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What I’m going to talk about

 What is an EDM ?

 JEDI Collaboration (Jülich Electric Dipole moment 

Investigations)

 How do we measure EDM on a storage ring

 My phD work:

 Analytical calculations of electric fields

 Trajectories of particles

 Spin transfer functions in the fringe field

 What’s next?
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EDM : Electronic dance music



EDM : The electric dipole

moment
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Water molecule

C.m ou Debye

Proton

e.cm



The electric dipole moment - 2

 EDM : Electric moment intrinsic to a particle, aligned with the spin.
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𝐸

𝐵
* : at rest

𝑑 Ԧ𝑆∗

𝑑𝑡∗
= Ԧ𝑑 × 𝐸∗ + Ԧ𝜇 × 𝐵∗



The electric dipole moment - 2

 EDM : Electric moment intrinsic to a particle, aligned with the spin.
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𝐸

𝐵

time

* : at rest

𝑑 Ԧ𝑆∗

𝑑𝑡∗
= Ԧ𝑑 × 𝐸∗ − Ԧ𝜇 × 𝐵∗

 Potential source of T/CP violation-> Matter/antimatter asymetry

 Allow us to constrain certain theories (SUSY, MS extensions …)



Actual limits on EDM
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Actual limits on EDM
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Proton

~µm



Neutron EDM10

𝜔 = 𝜇𝐵 + 𝑑𝐸 𝜔 = −𝜇𝐵 + 𝑑𝐸

∆𝜔 ∝ 𝑑 < 2,9. 10−26𝑒. 𝑐𝑚

E ~ 10−7𝑒𝑉
𝐸 𝐸𝐵 𝐵

Réacteur
Source de neutrons

E ~ 106𝑒𝑉



The JEDI collaboration

 Measurement of electric dipole moment of proton/deuteron/helion…

 Aimed limit :  10−29 e.cm

 Actual limit : 10−26 e.cm
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http://collaborations.fz-juelich.de/ikp/jedi/

JEDI : (Jülich Electric Dipole moment Investigations)

CoSy : Cooler Synchrotron

~10−24𝑒. 𝑐𝑚

Proof of principle:



In the particle referencial : 

12

𝑑 Ԧ𝑆∗

𝑑𝑡∗
= Ԧ𝑑 × 𝐸∗ + Ԧ𝜇 × 𝐵∗



In the laboratory referencial: 
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Ԧ𝑣

Thomas-BMT

But : Cancel magnetic part (horizontal precession )
+    maximised electric part (vertical precession)
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𝐸

𝐸

𝐸

𝐵

Energy ~270 MeV

Radius 40 m

E field 12MV/m

In the laboratory referencial: 

Ԧ𝑣

Thomas-BMT



10−29 e.cm ?

 A LOT OF STATISTICS:

• 2. 1010 particles / beam

• 2.108 turns / second

• 107 seconds run / year
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1025 particles/year

 But also systematic errors:

• Fake EDM signal  : 𝐵 = 10−17 𝑇  Contra-rotativ beams

• Trajectory measurements at 10−9 m 

• Electrical fringe fields ???



 A LOT OF STATISTICS:

• 2. 1010 particles / beam

• 2.108 turns / second

• 107 seconds run / year
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1025 particles/year

 But also systematic errors:

• Fake EDM signal  : 𝐵 = 10−17 𝑇  Contra-rotativ beams

• Trajectory measurements at 10−9 m 

• Electrical fringe fields ???

10−29 e.cm ?



Effect of the electrostatic

deflectors on spin dynamics17

D

G

𝜌 = 40𝑚

𝐺 = 40𝑚𝑚

𝐸 = 12𝑀𝑉/𝑚

Program :

• Analytical models(field, trajectory, spin)

• Implementing in a code (BMAD)

• Optimisation of reference scenarios

Question : Do fringe fields have a significative 

effet on spin dynamics ? 

If yes, can we correct them?



