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

3

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   1990

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

http://arxiv.org/abs/1810.06699
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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.	LeA.	5	(1979)	73.	

📄 		V.L.	Lyuboshits,	Sov.	J.	Nucl.	Phys.	31	(1980)	509	[inSPIRE].	

PRINCIPLE OF MEASUREMENT:   Magnetic dipole moment  (MDM)  of  short-living particles 

https://inspirehep.net/search?p=find+J+%22Sov.J.Nucl.Phys.,31,509%22
https://inspirehep.net/search?p=find+J+%22Sov.J.Nucl.Phys.,31,509%22
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PRINCIPLE OF MEASUREMENT:   Magnetic dipole moment  (MDM)  of  short-living particles 

Θμ ≡ ∠ (ξi ξf ) = (1 + γa) Θ

iniTal

final
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Θμ ≡ ∠ (ξi ξf ) = (1 + γa) Θ

Δg =
2

α ⟨ξx γ⟩ Θ
3
N

PRINCIPLE OF MEASUREMENT:   Magnetic and electric dipole moments  of  short-living particles 

Θd ≡ ∠ (ξi ξf ) = (1 + γf ) Θ

Δf =
2

α ⟨ξy γ⟩ Θ
3
N

📄 		V.G.	Baryshevsky,	

EPJ	C79	(2019)	350	[inSPIRE]	

📄 		A.S.	Fomin	et	al.,	

arXiv:1909.04654	[hep-ph]

📄 		F.	J.	Botella	et	al.,	

EPJ	C77	(	2017)	181	[inSPIRE]

📄 		V.G.	Baryshevsky,	

Sov.	Tech.	Phys.	LeA.	5	(1979)	73.	

📄 		V.L.	Lyuboshits,	

Sov.	J.	Nucl.	Phys.	31	(1980)	509	
[inSPIRE].	
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http://inspirehep.net/record/1730921
http://inspirehep.net/record/1730921
http://inspirehep.net/record/1753396
http://arxiv.org/abs/arXiv:1909.04654
http://inspirehep.net/record/1505173
http://inspirehep.net/record/1505173
https://inspirehep.net/search?p=find+J+%22Sov.J.Nucl.Phys.,31,509%22
https://inspirehep.net/search?p=find+J+%22Sov.J.Nucl.Phys.,31,509%22
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PRINCIPLE OF MEASUREMENT:   Initial polarisation of Λc baryon

|ξ | = 1 − e
−

p2
t

2 ⟨p2
t ⟩

ϑx

ϑy

z

Λ+
c

p

ϑ

"ξΛc (ϑx, ϑy)

📄 		A.S.	Fomin,	S.	Barsuk,	A.Yu.	Korchin,	V.A.	Kovalchuk,	E.	Kou,	M.	Liul,	A.	Natochii,	E.	Niel,	P.	Robbe,	A.	Stocchi,	

										arXiv:1909.04654	[hep-ph],	(submiAed	to	EPJ	C)

     p + p → Λc+ + X

due	to	the	space-inversion	symmetry	of	the	strong	interacTon		

polarisaTon	vector		ξ⃗		of		Λc+		is	perpendicular	to	the	reacTon	plane

📄 		E791	collaboraTon,	Phys.	LeA.	B	471	(2000)	[inSPIRE]	

📄 		G.R.	Goldstein,	hep-ph/0001187	(2000)	[inSPIRE]	

Λc+	distribuTon	over	transverse	momentum		(Pythia	8.243)	

Λc+		iniTal	polarisaTon	as	a	funcTon	of	transverse	momentum		
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http://inspirehep.net/record/1753396
http://arxiv.org/abs/arXiv:1909.04654
http://inspirehep.net/search?p=find+EPRINT+hep-ex/9912003
http://inspirehep.net/search?p=find+EPRINT+hep-ex/9912003
http://inspirehep.net/record/513285
http://inspirehep.net/record/513285
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PRINCIPLE OF MEASUREMENT:    MDM  of  Σ+    ( experiment E761, Fermilab 1990)
📄 		D.	Chen,	The	Measurement	of	the	MagneTc	Moment	of	Σ+	Using	Channeling	in	Bent	Crystals,	PhD	thesis,	SUNY,	Albany,	1992.	
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https://www.osti.gov/biblio/1425850
https://www.osti.gov/biblio/1425850
http://www.apple.com/uk
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PRINCIPLE OF MEASUREMENT:   Optimal  crystal orientation  for  EDM  measurement 
📄 		A.S.	Fomin,	S.	Barsuk,	A.Yu.	Korchin,	V.A.	Kovalchuk,	E.	Kou,	M.	Liul,	A.	Natochii,	E.	Niel,	P.	Robbe,	A.	Stocchi,	et	al.,	

											arXiv:1909.04654	[hep-ph],	(submiAed	to	EPJ	C)
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http://inspirehep.net/record/1753396
http://arxiv.org/abs/arXiv:1909.04654


