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Current status of EDM
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• Big matter and anti-matter asymmetry founded 
in the universe!

WMAP+COBE(2012):

(𝒏𝑩 − 𝒏"𝑩)/𝒏𝜸|𝑪𝑴𝑩 = 𝟔. 𝟎𝟖 ± 𝟎. 𝟎𝟗 ×𝟏𝟎&𝟏𝟎

• Sakharov three conditions require:

𝑪 and 𝑪𝑷 symmetry violation

• 𝐶𝑃 violation has been founded at 𝐾,𝐵, 𝐷 meson 
system, but not enough to explain matter dominant 
universe.

Standard Model (SM) prediction:
7𝒅𝑪𝑷 =

𝒅𝑪𝑷
𝑫𝟏𝟐

~ 𝟏𝟎&𝟏𝟖 ≪ 𝟏𝟎&𝟏𝟎

Matter-antimatter asymmetry in the universe

Andrei Sakharov
（1921-1989）
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Pisma Zh. Eksp. Teor. Fiz., 1967, 5: 32-35.

W. Bernreuther
Lect. Notes Phys.591 
(2002) 237-293

Exploring new physics is extremely important
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A brief history of Parity and CP violation

1964

James Watson 
Cronin

Val Logsdon
Fitch

Nobel Prize 1980

2001

1957
C. N. Yang T. D. Lee

2019

𝑲meson 𝑪𝑷 violation[2] 𝑩𝐦𝐞𝐬𝐨𝐧 𝑪𝑷 violation [3,4]

𝜽 − 𝝉 puzzle [1]

𝑫𝐦𝐞𝐬𝐨𝐧 𝑪𝑷 violation 
[5]

[1] Phys. Rev. 104 (1956) 254-258
[2] Phys. Rev. Lett., 1964, 13: 138-140
[3] Phys. Rev. Lett., 2001, 87: 091801
[4] Phys. Rev. Lett., 2001, 87: 091802
[5] Phys. Rev. Lett., 2019, 122(21): 211803

Nobel Prize 1957

No CPV founded in 
baryon sector!
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First proposed Parity 
violation in weak interaction

Confirmed by
Chien-Shiung Wu
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CPV in Standard Model

𝑉/01 =
𝑐23𝑐24 𝑠23𝑐24 𝑠24𝑒&56

−𝑠23𝑐34 − 𝑐23𝑠34𝑠24𝑒56 𝑐23𝑐34 − 𝑠23𝑠34𝑠24𝑒56 𝑠34𝑐24
𝑠23𝑠34 − 𝑐23𝑐34𝑠24𝑒56 −𝑐23𝑠34 − 𝑠23𝑐34𝑠24𝑒56 𝑐34𝑐24

𝐶𝑃𝑉 from phase 𝛿

Dirac Medal 
2010

Nobel Price 
2008
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CKM mechanism: 

Strong CP
• 𝜃̅ term：ℒ!" = − #!

$%&"
𝜃̅Tr(𝐺'( .𝐺'()

• Mainly through measuring the Electric Dipole Moment (EDM) of atomic nuclei, atoms, and 
molecular systems,

• The current most stringent constraints come from the EDM experiments of neutrons 
and 199Hg：𝜃̅ < 10)$*
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Electric Dipole Moment
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𝜇: magnetic dipole moment
𝑑: electric dipole moment
𝑆: particle spin 

Very sensitive to BSM physics, large windows of opportunity 
for observing New Physics! 

Non-zero EDM will violate 𝑃 and 𝑇 symmetry:
𝑇 violation ↔ 𝐶𝑃 violation, if CPT holds.

The contribution of the Standard Model to EDM is very small: 
Ø CKM: highly suppressed by loop level (≥ 3) interaction
Ø QCD 𝜃̅ term: main SM contributors to the EDM, 𝜃̅ < 10)$*

• limited by neutron EDM: 
𝑑+ < 1.6×10),% 𝑒𝑐𝑚

ℒ>?@ = ℒ>AB + ℒCD + ℒEFBGHH
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Map of EDM
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Map of EDM

9

Strange baryon

The identification of the nature of the fundamental CP-violating 
mechanisms requires the study of EDMs in various systems
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Best measurements
Limits from experimental results

Expected experimental results 
in the next few years

Safe BSM discovery territory

SM estimates from QCD 𝜃̅ term

SM estimates from CKM

ILLUSTRATION of EDM STATUS
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J.Phys.G 47 (2020) 1, 010501

Only 𝚲 hyperon has been measured 
with a large uncertainty!

EDM Status
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What can BESIII / STCF do for EDM?