Fringe fields

 No electrostatic rings, with this level of exigence

 Actual models are 1st order, with no fringe fields

 Need configurable and highly accurate models :

 Analytical models needed
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Additional components for the field:

• Fake EDM signal

• Modified trajectories

• Non linearities

Rotations are non commutatives :

• Systematic errors



Conformal mapping : electric

field in a deflector
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Infinite plane capacitor More realist electrodes

x

y
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𝜌 = 10

Gap = 1

𝑉 𝑥, 𝑦 = 𝑎𝑟𝑐𝑡𝑎𝑛
𝑠ℎ(𝜋𝑥) ∙ sin(𝜋𝑦)

1 + 𝑐ℎ(𝜋𝑥) ∙ cos(𝜋𝑦)

𝐺 𝑧 = 0.2 +
𝜋

2
−
5

2
∙ 𝑒

2
5𝑧 ∙ 𝐻1

5,
1
5,
6
5
𝑒2𝑧 ↦ 𝑍1 = 1 + 𝐺 𝑧 + 𝑒𝐺 𝑧

↦ 𝑍2 =
1

𝜋
∙ 1.376 + 𝑍1 + 𝑒𝑍1 ↦ 𝑍3 = 𝜌0 ∙ 𝑒

𝑖𝐺∙𝑍3/𝜌0

𝑧 → 𝐺 → 𝑍1 → 𝑍2
𝑍2 → 𝑍3

Pour illustration

-1

+1



Electric field (3)21

Distance
(ouvertures)

Champ E/E0 en log10

Diaphragme

+1

-1

+300000



Particle trajectories
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Central trajectory≠ circle + straight line

Hard-edge trajectory

Real trajectory

Reference (beam) trajectory : Hamiltonian method

Particles trajectories : Perturabtions around the beam



Spin Dynamics23

Step by step tracking Transfert matrix/function

Runge-Kutta etc…

𝑐𝑜𝑠
𝜙

2
− 𝑖 ∙ 𝑢𝑧𝑚 ∙ 𝑠𝑖𝑛

𝜙

2
− 𝑖 ∙ 𝑢𝑥𝑚 + 𝑢𝑦𝑚 ∙ 𝑠𝑖𝑛

𝜙

2

−𝑖 ∙ 𝑢𝑥𝑚 + 𝑢𝑦𝑚 ∙ 𝑠𝑖𝑛
𝜙

2
𝑐𝑜𝑠

𝜙

2
+ 𝑖 ∙ 𝑢𝑧𝑚 ∙ 𝑠𝑖𝑛

𝜙

2

𝑆1 = 𝑀. 𝑆0

𝑆𝑡𝑢𝑟𝑛 = 𝑀1. 𝑀2. 𝑀3…𝑆0

𝑆𝑁𝑡𝑢𝑟𝑛 = 𝑀𝑁. 𝑆0



Spin dynamics - 2
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𝑑 Ԧ𝑆

𝑑𝑡
= Ω × Ԧ𝑆 Ω = −

𝑞

𝑚𝑐²
𝐺 −

1

𝛾2 − 1
Ԧ𝑣 × 𝐸

Ψ1

Ψ2

′

=
𝐹(𝑠)

2

−𝑖𝑃𝑦 ෩𝑃𝑠

−෩𝑃𝑠 𝑖𝑃𝑦
.
Ψ1

Ψ2
= 𝑈.

Ψ1

Ψ2

Spinor formulation : 

Solution : 𝑇 = 1 + න
0

𝐿

𝑈𝑑𝑠 + න
0

𝐿

𝑈න
0

𝑘

𝑈𝑑𝑠 𝑑𝑘

𝑆′ = 𝑈 𝑆

𝑆 = 𝑒׬ 𝑈 𝑑𝑡. 𝑆0



Spin dynamics - 2
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𝑑 Ԧ𝑆

𝑑𝑡
= Ω × Ԧ𝑆 Ω = −

𝑞

𝑚𝑐²
𝐺 −

1

𝛾2 − 1
Ԧ𝑣 × 𝐸

Ψ1

Ψ2

′

=
𝐹(𝑠)

2

−𝑖𝑃𝑦 ෩𝑃𝑠

−෩𝑃𝑠 𝑖𝑃𝑦
.
Ψ1

Ψ2
= 𝑈.

