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Why hyperons?



Hyperon: a unique role in particle physics

p .
u& dd
5

+

uus

\ dss uss Ground States

Octet JP =117
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Advantage of hyperons

O Polarization experimentally accessible by the weak, parity violating decay:

I(cos8,) = N(1+a, P, cosf,)

6/30/26 MESON 2026, Krakow



BESIII: a hyperon factory

Electromagnetic
Calorimeter
CsI(Tl): L=28 cm
Barrel 05=2.5%

Endcap 0;=5.0%

Electro Magnetic
gkl ¥ 7

S

\

Muon Counter
RPC

Barrel: 9 layers
Endcap: 8 layers
Gspaﬁal=1-48 cm

Main Drift Chamber Time Of Flight
Small cell, 43 layer Plastic scintillator
Oxy=130 um or(barrel)=80 ps
dE/dx~6% or(endcap)=110 ps

0p/p=0.5% at 1 GeV

(update to 65 ps with MRPC)

6/30/26

With 10 billion J /3 and 2.7 billion 1(3686) collected at BESIII, ~107

entangled hyperon pairs can be produced, which enables precise studies

of the hyperon physics.

o(ete™ — J/1) = 3400nb

6 _l T T :l T |:: T T T T I T T T T I T T T T I T T T T I T T T I 1 :l T T I T T T T | T T T |_
C fw D Jhp Yo ! i
B . " e*e” —hadrons . 28; R
B === QCD !
C \
4 - E ] 3
= \
: |
: w3 k3 dbz 3 sl
33 S L A ]
1 :_ O BES m Crystal Ball
- [T £ exclusive data > ne 4 PLUTO
ool vyl Popmmeb v v v T T e T T T e T
0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
Vs (GeV)

» Hadron form factors

* R values and QCD

* Hadronization

» Fragmentation functions
* Nucleon structure

* XYZ particles
* Charm mesons
* Charm baryons

» Light hadron spectroscopy
» Hyperon physics
» Physics with 7 lepton

More Y (3686) data will be taken after the upgrade of
BEPCII and BESIII inner tracker.

MESON 2026, Krakow

o(ete™ — 1(3686)) = 600nb



BESIIl: a hyperon factory

p

10 billion J /1 events collected:
e Large Br.in J /1 decay

* Quantum entangled pair productions
* High efficiency, background free

~

/

Front. Phys. 12(5), 121301 (2017)
Phys. Rev. D 100, 114005 (2019)

Hyperon EDM

Hyperon-Nucleon Interactions

Other Physics

6/30/26

Decay mode

B(units 10~*

) Detection No. events
efficiency expected at BESIII

J/p — AA 19.43 £0.03 £ 0.33 40% 3200 x 10°
P(25) — AA 3.97 +£0.02 £ 0.12 40% 650 x 10°
Jjp - EE® 11.65 +0.04 14% 670 x 10°
¥(28) —» E°=° 2.73 £0.03 14% 160 x 10°
J/p - BB 10.40 + 0.06 19% 810 x 10°
P(28) - 27 =T 2.78 +0.05 19% 210 x 10°

Hyperon Physics

MESON 2026, Krakow

b

CP Violation in hyperon decay
* Decay parameter
* Decay branching fraction

Rare decays
* Radiative decay
* Semi-leptonic decay

Hyperon production
* Time-like EM FF
* Cross Section



Hyperons production at BESIII

* The form factors Gg,G,; construct the
production parameters:

. _ s|Gm|* — 4MZ|G|?
Y s|Gm[? — 4M2 |G|

AP = arg(S—E),
M

6/30/26 MESON 2026, Krakow



Hyperons production at BESIII

* The non-zero A® represents the transverse polarization.

/1 — a;, sin(A®) cos 6 sin 6

1+ ay, cos2 0

P,(cos @) =

6/30/26 MESON 2026, Krakow 8
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CPV in hyperon sector



General Partial Wave Analysis of the
Decay of a Hyperon of Spin 3
T. D. Lee* anxp C. N. Yanc

Institute for Advanced Study, Princeton, New Jersey
(Received October 22, 1957)

[ Phys. Rev. 108, 1645 (1957) [

The amplitude of spin 2 baryon B; decay to a spin 'z baryon By

and r:
A~Soy,+ Po-n
The decay parameters are defined as:
2Re (S*P) 2Im (S*P) 1S12 = | P2
YT speer P T spepp YT
Two complex amplitudes: ¢ weak phase, & strong phase
S = ZiSiei(d)?"'SZg)’ P = zipiei(¢f+5f))
Under CP transformation:

§=—3i5el-Pi+%), P =xipei-oi+8)

CP
If CP conserved: S=— —3S§ a ; a=—a
o ) ‘¢

6/30/26

T sE PP

MESON 2026, Krakow

CPV
observables

<

\B

7 2y
1\ \\‘ v .
g BPAsin® . @+ P coso
0 @7
1 /
e ® P
7'5_/ @
e =~
+
CP P 4 7
- 1
0 2
o < ~ /’

