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q Introduc)on

q Λ EDM and MDM measurement at LHCb

q Charm baryon EDM and MDM measurement at ALADDIN

q Hyperon EDM measurement at BESIII



Electric and Magne0c Dipole Moments
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q Defini)on in the ensemble of par)cles: n, Λ, Λ!", 𝜏"

EDM:  𝜹 = 𝑑𝜇#	𝒔/2

MDM: 𝝁 = 𝑔𝜇#	𝒔/2

Spin polariza)on vector: 
𝒔 = Tr 𝜌𝝈 = %

ℏ <
3𝑺 >

Magneton: 𝜇#
Gyro-electric(magne)c) factor: 𝑑(𝑔)

q Interac)on with EM field 
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Non-zero EDM is a signal of 
P/T, CP viola)on



Why EDM and MDM
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q CPV in CKM not sufficient for the 
missing an)maQer in universe

q EDM extremely )ny in SM but can 
be largely enhanced by NP  

Lepton EDM

q EDM for a single par)cle is insufficient 
to disentangle various sources of CPV

q Global EDM analysis needs experimental 
input from various systems



Why EDM and MDM
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q Elementary par)cle: 𝑒, 𝜇, 𝜏 

𝑔 = 2 + QFT loop correc)on,  i.e muon g-2 measurement

q Composite par)cle: Λ, Λ!", Ξ!"… 

𝑔 ≠ 2, depends on inner structures

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



How to access EDM and MDM
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q EDM and MDM extracted from spin procession in EM field 
ds
dt = s⇥⌦
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q Experimental requirement
ü Sizable polarized par)cle source
ü Enough fight length/intense EM field for precession
ü Excellent detector for polariza)on measurement in the angular analysis 

☹ Significant challenge for short-lived par)cles, i.e. Λ(10'()s), Λ!"(10'(*s), 𝜏"(10'(*s)



Λ EDM/MDM measurement at Fermilab
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q Last direct measurement in 70’s and 80’s 
from E761@Fermilab

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

q Reconstructed 3×10+ Λ → 𝑝𝜋' decays

q Small transverse polariza)on ~8%

q Magnet: 5m, 15Tm

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

𝑑, < 1.5×10'(+𝑒	cm @ 95% C.L.

𝜇, = −0.613 ± 0.004 𝜇-

Phys. Rev. D23 (1981) 814

Phys. Rev. Le4. 41 (1978) 1348



Proposed measurement at LHCb
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Run 1-2 detector

Magnet



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 par)cles

q Sensi)vity 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 reconstruc)on 
aier magnet 



Indirect access to EDM
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𝐻/ =
2𝑒
3𝑀% 𝑔0𝑑,

measure )me-like 
dipole form factor

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

X.G.He, J.P. Ma, Phys.Le4.B 839(2023)137834



Angular distribu0on
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q Based on previous work, we 
establish a full angular analysis in 
𝑒"𝑒' → 𝐽/𝜓 → 𝐵 X𝐵, 𝐵 is for Λ, Σ 
and Ξ

q Hyperon EDM, along with CP-viola)ng 
observables in hyperon decay, effec)ve 
weak mixing angle and beam 
polariza)on, can be determined 
simultaneously 

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



Sensi0vity study
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q Sensi)vity assessed via psudoexperiments 
generated and fiQed by using a probability 
density func)on based on the full angular 
distribu)on

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

q Sensi)vity at BESIII and STCF
10'(1~10'%(𝑒 cm

q Expected yields, Form Factors and decay 
parameters are fixed to known values for 
genera)on



Λ EDM measurement BESIII
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arXiv:2506.19180

q Preserve CP symmetry with a precision of 10'(1	𝑒 cm, a 3-order-of-magnitude 
improvement over E761@Fermilab 

q Stringent constraints on fundamental 
parameters together with neutron EDM



How to access EDM and MDM
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q EDM and MDM extracted from spin procession in EM field 
ds
dt = s⇥⌦

