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ASYMMETRY PARAMETER FOR A= nn® t*
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The asymmetry parameter @, for A"—n»7" has been measured relative to « - by com- 600
paring the neutron distribution with the proton distribution from the decay A"—=pr~ for 500
Wmmm 400
events gave & /a - =1.000 +0.068 in good agreement with the |aT | = 3 rule. 200
This Letter reports the result of a second ex- The Princeton-Pennsylvania Accelerator fur- Tzz:
periment designed to test the validity of the |Al] nished a secondary positive beam at 1.0 GeV/c. T T S S S S
=% rule in the hadronic decays of hyperons. The The 7* intensity in the beam was 10°/sec with a W9 s s 3 s T
first experiment was a measurement of proton +1% momentum spread; the spot size at the final
polarization in Z* —=p7°.* Because the A° hyperon focus was 3.5 ¢m X 4.5 cm. The polarized A” hy- @,/ _ =1.000+0.068.
is an isospin singlet, the |aT| = % rule leads to a peror{s wei"e prt}duc+edn1n liquid deuterium by the This result was combined with the results of
very simple relation between the amplitudes for reaction w*n(p) - K*A%(p), where (p) represents Ref. 3 . .
o - o o — — ef. 3 to give a weighted average
A°=pn~ and A° - nn°, namely, S_=-V2S,, P. the spectator proton. The K~ mesons were de-
= -V 2P,; here § and P represent the amplitudes tected electronically to select associated produc- a,/0_=1.006=0.066.
for orbital angular momentum 0 and 1, respec- tion events. The nucleons from A° decay were
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R. X. Shi et al, Chin.Phys.Lett. 42 (2025) 3, 032407

Decay modes Data [19-21, 32, 33] NRCQM [12] LFQM [13] EOMS YPT [14]

A = ny —0.16(10)(5) —0.67(6) —0.25 [—0.43, 0.15] v(q)
st s py —0.652(56)(20) —0.58(6) ~0.1 [0.32, —0.27] e i S
20 — ny e 0.37(4) —0.22 [—0.70, 0.70] B;(p) B (k)
=0 5 Ay —0.741(62)(19) 0.72(11) 0.23 [—0.83, —0.59]
=0 EO —0.69(6) 0.33(4) —0.15 [_0.74, o 0()3] (I;Ifd 2‘. lele efiectiielzli'agram for weak radiative hyperon B; — By
ysand ¢ = p in the figure.
=T 5 Yy 1.0(13) [—0.18, 0.38]

Weak Hadronic Decay

& |

- LtESN, EFRYSSIRSIRT B AREEEMERIE, WChPT Weak Radiative Decay

SUCCHOEENSOR, #TRIEETREN L/ \J_@

5895 AHIIRICIIA.
Baryon Magnetic Moment 1

ScrL.Bull. 67 (2022) 2298-2304

Semi-leptonic Decay



B FRISSRIIRILINMAR: X - py

SiE=ESLL (60s) _ KEK E-0923C3% (80s) FNAL E7615C% (90s)
Kp-Xtn~ ntp - K*X% p+Cu—->3"+K*+X
SRR ~87% ~40% ~12%, AR
31 events 190 events 32k events
B = (1.42 + 0.26) x 1073 B = (1.30 + 0.15) x 1073 B = (1.20 + 0.07) X 1073
a =—1.03332 a=-0.86+0.13 a =—0.729 + 0.086

E761, Phys. Rev. Lett. 68, 3004 (1992)
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MZxe [GeVZ] E+—pXe
Fig. 54 Event distributions of the mass squared of the missing
neutral particle (X Y for the hypothesis Z+ - _p)(° Fig. 5.5 Same as Fig. 5.4 after selection criteri

M2x° [GeV2] It—pX°

a are imposed. Note that one can estimate
the background from the st pX° peak.
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CERN SPS=CE& (80s) BNL E8113L3% (90s)

p+BeO -2 +X

24 events
B = (1.02+ 0.33) x 1073

600 17— - T

) |
g‘“’o ) 3-gam events ]
& 300 A=y :
n
%’ i
> 150 r —
Ll

0 .. b

130 140 150 160 170 80 190
E, in A rest frame (MeV)

Kp-An®, K p- 32
1816 events
B = (1.75 + 0.15) x 1073

A - ny

BNL E8TT PRD47,799 (1993)

800 T T T T y T T T ' T y T
(o) |

> 600 ¢ 4-gam events
= [ ]
N L
\\400 A - nvy
)
.
-
& i
= 200
L

0 ..., B R . -

130 140 150 160 170 180 190 200

E, in A rest frame (MeV)
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FNAL E6875L3& (90s) CERN /FNAL (00s) CERN NA48 33§ (10s)

10°F

events / (1 MeV/c?)