Ψ1

Ψ2

Spinor formulation : 

𝑐𝑜𝑠
𝜙

2
− 𝑖 ∙ 𝑢𝑧𝑚 ∙ 𝑠𝑖𝑛

𝜙

2
− 𝑖 ∙ 𝑢𝑥𝑚 + 𝑢𝑦𝑚 ∙ 𝑠𝑖𝑛

𝜙

2

−𝑖 ∙ 𝑢𝑥𝑚 + 𝑢𝑦𝑚 ∙ 𝑠𝑖𝑛
𝜙

2
𝑐𝑜𝑠

𝜙

2
+ 𝑖 ∙ 𝑢𝑧𝑚 ∙ 𝑠𝑖𝑛

𝜙

2



Remaining work

 Spin dynamics in fringe field.

 Code all this stuffs

 Quantified systematic effet of the fringe field

 Evaluate spin coherence time of different scenarios.
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Les spins alignés à l‘injection Perte de la polarisation

horizontale

T=1000 s

Cohérence de spin



Remaining work

 Spin dynamics in fringe field.

 Code all this stuffs

 Quantified systematic effet of the fringe field

 Evaluate spin coherence time of different scenarios.
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Merci !
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Backup29
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Trajectoire d’une particule dans le 

déflecteur33

Partie centrale : Champ de fuite: 

• Méthode hamiltonienne

• Ordre 2 de perturbation

ℋ = − 1 +
𝑥

𝜌0
∙

𝛾2 − 1

𝛾0
2 ∙ 𝛽0

2 − 𝑝𝑥
2
+ 𝑝𝑦

2

= ℋ𝑙𝑖𝑛 + ෩ℋ

• Méthodes de quadrature

• Polynômes orthogonaux spécifiques

∆𝜌 ~ 0,3 𝑚𝑚
∆𝜃 ~ 4 𝑚𝑟𝑎𝑑

Résultats validés numériquement sur un exemple

Diaphragme

𝐸

Ordres de grandeur pour l’exemple de vérification :



Dynamique de spin
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𝑑 Ԧ𝑆

𝑑𝑡
= Ω × Ԧ𝑆 Ω = −

𝑞

𝑚𝑐²
𝐺 −

1

𝛾2 − 1
Ԧ𝑣 × 𝐸

𝑑 Ԧ𝑆

𝑑𝑠
= Ω𝑠 × Ԧ𝑆 Ω𝑠 = 1 +

𝑃𝑥
2 + 𝑃𝑦²

2

𝛽0𝛾0
𝛽𝛾

𝐺 −
1

𝛾2 − 1

𝛾0
2 − 1

𝛾𝜌

0
෩𝑃𝑠
𝑃𝑦

Ψ1

Ψ2

′

=
𝐹(𝑠)

2

−𝑖𝑃𝑦 ෩𝑃𝑠

−෩𝑃𝑠 𝑖𝑃𝑦
.
Ψ1

Ψ2
= 𝑈.

Ψ1

Ψ2
Forme de spineur plus adaptée :

Solution : 

𝑐𝑜𝑠
𝜙

2
− 𝑖 ∙ 𝑢𝑧𝑚 ∙ 𝑠𝑖𝑛

𝜙

2
− 𝑖 ∙ 𝑢𝑥𝑚 + 𝑢𝑦𝑚 ∙ 𝑠𝑖𝑛

𝜙

2

−𝑖 ∙ 𝑢𝑥𝑚 + 𝑢𝑦𝑚 ∙ 𝑠𝑖𝑛
𝜙

2
𝑐𝑜𝑠

𝜙

2
+ 𝑖 ∙ 𝑢𝑧𝑚 ∙ 𝑠𝑖𝑛

𝜙

2