𝝁 EDM

𝒆 EDM 𝒏 EDM 𝒑 EDM

𝟏𝟗𝟗𝐇𝐠
EDM

Hyperon 

EDM
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What can BESIII / STCF do for EDM?

2024/11/21 FTCF2024-Guangzhou

• Direct approach：spin procession

• Indirect approach：time-like dipole form factors (𝑞' ≠ 0)

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

The measurement of the EDM of 
short-lived particles is challenging



Prob hyperon EDM at BESIII 
and STCF
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BESIII and STCF : a hyperon factory
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10 billion 𝑱/𝝍 events collected at BESIII:
• Large Br. in 𝑱/𝝍 decay
• Quantum entangled pair productions
• High efficiency, background free

With 10 billion 𝐽/𝜓 collected at 
BESIII and ~107 entangled 
hyperon pairs can be studied.

At future, the STCF will collect 
1 trillion 𝐽/𝜓 per year, and will 
provide ~108 hyperon pairs.

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

BESIII Detector

Proposed: Super Tau-Charm Facility (STCF)
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Polarized hyperon pairs produced in 𝑒(𝑒) collisions
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• Angular distribution of OP
OQ
∝ 1 + 𝛼R cosS 𝜃, 𝛼R ∈ [−1.0, 1.0]

• If ΔΦ ≠ 0, the hyperon will have transverse polarization even 𝑒T𝑒U beams are unpolarized.

Polarization:

𝑃9(cos𝜃) =
2&:!

" ;<=>=?@>

2A:! ;<=" >
sin(ΔΦ)

Two form factors are used to describe the 
production of hyperon pair: 𝐺2, 𝐺3, which 
also known as 𝐺B = C#

D$
, 𝐺E =

C"
D$

𝛼F =
G" C# "&HI" C" "

G" C# "AHI" C" ",  
C#
C"
= C#

C"
𝑒&5JK

𝑒%𝑒& CMS 𝐵' CMS
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Polarization of 𝐽/𝜓

Considering 𝑍V contribution: 
𝐽/𝜓 has longitude polarization: 
denoted by 𝑃W
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No	beam	polarization：

𝑃W =
𝜌TT − 𝜌UU
𝜌TT + 𝜌UU

𝜌XX.: 𝐽/𝜓 spin density matrix

With	beam	polarization：
Can be used for precise 
measurement beam 
polarization
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Spin density matrix of hyperon-antihyperon 
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X.G.He, J.P. Ma, 
Phys.Lett.B 839(2023)137834 

X.G.He, J.P. Ma, Bruce McKellar, 
Phys.Rev.D47(1993)1744 
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Dynamics in 𝐽/𝜓 → 𝐵 &𝐵

𝒜 = 𝜖! 𝜆 .𝑢 𝜆" 𝑭𝑽𝛾! +
𝑖

2𝑀$
𝜎!%𝑞%𝑯𝝈 + 𝛾!𝛾'𝑭𝑨 + 𝜎!%𝛾'𝑞%𝑯𝑻 𝜈(𝜆*)

Dominant contribution

Psionic form factor
𝑭𝑽 and 𝑯𝝈
can also be represented 
as 𝑮𝟏 and 𝑮𝟐

𝑭𝑨 ∶ 𝑷 violation term

Complex form factor, 𝐹3 ≠
0 indicate 𝑃 violation

𝑯𝑻: 𝑪𝑷 violation term

𝐻5(𝑞,) =
2𝑒

3𝑚6/8
, 𝑔9𝑑:(𝑞,)

Assuming 𝑑:(𝑞,) ≡ 𝑑:(0)
𝑑((𝑞)): electric dipole form factor
𝑑( 0 : electric dipole moment
Physics Letters B 551 (2003) 16–26

Detailed dynamics in 𝐽/𝜓 decay to hyperon pair, have been studied:
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arXiv:hep-ph/0412158

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

2024/11/21 FTCF2024-Guangzhou



Psionic form factors 𝐺!, 𝐺"
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X.G.He, J.P. Ma, 
Phys.Lett.B 839(2023)137834 

X.G.He, J.P. Ma, Bruce McKellar, 
Phys.Rev.D47(1993)1744 

Go ̈ran Fäldt, Andrzej Kupsc
Physics Letters B 772 (2017) 16–20 
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P violation form factor 𝐹#
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X.G.He, J.P. Ma, 
Phys.Lett.B 839(2023)137834 
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CP violation form factor 𝐻$
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X.G.He, J.P. Ma, 
Phys.Lett.B 839(2023)137834 