PRD 34,833 1986
7 hep-ph/991023
hep-ph/0002210

T

Sy
Te+Ta a+a

= = =~ _+A
[a—Ta a—a«a
Fﬁ’+Fﬁ ,[)’+ﬂ
rg—rp ,3 ﬂ

10



e The 9 kinematical variables — 9 dimension PHSP

§ = (0z,0n D0, 0%, D7, Op) Pp, 05, D)

* The 8 free parameters

w = (a¢, A(D,

Hyperon decays J

— —
2 = = A A
v a,u,/,uaV,VIa,u/,OaV/,O

Phys. Rev. D 99, 056008 (2019)

6/30/26
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y
i )

b

:o yP. v

< .
‘\

~ . = ’
N . 4 A
BN v
3 ‘ . -~~~ a+ Pz cosf

[1]
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Search for CPV in entangled =~ — E* pairs

580K Z~ — E* pairs

with > 99% purity

\
\

ete" > J/Pp > EET 2T > Am™
Parameter This Letter
a, 0.5851 4 0.0044 + 0.0034
A® (rad) 1.2205 + 0.0159 + 0.0056
(o= —0.3813 & 0.0026 £ 0.0005 \
s 0.3873 £ 0.0026 + 0.0006
$= (rad) —0.0008 + 0.0072 = 0.0010
$= (rad) 0.0020 = 0.0072 =+ 0.0006
a, 0.7434 £ 0.0039 + 0.0015
\ @x —0.7478 + 0.0038 + 0.0015 _/
(Ep — &) x 1072 (rad) —02+12+0.1
(8p — 85) x 1072 (rad) 03+12+02
(AZ, x 1073 ~78+48+08 )
AgZ, x 1073 (rad) 0.6+5.1+02
(AL x 107 —29+43+0.7 )
(o) —0.3843 £ 0.0018 == 0.0005
(=) (rad) —0.0014 + 0.0050 & 0.0008
(an)

l an 0.7456 £ 0.0022 £ 0.0014 '_\

Phys. Rev. Lett. 136, 201802 (2026)

6/30/26
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>

A

04
0.2
0

-0.2

-04

Three CP tests

Pull

T T T T T T T T T T T T T T T T

- =~ Polarization .

=t — =

F) S | L E

-1 -0.5 0 0.5 1
cosf

The precision of the asymmetry parameter: 1073

Measurement of the weak (CPV) phase difference in £~
decays, most precise results in weakly baryon decays

(ép —€s)sm = (—2.1 £ 1.7) - 10~% rad [PRD105(2022)116022]

The precision of () obtained from 580K Z is
comparable to that obtained from the measurement of
3.2 million A decays!
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https://journals.aps.org/prl/abstract/10.1103/c1fz-9r8q

Hyperon polarization

J/Y - AA
PRL129, 131801(2022)
0.2¢
0.;.51*— Kgﬂ/’*‘“"\y’
;‘< 0.05
8 0
=2 005

—— Data

-0.1 )’},“‘ﬂ' — Signal MC
05 e g — PHSP MC
5
= o}s e e ‘
-5 05 0 05 1

A® = (0.7521 + 0.0042 + 0.0066) rad

(3686) > AR
arXi1v:2509.15276

0.2 T T 1 T T T T

—Data
-0.1 —Fit
y2Inbin = 0.66

-0.2

-1 -08-06-04-02 0 0.2 04 06 08 1

coso,

cAd)= (0.366 + 0.064 + 0.013) rad

/i
PRL135, 141804 (2025)

T T T T T —T T
[ = Data: w(3686) =-Data: 'y B
0.1 —Fit w(3686) — Fit: Jly —
N Phase space

~ 0.05 .
12 .
@ )
o 0
S G
2-0.05 1 .
-0.1F + _:
P S 1 ]
-1 -0.5 0 0.5 1

AD(J /1) = (—0.2744+0.003340.0010)rad
AD(P(2S)) = (0.42740.02240.003)rad

1)[) - ZOEO
Phys. Rev. Lett. 133 (2024) 10, 101902

x107°

0.2

ul0.2

coséy

AD(J /) = (—0.0828 + 0.0068 + 0.00
ADH(2S)) = (0.512 + 0.085 + 0.

P
'|\H“IIIT\H'|IH‘\

=g

=
<

7

1+ @y cos? 6,

p(costy) =

J/$ ~ EE

.Rev. Lett. 136, 201802 (2026)

|JH‘III‘\H|IH‘\

TTTTIT

Lol il

P S S RS

1
—_

— =

T R TR
-0.5 0 0.5
cosf

AP = (1.2205 + 0.0159 + 0.0056) rad

Phys

W(2S) - E-E*

041

.Rev. D 106, L091101 (2022)

0.5 0 0.5 1
cosO-

E?ﬁﬁdzoza ¢rakow A® = (0.667 + 0.111 + 0.058) rad

P, (6
3+C¥]/lp y( A)

J/ — E°E°

Phys. Rev. D 108, L031106 (2023)

AP = (1.168 + 0.019 + 0.018) rad

(3686) - EOEO
Phys. Rev. D 108, LO11101 (2023)

0.4 T

-0.4

cosO

A® = (—0.050 + 0.150 + 0.020);rad



First complete measurement of Z(1530)° structure

O Spin-3/2 particles exhibit not only vector polarization

but also tensor polarization.