A. Fomin                 Λc  and  τ-lepton  EMDM  measurements  using bent crystals 10

ϑx

ϑy

+

≈

ϑx

ϑy

+

≈

+++ + ++ + +

Optimal for MDM measurement

ϑcrys

Optimal for EDM measurement

ϑx

ϑy

≈

Simultaneous measurement

++ +++

PRINCIPLE OF MEASUREMENT:   Optimal  crystal orientation  for  EDM  measurement 

0 1 20
0

50

100

150

0 0

0.25

0.5

0.75

N
defl

�x

�y

�crys, mrad

Ndefl a�er 10 h fill at IR3 � rms

0 1 20
0

5

10

15

0 0

0.25

0.5

0.75
N
defl �x

�y

�crys, mrad

Ndefl a�er 10 h fill at IR8 � rms

�opt =0.9mrad

0 1 20
0

20

40

60

0

f (�x )

f (�y )

�crys, mrad

Ndefl � �x,y2 �2 � �2 a�er 10 h fill at IR8

Δg =
2

α ⟨ξ γ⟩ Θ
3
NQuanTTve	analysis	

IniTal	polarisaTon	
of	deflected	Λc+

0 1 2 30

0

0.2

0.4

0.6

0

-0.25

0

0.25

0.5

0.75

pt, GeV / c

�N/�pt, c /GeV �



A. Fomin                 Λc  and  τ-lepton  EMDM  measurements  using bent crystals 11

102 103 104 105

10-2

10-1

��=0.15

measuring �� and g

N�0�+

�g �c+ ��0�+

102 103 104 105

10-2

10-1
��=0.30

��=0.05

measuring �� and g

N�++ K-

�g �c+ ��++K-

SENSITIVITY STUDIES:   Precision of MDM  versus  number of registered events.

Decay	channel Branching	
raTo

Weak	decay	
parameter	α

Detector	efficiency* Wieght	
(∆g/∆gj	)2IR3 IR8

Λc
+		→			p	K∗(892) 1.96(27) 		0.66(28) 0.2 0.2 ∼	0.60

Λc
+	→	∆++(1232)	K− 1.08(25) −0.67(30) 0.2 0.2 ∼	0.35

Λc
+	→ Λ(pπ−)	π+ 0.83(5) 		0.91(15) 0.02 0.004 0.01–0.05

Λc
+	→	Λ(1520)	π+ 2.20(5) −0.11(60) 0.2 0.2 0.02

1)		use	pre-measured	values	of		α·ξ 	factor	

2)		measure		α·ξ		and		g-factor		simultaneously	

📄 		A.S.	Fomin,	S.	Barsuk,	A.Yu.	Korchin,	V.A.	Kovalchuk,	E.	Kou,	M.	Liul,	A.	Natochii,	E.	Niel,	P.	Robbe,	A.	Stocchi,	et	al.,	

											arXiv:1909.04654	[hep-ph],	(submiAed	to	EPJ	C)

dN
d cos θz

=
1
2 (1 + α ξz cos Θμ cos θz)

dN
d cos θx

=
1
2 (1 + α ξx sin Θμ cos θx)

*		E.	Bagli	et	al.,	EPJ	C77	(2017)	no.12,	828	[inSPIRE]

http://inspirehep.net/record/1753396
http://arxiv.org/abs/arXiv:1909.04654
http://inspirehep.net/record/1620469
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📄 		D.	Mirarchi,	A.S.	Fomin,	S.	Redaelli,	W.	Scandale.		Layouts	for	fixed-target	experiments	and	dipole	moment	measurements	of	

short-living	baryons	using	bent	crystals	at	the	LHC.		arXiv:1906.08551		(submiAed	to	EPJ)

SENSITIVITY STUDIES:   Layouts  for  EMDM  experiments  at  LHC

• impact on the machine


• optimisation of Crystal 1 and Absorbers positions


• running experiment in a parasitic mode


• layout in front of LHCb (IR8)  4.3×1010 POT/fill


• alternative layout at IR3         3.0×1010 POT/fill


• restriction on Crystal 2 bending radius

http://arxiv.org/abs/1906.08551
http://arxiv.org/abs/1906.08551
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SENSITIVITY STUDIES:   Precision of MDM  versus  number of  10h LHC fills.