102

p+Pb->E+Kt+X p+Be—->E+X p+Be->ZE0+X
116 events 672 events 52000
=0
57 = Ay B=(1.06+015)x 103 B = (1.16 + 0.07) x 103
a-ap=0.2710.28 a=—-—0.78+0.18 a=—0.704 4+ 0.019 £+ 0.064
85 events 4045 events 15000
=0 0
I =20 B = (356+042)x10~3 B = (3.34+ 0.09) x 103
a = 0.204+ 0.32 a=—0.63+0.09 a=-—0.729 +£ 0.030 + 0.76
NA48, PLB 693 (2010) 241-248 == Ay
~10'E e 1.5 = 30
e data ‘é Eﬂ_) E"»Y o data § N ) -
D | 2 v = L)
l oty MC P o Ayl‘[C ~ 5
® accidentals gw"- ® accidentals 1.5 —\\
*.%H 10 1|
1 0.5 1 P T SN TR AN T T S T A T N N

-1 0.5 0 0.5 1
cos@zpcosG)EA

13 132 1.34 1.36 128 13 132 134 1.36
m, / (GeVIc) m,, / (GeVIcH

:1 + QgE0_, 30, A _pr— €0s Oz cos Oxp
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o(ete” - hadrons)

= KEDR |

| 1001z J/y

271Z Y(3686) | 20fb-1 @ 3.773 GeV

Decay mode B(x1073) Np (x109)
J/p — AA 1.61+0.15 16.1+1.5
J /i — X050 1.294+0.09 1294 0.9
J/p — DtE- 1.50+£0.24 15.0+2.4
J /¢ — 5(1385)~ X+ (or c.c.) 0.31+0.05 3.1+05
J/v — X(1385) X(1385)" (or c.c.) 1.104+0.12  11.0+ 1.2
J/p — E0=0 1.20+0.24 12.0+24
J/p— E-EF 0.86+0.11 86+1.0
J/v¥ — =(1530)°=0 0.324+0.14 3.24+1.4
J/¥ — Z(1530)" =+ 059+0.15 59+1.5
W(2S) — 2 0F 0.05+0.01 0.1540.03

Decay mode B(x10—%) Np (x109)
J/— pK~—A 8.9+ 1.6 8.9+ 1.6
J/p — AAnta— 43 4+ 10 43 4+ 10
J /b — pK— 30 2.940.8 2.940.8
J/t — AX 7t (or c.c.) 8.3+0.7 8.3+ 0.7
J/ — AXTa=* (or c.c.) 8.3+ 0.7 8.3+ 0.7
J /1 — pK~ 3(1385)° 5.143.2 5.1+ 3.2

O SSTEEIE: BEsET-R
BRI

O 1001Z)/YF12712y(3686): HKIE/1
BEA. I CRFHABTEER
SRS MG SE T
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M ete™ - J/ — 5 (= A(> pr)m)E (- A(= pr)mt) K

O The first reaction: J/3p - £~ E*

« Two helicity amplitudes |/; J,) = |1; +1), |1; —1)
* Interference between them produces a 8,,-dependent
production for Z hyperons that are spin-polarized:

V1 —a?sinfcosf

P,=— sin (A®).
Y 1 + acos? 6
o,zé
T/ AN 0475£0.002£0.003  0.752+0.004 £0.007 24.7 o o
J/ = TYE" —0.508 £ 0.006 +0.004  —0.270 + 0.012 + 0.009 16.4 i
J/b—Z"E  0586+0012+0.010  1.213+0.046 + 0.016 30.1 ;
J/b—E°2°  0514+0.006+0015  1.168+0.019+0.018 32.1 It . | |




O The next two reactions: £~ - A~ (E* - Anr)

° - H:'+ -
In £~ and =7 rest frames: dc(fjjﬂ 1+ asPe cosy
O UA

(a= + P=cosOp)z + P=p=X + P=y=y
1 4+ a=P= cos O,

» The decay angle 6,(6;) relative to Pz direction
« P, is polarization of A with %, y, Z oriented in helicity frame

Py =

* a, 3,y are the Lee-Yang decay parameters of = that can be determined with - févs . and P,
O The last two reactions: A - nn~ (4 —» nr®)
— il o< 1+ aaPa cos ).
« InAand A rest frames:  @<os%
o.|| 24

* The decay angle 6,,(8;) relative to P, direction
* Only a of A can be determined since proton polarization is not measured.

19
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Wlete™ - J/p - E7 (- A= nr®)n™)E* (- A(- prt)mt) Fof5)

3 3
s o) — E ,E A A
SRIASMRA: WE©) = 3 Cu >0 abat aia,
K, V= u’ v =0

. EHEREENEY /Y > 5E )

T T T 1.5
1+ ay cos? 0 By sin@cos O 0 04 ]
Cow = 2 X .{) sin” [_} , Yy Sinf cos 6 02 ol
—By sinfcos O 0 @y sin” 6 0 & ool ] -
0 —Yy Sinfcos 6 0 —(ay + cos’ 6) ol ] osh
By = f1- crli Sin(A®)  yy = /1 - a'i cos(AD) ek 1
-1.0 4]‘ 5 0‘0 0‘5 1.0 1.0 —0.5 0.‘0 0 1.0
02 0s0-
1t ot _ —_ _
. ForE »> +0 decay (2~ - An™): b e
l U U [’}' . 1.0~ b . 0.5 — 4
= _ acos¢gsinf ycosfcosg —Lsing —fBcosfcosg—ysing sinfcosd © ol ] © w//“%\
. asinflsing fcosd+ycosfsing ycosd—pFcosfsingd sinfsing

cos @ —ysinf psind cosf 00l r o — ) sl e -
cosO: cosO=

HEFEIEIESLIRA1 S 1 + aP cos 0, IEGHFY LEBFH=ERAREHTEHRIN, Fa5H
BARHLE, RRULIRETZSH 20
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> WARCTERMEN D LLME, UA > ny A6