O Four independent form factors: electric charge (Gg), magnetic

dipole (Gy), electric quadrupole (Gg), and magnetic octupole

(Gp) moments.

X-Z
Py 2

Pz

Spin components
|
o
~
\\‘\\\‘\\\‘\\

|
o B
[o)
T
3 t
>

y
=S
Sir
‘\\\‘\\\‘\\\

Sh

T
-

LLT
S/‘,

L
[ | | |

-1 08 -06 -04 -02 0

cosf

02 04 06 08 1

=(1530)°

Polarization correlation

0.8

0.6

0.4

0.2

/‘/__\\\
E _51,1/50,0 S9,9/S0,0 E
:' S52/S00 S10.10/S00 i
_S3,3/S0,0 _Sll.ll/S(),O 5
111 ‘ 111 ‘ 111 ‘ 111 ‘ 111 ‘ 111 ‘ 111 ‘ 111 ‘ 111 ‘ 111
-1 -08 -06 04 -02 0 02 04 06 08 1
C03(93(1530)0

Polarization correlation

<

O A more detailed picture of the internal structure of baryons.
[ oy 0.02 £ 0.06 & 0.06 IGe|  0.0035 % 0.0006 = 0.0004 |
3| —0.42+0.08 = 0.05 |Gp|  0.0056 + 0.0006 + 0.0003
a2 0.75+0.06 = 0.06 IGo|  0.0129 = 0.0007 + 0.0005
¢1 (rad)  —1.81+£0.13+0.07 |Gol  0.0039 + 0.0002 = 0.0001
s (rad) 2.37 +0.08 + 0.05
| p4 (rad) 1.02 £ 0.15 & 0.08 )
T ‘ T ‘ T T T T T

2 - S4,4/ SO 0 S7 ,7/ SO,O
B =S855/S00 TS0/ S0
- Ss,s/So,o _S14,14/So,0
o T T P D D S N B I
-1 -08 -06 -04 -02 0 02 04 06 08 1
Coses(lsso)"



Summary of BESIIl achievement on hyperon decay

| |
N=>ny.
0.2 M = PV— S .
A-nm° e
o 505 Ay p
&) 0.0 0 o ©
>t -onnt
02 e
| L | I | ) ) | 1 L | 1
1.0 -0.5 0.0 0.5 1.0
Decay parameter (a)
6/30/26 MESON 2026, Krakow




Electric Dipole Moment

O Definition in the ensemble of particles: A, %, E

S EDM: & = dyup /2 Spin polarization vector:
s = Tr[po] =%<§>
MDM: u = gug s/2

Magneton: ug

Gyro-electric(magnetic) factor: d(g)

O Interaction with EM field

‘s
H (d) )
[ I
H=—uB-5B o [l — @
H—H=—p-B+6-E —— A: f
T
.05 Non-zero EDM is a signal of P/T, and CP violation H 5(d)



Why EDM

Big matter and anti-matter asymmetry founded in the universe.
(nB - nﬁ)/n),lCMB — (6 08 i 0 09))(10_10

CP violation has been founded at K, B, D meson system, but not enough to explain matter dominant universe.
New CP violation sources beyond SM are needed to explain predominance of matter over antimatter.

O

O

SM prediction: d¢p = dep 1018 « 1010

D12
O EDM is one of the few low energy measurements sensitive to fundamental particle physics at a scale of few TeV
and above.
d m, 10-23 (1 TeV)2
~e——> = ecm (——
¢ " M2 M
(loop) = SM-CKM = SM-0 = <d(expected) = <d(meas)
EDMs and muon LFV are . oo
important to probe new physics 109 10-19
at and beyond TeV scale 102k 1022
A1o-25|: 1072
£
=10 ‘ 1031
a
w 4o-34L | 10-34

] | | ] ] ] | S S ] ] ] L 1074} ‘ *Beyond 10-40
> Colliders
103 106 10° /) 10% 10 ot o

6/30/26 N (GeV) | cson 2026, Krakow®




How to access EDM

O EDM and MDM extracted from spin procession in EM field

ds
T SX(Qumpm + Lepm + 1)

Qumpm = g%(B —#(ﬂ -B)B — BXE)

d
oy =\~ (E~ 7 (B-E) ~ fxB)

O Experimental requirement

v’ Sizable polarized particle source
v" Enough fight length/intense EM field for precession

v' Excellent detector for polarization measurement
via angular analysis

Significant challenge for short-lived
particles, i.e. A(1071%s),29(1072%)

6/30/26 MESON 2026, Krakow 8




A EDM/MDM measurement at Fermilab

cELD , osserve O Last direct measurement in 80’s @Fermilab
N—~pr-
b.)
o '~ O Fixed-target experiment with 300GeV proton
A° PRODUCTION |

