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INTRODUCTION:   Magnetic dipole moment  (MDM)  of  short-living particles 

Particle cτ g-factor Comments Experiment

e— – 2.002 319 304 361 82 (52) exp. most accurate determinations of α Harvard  2008

 μ — 659 m
– 2.002 331 8361 (10) theor. SM prediction

– 2.002 331 8418 (13) exp. 3.4 σ deviation BNL: E821  2006

τ — 87 μm

– 2.002 354 42 (10) theor. SM prediction

− 2.036 (34)  exp. σ ( e+e− → e+e− τ+τ− ) LEP2: DELPHI  2004

− 2.002 (6)  exp. assuming  EDM τ = 0 from LEP and SLD 2000 

no direct measurement exp. Proposed in arxiv:1810.06699

p + 5.585 694 702 (17) exp.

n – 3.826 085 45 (90) exp.

Σ+ 2.4 cm
+ 6.233 (25) exp. world-average value 

+ 6.1 (12)stat (10)syst  exp. using Bent Crystals Fermilab   1992

Λc+ 60 μm
+ 1.90 (15)  theor. assuming  gc ≈ 2

not measured exp. Feasibility studies at LHC

|g| = 2  →  a point-like Dirac particle 

|g| ≈ 2  →  a radiative corrections 

|g| ≉ 2  →  a composite structure  or NP

mailto:alex.fomin@cern.ch
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PRINCIPLE OF MEASUREMENT:   Spin precession in a bent crystal
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Θμ ≡ ∠ (ξi ξf ) = (1 + γa) Θ

a =
g − 2

2
, Θ =

L
R

⃗ξ i , ⃗ξ f − initial and final polarisations of Λc (before and after the crystal)

γ, g, a − Lorentz factor, g-factor, anomalous MDM of Λc

Θ, L, R − deflecting angle, length, curvature radius of the crystal

V.G. Baryshevsky, Sov. Tech. Phys. Lett. 5 (1979) 73. 

V.L. Lyuboshits, Sov. J. Nucl. Phys. 31 (1980) 509. 
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PRINCIPLE OF MEASUREMENT:   Angular analysis
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⃗ξ i = ξ ( 1 , 0 , 0 )

dN
d cos θk

=
1
2 (1 + α ξk cos θk)

α ≠ 0 − reveals polarisation at the decay

ξ ≠ 0 − Λc polarisation at the production
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PRINCIPLE OF MEASUREMENT:   Decay channels

dN
d cos θk

=
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2 (1 + α ξk cos θk)

α ≠ 0 − reveal polarisation at the decay

ξ ≠ 0 − Λc polarisation at the production
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Λ+
c → Λ0(pπ−) π+ α = 0.91 (15) Br = 1.3 ⋅ 0.64 %

Λ+
c → Δ++(pπ+) K− α = 0.67 (30) Br = 1.1 %

Σ+ → p π0 α = 0.98 (2) Br = 52 %
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PRINCIPLE OF MEASUREMENT:   Spin precession in a bent crystal
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Δg =
2

αj ξ Θ
3

Φ t
Γj

Γ η( j)
det ∫

∂Ntar+crys

∂ε γ2 dε
Δg =

2
α ξ γ Θ

3
NΛc

Λc spectra

Spectra-Angular distribution of Λc (Pythia 8.2) 
— p-p collision in fixed target at LHC

Λc spectra after the target
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0
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c τ γ dL
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=
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∂ε
ηdef e−
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Λc spectra after the crystal
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PRINCIPLE OF MEASUREMENT:   Spectra-angular distribution
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LHC 
Θ = 3—6 mrad

SPS 
 Θ = 15—20 mrad

PRINCIPLE OF MEASUREMENT:   Spectra-angular distribution  —  LHC  vs  SPS
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SENSITIVITY STUDIES :  Optimal crystal parameters 
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Δg =
1

α |P | Θ
12
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norm =

Θ
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∂N0

tar+crys
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Optimal crystal: 

  θx = 10–30 mrad


 R = 2 m,    L = 2–6 cm

Other parameters: 

  P = 0.12


  ⍺ = 0.98


  Brj = 0.516


  ɸ t η det  = 1010 PoT
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SENSITIVITY STUDIES :  Optimal crystal parameters 
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Optimal crystal for Λc+ 

