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Search for rare/forbidden decays P28 Measure the form factors

Search for second-class currents Test lepton flavor universality
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Hyperon pair production —l
10 billion J /1, 3 billion Y (25) Large datasets of hyperon pair g Double tag method

Large BFs in J /Y, ¥ (2S) decays J Advantage of double tag method:
v' Absolute BF
v" Low background

Table 1: Hyperon pair production base on BESIII data

-3 _ 6
Decay mode B(x107) N (<107) v Cancel systematic uncertainties
J/p — AA 1.89 + 0.09 19.06 & 0.91
J/p — £0%0 1.17 £ 0.03 11.82 +0.32
J/p — STE- 1.50 £ 0.24 15.13 £ 2.42
J/p — B(1385)"SF (or c.c.) 0.31 4 0.05 3.13 4 0.50
J/¢ — %(1385)"5(1385) T (or c.c.) 1.16 + 0.05 11.70 = 0.50
J/1p — BOZ0 1.17 £ 0.04 11.80 = 0.40
J/p — 25t 0.97 £ 0.08 9.78 & 0.81
I/ — E(1530)03_0+ 0.3240.14 3.23 +1.41 Quantum correlated polarized-
J/p — 2(1530)" 2 0.32 4 0.01 3.21 4 0.08 :
1/(2 5) _>(Q_Q+ 0.06 -+ 0.003 016+ 0.01 hyperon factories (BESIII&SCTF)

4-momentum conservation
.. : i . : Full and even extra information!
Known initial 4-momentum Information of the neutrino > u. .V Xt .. .l
Higher single-event sensitivity!
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In the SM : First-row unitarity relation 2.20 tension PDG 2022 : Independent measurements

Vogl? + [Vio|? + [V |2 = 1 Voal? + [Vis|? + [V, |2 = 0.99848 + 0.00070

| Ahint of new physics?
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In the SM : First-row unitarity relation 2.20 tension PDG 2022 : Independent measurements

Vogl? + [Vio|? + [V |2 = 1 Voal? + [Vis|? + [V, |2 = 0.99848 + 0.00070

| Ahint of new physics?

@ \V,,,|: Small (|V,,|? = 1.7x107>) =» The effect could be ignored in current precision

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

() Wl 0 (W) = 2.6x0 (Vg
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In the SM : First-row unitarity relation 2.20 tension PDG 2022 : Independent measurements

Vogl? + [Vio|? + [V |2 = 1 Voal? + [Vis|? + [V, |2 = 0.99848 + 0.00070

A hint of new physics?

@ \V,,,|: Small (|V,,|? = 1.7x107>) =» 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.,.|: o (JV,,<]) = 2.6x0 (|V,,4]); inconsistence between results from different decays
e e ua g PRL 92, 251803 (2004)

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

HFLAV 2022

' I
' :
V.| = 0.2243 + 0.0008 |V.,s| = 0.2207 + 0.0014 ! |V.,s| = 0.2250 + 0.0027 :
2.20 tension i :

PDG 2022 ]



https://doi.org/10.1103/PhysRevLett.92.251803
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II Decay width of A — pe Vv, in the SM

PRD 70, 114036 (2004)\

/ 2 2 2 A5
Bp-pev,  GrlVus|“f1(0)“A 3 6 4 ~
sm=—" — == o [A=0+500+58%] A= M= My
9 12 N\ , 12, ., 6, : 5= Ma— My
" +(3-28+2762) g2, + - 620%, + 2870, + (—48 + 68 9avgara] My

: : - _ 91(0) _ f2(0) _ 9200)
> Extracting ||, requires By_pe-v,» [1(0)s g = 0 I =70y and gav = £1(0)°

O £,(0): From LQCD

O Baope—v,» Javs Gw, and ggpp: From experimental measurement


https://doi.org/10.1103/PhysRevD.70.114036
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II Research status of By -5,