TARGET beam on Be

O Magnet: 5m, 15Tm
O Reconstructed 3x10° A —» pr~ decays

Phys. Rev. D23 (1981) 814 O Small transverse polarization ~8%

dy < 1.5%x1071%e cm @ 95% CL o o
sensitivity depend on polarization

and difficult to improve to 10718 e cm
Phys. Rev. Lett. 41 (1978) 1348

up = (—0.613 + 0.004)uy

6/30/26 MESON 2026, Krakow 19



Indirect access to EDM

PHYSICAL REVIEW D VOLUME 47, NUMBER 5 1 MARCH 1993

CP violation in J/¢¥ — A A

Xiao-Gang He, J. P. Ma, and Bruce McKellar

Research Center for High Energy Physics, School of Physics, University of Melbourne, Parkville, Victoria 3052 Australia
(Received 19 November 1992)

We study CP violation in J/9 — AA decay. This decay provides a good place to look for CP
violation. Some observables are very sensitive to the A electric dipole moment da and therefore can

be used to improve the experimental upper bound on da. CP violations in the lepton pair decays
of J/v and Y are also discussed.

2 _ .
Le-a = —37rz€dn (P — Pa)EyucAiys A
2e : : . ¢
H. = d measure time-like dipole form
T 3mz v factor with ¢ = m;

X.G.He, J.P. Ma, Phys.Rev.D47(1993)1744
X.G.He, J.P. Ma, Phys.Lett.B 839(2023)137834

6/30/26 MESON 2026, Krakow 20



A EDM measurement at BESIII

O 3M J /Y — AA decays reconstructed with purity > 99%,

similar statistics as Fermilab in 1980s

O Preserve CP symmetry and a 3-order-of-magnitude

improvement

Re(dp) = (=3.1+£3.2+0.5)x 107" e cm,
Im(dp) = (2.9+2.6+0.6)x 107" e cm.

—8.6x 107" < Re(dy) <3.3x 107" e cm,

—25x 107 < Im(dp) <7.2%x 107" e cm,

ldal < 6.5% 107 e cm.

6/30/26

MESON 2026, Krakow

arXiv:2506.19180

Parameter This measurement

an 0.7524 + 0.0036 + 0.0008

ax —0.7571 + 0.0036 + 0.0008
Re(G>) (9.71 £0.06 + 0.24) x 1074
Im(G») (9.14 £ 0.04 + 0.23) x 107

Pr (-1.8+1.2+0.8) x 1073
Re(Fa) (—24+1.6+3.1)x107°
Im(Fy) (=7.9+3.7+2.5)x107°
Re(Hy) (-1.4+1.4+0.2)x107° GevV~!
Im(Hry) (1.3+1.2+0.4)x 107 GeV~!
@y 0.4748 + 0.0022 + 0.0017

A¢ 0.7552 + 0.0042 + 0.0013

Acp (-3.1+4.6+1.1)x 1073

sin” g5 —0.15 +0.12 £ 0.26

Re(dyp) (-3.1+3.2+0.5)x10 ecm
Im(dyp) (29+2.6+0.6)x107'° ecm

21



EDM visualization

O Non-zero EDM could affect angular distribution,

arXiv:2506.19180

asymmetry visualized in TPA x107 ——
10: —&— Fit result of data
— (7 o7 T * ~ I d,|=0 ecm -
0 = (lelﬁ) +k < Re(HrG7) % - o :dA:=4.2 x 107 e cm ]
5 . _
A(O) _ Nevent(O > 0) T Nevent(O < 0) % E
Nevent(O > O) + Nevent(O < 0) g 0 :— """ e @ S G 3
3 - ~ - )
== -5 . N _
O A model with dy = 4.2x1071% e cm R
angular analysis is more sensitive than TPA 02 a 06 0s 1
@ x 1)kl

O Also can be visualized in another angular distribution,
with different senstivity

0 = (1, + 1) - k < Im(HrG3)

6/30/26 MESON 2026, Krakow
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Complementary to neutron EDM

Phys.Rev.Lett. 136 (2026) 051902 O PQCD relates d,, to quark EDM and CEDM
Perturbative QCD Prediction of the Hyperon Electric Dipole Moment
from CP-Violating Dipole Interactions ' dA exhibits uniq ue sentivity to
Kai-Bao Chen ! Xiao-Gang He ;> Jian-Ping Ma®,*’ ‘and Xuan-Bo Tong ud Strange quark CEDM
M (Received 15 October 2025; revised 4 January 2026; accepted 12 January 2026; published 4 February 202 2 | | T Lomited by dr
Scenario 11 [ Limited by dy,
The electric dipole moment (EDM) of baryons provides a sensitive probe of CP-violating interactions 0 B el by 2]
beyond the standard model. Motivated by the recent BESII measurement on the A hyperon EDM [Ablikim &
et al., arXiv:2506.19180.], we present the first perturbative QCD analysis of the A EDM fom factorto = | 1= 14
elucidate its origin in CP-violating quark dipole interactions. In particular, we derive a QCD factorization = ’ i | |ds | S 14 X107 em
formula that relates the A EDM form factor to quark EDMs and chromoelectric dipole moments through
convolutions with light-cone distribution amplitudes of A. These connections allow us to extract constraints -1 |
on CP-violating dipole couplings from current and future hyperon EDM measurements. Our numerical
analysis demonstrates that the A EDM exhibits unique sensitivity to the strange-quark chromoelectric —2_74 o ‘ ;1
dipole moment, providing complementary information to that obtained from the neutron EDM. d, (x10-2 ¢ cm)