1	→	2 t1/t2

Target 		5	mm	→ 40	mm 6

Crystal 								silicon	→	germanium 2.4

Detector 								LHCb	(IR8)	→	dedicated	at	IR3 7.5

Beam	exitaTon currently	under	studies …

Possible	improvements:• running	experiment	in	a	parasiTc	mode	

• 10	year	at	LHCb,	5mm,	Si		→		Δg	~	0.35	

• 1	year	at	IR3,	40mm,	Ge		→		Δg	~	0.12	

• big	uncertainty	(⨉10)	due	to	⍺	parameter	

• 10	years	at	IR8,	40mm,	Ge,	Δd	~	2.6	10-16		e	cm
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τ
Do you possess any EDM 

or aMDM ?
???

Electromagnetic dipole moments of  τ-lepton
A.S.	Fomin,	A.	Yu	Korchin,	A.	Stocchi,	S.	Barsuk,	P.	Robbe,	[arXiv:1810.06699]	(2018),	JHEP	1903	(2019)	156	[inSPIRE],	
Feasibility	of	𝜏-lepton	electromagne5c	dipole	moments	measurement	using	bent	crystal	at	the	LHC

http://arxiv.org/abs/1810.06699
https://doi.org/10.1007/JHEP03(2019)156


A. Fomin                 Λc  and  τ-lepton  EMDM  measurements  using bent crystals

PRINCIPLE OF MEASUREMENT:   Initial polarisation of τ lepton
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PRINCIPLE OF MEASUREMENT:   The idea of setup
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•  we need to select events:   Ds+ ➡ τ+ ➡ 2π + π —   out of the background:   X+ ➡ 2π + π —

•  directions of Ds+ and τ+ momenta should be measured very accurately   Δθ < 100 μrad

p p ! D+
s ... ! ⌧+... ! 2⇡+ ⇡� ...
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PRINCIPLE OF MEASUREMENT:   Optimal conversion length (distance between Target & Crystal)
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PRINCIPLE OF MEASUREMENT:   The idea of setup
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√

√

×
×

• we need to select events:   Ds+ ➡ τ+ ➡ 2π + π —   out of the background:   X+ ➡ 2π + π —  

• directions of Ds+ and τ+ momenta should be measured very accurately

p p ! D+
s ... ! ⌧+... ! 2⇡+ ⇡� ...

– the background overload, 
– the telescope should have a very high angular resolution   Δθ < 100 μrad  

                                             on a rather short base                Lv ~  10 cm.

Problems:
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PRINCIPLE OF MEASUREMENT:   The idea of setup
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Ge: L =   3  cm  R = 10 m 

Si:   L = 4.5 cm  R = 15 m 

ϴD = 3 mrad 

θp = 0.1 mrad

Crystal 2: 

Ge: L = 10 cm  R = 7 m 

ϴτ = 14 mrad 

θv = 0.08 mrad 

Lv = 10 cm
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SENSITIVITY STUDIES:   Spectrum and polarisation of deflected τ leptons
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Spectra:

Polarisation:
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SENSITIVITY STUDIES:   The setup efficiency (target + two crystals)
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(1)   J. Bernabeu et al.,  JHEP,  01:062,  2009 

Np    is the integral number of protons,  

ηdet  is the detector efficiency 

S      is the sensitivity of polarisation reconstruction 
        by the analysis of τ decay(1)  
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SENSITIVITY STUDIES:   Background from other decay channels.
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Place process 
(factors)

single crystal setup double crystal setup
current total current total

target p → Ds+, Ds+ 1.1 · 10−4 1.1 · 10−4 1.1 · 10−4 1.1 · 10−4 
crystal 1 Ds+ collimaTon — — 0.8 · 10−2 0.9 · 10−6

crystal 1 Ds+ deflecTon — — 1.3 · 10−1 1.1 · 10−7

void Ds+ → τ + 0.5 · 10−3 0.5 · 10−7 1.2 · 10−2 1.4 · 10−9

crystal 2 τ+ collimaTon 1.7 · 10−2 0.9 · 10−9 0.5 · 10−1 0.7 · 10−10

crystal 2 τ+ deflecTon 0.3 · 10−1 0.3 · 10−10 0.3 · 10−1 2.2 · 10−12 
detector ηdet × Br 0.4 · 10−1 1.3 · 10−12 0.4 · 10−1 1.0 · 10−13 
reconstr. ηMDM ∼⟨P2γ2⟩ ∼ 0.5 ∼ 0.7 · 10−12 ∼ 8 ∼ 0.7 · 10−12 
reconstr. ηEDM ∼⟨P2γ2⟩ ∼ 1.1 · 10-4 ∼ 0.8 · 10−16 ∼ 1.5 · 10-3 ∼ 1.1 · 10−16
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Lv = 10 cmLv = 40 cm

Efficiency of the measurement: current (by process) and total (per incident proton). 
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SENSITIVITY STUDIES:   Precision of anomalous MDM versus number of protons on target.
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− Double Crystal Setup at LHC     Ds+ ➡ τ+ ντ,    τ+ ➡ π + π + π — vτ̅ 

− DELPHI:    limit on aMDM  from LEP2 experiment    γ γ ➡ τ+ τ— 
J. Abdallah et al. Eur. Phys. J., C35:159–170, 2004 

− BELLE 2:   limit on aMDM expected for the BELLE 2 experiment 
S. Eidelman, et al. JHEP, 03:140, 2016.