Jrooremoman e PDG 2023 updated ~ "m -
VALUE (1072) EVTS DOCUMENT ID TECN COMMENT
Only relative BF
1.301 £+ 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 7 p— K°A
1.27 +0.07 1089 KATZ 1973 HBC
1.31 +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 +0.18 120 2 BAGLIN 1964 FBC K~ freon 1.45 GeV/c
1.23 +0.20 150 2 ELlY 1963 FBC
®  We do not use the following datdl for averages, fits, limit§, etc. o ©
1.32 +£0.15 218 ! LINDQUIST ‘ 1971 OSPK \ See LINDQUIST 1977



fZ kF Measure the CKM matrix element |V (| BESI

%2/ Fudan University

II Research status of g,

94/ gy FOR A — pe v, INSF

PDG 2023 updated

@ 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 5 An~
—0.734 +0.031 10k 2 WISE 1981 SPEC ev angular correl.

* * We do not use the following data for averages, fits}limits, etc. ® o

—0.63 +0.06 817 ALTHOFF 1973 OSPK Polarized A
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II Research status of g,,, and g ,,,2

I|IIII|IIII|IIII|IIIIIIIIIIIIIIIIIIIII
CERN  PLB37(1971)535  0.89+0.61 .
Gw:
@ Results are old and scarce CERN  PLB&(975237 - 0.80£0.90 "
@ 3.050 deviation
CERN Z.Phys.C21(1983)1  1.32+0.81 -
Only fixed target experiment
Fermilab FPRD4I(1990)780  (.15£030  em—ei—
le N
. ) 3.050 |
Yav2: Cabibbo theory 1.066 n
I|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|I
@ No experimental measurement 2 15 -1 -05 0 05 1 15 o
gA
w
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II Inputs from BESIII

@ Updated study after > 30 years break )
@ First measurement of the absolute B)_,pe-7, @ @ @
(Double tag method) —
Fresh |V¢| result from hyperon
@ First simultaneous measurement of the g,,,, gy, and g2
(Complete information of the whole decay chain)

All these results are coming
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Average of R(D) and R(D*) from HFLAV (2024)

0-4 T T I T

g A 177 68% CL tontours . I Il 1
E - Moriond 2024 -
» . mass ~ =2.2 MeV/c2 =1.28 GeV/c2 =173.1 GeV/c2
B(E D(*) o ) 0.35 — LHCb® ] harge |12
- T V - Bellell . pin g%
()Y — T - ]
R (D ) - D (*) —_ B Belle’ 7]
B(B - DML v)) 03f - charm
B LHCb® /} =4.7 MeV/c? MeV/c2 L8 GeV/c2
LHCb
025
B (B - bﬂ_vﬂ) 0.2 -_ *HFLAV SM Prediction \g(oDl)d AO &jgi()()z{) —- down Strange bOttom
Rﬂe — B R(D) =0.298 +0.004 3170 R(D¥) =085 +0013,, 1 _J _J
— B R(D*) =0254 +0.005 : p=-0.39 -
B(B ﬁ be—ve) B L I L L L L I L L L L I L 1)I(X’)I 29I/ I L L L ]
0.2 0.3 04 0.5
R(D)

Experiment vs. SM NLO for R*¢ from hyperon semileptonic decays[1].

RHe€ A-pl v, | Z--nl v, E°-2%17v, E - Ay

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

[1] Phys. Rev. Lett. 114, 161802 (2015)
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I I Motivation

» Before our measurement, there are only fixed-target experiments 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 selected from about 0.6M bubble chamber pictures.