» Tag technique:
O SingleTag (ST) A—w'p

— _ 77/
O DoubleTag (DT) A—yn NST = NJ/(#—)AA X e/gA_)ﬂJrﬁ X EST,

NDT = NJ/([/—)A/_\ X e%/_\_m.-r[—; X =%A_yy” X EDT, O NST ST yiEId
* — O Npr DT yield
.
N O &5 ST efficiency
G %;A—»yn _ ot % EsT O &pr DT efficiency
Nst  epr

ﬁg j<103:

0.8 3 T T T —4— Data @ 300 17T 1 —+— Data
0.7 F —}— Default MC cll:J g l
+ Geant4hR-hFAIIEH STIRSMIEFIERAZS] (>10%) oo tomtie | § =p- M
2 osf I 200f ' e
- EEEEGIEA, Bddata-driven SEUBIERFPFERUE o4l e o " :
R, BRI, HIERAT o5k
+ BRERPAHE ST HIEERIREE<1% L I :
& 0 e “"_ 055 p.'s T T T e 2
0.4 > fo(ge\! 0.8 1 1.2 Anti-neutron deposted energy (GeV)

21
L Liuetal, NIMA 1033 (2022) 166672
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¢EME¥$M§&

—p +)7T (neutron channel)

etem = J/p = B2 = A(— nn¥)n™

A(
ete” = J/ip - 2= = A(— ptn)n~A(— nn¥)7" (anti-neutron channel)

Combinatorial

—+— Data
— Total fit
---Signal Nonresonant

Resonant

rIRERESIIEREENR, WEFEF, (R) F
FHEXHR %J‘

J/y—yn.—yE"E
J)y—EEF > A= pr-)rA(prt )

Events / (0.85 MeV/c?)

0.90 091 092 093 094 095 0.96 0.97 098

Antineutron missing mass (GeV/c?)

E5E7143 973+414, @E91.2%
E/527123 208+382, iE91.0% 24

—
l
S
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g
oiF TiF
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u,v=0 V=0
IEER SR ASABEILS:
P&:) = WE D))/ (@) 4

bkg 2 Lof
: g ™/

5 h— —g ln ,P (5 . ; a)) — W . ln ’P (5 . ; a)) o~ j% LL“’. e ‘-;; - J‘" \*"""_—"m ey - 4'" __. e ‘_‘_,,~
i Wi/ i gt e e Pt
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e
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Events
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=
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§488838
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E
Hes.eBEEgBEEE
Event
Bes.388588388
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1

5 = o4 cosé p o GO
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Production parameters are consistent with
previous results, verifying the polarization
and spin correlation.

Precision of ay and ay are improved by
factor of 4 and 1.7.

Strong and weak-phase difference are
measured.

(6p—85)anm = (1.9 +4.9) x 102 rad

(Ep—E&g)ay = (1.8 £1.5) x 10% rad

(51:)_ 5S)HyperCP = (102 + 39) X 102 rad

Four CP observables are constructed from
decay parameters.

Parameters

This work

Previous result

X/
Ad ., (rad)

0.611 + 0.007+9:013
1.30 + 0.0370-92

0.586 +0.012 4+ 0.010
1.213 + 0.046 + 0.016

az —0.367 +0.00479-592 —0.376 4+ 0.007 + 0.003
¢= (rad) —0.016 + 0.01219-994 0.011 + 0.019 + 0.009
as 0.374 4+ 0.00473-092 0.371 £ 0.007 £ 0.002
b= (rad) 0.010 + 0.012%5-992 —0.021 £ 0.019 + 0.007
oy 0.764 + 0.00879-00% 0.7519 + 0.0036 + 0.0024
apl —0.774 +£0.00919°002  —0.7559 4+ 0.0036 + 0.0030
o 0.670 + 0.009*5-999 0.75 + 0.05
e _0.668 £ 0,008 7003 —0.692 + 0.016 + 0.006
§p— g (rad) 0.033 + 0.02079-095 —0.040 + 0.033 + 0.017
Ep—E&g (rad)  0.007 £ 0.02079-9L8 0.012 + 0.034 + 0.008
A¢Ep (rad)  —0.003 + 0.00879-002 —0.005 4+ 0.014 + 0.003
Agp —0.007 + 0.00819002  —0.0025 + 0.0046 + 0.0012
A% 0.001 + 0.009*8-392

AbL —0.004 + 0.00719-553

Qpo/Cn 0.877 +0.01579:014 1.01 4+ 0.07

0.863 +0.01419-012

0.913 +0.028 4 0.012

26
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« ete” > J/Y - A(> nr)A(- prt), (neutron channel)
e ete” > /Y - A(- pr)A(- nr?), (anti-neutron channel)

Polarised part Spin correlated part

W($) = R + ayTs () l

+_ L:Qnaénagﬁaéﬁ)
o BESII, arXiv:2510.24333

80F ™~ — 1 | T T T T T T T T T
N Hom | o Ao nrIi2: (555/E8872 4504982, #AE95.3%
% 60|- | :5%2a|| -
s | Combinatorial | E = (HA, 011' ¢TU 025, ¢2§)
%40: () = (C(]/w ACD, Ao, C(_|_)
520 . A - AnOiFE: (SEEEGIE759 770 + 963, 4fE91.1%
T