<latexit sha1_base64="s3EBHYCFG5oa3dRFGvsvD8PRhRM="></latexit>

⌦ = ⌦MDM +⌦EDM +⌦TH
<latexit sha1_base64="rPf5ZW9/NULqSPUvLJYvAL1mkwY="></latexit>

⌦EDM = dµB

~

⇣
E� �

�+1 (� ·E)� � � ⇥B
⌘

<latexit sha1_base64="2WccQcBCHRkPWRnD9DQgnVPpLdE="></latexit>

⌦MDM = gµB

~

⇣
B� �

�+1 (� ·B)� � � ⇥E
⌘

<latexit sha1_base64="TxaDHsFw9tHyPkxoLO4gw0jACL8="></latexit>

q Experimental requirement
ü Sizable polarized par)cle source
ü Enough fight length/intense EM field for precession
ü Excellent detector for polariza)on measurement in the angular analysis 

☹ Significant challenge for short-lived par)cles, i.e. Λ(10'()s), 𝚲𝒄"(𝟏𝟎'𝟏𝟑s), 𝜏"(10'(*s)



New experiment concept
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q Polarized Λ!" and Ξ!" sources, produced from fixed-target pW 
collisions at LHC 𝑠 ≈110 GeV 

q Flight length: high boost 𝛾 ≈ 600~900 ⇒ 𝛽𝛾𝜏𝑐 ≈ 7~10	𝑐𝑚

q Intense EM field induced from bent crystal and spin precession 
by channeling effect 

𝐸 ≈ 6𝐺𝑉/𝑐𝑚
𝐵∗ ≈ 10"T

Eur. Phys.J.C(2017)77:828
Phys.Rev.D 103, 072003 (2021)



Double-crystal setup for MDM and EDM measurement
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channeling, 
spin precession

W target, polarized 
Λ!" produc)on

Bending of the 
beam halo



TWOCRYST: proof-of-principle test at LHC
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q Validate crystal proper)es, channeling eff. at TeV beam

q Demonstra)on of opera)onal feasibility

q Valida)on of achievable PoT

q Background studies for RICH detector

Channeling eff. simula)on

q Two silicon crystals: splimng crystal (TCCS) and precession crystal (TCCP)



Bent crystal testbeam at CERN SPS
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Tested at SPS H8 with 180GeV/c hadron beam (Aug. 2023 )

TCCS: 4mm, 50rad, channeling eff. 60% TCCP:70mm, 7mrad, channeling eff. 16%



Double crystal channeling test

20

q First demonstra)on of double-
crystal channeling at LHC, with 
main LHC beam at injec)on 
energy of 450 GeV (Aug. 2025)

q Further test will be for 1, 2 and 
3 TeV beam



Proposed experiment at LHC and 0meline
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q Two alterna)ve proposals: i) dedicated experiment at IR3 (baseline) ii) use LHCb 
detector at IP8 (fallback op)on)



LHC IR3 venue
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Physics reach
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q First measurement of MDM and EDM of Λ!" and Ξ!" in 2 years data taking
assuming 10+ p/s, 2 cm W target, polariza)on ~20%
sensi)vity: 2×10'%𝜇- and 3×10'(+ e cm with 1.4×10(* PoT

q Opportunity for Physics in the very forward region: 5 < 𝜂 < 9
i.e. Cross-sec)on of charm hadron produc)on, QCD polariza)on, 𝐽/𝜓 photon produc)on 

q Further extended for 𝜏 EDM and g-2 (R&D required) 

J. Fu et al. Phys. Rev. Le4. 123(2019)011801



Proponents of ALADDIN LOI and other authors
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q The ALADDIN proto-collabora)on, 
70 scien)sts from 24 ins)tute 
across 8 countries

q With support from PBC and 
TWOCRYST collabora)on



Summary
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q Three-order-of-magnitude improvement in Λ EDM measurement at BESIII.

THANK YOU!

q A new proposal for charm baryon and tau, presen)ng a challenging but unique 
opportunity to test SM and search for new physics

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