da = 5.29 x 107%dy + 4.61 x 1075(dy, 4+ dg) + 6.21 x 10 %eds + 1.98 x 10 %edy — 2.14 x 10 %ed,,

dp, = —(0.20 & 0.01)dy + (0.78 & 0.03)dg + (0.0027 % 0.016)ds — (0.55 & 0.28)ed,, — (1.1 + 0.55)edy

6/30/26 23



Sensitivities of hyperon EDM at BESIII

Sensitivity of Re(dy) (e cm)

6/30/26

reminder:

107"

10718 |

10°"° 5

10 i

2e

Hr =
T 3M2

/%

gvdg

@ BESIlI(Re(dy) 1 STCF(Re(d,) A STCF+Polar(Re(d,)

@ BESII(Im(d,) 0 STCF(Im(d,) A STCF+Polar(Im(d,)

T T
L

TTT w

T

T
a
bl
%]

IIHIII

|1 1 iIill

| IIlIllll

| IIllIIII

IIIIIII

8]
I

A x

(a)Sensitivity of Re(dg) and Im(dg)

J. Fu, H.B. Lij, J. Wang, F. Yu, and J. Zhang,
PhysRevD.108.L091301

10—17

10~°

10~°

-y
o
0
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9

o

Sensitivity of Im(dy) (e cm)

SM: ~ 10720 e cm

BESIII: milestone for hyperon
EDM measurement

A 107 cm ( FermiLab
10~1% e cm)

first achievement for Xt 2~
and ZY at level of 10~1% cm

a litmus test for new physics

STCF: improved by 2 order of
magnitude

24
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Hyperon semi-leptonic decay: A — pev,

See Varvara’s talk e T
160¢ — Tont \[ Niig = 1854 +49
& 1405 " Backgrounts Ao Npp =448 £50 =
g 120;_ — — Other backgrounds kag —0+31 _;
2 1001 [ ) E
§ 60F R E
=40 J \ =
20~ E
() Dottt yidairiatetelr il B PRS-
. A - L SEr
arXiv: 2509/09266 / ‘@ 3 OW#W;%W
e R =
004 -0.02 0 002 004
Observable This work Previous result Refs. Usiss (GeV)
B(A — pe~V,) (8.164+0.224+0.15) x 107*  (8.34+£0.14) x 107*  [8]
Lo 0.74213,0% £0.009 0.718£0.015 [8] O Based on 10 billion J /1y
g —0.7061 0955 £0.014 -
(gav) 0.72915:%48 +0.007 - _ _ .
g 0.93+0.5140.17 0.15+0.30 [12] O First measurement of absolute branching fraction
gh 0.894+0.49 4 0.20 -
W 0.89+0.35+0.14 — . _ .
fﬁ >| 021991 0.0004 O First measurement of A weak electricity coupling g,/f
us |SU3) . .
0.2224 +0.0034 [9,34]
Vius|Locp 0.23320.0042
|<Vus|>'vff+3g? 0.454340.0076 - O A hyperon-based route to |V,;|, complementary to
8av 0.706¢ 0s6 -
o) 07740 _ kaon decays
(8ar2) —0.1910:83 —
6/30/26 MESON 2026, Krakow 26
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Hyperon-Nucleon interaction



Hyperon nucleon interaction

s
~

Carbon Fibre

6.425
0.00495
2 642

Inner Wall of MDC e 0119

AN
e’ > Y« :'
\/ ‘\\ j Beam Pipe

Beam Pipe X

0.08

3.15
3.148564

0.001436

Hyperon pairs produced in e+e-
collision inside the beam pipe

Material of the beam pipe: An example: Lambda hyperons
Gold (Au) interact with Be nucleus
PRL 127, 012003 (2021) Beryllium (Be)

Chinese Physics C Vol. 48, No. 7 (2024) 073003 .
g . oil (12C: 1H = 1:2.13)

6/30/26 MESON 2026, Krakow 28



Observation anti-hyperon elastic scattering

4
30 30 x x L L
e [ T Ap - Ap p [ tom  Ap - Ap = —~. | Apoip
% - — Fit result % [ — Fitresult g 3 g 10’_
= 20__ ---- Background = 20__ ---- Background e [ I
(ep] L 1) L ~—" 2 ~ I
e | e = g sf
c 101 GCJ 10_— B 1 \b 3
g i \ > i o No) I
L L é L ] I
L I ] L I ad 0 OlAllxl—b—A.xx—b—v‘ - |
215 2.2 2.25 2.3 215 2.2 2.25 2.3 -1 -05 0 0.\5\/ 1
M(Ap) (GeV/c?) M(Ap) (GeV/c?) oS0,