89 5 — (HA' Hp' ¢pr Hﬁr ¢ﬁ)

002 094 096 002 094 09 09
M, (GeV/ ¢?) M, (GeV/ c?) Q= (a;/y, AP, ap, a_)
27
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[1] BESIII, arXiv.2570.24333
[2] BESII], PRL 132, 1018017(2024)

The most precise results of A neutral decay

43% and 27% improvement in J /3 — AA

compared with J /3 - E"EF
Systematic uncertainty improved significantly

Most precise CP test in A neutral decay

Parameter [1] J/¢ — AA 2] J/p — =E-E
o 0.756 4 0.008 + 0.003  0.764 4+ 0.008 )02
+0.005
o4 —0.764 £ 0.008 & 0.001 —0.774 & 0.0097" "oz
o 0.668 4 0.007 4 0.002  0.670 + 0.0097F 7 002
Qo —0.677 4 0.007 £ 0.003 —0.668 % 0.00812-20¢
C 40.002
Acp —0.005 £ 0.007 & 0.002 —0.007 & 0.0087 0%
A p —0.006 £ 0.007 £ 0.002  0.001 £ 0.0097) 0>
oo /o 0.884 £ 0.013 & 0.006  0.877 & 0.015700¢
Qo /oy 0.885 + 0.013 + 0.004  0.863 £ 0.0147 (02

SM prediction: Acp~10~> (PRD 67, 056001(2003))
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Test of CP violation BES/// /D/?[ ]32 ]0]80](2024)
1+ ap_agcost, L0 [ —— R(cos@n, cosO.) — R, _.
R (COS 9p= cos 6, ) 1+ oy, G cos 97 Z —+— R(cos0,, cose_) :
105 .
Test of AI =1/2 rule ~
1.00 (===
1 0.,
R (cos 8, ,cosb ) T pps €O [
1+ ap _agcost, 0.95
LIOE _, Recosd,, cosd R ;
The average of the ratio -+ R(cosh,, cos,)  —R, '

[ —+— R(cosbL, cos6.)

1.05
(aino) / (an ) = 0.870 + 0.012+0:012 « I
Consistent with kaon decay 100 f--
_ 311 :
S,/S; =28.4+1.3t1-1 £ 3.9 sk
1.1 -1.0 . .
Pl/PB :—13.0;t1.4}1:2:t0.7 cosO

X

Observed for the first time, different from S-wave ”
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ete™ = J/ih — SYE 5 prlinT + c.c BESII, arXiv: 2512.09628

T T T T I T T T T I T T T T | T T T
HBC 1962  Phys.Rev.127(1962)1305 —_
B... = Npr €st _ Npr HBC 1966  Phys.Rev.151(1966)1081 —
sig = Nem ¢ = New e HBC 1969  Nucl.Phys.B14(1969)153 i
ST €DT ST Csig EMUL 1971 Nucl.Phys.B33(1971)493 ——
3 HBC 1978 Nucl.Phys.B139(1978)61 —
§<1|0| —— T | . HBC 1980  Phys.Rev.D21(1980)2501 BE+—)[JRU -
1% I BESIII This work H
1 —+— Data 4 -
$ o = A0 v+ ot J R e peeege B
© 100 - — - signa 15 | HBC1962  Phys.Rev.127(1962)1305 i
E I Combinatorial BKG | gmmms I HBC 1966 Phys.Rev.151(1966)1081 —
o I s 1 = i HBC 1969  Nucl.Phys.B14(1960)153 p—i
2 50l %20 [ EMUL 1971 Nucl.Phys.B33(1971)493 ——
5 i ] E HBC 1978  Nucl.Phys.B139(1978)61 BE* e
L I ) HBC 1980  Phys.Rev.D21(1980)2501 —NN"
0 > g e e = 0 : . BESIII This work H
1.1 1.15 1.2 1.25 ]..]. 1-15 1-2 1.2’5 I 1 ] 1 | 1 1 1 I | 1 ] 1 1 | 1 ] I
RM(GeV/c?) RM (GeV/c?) 30 40 50
BEH’ >pﬂn(%) BEH’ ynwt (%) BZH‘ }p'n'n/BE"‘ ynrt
This work 49.79 + 0.06 + 0.22 49.87 £+ 0.05 & 0.29 0.9984 4+ 0.0016 4+ 0.0073
PDG 51.47 £+ 0.30 48.43 £+ 0.30 1.0628 + 0.0090
Difference 440 3.40 5.b0
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Y - aNBIEMMLFET R (Loar 21)

2 1 . V2 2v2
L(Et — pr¥) = % (Lil + ELEI) CXP(“S{J) + ( 3 le’; + 3 L%E?) CXP(“SL)
L™ = nr) = (L5 + Lazz) exp(i63),

2 1 2 .
L5 s nn®) = 3 (L8, + 525 ) exlif) + (35 = SL5s ) explith).