A—-puv, PDG 2020 &
v I'(A—->pu v, )T(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
1.3 0.7 3 LIND 1964  RVUE

1.5 1.2 2 RONNE 1964  FBC



https://doi.org/10.1103/PhysRevLett.127.121802

W A—-puv,

Fudan University BESIII, PRL 127, 121802 (2021)
_ X10° Ngr = 14,609,800 + 7,117 Npr = 64 +9
1% FrT 1 e e D¢ A L B I B
— 0.6~ - C 3
A _F ’ 181 ;gz::lﬁt BES]]I E
Ta U 0.5 — ~ 16 — A-puv, E
g \ + ; C n % cooo A—)pn__ 7
T > C ] 2 14 A—peV, —
/ _ S 0.4:— ] i 12:_ ----- Other backgrounds 3
e n ] : C 3
Signal E - . m CF 3 ]
A 0.1 I * ' WL E
D ‘/ \‘ﬂ_ : -7 N ZE:WHHQ. e i i Ih I I G LRI
G 1 1 1 1 1 1 L 1 ) P LERE N o I | I L 199 W W
1.06  1.08 11 112 114 116 Qo8 006 004 002 0 002 004 006
M;2(GeV/c?) U, (GeV)
First absolute BF measurement Test lepton flavor universality
B(A - puv) @i Rgy =0.153 £0.008
- _ ue — U — + SM L
B(A - puv,) = (1.48 £ 0.21 £ 0.08)x10™* R = B S pev)ppe  17810.028 BRI  PRL 114, 161802 (2015)

v' Update measurement after about 50 years break —
Search for CP violation

v' The first study at a collider experiment

BA—>p/,L_7 - Bﬁ—qﬁu"'v Consistent
v" The most precise result to date Acp = B, _u + Bio gyt ==002%0.14+002 with CP symmetry
>PUVy SPUTVY



https://doi.org/10.1103/PhysRevLett.127.121802
https://doi.org/10.1103/PhysRevLett.114.161802
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I I Motivation

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

axial-vector form factor g,, and some of the experiments suggest a large g, [12].

[1] Phys. Rev. Lett. 35, 1566 (1975).  [5] Phys. Rev. Lett. 26, 1127 (1971).  [9] Phys. Rev. D 8, 2963 (1973).

[2] Phys. Rev. Lett. 34, 1533 (1975).  [6] Phys. Rev. Lett. 32, 314 (1974).  [10] Phys. Rev. D 79, 074508 (2009).

[3] Phys. Rev. C 59, 1113 (1999). [7] Eur. Phys. J. A 7, 307 (2000). [11] Annu. Rev. Nucl. Part. Sci. 53, 39 (2003).
[4] Phys. Rev. C 95, 035501 (2017).  [8] Phys. Rev. C 84, 055501 (2011).  [12] Phys. Rev. D 3, 2638 (1971).
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I I Motivation

» In order to confirm the existence of second-class currents, a unique observable (R) was first proposed by S. Weinberg [1]

in 1958. P FE™ = Ae™v)
['ZT - Aetv,)

» 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.

PHYSICAL 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)

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


https://doi.org/10.1103/PhysRevD.107.072010
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I I Motivation

» T.D. Lee and C. N. Yang [1] 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 University, New York, New York
AND

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

(Received April 11, 1960)

Chen Ning Yang Tsung-Dao Lee

[1] Phys. Rev. 119, 1410 (1960). 17



https://doi.org/10.1103/PhysRevD.107.072010
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I I Motivation

[(E™ > Ae7ve) BE™ = Ae™V) - Tx+

R = =
FE* > Aetve) BET - Aetve) - 13- 1. Fixed-target experiments [ |
@ 2. Bubble chamber pictures —
From PDG2022 [1]: 3. Indirect measurement

o(ts+) ~ 0.3% o[B(Z™ - Ae V)] ~ 4.7%
o(15-) ~ 0.7% o[BCE* = Aetv)] ~ 25%

[1] Prog. Theor. Exp. Phys. 2022, 083C01 (2022).

