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[1] Pisma Zh. Eksp. Teor. Fiz, 1967, 5: 32-35.

Matter-antimatter asymmetry

° Sa kha rov th ree Conditions [1] : [3] Comptes Rendus Physique, 13.2 (2012), 168-175.
1. Baryon number Bviolation
2. € and CP symmetry violation (CPV)
3. Interactions out of thermal equilibrium
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« CPV in Standard Model (SM)

{ CKM mechanism (2 \ { Strong CP process [3) \
LCPV from phase & | - QCD “vacuum angle” §:
e L= — % BTr(G™C
— 0o — 2 l'( [,lv)
C12€13 S12€13 s13e70 16m
- _ is _ is | |
Vekm ( S12C23 Clzszasmf; C12C23 — S12523513€ N S23C13 . . Measuring the EleCtriC DIpOle Moment (EDM) Of atomiC
S12523 ~ C12€23513€ —C12823 ~ S12023513€ C23€13 O . )
nuclei, atoms, and molecular systems:
*
60+0 = VCKM == VCKM

- yo ~10
\ / \ |ld,| <107%%e-cm = 6 < 10
.

CPV in SM not sufficient to explain matter-antimatter asymmetry
necessary to search for new CPV sources beyond SM!
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Electric Dipole Moment

« Electric Dipole Moment (EDM)

S
6=d ﬂBE
« Magnetic Dipole Moment (MDM)
S
H=4g .UBE
Particle spin: s = Tr[po] = %(?) H=-pu-B-6-FE

Magneton: pup
Electric dipole factor: d

Magnetic dipole factor: g . T violation & CP violation, if CPT holds.

N H=—p-B+6-E

« Non-zero EDM is a signal of CPV
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Why we choose Hyperon EDM?

(
Fundamentaltheory | § (KM SUSY Multi Higgs LR-symmetry ctc .
l Lepy = Lekm + Ly + Lpsm

( ~ . . )
Wilson coefficients ! Coger Cr18), Cpy g d,;  semileptonic d i
5

1\ 1 EFT

(Ml)
T CS

pe-— ?

Low energy parameters
EDM measured in a
low-energy system,
l.e. hyperon

Nucleus level

Hyperon system also required
by a global analysis of EDMs

Diamagnetic

Paramagnetic

Atom/molecule level

T.Chupp et al, Rev.Mod.Phys.91(2019)015001

2025/8/14 BESIII Meeting

 (CRLERE 8 Ve

University of Chinese Academy of Sciences

Effective Field Theory
Bridging fundamental
theories and experimental
measurement.

EDM is very sensitive to
BSM physics across broad
range of energy scales.

e.g., Strange quark may
have special coupling with
new physics.



How to measure EDM?

dt

ds

-f’(ﬂ 4%’ 4@&?

rersity of Chinese Academy of Sci

* Direct approach: spin precession

« Measuring spin polarization dynamics in electromagnetic
fields (ds/dt)
 Extracting EDM & MDM utilizing spin precession (d & g)

=sx 1  Q=Qpm+ Qepym + Qrx

Qvipm = T2 (B— 11(8-B)B-pBx E)

Requirements:
« Sizable polarized
particle source

QrpM :_ﬁL;TB (E— %(ﬂ'E)ﬂ—ﬁ XB)

« Enough lifetime to az:=~ 1078 Direct method is particularly
process Tgo~ 10720 challenging for short-lived hyperons!
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[1] /. Phys. G 47 (2020) 1, 010501
S t a t u S [2] Phys. Rev. D 23 (1981) 814-816

[1] » SM-CKM = SM-0 = <d(expected) & <d(meas)

Best measurements limits from F F TR
experimental results 10-19
: 1072
Expected experimental results

in the next few years 1%
1072
Safe BSM discovery territory 10-
= 104
SM estimates from QCD 6 term 'h;‘? .