20HY Al = 12 FRIBEUITRRE:  V2L(S — pr®) — L(Z" > nrt) + L(E™ > nr) =0

Decay mode o B(%) A (Gpm2y) B (Grm2y)
»t = pr® | —0.9869 £ 0.0019 49.79 4 0.23|—1.385 £ 0.008 11.80 £ 0.09
' = nat | 0.0506 & 0.0032 49.87 +0.30| 0.047 +0.003 18.84 £ 0.07

BESIlI, arXiv: 2512.09628
A AZ 4 V24, = —0.127 4 0.014(this work)

— —0.180 + 0.063(PDG), Deviate from zero over 5g, indicate the
. . 3 . .
BE — BE', 1 V2BE!, = —2.78 + 0.16(this work) non-negligible 41 =~ contribution

— —250+0.76(PDG).  (5)

31



HEFE5EI =T - py

x10°

=
w
/ |
S W
RN
Events / (2 M

y o r O I 12 128 1.3
M,.. (GeV/cd)

Double-tag method:
NST — NJ/I)&_)ZJri— X Bi—_)ﬁﬂ.(] X EST

Npr = NJN,_,ZJri— X Bi—_)pﬁo X By_,m, X EPT

Npr
BZJ’—’P?’ = NST X

EST

EDT

BESII, PRL130, 277907 (2023)

x103 x103
F tE 600 ; A 600
SN A 400l
S3F (a) fa o S3 b 1
%’ : i %200- g . ' 3?200-
? 2 ; L sTosoo 2 2F ' 003T033 035 024
2 [ ¥ Data E r ‘_ i Daa
51 Sl B A
= O R, éll;frlgl([;;(} M ~ y\ omizglg]__
015 02 005 03 00 5 02 005 03
Py (GeV/o) P; (GeV/o)
Modes >t — py ™ — py
ST Yield 2177771 + 2285 2509380 + 2301
ST Eff (%) 39.02 4431
DT Eff (%) 21.16 23.20
Individual BF (1.007 +0.032) x 1073 | (0.994 + 0.030) x 1073
Simultaneous BF (0.997 + 0.022) x 1073
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N BES/I, PRL130, 277907 (2023)
L = Hm z WMC(éT H) 02F ~ paa 0.2F
| [ ~ Nuc I e Y T e
. . g S —+ | £ b,
W;: differential cross section L A P X 0=F'_ r=‘=.. ==
N': normalization factor based on PHSP MC §-0.1p i -0
202f @ , | | -0.2F (b) . . .
H = (a] Jpr APy, Ozt ag—_,mo) -1 <05 0 0.5 1 -1 =05 0 05 1
cosOy. cosOy.
02F 02f
" N, " 01@ x2/ndf = 1.63 &01; x2 /ndf = 1.38
M (cosOs-) :NZCOG() cos 6, z + e T+
: 2 —— %] 1 1 —
i=1 ;:5 0 _ = a):(}Q' 0 ;*— __ﬁ I_‘—_I_I+
me 2 01k i _+_':FI 2 -0.1F
M, (cosfs-) —N;sm() sin ¢ oaf © | | | sl (d) + <|—
- -1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1
cosOy. cosOy
Parameter value
@y | —0.508 £ 0.006 Processes Stopy | E oy
AD -0.270 +0.012 ..
o ) _8 930 + 0.017 Individual fit —0.587 + 0.082 ‘ 0.710 = 0.076
o S _ Simultaneous fit —0.651 +0.056
a3+ py Iterated from this analysis
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BESII, PRL130, 277907 (2023)

Mode >t = py > = py
N2bs 2177771 £ 2285 2509380 + 2301
esp (%) 39.00 + 0.04 44.31 +0.04
Nobs 1189 -+ 38 1306 + 39
Pbo ept (%) 21.16 4 0.03 23.20 + 0.03
-0.81- AT ,‘;’ﬁ”ﬁ Individual BF (1073) 1.005 + 0.032 0.993 + 0.030
i A _ NRC]SBM Simultaneous BF (1073) 0.996 4+ 0.021 £ 0.018
LE + 3 &floron Individual a, ~0.587 £0.082 0710 £ 0.076
e Simultaneous a, —0.651 & 0.056 -+ 0.020
0.5 1 1.5 2

BF (Z*—= py) (x107)

* The accuracies of the BF and o, are improved by 78% and 34%
* The measured BF is lower than the world average value by 4.2¢
« The accurate result will provide input and constraints for ChPT
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LHCb, PRL135 (2025) 5, 051801

