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Electric and Magnetic Dipole Moments
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EDM:  𝜹 = 𝑑𝜇!	𝒔/2

MDM: 𝝁 = 𝑔𝜇!	𝒔/2

Spin polarization vector: 
𝒔 = Tr 𝜌𝝈 = #

ℏ <
/𝑺 >

Magneton: 𝜇!
Gyro-electric(magnetic) factor: 𝑑(𝑔)
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Non-zero EDM is a signal of P/T 
violation, thus CP violation

q Definition in the ensemble of particles: n, Λ, Λ%&, 𝜏&

q Interaction with EM field 



Why EDM and MDM
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q CPV in CKM not sufficient for 
the missing antimatter in the 
Universe

q EDM as probe for new physics 
beyond SM

q Global EDM analysis needs 
experimental input from 
various systems

c-baryon

s-baryon

𝝉 EDM

Based on N. Yamanak Thesis (2014) 



Why EDM and MDM
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q Elementary particle: 𝑒, 𝜇, 𝜏 

𝑔 = 2 + QFT loop correction: i.e muon a=(g-2)/2 measurement

NP effects enhanced for heavy fermion 	𝑚!/𝑚"
# ∼ 280

q Composite particle: Λ, Λ%&, Ξ%&… 

𝑔 ≠ 2, depends on inner structures

Probe for baryon structure, 
low-energy QCD physics, LQCD



Direct access to EDM and MDM
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q EDM and MDM extracted from spin procession in EM field 

q Experimental requirement

ü Sizable polarized particle source

ü Enough fight length/intense EM field for precession

ü Excellent detector for polarization measurement 
via angular analysis 

𝑑𝒔
𝑑𝑡 = 𝒔×(𝛀𝐌𝐃𝐌 +𝛀𝐄𝐃𝐌 +𝛀𝐓𝐇)

𝛀𝐌𝐃𝐌 =
𝑔𝜇)
ℏ

(𝐁 −
𝛾

𝛾 + 1
𝜷 ⋅ 𝐁 𝜷 − 𝜷×𝐄)

𝛀𝐄𝐃𝐌 =
𝑑𝜇)
ℏ (𝐄 −

𝛾
𝛾 + 1 𝜷 ⋅ 𝐄 𝜷 − 𝜷×𝐁)

Significant challenge for short-lived 
particles, i.e. Λ(10*+,s),Λ-.(10*+/s)	…



Λ EDM/MDM measurement at Fermilab
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q Last direct measurement in 70’s and 80’s 
@Fermilab

q Fixed-target experiment with 300GeV 
proton beam on Be

q Reconstructed 3×10' Λ → 𝑝𝜋( decays

q Small transverse polarization ~8%

Magnet: 5m, 15Tm

q No measurement for BΛ, hence no CPT 
test via MDM

𝑑0 < 1.5×10*+1𝑒	cm @ 95% C.L.

𝜇0 = −0.613 ± 0.004 𝜇2

Phys. Rev. D23 (1981) 814

Phys. Rev. Lett. 41 (1978) 1348

EDM sensitivity depends on polarization 
and difficult to improve to 10!"# e cm 



Proposed measurement at LHCb
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Run 1-2 detector

Magnet

LHCb is a forward spectrometer

2 < 𝜂 < 5



Proposed measurement at LHCb
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q Acceptance: 
      hor. ±300 mrad, ver. ±250mrad

q Measured B field values stable 
within 𝜎 = ±0.07gauss

q ∫ 𝐵𝑑𝑙=4 Tm



Proposed measurement at LHCb
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q Consider c bayron decays to 
charged final particles

q Sensitivity with 50𝑓𝑏(+ at LHCb

𝛿 Λ < 1.3×10(+,𝑒 cm

first BΛ MDM measurement at 
similar precision

EPJC77(2017)181

q Challenging: Λ decay reconstruction 
after magnet 



Indirect access to hyperon EDM
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𝐻- =
2𝑒
3𝑀# 𝑔.𝑑/

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

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

measure time-like dipole form 
factor with 𝑞 = 𝑚3/5



BESIII: a hyperon factory
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q 10billion 𝐽/𝜓 collected at BESIII

q Millions of entangled hyperon-antihyperon pairs 
produced via 𝑒.𝑒* → 𝐽/𝜓 → 𝐵 L𝐵

q Unique hyperon physics program due to known 
center-of-mass energy and spin correlation