(based on d,, measurement) Py 10
*Beyond 10740

. “Colliders
I SM estimates from CKM 1074
] | ]
@ u T Ve v, Ve n p A A; =

- EDM measurement in particle physics is relatively scarce.
* In hyperon family, only A EDM measured directly with large uncertainty. 2]
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What can BESIIl do? (1)

BESIII: A hyperon factory

Electromagnetic
Calorimeter
CsI(TI): L=28 cm
Barrel 0,=2.5%
Endcap 0;=5.0%

W,

~

Piny

S

Muon Counter
RPC

Barrel: 9 layers
Endcap: 8 layers

Gspatial=1 .48 cm

" A

Main Drift Chamber
Small cell, 43 layer
Oxy=130 um

dE/dx~6%

0p/p=0.5% at 1 GeV

Time Of Flight

Plastic scintillator
or(barrel)=80 ps
or(endcap)=110 ps

(update to 65 ps with MRPC)

2025/8/14
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Decay | B (107°) | Events at BESIII
J/p — AA 1894+ 9 18.9 x 10°
J/p - otE~ 150 + 24 15.0 x 10°
J/p — EE 97 + 8 9.7 x 10°
P(25) — BT 23.2 + 1.2 116 x 10°
¥(28) = Q0 5.66 & 0.30 28 x 103

Front. Phys. 12(5), 1213017 (2017), Phys. Rev. D 100, 174005 (2079)

« 10 billion J/y events collected at BESIII:

« Large Br. in J/y decay
« Quantum entangled pair productions

« High efficiency, background free

~107 entangled hyperon pairs can be studied.

BESIII Meeting
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What can BESIIl do? (2)

- Indirect approach: time-like dipole form factors (g = 0)

N

dA £
Ldipole = Z?A'AUMV’YSAFMV

2
3M?2

A
=
A
A7
<:f> Le_p =— eda(py — py)CyucAivsA
A) )6

N

X.G.He, JP Ma, Bruce McKellar, Phys.Rev.D47(1993)1744
X.G.He JR Ma, Phys.Lett.B 839(2023)137834

- Extract form factors from full angular analysis
JLFu, HB.Lj et. al Phys. Rev. D 108, L091307 (2023)
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@ EDM Measurement
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Production of J/y

- Considering Z° contribution, J/y has longitudinal polarization, denoted by P,

: & &

20 Jiy

et [

N

Pmm':J /W SPiN density matrix

_OR—0L —Sin29%f/f-|—3/8 M3

or+or  2sin® 6 cos2 ¢ m7%

N\

weak mixing angle
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Decay dynamics in J/y —» BB

M(Aqy,A3) = e(D)a(4y) <Fv)’“ ea

Dominant contribution
arXiv:hep-ph/0412158

Psionic form factor

Fy and H,,

can also be represented
as G, and G,

2025/8/14

2M,

P violation term

Complex form factor, F, #
0 indicate P violation

BESIII Meeting
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——ghVq H, + YRy SE, + a“vysqur> v(13)

Physics Letters B 839 (2023) 137834

Hy is included in this term

2 Ze 2
Hr(q%) = T 9vdg(q°)
]/ll’
Assuming dg(q?) = dg(0)

dp(q?): electric dipole form factor

dg(0) : electric dipole moment
Physics Letters B 551 (2003) 16-26

— EDM factor

13
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Full angular formula of e*e™ - J/y - BB

» Spin density matrix of BB:

R(A4, A2; 41, 27) < Z Pmm! a7t L (O

,l s /(6)M11AZ 2.’ Smm

- Total angular dlstrlbutlon of /¢ decay:
> ]/ — BB,B =A% 3,5t

do ' J=1/2 Lj=1/2
=N E R(Aq, 43; 47, 43) D] 1/2(91;¢1)D - / (91:¢1) |h,1 | D] 1/2(92 ¢2)D i / (92;4’2) |h/1 |

> J/¥ —» BB,B=50%5" %0

do

, j=1/2 1/2 Lj=1/2
=Nz R(A4,22;41,43) D ]/11,1{\ (91:¢1)D£ ,1// (01, $1)H;, I D ] / = (02,92)

1/2 =12 J=1/2 J=1/2 1/2
Di ,1// (02, ¢p2)H ;5 A_D 'y / , (03,¢3)D7, . / (93'¢3) |h,1 | D ] / > (04, ¢4)D] (94: ¢4)|h/1 |