Z+ - p#+ﬂ_ﬁ$EnEEl‘J§Eg<‘j5)n\U%° 40 T T

T OB "LHCb
T ok 54fb"
HyperCPSX% (00s) LHCb (10s) LHCbsZ4& (20s) S sop + A
Si 25 ;_ —— Data
3 events 10.2 events 237 events 5 20f ‘{‘ ++ “’ Simlation PSP
R E—+ ++ + Simulation SM
= (8.6756)x 108 B =(2240.7)x10"8 B = (1.08+0.17)x 1078 = E ++ 4
T
0 ;—{H + +4
+ +,,— == NI =—". 'zéo' '23|0' '2:10' - '25|0' '
2T > pu- U ﬂ*fﬂ"ﬁilbﬁj (== m. - [MeV/c?]
R . B Rea (MeV)  Reb (MeV) | 108B,, | 103BEC= | 105 A,p | 108B,, | 107 BMec100Mey
° E*/]TIE*EEEEP EE'I{(*%ﬁfﬁXZ"" - py" - p/["u FE, ~1215+£024  478+042 |[27+£02| 18+01 |-159+0.04|7.6+03] 85+04
~A478+042 12154024 |[7.8+£03| 58402 | -032+0.02|83+03| 135+04
N . ‘ . 4784042 —1215+024([42+02] 58402 | 091+0.04 (78403 99+04
ME" = py") = —eGpu,ic™ g, (a+7b) + (1'¢" — ¢d") (c+ 15d) |usg €}, 19154024 —4784042 |[ 12401 18401 | 4554008 |74+£03| 69403
Rea (MeV)  Reb (MeV) | 108B,, | 108BECO= | 105 A, | 105B,, | 107 Biec21w0mey
A - —9.74+054  617+074 | 37+05| 27+03 | -073+0.06|7.9+05] 102+08
. + 5 N /I\ —6.17+0.74 9744054 |[6.14£05| 45404 |-029+005[83+06| 126+08
BESIL!I_J:Z py*g—“)‘];;:_( _ﬁ J TJT/'Ij(.?a b, 5 6.17+0.74 —9.74+0.54 || 32+03| 45+04 | 149+0.09 |78+06 9.7+0.7
ﬂr]ﬁ’ "7"‘*_( , bﬂgﬁ)&? j,ﬁd‘iﬁgfﬁ N=, #QIJ%,TE 9.74+0.54  —6.17+0.74 | 1.94+0.2| 27403 32401 |76+05] 83406

'—T—%f@%’é&ﬁ—: |~Ej TABLE I. The four solutions for the real parts of the form factors a and b (columns 1 and 2) obtained
in relativistic baryon xPT (first four rows) and in its heavy-baryon formulation (last four rows) and
the corresponding prediction‘; in the SM for each case (columns 3-7). In the third and fourth columns
Bup = B(ET = put R( a
the real parts of the form factors ¢ and d. In the fifth column AFB is the integrated muon forward-
backward asymmetry. The last two columns exhibit B.. = B(X" — pete ) without and with a cut in

A. Roy et al,arXiv: 2404.15268

) is from the complete SM amplitude and B, ? gets no contribution from

35
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CP observables:

Acp = — 0.006 % 0.011440¢. & 0.0044yg;

= 0.095 &= 0.087¢at. &= 0.018gy¢. -

« May be significantly enhanced by NP up to O 10 % (PRL109 (2012), 171801, JHEP 01 (2013) 027,
JHEP 04 (2017) 027, JHEP 08 (2017) 09

« Extensive experimental studies on K, D and B meson radiative decays

SMon Xt - py Acp

PhysRevD.51.2271 1075 = 10~4
Commun. Theor. Phys. 19.475 1075 = 10~4
arxiv:2312.17568 2% 1075
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Events/(1.5 MeV/c?)

x10°

350+ J/y data
300F— Total fit
250F Signal
200
150
100
50

17.04 1.06 1 08

FECOI|

11 112 114 1.16 1.18
(Ge\f/cz)

» Dominant background:

A —nm®

A ol
y_\

n

O BKG A: pheton candidate is from

70 decay.

O BKG B: photon candidate is not

from 7° decay.

» Sources of noise photons:

m]
]

neutron showers;

(Anti-)neutron-related secondary shower;
Mis-identification of photons and

I:I Noise showers from beam-BKG.

R PERRIR

NS

Decay mode A = ny A = iy

Ngr (x10°) 6853.2 + 2.6 7036.2 £ 2.7

esr (%) 51.13 + 0.01 52.53 + 0.01

Npr 723 + 40 498 + 41

epr (%) 6.58 + 0.04 432 +0.03

BF (x1073)  0.820 £ 0.045 £ 0.066 0.862 +0.071 4+ 0.084
0.832 +0.038 + 0.054

a, —0.13 £ 0.13 £ 0.03 0.21 £0.15 4+ 0.06

—0.16 £ 0.10 £ 0.05

BESIII, PRL 129, 212002 (2022)

X°1c <10 [M@yy) - Mo | >0.02 GeV
F ——Data F o —— Data
16000 J‘ ’ — Inclusive MC 10000 i~ — Inclusive MC
E A—ny (signal) |~ . [ A—ny (signal)
> 14000 [ 1{ 5 4\:m° (bkgA) % 80001 J' 1 = \_mx" (bkgA)
= 12000 E oo A-m_(bkgB) s - e A A-snr” (bkgB)
F e E5 Ao pr F J-“l 1 B2 Ao pr
< 10000F fr ) Others < 60001 .H | = Others
Q E F L LY (25 F NN *
5 8000F I - % F F | \
€ 6000 IJ o £ 0L A\ by
E 3 L T [ i q T
@ 4000p  f % @ 2000F & | 3
2000F 1 i P
;ﬂ—e o oo e N . -\_J
808 0.1 0.12 0.14 0.16 0.18 0.2 0.22 0.2 808 01 0. 12 0.14 0.16 0 18 0.2 0.22 0.24
E, in A rest frame (GeV) E, in A rest frame (GeV)
B(y,n) > 20° E, >0.15 GeV
¥ v
- — Data 4000 ——Data
2 Aoy ona | 35005 o TCUSEMC
4 Cla-smitked)| 2> 000 E 1 A (bkgA)
Hﬂ: L A e 2 3 L1 Ao (bkgB)
T -‘ Others o 2500 ; Others

808 01 012 0.14 016 018 02 022 0.24

E, in A rest frame (GeV)