Xt - Aetv,

BESIII, PRD 107, 072010 (2023)

~1

BESII

— BNL (1967) 6 events

CERN (1969) 10 events

BNL (1969) 5 events

PDG (2022)

2.0+08

29+1.0

1.6+0.7

2.0+0.5

-8 -6 -4
BE* — A €' v,)(x107)

-2

0 2 4



https://doi.org/10.1103/PhysRevD.107.072010

ks Lt > Aetv BEST

Y
™0 «10° Ngr = 4,693,360 + 4,33 Npp = 15.7 + 4.0
\\ 03 _— L L L L L Y L L L L L L RN B —_ 9 T T [ T T T [ T T T [ T T T [ T T T [ T T 1T E
N 8 ¢ Data =
_ Y — Pra —— Total fit BES]]I 3
> ] N\Q 7 —— Signal =
Tag \ — 4 > 6t Background fit 3
p ] %) [ Background MC ]
| 5 e =
e ] \n 3
] 2 3 =
Signal / . 5 g
- > 2 =
p xt - = E
\ o T~ e+ N 1 3
A : L L L L Il 1 1 1 1 1 1 1 i L : d b 1 o i! + I ok I I E
\ 191 2 1.14 1.16 l.ll 8 1!2 1.22 1.24 -0.006  -0.004 -0.002 0 0.002 0.004 0.006
m Mis (GeV/c2) M2, (GeV¥/cH)

First derect measurement of absolute BF Search for second-class currents

[~ > Ae™V,) BQE™ = Ae Ve)ppg " Tstppg 106 + 0.28

B(Et - Aetvy) = (293 £ 0.74 + 0.13)x107° R —
['(ZT - Aetve) B(Z* - AeTve) * Ts-ppe

v' Update measurement after about 50 years break

v' The first study at a collider experiment Supports NO second-class currents

v The most precise result in a single experiment


https://doi.org/10.1103/PhysRevD.107.072010

Fudan University

Search for the hyperon semileptonic decay 2~ — EV¢ 7,

Search for rare/forbidden decays

BESIIL, PRD 104, 072007 (2021)

BESII

Search for hyperon AS = AQ violating decay 2% —» X~etv,

BESIII, PRD 107, 012002 (2023)

NDT
e — 30 20 <10 0 10 20 30 40 50 60
- b UL B UL I URAIFLE I I AL LI P
1 — Result before smearing ~] 1 E 5 —
[ — Result after smearing YA VU Nominal
08} 7 0.8 _ co ]
o F ] B(E™ - 2% 77,) < 2.59x10™* @90%CL Upper limit
0.6 . £0.6
ST ] J
= a4l . — _ _ 9
041 1  BE°->Z7efr) <1.6x107* @90%CL o4
02F | - 0.2 _
BESII 1 : BESII -
N TR T . 1x1073 o L \‘Ji...i.TxIO‘;‘
0 0.1 0.2 0.3 04 0.5 0.6 . 0.4 0.6
B(E — E'¢ v, BE" - Z7e*v,)
Front. Phys. 12(5), 121301 (2017)
Decay mode B (x1076) @90% C.L. AS
f AS A Xt s netv* <5 1 A
L =—AQ 20 5 Yoety* < 900 1 ]
=0 —
4 =5 = < L 2 ) Further study could be done
AS 7 =T =S ne e < 3200 2
\_ N~ = X% 7, — 2 J



https://doi.org/10.1103/PhysRevD.107.012002
https://doi.org/10.1103/PhysRevD.104.072007
https://doi.org/10.1007/s11467-017-0691-9
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With 10 billion J /1y and 3 billion ¥ (25) events collected and the special advantages of BESIII, we can investigate

the rich physics of hyperon semileptonic decays.

v What have been published:

v Test lepton flavor universality (A — PU”V,);
v’ Search for second-class currents (Z* — Ae*v,);

v’ Search for rare/forbidden decays (2~ = E% ¥, and E° -» X7etv,)

OMore interesting results are coming:
OA - pe™ v, (Measure the form factors and CKM matrix element)

00~ - E°% v, (The only decuplet hyperon semileptonic decay that can be experimental studied right now)

Thank you~! @