CPV in hyperon decay

Rare/Semileptonic/radiative decay

Hyperon-Nucleon interaction

Hyperon EDM

Hyperon production



Hyperon EDM sensitivity
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J. Fu, H.B.Li et al. Phys. Rev. D 108, L091301 (2023) 
q Simultaneously determine all free parameters 

from full angular analysis 

Fitted parameters

Set of helicity angles

q Sensitivity at BESIII and STCF

10!"$~10!%" e cm

i.e. 𝐽/𝜓 → ΛMΛ



Λ EDM measurement at BESIII
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q 3M 𝐽/𝜓 → ΛMΛ  decays reconstructed, similar statistics 
as Fermilab in 1980s

q Preserve CP symmetry and a 3-order-of-magnitude 
improvement

EDM effects visualization

𝑂 ≡ 3𝑙&×3𝑙&̅ ⋅ 7𝑘 ∝ 𝑅𝑒(𝐻(𝐺%∗)

𝐴(𝑂) =
𝑁*+*,-(𝑂 > 0) − 𝑁*+*,-(𝑂 < 0)
𝑁*+*,-(𝑂 > 0) + 𝑁*+*,-(𝑂 < 0)

arXiv:2506.19180, submitted to Science

@ 95% CL



Complementary to neutron EDM
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q Stringent constraints on fundamental parameters 𝜃̅ and 𝑑6 

Lattice QCD PRC103,015202 (2021) PRD98,091501(2018)

Valence quark model + QCD vaccum JHEP12,097(2012)
arXiv:2506.19180 
submitted to Science

q Recent perturbative QCD analysis

𝑑0 exhibits unique sentivity to strange-
quark CEDM K.B. Chen, X.G. He, J.P Ma, X.B Tong, 

Phys.Rev.Lett.136(2026)051902!𝑑" < 1.4×10#$%cm



Direct access to EDM and MDM
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q EDM and MDM extracted from spin procession in EM field 

q Experimental requirement

ü Sizable polarized particle source

ü Enough fight length/intense EM field for precession

ü Excellent detector for polarization measurement 
via angular analysis 

𝑑𝒔
𝑑𝑡 = 𝒔×(𝛀𝐌𝐃𝐌 +𝛀𝐄𝐃𝐌 +𝛀𝐓𝐇)

𝛀𝐌𝐃𝐌 =
𝑔𝜇)
ℏ

(𝐁 −
𝛾

𝛾 + 1
𝜷 ⋅ 𝐁 𝜷 − 𝜷×𝐄)

𝛀𝐄𝐃𝐌 =
𝑑𝜇)
ℏ (𝐄 −

𝛾
𝛾 + 1 𝜷 ⋅ 𝐄 𝜷 − 𝜷×𝐁)

Significant challenge for short-lived 
particles, i.e. 𝚲𝒄', 𝚵𝒄', 𝜏'(10#$(s)



Polarized charm baryon source
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q Polarized Λ-.	and Ξ-.  sources, produced from fixed-target pW collisions at LHC 𝑠 ≈ 110 GeV

q Indication from Λ polarization: increases as a function of 𝑥7 = 𝑃8∗/max(𝑃8∗)

q Similar measurement progress at LHCb for Λ-. with pp collisions and SMOG data 



Channeling in bent crystal
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q Incident positive charged particle can be trapped by potential well between crystal planes, if 
parallel to the planes ( Lindhard 1965 )

q Bent crystals used to steer high-energy particle beams and induce spin precession



Spin precession in bent crystal
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q Channeled Λ-. with <p>~1.8TeV and bending angle 𝜃: = 7mrad ,  𝛽𝛾𝜏𝑐 ≈ 7~10 cm

q Effective crystal electric field E~1GV/cm 

q Measure final polarization via angular analysis of Λ-. decay

Eur.Phys.J.C(2017)77:828, PRD103,072002(2021)



TWOCRYST: proof-of-principle test at LHC
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From R.Cai at EPS2025

https://indico.in2p3.fr/event/33627/contributions/156212/attachments/95239/145784/Status%20of%20the%20TWOCRYST%20project%20for%20a%20double-crystal%20fixed-target%20experiment%20in%20the%20LHC.pdf
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From R.Cai at EPS2025

https://indico.in2p3.fr/event/33627/contributions/156212/attachments/95239/145784/Status%20of%20the%20TWOCRYST%20project%20for%20a%20double-crystal%20fixed-target%20experiment%20in%20the%20LHC.pdf