BESIII: PRL 132, 231902 (2024)

o(Ap - Ap) = (12.2 + 1.6,  1.1,) mb and
o(Ap - Ap) = (17.5+ 2.1, +1.6,,) mb

O Total elastic cross sections measured in —0.9 < cosf, < 0.9
OAp > Ap is observed for the first time

OAp shows a slight forward tendency; Ap shows a strong forward peak

6/30/26 MESON 2026, Krakow 29



First observation of antihyperon-proton annihilation

Reaction chain: J/ - AA, A+p > K ntn™ + kn® (k = 1,2,3) BESIII: PRL 136, 171904 (2026)
‘ The center-of-mass energy of the incident A and a static p is about 2.243 GeV.
Two-body decay, P;z = 1.074 GeV/c g I | gl '
20 (a) 1 %
: . . = { =
hydrogen in the cooling oil, at rest protons S 1 8 .
<10 /(5’
8 1 3
5 1 -
A : | &
r o |
2 21 2.2 23 24 2 21 2.2 23 24
Target M oo (GeVie?) M oo (GeV/c?) ,
Pee First observation InIermedLat-e
- Ty o prr ey K*(892) 7 in
: % 3f 12
Be ¥ | [ z 1 (0) s k =1 channel
331 S I = |
[ oil 008 s 27 1 & |
N~ r o [
Beam Pipe 323 S 0 1 IS5 C
B 0.08 E Ly /\ Il | § i
Au 0.001436 3.15 (| Ratanonas: RREASAS Dol ! 0' M A
3.148564 2 2.1 2.2 2.3 24 0.8 1 1.2 14
M. . .. (GeVic?) M., (GeV/c?)
et e Channel Cross section (upper limit)
Ap - Ktataa° 85717 +04
Ap —» Ktnta2a° 7.979 £ 0.4
Ap —» K*nta=3a° 3112 4+02(<72)
A * + ot +3.8
6/30/26 MESON 2028 Bribas (892) 777 12.5754 +1.2 -




Summary

Hyperon physics plays an important role at BESIII:

[ Precision measurements of hyperon decay parameters, polarization and CP:
 complementary to CPV studies with Kaons

* Hyperon semi-leptonic decay: a new approach to extract |V ]|

0 Novel method to study hyperon-nucleon interactions.

* Aidea place to study anti-hyperon nucleon interaction.

0 Hyperon electric dipole moments measurements:

* The sensitivity of A EDM at BESIII is 1000 times higher than the world’s best measurement under the same
statistical condition.

* BESIII has the opportunity of first measurements of the EDM of £*, 27, Z° hyperons, and the sensitivity are at
the order of 107 1°(BESIII) and 10~2%(STCF).

THANK YOU !
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Backup

6/30/26

MESON 2026, Krakow
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Polarization in J/i) production \ -

O /i polarization with unpolarized beam /
Po=(p,,—p_ ), +p_) Pmm' SPIN density matrix for J /i
o S —SICHP B8 o ~10~*in SM

OR + O, 2sin20§{f}:cos2¢9$/{°,f ms;

O //y polarization with longitudinally polarized beam P,

¢ TR0+ P)2=0L(1=P)/2 _ Ajp+P.

— — ~ P,
or(1+P.)/2+0,(1-P.)/2 1+ PA,

dominated by P,

a way for precise measurement of beam polarization

od

20



J/¥ — AA decay

f

J/p

g /A
g
g

DO

\K

C
three-gluon exchange (dominant)

\

J/p

Cc

/A

\K

virtual photon exchange

—

J/p

C

/A

Z*

N\

\K

virtual Z exchange

~N

] /WAA vertex: four form factors in total

_ i
M, 2, = €,(4 — Ap)u(Aq, p1) (FV}’” +%0" q,H,

+ y*y°Fpo + 0"y’ q,H T) v(42, P2)

_J

Fy, and H, represent A polarization
F,: P violation

H: P and CP violation

21



P violation form factor F,

O Primarily from Z and W exchange between cc and light quark pairs

Ece

O Related to effective weak mixing angle and QCD model parameters

1 —8sin268f/3
W o~ —1.07%1076

X.G.He, J.P. Ma, Phys.Lett.B 839(2023)137834

Running?