Jinlin Fu, Haibo Li, et. al, Phys. Rev. D 108, L091307 (2023)
2025/8/14 BESIII Meeting 14
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Helicity angles

I
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(a) @z distribution (d) ¢, distribution (i) ¢, distribution
Decay channel

J/W = AA, A(A) - pr 5
J/ - ETE7, ZF(E7) - pr 5
R. h h E‘drestframe d. A rest frame _]/lp - ZOEO, ZO(EO) - A.y’ A([_\) - pT[ 7

I t-hand coordinate system — — —
9 nate sy J/b - B8, B (EY) - Am, ARY) — pr 9

(J/Y > E7ET) =050 =050 x
]/l/}_)""-'a‘-‘(‘-‘)_)An-aA(A)_)pn— 9
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EDM sensitivity estimation

10 17
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« SM: Hyperon EDM ~1072%%¢ - cm

- BESIII: Expected statistics
~10"Ye - cm
« Improved A EDM up-limit
(FermilLabi2i: |[d| < 107%%e - cm)
Phys. Rev. D 23 (1981) 814-816
* First measurement on X and £ EDM

« STCF: Improved by 2 order of

Jinlin Fu, Haibo Li, et. al, Phys. Rev. D 108, L0913017 (2023)
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Data set

* 10 billion J/{ data sample at /s = 3.097GeV

« (224.0 + 1.3)x10° events in 2009
« (1088.5 + 4.4)x10° events in 2012
« (8874.0 + 39.4)x10° events in 2017~2019

- After event selection, separately:

Decay channel | BOSS version Signal yields

J/ = AA 7.0.5 3,045k 99.9%
J/W — EtE- ~ 500k > 98%
J/p — 20%0 ~ 1,000k > 99%
J/W > E"ET 708 ~ 500k > 99%,

J/p — 200 ~ 300k > 98%

2025/8/14 BESIII Meeting 17
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Monte Carlo Samples

* Inclusive MC Sample:
10 billion J/W events

For background study and event selection optimization

« PHSP signal MC Sample:

For maximum likelihood fit

 DIY signal MC Sample:

Input values fixed to published values

For data/MC comparison and systematic uncertainty analysis

2025/8/14 BESIII Meeting 18



EDM extraction from angular fit (1)

Through maximum likelihood fit, EDM and other parameters
can be extracted simultaneously.

° ° ° N N
* Likelihood function: L= H[p(@;gi)]s(mi) — l—[[C(W(cs;fi)E(fi)]S(mi)
= i=1

Variables: Helicity angles event by event
& = (0}, ¢t 05, ¢% ...) for i-th event

Fitting parameters: Form factors and Decay parameters Reminderz:e

@ = (Re(Gy),Im(Gy), P, Re(Fy), Im(Fy), Re(Hy), Im(Hr), ag, ag ...) Hr = 32, gvdp
Normalization factor: Calculated from PHSP MC integral

c! = W@ EDe€)

NMC

2025/8/14 BESIII Meeting 19
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Through maximum likelihood fit, EDM and other parameters
can be extracted simultaneously.

EDM extraction from angular fit (2)

° ° ° N N
* Likelihood function: L= l_l[p(a—j;é:i)]s(mi) — l—[[C(W(@;fi)E(fi)]S(mi)
i=1 i=1

Helicity angular distribution: W(&; £')
Detection efficiency: ¢(¢Y)

cS‘(7ni)sig =1

 Signal component:
{S(mi)bkg = -1

« Minimum function: §$ = —InL

2025/8/14 BESIII Meeting
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Blind analysis

To avoid personal biases, blind analysis is implemented:
- The mean values of parameter fitting results are blinded.
 The final results will be unblinded prior to publication for cross check.

