.05
⌃

� ! nµ�⌫̄µ 4.50± 0.40 2.81± 0.52
⌃

� ! ⇤e�⌫̄e 0.57± 0.03 0.36± 0.06
⌅
0 ! ⌃

+e�⌫̄e 2.52± 0.08 5.95± 0.28
⌅
0 ! ⌃

+µ�⌫̄µ 0.02± 0.004 0.06± 0.01
⌅
� ! ⇤e�⌫̄e 5.63± 0.31 11.02± 1.09

⌅
� ! ⇤µ�⌫̄µ 3.50+3.50

�2.20 6.85+6.87
�4.34

⌅
� ! ⌃

0e�⌫̄e 0.87± 0.17 1.70± 0.36
⌦

� ! ⌅
0e�⌫̄e 56.00± 28.00 0.26± 0.13

1

10 billion 𝐽/𝜓 events collected Large datasets of hyperon pair Double tag method

Advantage of double tag method:
ü Absolute BF
ü Low background
ü 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
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𝛬 → 𝑝𝜇!𝜈̅"
Phys. Rev. Lett. 127. 121802 (2021)
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𝛬 → 𝑝𝜇!𝜈̅"
Phys. Rev. Lett. 127. 121802 (2021)

Background

Ø Before our measurement, the experimental information comes only from fixed-target experiments[14-17]

which were performed about 50 years ago.

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

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

chamber pictures.

[14] Phys. Lett. 11, 357 (1964)
[15] Stern, Phys. Rev. 135, B1483 (1964)
[16] Phys. Rev. Lett. 27, 59 (1971) 
[17] Zeitschrift fu¨r Physik A Hadrons and nuclei 252,362 (1972)
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𝑀12
345 = 𝐸0'46. − |𝑃78|.

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

• The total ST JΛ yield:

𝑁9: = 14, 609, 800 ± 7, 117(𝑠𝑡𝑎𝑡)

𝛥𝐸 ≡ 𝐸78 − 𝐸0'46

Single tag analysis

)2c/GeV(tag
BCM
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)2 c/
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en
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6 
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0.5

0.6

610×

𝛬 → 𝑝𝜇!𝜈̅"
Phys. Rev. Lett. 127. 121802 (2021)
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𝑈!"## ≡ 𝐸!"## − 𝑐|𝑃!"##|

𝑃!"## = |𝑃$ − 𝑃% − 𝑃&!|

𝐸!"## = 𝐸'()! − 𝐸% − 𝐸&!

𝑃$ = −
𝑃*$
|𝑃*$|

𝐸'()!+ −𝑚$
+

• The total DT yield:

𝑁;: = 64.12 ± 9.13(𝑠𝑡𝑎𝑡)

Double tag analysis

)GeV(missU
-0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06

)
M

eV
Ev

en
ts

/( 
2.

8 
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Data
Total fit

µi
-µpAR
-/pAR

ei
-peAR

Other backgrounds

𝛬 → 𝑝𝜇!𝜈̅"
Phys. Rev. Lett. 127. 121802 (2021)
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Results

ü The first absolute BF measurement.

ü The most precise result to date.

ℬ Λ → 𝑝𝜇$𝜈̅( = [1.48 ± 0.21 𝑠𝑡𝑎𝑡 ± 0.08(𝑠𝑦𝑠𝑡)]×10$<

Theory
Prediction of 

ℬ Λ → 𝑝𝜇$𝜈̅( ×10$<

SU(3) symmetry without symmetry
breaking

1.40 ± 0.02[2]

The factorization of the contribution of 
valence quarks and chiral effects 1.50[18]

[18] Phys. Rev. D 78, 094005 (2008)

ℬ Λ → 𝑝𝜇$𝜈̅( ×10$<
)-410×(µi 

-
µ p A R: 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!𝜈̅"
Phys. Rev. Lett. 127. 121802 (2021)
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Prediction from SM[4]

Experimental measurement

𝑅9=
(' =

ℬ(𝛬 → 𝑝𝜇$𝜈̅()
ℬ(𝛬 → 𝑝𝑒$𝜈̅')

= 0.153 ± 0.008

𝑅(' =
ℬ(𝛬 → 𝑝𝜇$𝜈̅()
ℬ(𝛬 → 𝑝𝑒$𝜈̅')

=
(1.48 ± 0.23)×10$<

(8.32 ± 0.14)×10$<
= 0.178 ± 0.028

From this work

From PDG 2021

𝒜2> = 0.02 ± 0.14 𝑠𝑡𝑎𝑡 ± 0.02(𝑠𝑦𝑠𝑡)

ü The 𝑅&( result agrees with the SM 

prediction assuming LFU.

ü No evidence for CP violation is found.

𝒜2> ≡
ℬ?→A(!7B" − ℬ7?→A̅(#B"
ℬ?→A(!7B" + ℬ7?→A̅(#B"

𝛬 → 𝑝𝜇!𝜈̅"
Phys. Rev. Lett. 127. 121802 (2021)
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Ξ! → Ξ#𝑒!𝜈̅$
Phys. Rev. D 104. 072007 (2021)
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Background

[19] Phys. Rev. C 92, 035206 (2015) [20] Phys. Rev. D 10, 3545(1974)

Ξ! → Ξ#𝑒!𝜈̅$
Phys. Rev. D 104. 072007 (2021)

Ø Theoretical calculation shows that the effect of flavor SU(3) symmetry breaking is particularly evident in the

process of Ξ$ → Ξ*𝑒$𝜈̅'.[19]

Ø The decay mode of Ξ$ → Ξ*𝑒$𝜈̅' has not been observed experimentally, but only the upper limit 2.3×10$D at

90% C. L. was set in 1974.[20]
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Single tag analysis

Ξ! → Ξ#𝑒!𝜈̅$
Phys. Rev. D 104. 072007 (2021)

• Use the minimun 𝑀A̅E# −𝑀78
>;F + 𝑀78E# −𝑀7G#

>;F to
select the best ST -Ξ+ candidates.