LHC MD 21-22 June
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CERN news

https://home.cern/news/news/experiments/towards-new-physics-bent-crystals


The ALADDIN experiment
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q First measurement of MDM and EDM in 2 year data taking 
10+/ Protons on Target 
Expected sensitivity: MDM 2×10*#𝜇2, EDM  3×10*+1 e cm
Tungsten target: 2 cm thickness 
Spectrometer: track reconstruction 
RICH: particle identification 

q Charm production in very forward region 5 < 𝜂 < 9

https://aladdin.web.cern.ch



The ALADDIN experiment
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https://aladdin.web.cern.ch

q Further extended for 𝜏 EDM and g-2

J. Fu et al. Phys. Rev. Lett. 123(2019)011801



Summary
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q ALADDIN: a new proposal for charm baryon and tau, presenting a challenging but 
unique opportunity to test SM and search for new physics, aim to start data taking 
in Run4

q Extensive EDM and MDM searches are ongoing at BESIII and LHCb



Bent crystal testbeam at CERN SPS

25

q Two silicon crystals: splitting crystal (TCCS) and precession crystal (TCCP)
q Produced by INFN Ferrara (A.Mazzolari), tested at SPS H8 with 180GeV/c hadron beam (Aug. 2023)

TCCS: 4mm, 50 𝜇rad channeling eff. 60% TCCP: 70mm, 7mrad channeling eff. 16% 
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From R.Cai at EPS2025

https://indico.in2p3.fr/event/33627/contributions/156212/attachments/95239/145784/Status%20of%20the%20TWOCRYST%20project%20for%20a%20double-crystal%20fixed-target%20experiment%20in%20the%20LHC.pdf


Roman Pot and Pixel detector
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ATLAS-ALFA Roman Pot station Detector housing

CMS-TOTEM top part 
and new closing flange

LHCb VELO module assembled



Spectrometer
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channelled Λ./ Λ./ daughters

q Cover the pseudorapidity 5 < 𝜂 < 9

q VELO pixel sensors in four Roman Pots, 
two layers for each RP

q A dipole magnet MCBWV available in situ: 
B=1.1T and L=1.7m

Momentum resolution



RICH 
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q High-momentum charged particles at 1TeV/c range

q Helium or Neon as radiator gas 

q SiPM for photon readout

q Excellent background rejection can be achieved



ALADDIN Collaboration

30

Spokesperson: Nicola Neri
Physics Coordinator: Fernando Martinez Vidal

q With support from PBC and TWOCRYST Collaboration
q ALADDIN Collaboration:

CERN-LHCC-2024-011, LHCC-I-041



TWOCRYST Collaboration
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Hyperon polarization
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q Amplitude for 𝐽/𝜓 → 𝐵 L𝐵， 𝐹; and 𝐻< for P and CP violation

q Transverse polarization if non-zero ΔΦ

𝐽/𝜓 → ΛAΛ 𝐽/𝜓 → Ξ!CΞ"

PRL129, 131801(2022) Nature 606, 64 (2022)

ΔΦ = 0.7521 ± 0.0042 ± 0.0066 	rad ΔΦ = 1.213 ± 0.046 ± 0.016 	rad



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

𝑒.𝑒* → 𝐽/𝜓 → ΛMΛ, Λ → 𝑝𝜋*

𝑒.𝑒* → 𝐽/𝜓 → Σ.LΣ*, Σ.→ 𝑝𝜋,

Type I:



Angular distribution

34

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

𝑒.𝑒* → 𝐽/𝜓 → Ξ*LΞ., Ξ* → Λ𝜋*

𝑒.𝑒* → 𝐽/𝜓 → Ξ,LΞ,, Ξ, → Λ𝜋,

Type II:



Angular distribution
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J. Fu, H.B.Li et al. Phys. Rev. D 108, L091301 (2023) 
q Lee-Yang parameters in hyperon weak decays 

defined by helicity amplitude H and F 

𝛼 = ( 𝐻"/%
% − 𝐻!"/%

%
)/( 𝐻"/%

% + 𝐻!"/%
%

)

𝛽 = 2Im(𝐻"/%𝐻!"/%∗ )/( 𝐻"/%
% + 𝐻!"/%

%
)

𝛾 = 2Re(𝐻"/%𝐻!"/%∗ )/( 𝐻"/%
% + 𝐻!"/%

%
)

q CP-violating observables

𝐴12 = (𝛼 + P𝛼)/(𝛼 − P𝛼)

𝐵12 = (𝛽 + 𝛽̅)/(𝛼 − P𝛼)

Several measurements from BESIII with 
world-leading precision

𝐹;	and 𝐻< not necessary 



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

Longitudinal polarization of 𝐽/𝜓 ,  𝑃3 relative 
difference between 𝜌// and 𝜌!!