  θx = 15–20 mrad


 R = 1 m,    L = 1.5–2 cm
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Optimal crystal for Σ+ 

  θx = 10–30 mrad


 R = 2 m,    L = 2–6 cm
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SIMULATION RESULTS :  Pile-up  estimation
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Λc+ p π+ K+ Σ+ energy

per initial  p 3.2 ×10-5 3.6 3.4 0.36 0.04 —

per produced Λc+ 1 1.1 ×10 5 1.1 ×10 5 1.1 ×10 4 1.2 ×10 3 —

per deflected Λc+ (5 mrad) 1 2.0 ×10 6 0.8 ×10 6 ~10 3 150 GeV

per deflected Λc+ (20 mrad) 1 6.0 ×10 6 0.6 ×10 6 ~10 3 200 GeV
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  Downstream Crystal + Target
Focusing Magnet

QFA51810

Focusing Magnet

Deflected Beam

Main Beam

Focusing Magnet
https://edms.cern.ch/ui/file/1905117/0/spslnins0143-v0_plt_cpdf.pdf

Downstream Crystal + Target

1657 45212158

4011

Possible Tracker Position

Possible Tracker Position

TR1 TR2

2800 5000

A.NATOCHII

POSSIBLE SETUP :  Measuring the MDM of Λc at SPS
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POSSIBLE SETUP :  Measuring the MDM of Λc at SPS

  

π+ π-p

Channeled 
Λc

+

Incident 
Proton Beam

Crystal 
15 mrad

Target

θout = +5 mrad

A.NATOCHII

φrot = -10 mrad

<10-5
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 for Θ = 15 mrad 
— the deflection efficiency is lower 
— but the BG separation is much better !

POSSIBLE MEASUREMENT :   Channeling efficiency of π+  produced in the target
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Place Process

Efficiency (per process)

π+ Σ+ →p π0 Λc+ →Λ0 π+ Λc+→Δ++ K-

3cm, 2 m 2 cm, 2 m 1.5cm, 1m 1cm, 1.4m 8 cm, 20 m 7 cm, 5 m crystal (L, R)

270 GeV 270 GeV 270 GeV 270 GeV 7 TeV 7 TeV  p energy

target production 
 & decay 0.9 0.017 3.0 · 10 -6 3.0 · 10 -6 0.5 · 10 -4 0.5 · 10 -4

 crystal

collimation 0.05 0.004 0.0024 0.0028 0.007 0.0028

decay — — 0.017 0.06 0.21 0.07

deflection 0.09 0.24 0.16 0.3 0.27 0.06

Total (per p) 0.4 · 10 -3 1.4 · 10 -5 2.0 · 10 -11 1.7 · 10 -10 2.2 · 10 -8 0.7 · 10 -9

detector

purity 0.5—1 0.4 0.13 — 0.5 0.5

BF · decay — 0.2 0.002 0.0026 0.011 0.011

MDM — 0.012 0.022 0.0021 0.18 0.4

MDM (per p) — 10 -8 10 -16 10 -15 2.1 · 10 -11 1.3 · 10 -12

Δg =
1

NPOT ηdet ηMDM

SIMULATION RESULTS :   Efficiency of MDM measurement
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ALEX FOMIN :  Σ+  and  Λc+  studies  at the SPS  with double crystal setup

Thank you for your attention !
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CALCULATION SCHEME :  Effective deflected spectra  20 mrad   ( Optimal  for  MDM )
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D. Chen, et al. First Observation of Magnetic Moment Precession of Channeled Particles in Bent Crystals. 
Phys. Rev. Lett 69.3286 (1992)

Σ+ = u↑u↑s↓

ΛC
+ = u↑d↓c↓

BACK UP :  Fermilab experiment
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■ J.G. Korner, et al., 
Z. Phys., C2:117, 1979.

+ E.M. Aitala, et al.,
Phys. Lett., B471:449,
2000

--- Fitted exp. data

— G.R. Goldstein.
FNAL, Batavia, Illinois,
1999.

ξ th (rms) =  – 0.37

ξ ex (rms) =  – 0.40(5)

BACK UP :  Initial polarisation of Λc
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BACK UP :  Deflection efficiency ( phenomenological formula )
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BACK UP :  Channeling of the secondary particles

mailto:alex.fomin@cern.ch