− SM value:  aMDM value predicted by a Standard Model  
S. Eidelman et al. Mod. Phys. Lett., A22:159–179, 2007. 

− Belle collaboration, Search for the EDM of the τ lepton, 
Phys. Lett. B 551 (2003) 16 [hep-ex/0210066]. 
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s
1

Np ⌘detS2 ⌘ setup

• Target   (W) 
Ltar = 1 cm 

• Crystal 1  (Ge) 
LD = 3 cm, 
RD = 10 m, 
θp = 100 μrad 

• ηdet   = 50 %
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PRINCIPLE OF MEASUREMENT:   Magnetic dipole moment  (MDM)  of  short-living particles 

Principle of measurement   pp 4–6 Initial polarisation of Λc     pp 7–10
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D. Mirarchi, A.S. Fomin, S. Redaelli, W. Scandale.  Layouts for fixed-target experiments and dipole moment 

measurements of short-living baryons using bent crystals at the LHC.  arXiv:1906.08551  (submitted to EPJ)

SENSITIVITY STUDIES:   Precision of MDM  versus  number of  10h LHC fills.

• impact on the machine


• optimisation of Crystal 1 and Absorbers positions


• running experiment in a parasitic mode


• layout in front of LHCb (IR8)  4.3×1010 POT/fill


• alternative layout at IR3         3.0×1010 POT/fill

Layouts for experiments         p 12 Sensitivity studies           pp 11–13

MDM / EDM setup        pp 6, 9, 10
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PRINCIPLE OF MEASUREMENT:   Initial polarisation of Λc baryon
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! 		A.S.	Fomin,	S.	Barsuk,	A.Yu.	Korchin,	V.A.	Kovalchuk,	E.	Kou,	M.	Liul,	A.	Natochii,	E.	Niel,	P.	Robbe,	A.	Stocchi, 
										arXiv:1909.04654	[hep-ph],	(submiLed	to	EPJ	C)

     p + p → Λc+ + X

due	to	the	space-inversion	symmetry	of	the	strong	interaceon		

polarisaeon	vector		ξ⃗		of		Λc+		is	perpendicular	to	the	reaceon	plane

! 		E791	collaboraUon,	Phys.	LeL.	B	471	(2000)	[inSPIRE]	

! 		G.R.	Goldstein,	hep-ph/0001187	(2000)	[inSPIRE]	

Λc+	distribueon	over	transverse	momentum		(Pythia	8.243)	

Λc+		inieal	polarisaeon	as	a	funceon	of	transverse	momentum		
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SENSITIVITY STUDIES:   Precision of MDM  versus  number of  10h LHC fills.

1	→	2 t1/t2

Target 		5	mm	→ 40	mm 6

Crystal 								silicon	→	germanium 2.4

Detector 								LHCb	(IR8)	→	dedicated	at	IR3 7.5

Beam	exitaeon currently	under	studies …

Possible	improvements:• running	experiment	in	a	parasiec	mode	

• 10	year	at	LHCb,	5mm,	Si		→		Δg	~	0.35	

• 1	year	at	IR3,	40mm,	Ge		→		Δg	~	0.12	

• big	uncertainty	(⨉10)	due	to	⍺	parameter
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PRINCIPLE OF MEASUREMENT:   Optimal  crystal orientation  for  EDM  measurement 
! 		A.S.	Fomin,	S.	Barsuk,	A.Yu.	Korchin,	V.A.	Kovalchuk,	E.	Kou,	M.	Liul,	A.	Natochii,	E.	Niel,	P.	Robbe,	A.	Stocchi,	et	al., 

											arXiv:1909.04654	[hep-ph],	(submiLed	to	EPJ	C)

ϑx

ϑy

x

z

p

Λ+
c

+

≈

initial

final

ϑx

ϑy

+

≈

+++

+ ++ + +

(ϑcrys ∼ 0 )

Optimal for MDM measurement

(ϑcrys ∼ 0.4–0.9mrad )

Optimal for EDM measurement

ϑcrys
x

z

p

Λ +
c

initial

final

Δg = 2
α ⟨ξx γ⟩ Θ

3
N

Δf = 2
α ⟨ξy γ⟩ Θ

3
N