1800 E 4 350
1600f- (2) [
— F it =
= 1400F o>
E i1
= 1200F 1
o E Pl s
- 1000F P
=+ F P C0145 015 0155 0.16 0165 0.47
= 800F + +
5 600F — Total PDFs
> E | =« Signal PDF
400F t 2
M aooF /) BG A PDF

-BG B PDF

ok
0.08 0.1 0.120.140.16 0.18 0.2 0.220.24

E;‘ in A rest frame(GeV)

Events/(4.0 MeV)

008 01 012 014 0.16 018 02 022 0.24
E, in A rest frame (GeV)

After further BDT selection

I~ 250
10001~ (b) f, m_
I i
+ 150F
800 | “,; I S,
I | bos ‘-". *
600f I R s ot
iV i 0.145 0.15 0.155 0.8 0.165 0.17
: [ L
400 4 — Total PDFs
L + =« Signal PDF
200 / BG A PDF
- r -BG B PDF
ok .

0.08 0.1 0.120.140.160.18 02 022024
E in A rest frame(GeV)
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~InLyiy =—InLagra+InLiegn+nLigys | BESII, PRL 129, 212002 (2022)
L i=N w(é:, a/y)
O [Contributions of BKG A / B|should be subtracted . —-InL = - Z In S
i=1 1 —
O BKG A and BKG B contributions are estimated by DI'Y MC with same numbers - A W | | ® BESII
in data : : s+ PDG
i ¥ VDM
ay (J/P decay parameter ) = 0.461, A® (helicity phase) = 0.74, a;(A - pnt”) =0.75, a,, (f_\—> yn)=7? 05 — s 3 ﬁﬁ iI
. — - B NRCQM
02 D 02} poy - : —r
[ — Total fit T B '
:_ == Signal O | F ChPT
ot B e . 3 - — ChPTII
E g g [ :
3 ’ = » :
o -0.5 |- A
o2f (a) A — prt : . ks
-1 — I-0I.5l — (I) — I015‘ — 1 -1 — I-O.S. — 0 — I0.5‘ 0 1 B g
COSGK COSGA 1 B on I " | |
02 0 1 2 X 3
: -l- BE(A—sny)(x10°7)
0.1f | pederdes
EA: . e First measurement on Qy
ot T M ?aml fit
r — Total 11 . .
02l () A—pr~ mi * 5.60 deviation of BF from world average value
N T TR
cosB, 38




55 =T - ny

Unitarity Bounds: *  For the WRHD processes, Im M(Y — By) can be
- Regif expressed in terms of the amplitudes of the Y —» Bm”
/ NN and of those of pion photoproduction on nucleons
>B (vB — mB’)

 However, the updated BF of A - ny, (0.832+
B B, 0.038 + 0.054) x 1073, is close to the lower bounds.

Table 4.1 Comparison of estimates of 7B contributions to the branching fractions of WRHD.
(in units of 10°3)

Zakharovszf Farrar53 { Kogan54 Reidss“:}6 :
lower | lower full | lower full full '
Process | bound - bound estimate | bound estimate | estimate i
T : i
} E + i
t Sy 1007£0.04 | 0007 0.3%1.2 0.77 +(') 1% !
| | ’ !
5 ; . +0.46
A - 1 0.83 i 0.85 1.9+0.8 1.20 f
A ? -0.04 |
=" 557y 0.3 | 010 017
: i- |
Q -y, 1 | 0.008 0.0l
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s BES/I, Sci.Bull. 70 (2025) 454-459 BESIII, arXiv: 2512.03877
&G | - 10 . —_ 455
3 <500 & &~ E
2100 () > A ,#)‘; (b) S S gg—
2 : Jy-E % & 400 3 +. e man 4 \ @ 4] E
o [ Self BKG = 017018 019 4 \ = = 30
2 - 8 300 3 # '* + Data b= b= 25;
g 50_ @,2003_ J \ —;“f)tallFir o o 20:
2 2 F t o =2 Reeke P » 15
3 2 100F /}’/ WBKG = T qoF
> i L Q o o
= P W erout RO RIS A TS (L e R O'-— iR T e, I.I:J Lﬁ 5_
02 125 13 135 14 145 0.1 0.15 0.2 ] o ] e [t
M,..(GeV/c?) p./Gevcl P67 148 119 12 121 122 P67 118 140 12 121 122
My, (GeVic?) My (GeV/e?)
Modes 20 5 Ay | 20 5 Ay Decay E0 5 430 | 205 450
ST Yield 1400541 + 1989 1611216 +2111 Npt 178 £+ 16 214 +17
est (%) 17.61 +0.01 19.77 +0.01 ept (%) 1.01 1.04
épr (%) 4432002 4772002 Individual B (x10~3) 3.45+0.29 | 3.95+0.29
Individual BF (1.391 + 0.093) x 1073 | (1.344 + 0.099) x 10 ]
Simultaneous BF (1.379 + 0.068) x 1073 Correction factor 1018 0.991
2 -3
Correction factor 1032 014 Corrt?cted individual B {X;O ) | 3.39+0.28 | 3.98+0.29
Corrected individual BE | (1.348 = 0.090) x 1073 | (1.326 + 0.098) x 1073 Simultaneous B (x107°) 3.71 £0.22
Corrected simultaneous BF (1.347 £ 0.066) x 1073 Corrected simultaneous B (x 1[}_3) 3.604+0.21
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BESII, Sci.Bull. 70 (2025) 454-459