2025/8/14 BESIII Meeting 21
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) Results
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A EDM in J /4 — AA decays

Parameters

Fitting results

A
QA
Re(Gg)
Im(Gs)
Pr,
Re(FA)
Im(F4)
Re(Hr)
Im(Hry)

(7.524 £ 0.036 4 0.008) x 1071
(=7.571 £ 0.036 £ 0.008) x 10~1
(9.71 £ 0.06 4 0.24) x 10~4
(9.14 +£0.04 +0.23) x 104
(—1.84+1.240.8) x 1073
(—2.44+1.643.1) x 1076
(=7.9£3.7£25)x107°
(=1.4+1.440.2) x 1076/GeV
(1.3+1.24+0.4) x 107°%/GeV

g/
AD

Im(dy)

(4.748 £0.022 £ 0.017) x 10~1
(7.522 4 0.042 £ 0.013) x 1071
(=3.1+4.6+1.1) x 1077
(=1.5+1.242.6) x 107}
(—=3.1+3.24+0.5) x 107 ¥e-cm
(2.94+2.64+0.6) x 10~ 19%-cm

2025/8/14
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Reminder:
Hy =

2e
3m

gvdna
J/w

« The upper limit of A EDM @95%C.L.
8.6 x 107"” < Re(dp) <3.3x 107" e cm,

—2.5x 107 < Im(dy) <7.2x 107" e cm,

ldp] < 6.5%107%e cm

arxXiv.2506.19150 [hep-ex/(2025)

BESIII Meeting 23
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CP asymmetry A(O)

A EDM visualization

%10~
T T T — T T T T [ T T T [ T T T
: —&— Fit result of data
10 e |d,|=0 ecm "
C ——|d,| = 4.2 x 10" ecm ]
S5k h
e e o —— ¢
: s - ~
C L]
-5t _
~10 i oo N I N B ]
0 0.2 0.4 0.6 0.8 1
|(Zp X 2;7) o k|
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* Triple-product asymmetry (TPA):

0 = (L,xl5) - k ~ Re(Hr)
» 1,(I3): unit momentum of p(p) in A(A) rest frame

e k: unit momentum of A in the center-of-mass
frame of e*te™ system.

- Asymmetry of TPA:

— Nevent(0>0)_Nevent(0<O)
A(O) B NCVCnt(0>O)+Nevent(0<0)

arxXiv.2506.19150 [hep-ex/(2025)
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Constrain on fundamental parameters

Theoretically:
dy = (—2.6 +0.4)x107%%0e - cm + d,
d, = (—1.5+0.7)x107*%0e - cm — (0.20 + 0.01)d,, + (0.78 + 0.03)d; + (0.0027 + 0.016)d

Constrain with/without sU(3) flavor symmetry:
dy =d, =dy ds > dy,dg

0.25216705 0.2521671 0.25216715 1.17545 1.1755 1.17555

06491345 = l l 6.530566 | Excluded by dA
0.6491346 6530564 = Excluded by a;
— ' : — Excluded by d and d ,
0.6491344 6.530562 /
- - Unexcluded area

0.6491342 6.53056 b=
-0.6491342 —6-53056-:—

-0.6491344 —6.530562 :—

~0.6491346 6.530564 / arxXn.2506.191850

’ [hep-ex/(2025)

~0.6491348 . . : ~6.530566 =

—0.25216715 -0.2521671 —-0.25216705 -1.17555 -1.1755 -1.17545 25

B (x 107 5(x107)

d, (x 10" e cm)
d, (x 10" ¢ cm)
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Hyperon EDM sensitivity

Sensitivity of Re(dy) (e cm)
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10" 3107

® BESIII(Re(dy)) [1 STCF(Re(dy)) a STCF+Polar(Re(dy) - . . .

| & - Statistical uncertainty of

@ BESIl(Im(dy)) O STCF(Im(dy) A STCF+Polar(Im(dy) i o
o . e hyperon EDM has reached

- o = " _

: g | %8 = il s ~10 19¢ . cm based on BESIII

PR 1 2 datasample.

107" =107 ;i,

; ., #4 1 E < Analysisonx*x%z",2° EDM

& A 0 7! . .
T . 1o 3 IS ongoing.
A 2 o) =z

Jinlin Fu, Haibo Li, et. al, Phys. Rev. D 108, L0913017 (2023)
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@ Summary

» Electric Dipole Moment (EDM) is a key probe for new CPV beyond SM.

» BESIII delivers abundant quantum-correlated /iy events, enabling global EDM
analysis on hyperon system.

» This work fills a critical gap in hyperon EDM measurement, setting stronger
constraints on fundamental parameters.
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Thank you!
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