F7 (x1079) F2 (x1077) FY' (x1077) F¥ (x107°) FY (x1077) F§ (x107%) F§ (x1077) F4 (x1077)

No
t
t+s

7.22 —0.55 —8.93 —5.84
8.16 1.31 9.77 8.95
8.69 1.39 10.3 9.44

Yong Du et al, Phys.Rev.D 110(2024)076019
24



CP violation form factor H;

O Several CPV sources contributed to H;

O Assume hyperon EDM form factor as major contribution

Hr(q?%) = NG (g = M; )

3M1/w

neglect g dependence, d, for hyperon EDM

X.G.He, J.P. Ma, Phys.Rev.D47(1993)1744
X.G.He, J.P. Ma, Phys.Lett.B 839(2023)137834
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Angular distribution

J. Fu, H.B.Li et al. Phys. Rev. D 108, L091301 (2023)

do
70 > R(A1, A3 Af, D)
[A]

D*J 1/2(¢1,91) i\/ 1}\/,2(%’ 01)Hx, Hy,
Df\is\lf(sz, 92)D§\/ 1>\//2(¢2, 02)H3, Ho,

R(A, A2 AL, AD) (06 D lommidl s, (00, (6)

*
X M)\l )\QMA’ ,\’ 5m m’

M, = €u(A — X2)a(Aq, p1) (Fyy* + o’ q,H,
2MA

+7*y° Fa + 0" 4°q, Hr)v(A2, p2).

Type I:

ete" > J/Y > A\, A-pn”
ete" > J/Y->32tE", =t pr®
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Angular distribution

J. Fu, H.B.Li et al. Phys. Rev. D 108, L091301 (2023)

do
15 & D R(A1, Ag; A, M)
A

DAJI,,\I?)/ (01,04 i, 1}\/, ¢1,91)’H/\3H/\g

) (

DT\‘Z,:A{;/Q(%, 92)D§\/ 1}\/,2(¢2, O2)H3, Ho,
) (
) (

DYIS2 (85, 03) DA 2 (63, 03) Fx, Fag

;‘\i,,\lﬁ/2(¢4,94 DJ 1/2 G4, 04) Fx. Fxg

R(A1, A2; AT, Ag) o Z Pm,m'dzn il Ao (e)dj /lx -, (0)

m,m’

*
X M)\l AQMA, )\/ 5m m’,

M, = €u(A1 — X2)Ta( A1, p1) (Fvy* + 2M o q,H,

+7“75FA + U“V’quuHT)v()\z,m)-

Type ll:

ete” =)/ E
fe” - J/p - EOE°

[Ill [1]|

[1]

[1]

Il

>
<

=
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Angular distribution

J. Fu, H.B.Li et al. Phys. Rev. D 108, L091301 (2023)

do
g 2RO A3 A1, X5)

[Al
*j=1/2 1/2 .
A‘i A3/ (¢1701) .;/1)\// (¢1, 1)H>\3HA’
x]=1/2 1/2 .
X;,A4/ (¢2392)D§\/2,)\/’ ( 792)7'[)\47'[)\/
D:‘i,)\ls/z (¢37 03)D3 1/2(¢33 3) ‘F)\S
D:J,)\l/z( )DJ 1/2(¢4,04) —;6 —)\6

*
X MA] A2.MA/ AI 6m m/,

Mo x, = €u(A1 — A2)a(A1, p1) (Fvy" + 2M " q,H,

+y*y° Fg + 0"y q, Hr)v(A2, p2).

[ Lee-Yang parameters in hyperon weak decays
defined by helicity amplitude H and F

a = (|Hy | = |Hor o VA Hy 2| + |Hor 2| )
B = 2im(H, ,H )/ (|Hyjo|” + |Hoyyo|)

Yy = 21{(3(1"11/2]'&1/2)/(|H1/2|‘2 + |H—1/2|2)

J CP-violating observables

Acp = (@ + a)/(a — @)
Bep = (B+B)/(a — @)

F, and Hyr not necessary

Several measurements from BESIII with

world-leading precision
28



EDM sensitivity

J. Fu, H.B.Li et al. Phys. Rev. D 108, L091301 (2023)

O Simultaneously determine all free parameters
from full angular analysis

Sensitivity of Im(dy) (e cm)

107" =

@ BESIl(Re(d,) [ STCF(Re(d,) A STCF+Polar(Re(dy)) §

l.€. ]/l/) - AA g @ BESIl(im(d,) [ STCF(m(d,)) A STCF+Polar(Im(dy)) E

A\

. ~ 18 | —

Set of helicity angles € 10 .. ¢ o |

i _(pgi pi @i 4 5 B 1

f - (9 ’Qp’ep" ¢p’ ¢I5) Qqé L o . ® e -

. 6 10'19 — —

Fitted parameters fn S s

R = - B ]

A = (Pr, Gy, Fa, Hr, ap, ay) =R . 7 w ]

Q:) 10'20 — = Q —

e 2 Fo. & 7

O Sensitivity at BESIII and STCF - .
10719~10721 @ cm A by g g’



Electromagnetic Form Factors (EMFFs)

= ete” - BB
e PP

e.g. JLAB 0 4m? (m1 —mg)? (my + mg)? BES II1
PANDA BELLE II
PANDA

* eB — eB scattering « ete" >BBorBB - ete”

 Stable baryon beam * Baryons produced paired
e Momentum transfer g = —Q%? < 0 * Momentum transfer g% > 0

* Q% - 0(0.00021 GeV?)