o)
M
©Q
S
3

X
S

o
N
N
Q
Q
N
N

.2
a :2;(:“ MC (@) . +(b)
g 0.1F —pHSPMC +
= Vcs,‘o,z - — ‘
= é,. 0 T - é‘ S e = =
;sf‘—ﬂ,l o +_‘ "oz} _+_ 03F @ Data 03 ;_
W E e PHSP MC | E
40.271 4;.5 EI) 0:5 1 _0747: 4;.5 IJJ ElJ.S 1 ;_ci‘] 02 —Slgnal M ;_?:1] 025
cosB(=") cosB(E") Crg 01F AT— %;:; 0.1 #:d'_ ‘
8 %t - 8 0; I L
‘““ It} E 0AF E 01E #
g \ - u T 4 o2r 02f (a) 02f (b) +
Zz _._._.__ 27 F
S 2. S0 OB R T I T T
Helicity angles: € | “g 1 08060402 0 0204 06 08 1 1 08060402 0 02 04 06 08 1
y g Z 0.1} -e- Data e 0 0
g Z signa e cosb_ cosf_o
0z, 0p, P4, 91_\' o7 ¢ gp' ¢pl eﬁ' ¢ﬁ = —i'gs'“lmg ’ o -
—0.27 Y X ;
Decay parameters: b O ! T ey P '
gy, AD az, APz, az, ADz, ap, az = = _ _
1/ I/ 8 ) Er2A A Processes ‘ 20 = Ay | 2 = Ay Decay asymmetry B0 — 430 80 — 430
Individual fit | —0.652 +0.092 | 0.830 % 0.080 Individual fits | —0.693 & 0.139ia¢ | 0.956 £ 0.139%a¢
Simultaneous fit -0.741 + 0.062 Simultaneous fit —0.807 £ 0.0954a1
Agp, B*—>K'(892)°
CP? (892) Y »
Ir — ' 1 Acp, B'—>K,(1430)"y | 0.4F 2
B X BESII ; ; 0.2
L — A, B—>1K - LT I
X i 4 PDG cp 2T oE * VMD
0.5 VMD Acp, B=>¢K'y |- = : T NROQM
= f A PMI Acp, B=>p'y |- W 0.2 PMIT
< I / A PMII Aep, D'—>py | T 04F & PDG
—F P> o ® this work
T of : ¥ NRCOM Ay, D'~y - T 0.6F
T + BSUG) Agp D->K'(892)' |- 5 08 —V—.
-~ I 4 ChPT (BF x0.1) ce ¥ =} : . N
B-05 Rt Acp, K*=>m'nly |- -1 3
: "Q"-* A A Z'=>py |- -1.25—
[ * : : A(~P,2+—>p’\/— '14-_|||||||||
710 1 2 3 A cp» Z'—>Ay (This work) |- ——e—s , 0 12 3 456 7 8 910

BF (= Ay) (x107) 02 A symmetry B(E'—X%)(x 107 41
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Chin.Phys.Lett. 42, 032407 (2025)

BESIifs<list: Decay modes ~ Data[19-21,32,33]  NRCQM [12] LFQM[13]  EOMS xPT [14]
~ A — ny —0.16(10)(5) —0.67(6) —-0.25 [—0.43, 0.15]
a2’ St S py —0.652(56)(20) —0.58(6) 0.1 (~0.32, —0.27]
« 07 > yE” 30 — ny 0.37(4) —0.22 [—0.70, 0.70]
O 5 Ay —0.741(62)(19) 0.72(11) 0.23 [—0.83, —0.59]
=20 - 20 —0.69(6) 0.33(4) —0.15 [—0.74, — 0.63]
e =T 5 N 1.0(13) [—0.18, 0.38]

—
i
—

Front. Phys. 12(5), 121301 (2017)
DOI 10.1007/s11467-017-0691-9

PERSPECTIVE

Prospects for rare and forbidden hyperon

=0 - —
L —ope Ve (|AS| - 2) decays at BESIII
« 29 > A+invisible Hai-Bo Lit21

—— 4+ - - ! Institute of High Energy Physics, Beijing 100049, China
[ ] LNV Lo} - Z e e 2 University of Chinese Academy of Sciences, Beijing 100049, China
—d S SRS S
Corresponding author. E-mail: Tlihb@ihep.ac.cn
Received April 17, 2017; accepted May 8, 2017

° N 0— - — s -
Q Z T /nK (l ASl - 2 ) The study of hyperon decays at the Beijing Electron Spectrometer III (BESIII) is proposed to inves-

tigate the events of .J /¢ decay into hyperon pairs, which provide a pristine experimental environment
at the Beijing Electron—Positron Collider II. About 10-10% hyperons, i.e., A, ¥, =, and £2, will be
produced in the J/% and ¥(2S) decays with the proposed data samples at BESIII. Based on these
samples, the measurement sensitivity of the branching fractions of the hyperon decays is in the range
of 10~°-10—8. In addition, with the known center-of-mass energy and “tag technique”, rare decays
and decays with invisible final states can be probed.

Keywords BESIII, .J /¢ decay, hyperon, rare decay, FCNC, lepton flavor violation 42
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