X.G.He, J.P. Ma, Bruce McKellar, 
Phys.Rev.D47(1993)1744 
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Full angular helicity amplitude of 𝑒%𝑒& → 𝐽/𝜓 → 𝐵 &𝐵

Angular formular based on helicity amplitude are developed:

𝑅(𝜆2, 𝜆3; 𝜆2L , 𝜆3L ) ∝ (
I,I*

𝜌I,I*N+,-#.-"
/0# > N

+*,-#
* .-"

*
/0# > ℳ-#,-"ℳ-#

* ,-"
*

∗ 6+,+*

Total angular distribution of 𝐽/𝜓 to spin-1/2 baryon pair:

Ø 𝐽/𝜓 → 𝐵 /𝐵, 𝐵 = ΛP, Σ&, ΣA

𝑑𝜎
𝑑ΩQ𝑑ΩR𝑑ΩR̅

= 𝑵U
𝝀

𝑹 𝝀𝟏, 𝝀𝟐; 𝝀𝟏L , 𝝀𝟐L 𝑫𝝀𝟏,𝝀𝒑
𝒋V𝟏/𝟐 𝜽𝟏, 𝝓𝟏 𝑫∗𝝀𝟏* ,𝝀𝒑

𝒋V𝟏/𝟐 𝜽𝟏, 𝝓𝟏 𝒉𝝀𝒑
𝟐
𝑫𝝀𝟐,𝝀5𝒑
𝒋V𝟏/𝟐 𝜽𝟐, 𝝓𝟐 𝑫∗𝝀𝟐* ,𝝀5𝒑

𝒋V𝟏/𝟐 𝜽𝟐, 𝝓𝟐 𝒉𝝀5𝒑
𝟐

Ø 𝐽/𝜓 → 𝐵 /𝐵, 𝐵 = ΞP, Ξ&

𝑑𝜎
𝑑ΩQ𝑑𝛺Y𝑑𝛺"Y𝑑ΩR𝑑ΩR̅

= 𝑵U
𝝀

𝑹 𝝀𝟏, 𝝀𝟐; 𝝀𝟏L , 𝝀𝟐L 𝑫∗𝝀𝟏,𝝀𝚲
𝒋V𝟏/𝟐 𝜽𝟏, 𝝓𝟏 𝑫 𝝀𝟏

* ,𝝀*𝚲
𝒋V𝟏/𝟐 𝜽𝟏, 𝝓𝟏 𝓗𝝀𝜦𝓗𝝀𝜦

*
∗ 𝑫∗𝝀𝟐,𝝀5𝜦

𝒋V𝟏/𝟐 𝜽𝟐, 𝝓𝟐

𝑫 𝝀𝟐
* ,𝝀*5𝜦
𝒋V𝟏/𝟐 𝜽𝟐, 𝝓𝟐 𝓗𝝀5𝜦𝓗𝝀5𝜦

*
∗ 𝑫∗𝝀𝚲,𝝀𝒑

𝒋V𝟏/𝟐 𝜽𝟑, 𝝓𝟑 𝑫∗𝝀𝚲* ,𝝀𝒑
𝒋V𝟏/𝟐 𝜽𝟑, 𝝓𝟑 𝒉𝝀𝒑

𝟐
𝑫∗𝝀5𝚲,𝝀5𝒑

𝒋V𝟏/𝟐 𝜽𝟒, 𝝓𝟒 𝑫 𝝀5𝚲
* ,𝝀5𝒑
𝒋V𝟏/𝟐 𝜽𝟒, 𝝓𝟒 𝒉𝝀5𝒑

𝟐
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J. Fu, H.B. Li, J. Wang, F. Yu, and J. Zhang, 
PhysRevD.108.L091301
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Sensitivity study of BESIII 
and STCF
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Sensitivity study of BESIII and STCF
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Sensitivity of hyperon EDM measurements
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Sensitivity of CP violation in hyperon decay
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Sensitivity of 𝐹'	and sin" θ()** measurements

282024/11/21 FTCF2024-Guangzhou



Sensitivity of 𝑃+ 	and sin" θ()** measurements
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Sensitivity of sin" θ()** by simultaneous fit
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Sensitivity of beam polarization measurements
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Summary and Outlooks

• To measure EDM, we developed a set of helicity amplitude formulas 
describing the 𝐽/𝜓 decay to Λ, Σ, Ξ, Ω pairs

• Pseudo experiments are performed and the sensitivity of the hyperon EDM
• The prospect sensitivity of Λ 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 ΣT, ΞU, ΞV hyperons , 

and the sensitivity are at the order of 10Ujk(BESIII) and 10USV(STCF).
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