6/30/26

c q*=M 1231—, for current running experiment

MESON 2026, Krakow
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Hyperon form factors

» Complex form of TL EMFFs:

What happens if . . . .
S s) - P - P
o i Gg = |Gg|e'™E, Gy = |Gy|e™
with one - or many - u \ u
A I°

IRt Relative phase: A® = Op-Py,

=) » Analyticity requires Sll_)rg A® = 0, since SL and TL
— > b, 9 EMFFs should converge to the same value

» A® # 0 when s > 0 results in the polarization effect of
the hyperons: P,, « sin A®@

» Angular distribution of daughter baryon from Hyperon

weak decay is
do .
> -0 & 1+a,P,-q

» a,: asymmetry parameter (P-violation)

A® and the polarization of hyperon can be measured!
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First complete measurement of A structure

» New BESIII data at 2.396 GeV with 555 exclusive AA events in sample.

— R=|Gg/Gy| = 0.96 + 0.14 + 0.02

— AD =37°+12°+6° Phys. Rev. Lett. 123, 122003 (2019)
— 0=118.7+ 53+ 51pb

* Most precise resulton R and o
+ First conclusive result on A®

1.5 ‘ ) _ *
— - =l 5» —
3. i3 B et
e l p—— = - - e N
Qg ki % = t— — — D, o 'J{, =
. " -
© \\\ -l &)
o
Tos :F{;
S
G- ettt L —1 — R B B L A ) PR
1 0.6 0 0.5 1 -1 _015 6 015 1 16
cost ceso
6/30/26
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Complete measurement of A structure

1;_ =—e— BESII 2025 (This work) ] 25; : --: ;z ;‘
[ # BaBar ISR 2007 ] 20! | ¢ Besn :025
- —+— BESIII scan 2018 . _ | ¢ BESHN 2019
o ’7‘* - BESIII 2019 Fist AT | 4 BaBar 2007
:E e —¥— BESIII ISR 2023 ] gul , ! ! O |
Q e . = 101 Ty |
S 1ol ++i*_+ DT, ST combined ol e o + . ,
8§ il : |
an) [ | 107 .
_+_]_+—‘_YT+§ $ ai : : . i
g | w:
~ PRL 135, 191902 (2025) o il =
0353 54 25 26 27 28 28 3 31 g !
CMS energy (GeV) | | :
2l i
— 2 2 : : : PRL 135, 191902 (2025)
» R = |Gg(q?)/Gy(q?)| remains constant, while A® of W e |

q° (GeV?/c")

changes by more than 90° between 2.396 and 2.6544 GeV.

dR(q?) an asymmetric charge distribution
(rg)? = 6 e = —0.076 + 0.043 fm |mm) where the ds quark pair lies close
1 q%=0 to the center of the A hyperon.
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Results of EMFFs at BESIII

o 10 = o, . AxpEoH 3 Bu.l 25F > gBEsm —
e Seak J):[ o r- {; - e oz ggg::: . ~ n —A——rngfg:\‘%AR .
~Te T° . [ T Ty ® . ) E%_;aesm 7] :_ E'/GM|-1 _--

100, [ﬁ‘[ lﬁ[iﬁ‘ bee ¢ ¥ 0 TIREAN 20 + .
E "P ‘:’J T A A, Belle E - -
N NI BT ANESS -

10 & $ %‘ — + rSEY .
g ﬁﬂ' J{:}: E 1-0E_— """""""""" +$* | -
- Bl i - + t .

1k t s - 0.5 * =
= I'LT' 3 L =
- . . " " | . . \ T ] 0.0:...1....1....|....|....|....|....|..
0.0 0.5 1.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

™ 2L

Nat.Sci.Rev. 8 (2021) 11, nwab187 B= 1-4I\/I§/s

» Abnormal threshold effects observed in various baryon pair production: pp, AA, AFA7 ...

» Oscillation structures observed

» |Gg/Gy,| ratio significantly larger than 1 at low beta for p, A}, X'*, indicating large D-wave near threshold
» Relative phase angle of form factor A¢(sinA¢) measured for A, A, etc
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2+n->EZ +pandA+°Be—->X+n

O First study for =°n and AN inelastic scattering through J /1 — Z°Z° and AA

BESIII: PRL 130 (2023) 251902 BESIII: PRC 109(2024)L052201
L 15[22.945.5 +- Data gl AN ITX
= e - s
WEC i,
&1 "™ e S s00 - )
5 . i N
€t 5f 2
o I T S DU
i l Hm L”J 1.15 1.2 1.25

0 JUAA LH1113 el s & ¢ r.’1 35 Mpn" [GeV/cZ]

M(Ax) (GeV/c?) Npr = 795 + 101

[ Total elastic cross sectionsare measured, results are consistent with theoretical prediction

o(=°n — =7p) = (7.4 * 1.8(stat.) £ 1.5(syst.)) mb
o(=°+°Be —» =" + p + °Be) = (22.1 £ 5.3(stat.) * 4.5(syst.)) mb
o(A +°Be — X" + X) = 37.3 £ 4.7(stat.) £ 3.5(syst.) mb
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