• The total ST -Ξ+ yield:

𝑁9: = 1, 780, 070 ± 1, 366(𝑠𝑡𝑎𝑡)

)2c(GeV/+/R
M

1.30 1.31 1.32 1.33 1.34

2 c
Ev

en
ts

/ 0
.6

 M
eV

/

310

410

510

Data
Total fit
Signal
Background



21

Double tag analysis and result

Ξ! → Ξ#𝑒!𝜈̅$
Phys. Rev. D 104. 072007 (2021)

2)2c (GeV/2q
-3.0 -2.5 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0

-310×

2 )2 c
Ev

en
ts

/ 5
0 

(M
eV

/

2

4

6

8

10

12 Data
Total fit
Signal
Background

𝑞. ≡ (𝐸2= − 𝐸7G# − 𝐸G$).−(𝑝⃗2= − 𝑝⃗7G# − 𝑝⃗G$).

No obvious signal is observed. 

)ei -e0U A -U(B
0 0.1 0.2 0.3 0.4 0.5 0.6

-310×

m
ax

/L iL

0

0.2

0.4

0.6

0.8

1 Result before smearing
Result after smearing

ℬ Ξ$ → Ξ*𝑒$𝜈̅' < 2.59×10$<
at 90% C. L.

ü One order of magnitude more strict than that of previous measurement.

ü Provides an important experimental constraint for the theoretical study

of the SU(3) symmetry-breaking mechanism. 
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𝛬 → 𝑝𝑒!𝜈̅$
Under study
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Ø The experimental information comes only from fixed-target experiments.

Ø All the measurements were obtained over 30 years ago.

Branching Fraction Form Factor

Ø There are only relative branching fraction results.

Ø In PDG2021, all the form factor results were obtained from
SPEC experiments.

Ø At BESIII, we have precise knowledge of polarized L
produced via 𝐽/𝜓 resonance[9].

𝛬 → 𝑝𝑒!𝜈̅$
Under study

Background
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𝛬 → 𝑝𝑒!𝜈̅$
Under study

Expected results

ü Same single tag analysis as 𝛬 → 𝑝𝜇,𝜈̅& → 𝑁-. = 14, 609, 800 ± 7, 117(𝑠𝑡𝑎𝑡)

ü ~12K 𝛬 → 𝑝𝑒,𝜈̅( will be produced after single tag

p First study with new technology and method at a collider experiment;

p First update after over 30 years break;

p First measurement of the absolute branching fraction;

p First measurement of form factors in ̅𝛬 → 𝑝̅𝑒/𝜈(.
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Σ% → Λe%𝜈&
Under study
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Σ% → Λe%𝜈&
Under study

Background

Ø In 1958, Steven Weinberg predicted that in the absence of second-class currents, the ratio of the rates

0(2"→$4"5#)
0(2!→$4!*5#)

should be just the phase-space ratio for these two decays. “Any inequality in the rates for the

Σ/ and Σ, modes would be evidence for the existence of second-class interactions.” [21]

Ø In 1960, T. D. Lee and C. N. Yang also predicted the same rate except for the phase space factor due to

the difference between Σ± masses as a consequence of the assumption that the strangeness-conserving

weak current transforms as an isotopic vector [22].

[21]Phys. Rev. 112, 1375 (1958) [22] Phys. Rev. 119, 1410 (1960)
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Σ% → Λe%𝜈&
Under study

Background

Ø In Ref. [23-25], the aforementioned predictions were proved to be correct while use the related value of

BFs, lifes and masses obtained in that years. Currently, all the measurements of the lifes and masses

have been updated, also for the ℬ(Σ, → Λe,𝜈̅4).

[23] Phys. Rev. Lett. 22, 615 (1969) [24] Z.Phys. 221, 1 (1969) [25] Phys.Rev.Lett. 19, 181 (1967) 

Ø In comparison, there is little existing data on the decay Σ/ → Λe/𝜈4.

Ø All the experimental information for the decay Σ/ → Λe/𝜈4 has only come from the indirect

measurements at the fixed-target experiments, which were performed fifty years ago [23-25].

Ø The most precise branching fraction of the decay Σ/ → Λe/𝜈4 was determined based on 10 signal

events which were selected from the bubble chamber pictures.
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Σ% → Λe%𝜈&
Under study

Expected results

p First direct measurement of the absolute branching fraction;

p New measurement of the ℬ(Σ/ → Λe/𝜈4) with higher precision;

p Perform the measurement with new technology and method at a collider experiment.

p Test the prediction from Steven Weinberg, T. D. Lee and C. N. Yang.
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Summary

üWith 10 billion 𝐽/𝜓 events collected and it’s special advantage, BESIII can touch the rich physics

of semileptonic hyperon decays.

üTo date, for the study of semileptonic hyperon decays, BESIII has reported the first absolute 

branching fraction measurement of 𝛬 → 𝑝𝜇,𝜈̅& and its related LFU test and CPV search, and a 

search for the Ξ, → Ξ8𝑒,𝜈̅(.

pMore interesting results are coming.

Thank you~!


