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Measurement of  

Electric Dipole Moments 

at COSY in Jülich 

March 7, 2016 | Fabian Hinder for the JEDI Collaboration 

 

Second Matter & Technology Student Retreat – KIT – Karlsruhe 
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Baryogenesis 

Today 

Big Bang 
Symmetry between  
Matter & Antimatter Anti- 

Matter 
Matter 

Matter 

 𝒞𝒫  

Anti- 
Matter 

Matter 

Early Universe 
Three Sakharov conditions: 
1. Baryon number violating interactions 
2. Non thermal equilibrium 
3. Violation of 𝓒,𝓒𝓟 symmetry 

Annihilation 

(𝜂𝐵−𝜂𝐵 ) 𝜂𝛾  

Measurement (WMAP 2003) 6.14 ± 0.25 ⋅ 10−10 

Standard Model Expectation 10−18 

via: Strong 𝓒𝓟 violation (SM) 
       Electroweak 𝓒𝓟 violation (SM) 
       Beyond SM physics 
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Electric Dipole Moments (EDMs) as 

CP Violating Source 

• EDM: 𝑑 =   𝑟𝑖𝑖 𝑞𝑖
classical

→ d ⋅ 𝑠  
quanten
 mechanics

 

 

      ℋ = −𝜇 ⋅ 𝐵 − 𝑑 ⋅ 𝐸   

𝒫:  ℋ = −𝜇 ⋅ 𝐵 + 𝑑 ⋅ 𝐸  

𝒯:  ℋ = −𝜇 ⋅ 𝐵 + 𝑑 ⋅ 𝐸  

 

• Permanent EDMs of light hadrons are 
𝒯- & 𝒫-violating 

– 𝒞𝒫𝒯  theorem ⇒ 𝒞𝒫 violation 

 

• Search for new 𝒞𝒫 violation by 
measuring  EDMs of charged particles 
in storage rings  

A. Knecht, 2008, Wikimedia 

𝜇 = 𝑔 ⋅
𝑒

2𝑚
 𝑠  

𝑑 = 𝜂 ⋅
𝑒

2𝑚𝑐
 𝑠  
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Measure EDMs in Storage Rings 

𝑑𝑆 

𝑑𝑡
∝ 𝑑 × 𝐸 

Generic Idea:  
(Frozen Spin method) 
1. Inject polarized particles with spin parallel to momentum 
2. Apply radial electric field to particle in storage ring 

3. Due to EDM 𝑑  spin rotates out of horizontal plane 

4. Measure build-up of vertical polarization 𝜙 ∝ 𝑑  

All EDM experiments: 

• Interaction of field 𝐸 

and EDM 𝑑  
→ Spin rotates 
• Charged particles: 

Lorentz force 
• Accelerator as trap for 

charged particles 
𝑝  
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Thomas-BMT-Equation: 

𝑑𝑆 

𝑑𝑡
= 𝑆 × Ω𝑀𝐷𝑀 + 𝑆 × Ω𝐸𝐷𝑀  

Ω𝑀𝐷𝑀 =
𝑞

𝑚𝛾
𝛾𝐺𝐵 + 𝐺 −

1

𝛾2−1

𝛽×𝐸

𝑐
− 
𝐺𝛾2

𝛾+1
𝛽 𝛽 ⋅ 𝐵   

Ω𝐸𝐷𝑀 =
𝑞𝜂

2𝑚

𝐸

𝑐
+ 𝛽 × B−

𝛾

𝛾+1
𝛽 𝛽 ⋅

𝐸

𝑐
  

 

𝜇 = 2 𝐺 + 1
𝑞

2𝑚
𝑆   

 

𝑑 =
𝑞𝜂

2𝑚𝑐
𝑆   
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Spin Motion in Storage Rings 

G 

Proton 1.792847357 

Deuteron -0.142561769 

d 𝜼 

≈ 10−24e cm 
 

≈ 10−9 

≈ 10−29 e cm ≈ 10−14 
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Thomas-BMT-Equation: 

𝑑𝑆 

𝑑𝑡
= 𝑆 × Ω𝑀𝐷𝑀 + 𝑆 × Ω𝐸𝐷𝑀  

Ω𝑀𝐷𝑀 =
𝑞

𝑚𝛾
𝛾𝐺𝐵 + 𝐺 −

1

𝛾2−1

𝛽×𝐸

𝑐
− 
𝐺𝛾2

𝛾+1
𝛽 𝛽 ⋅ 𝐵   

Ω𝐸𝐷𝑀 =
𝑞𝜂

2𝑚

𝐸

𝑐
+ 𝛽 × B−

𝛾

𝛾+1
𝛽 𝛽 ⋅

𝐸

𝑐
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Spin Motion in Storage Rings 

(Pure Electric Ring) 

Pure electric ring:  

• “Freeze” spin ⇒ Ω𝑀𝐷𝑀 = 0 
• Only possible for Protons (G>0) 

G 

Proton 1.792847357 

Deuteron -0.142561769 
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Thomas-BMT-Equation: 

𝑑𝑆 

𝑑𝑡
= 𝑆 × Ω𝑀𝐷𝑀 + 𝑆 × Ω𝐸𝐷𝑀  

Ω𝑀𝐷𝑀 =
𝑞

𝑚𝛾
𝛾𝐺𝐵 + 𝐺 −

1

𝛾2−1

𝛽×𝐸

𝑐
− 
𝐺𝛾2

𝛾+1
𝛽 𝛽 ⋅ 𝐵   

Ω𝐸𝐷𝑀 =
𝑞𝜂

2𝑚

𝐸

𝑐
+ 𝛽 × B−

𝛾

𝛾+1
𝛽 𝛽 ⋅

𝐸

𝑐
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Spin Motion in Storage Rings 

(Combined Ring 𝑬 & 𝑩) 

Pure electric ring:  

• “Freeze” spin ⇒ Ω𝑀𝐷𝑀 = 0 
• Only possible for Protons (G>0) 

Combined ring (𝐸 & 𝐵): 
• Frozen spin possible for Protons and Deuterons  

G 

Proton 1.792847357 

Deuteron -0.142561769 
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Thomas-BMT-Equation: 

𝑑𝑆 

𝑑𝑡
= 𝑆 × Ω𝑀𝐷𝑀 + 𝑆 × Ω𝐸𝐷𝑀  

Ω𝑀𝐷𝑀 =
𝑞

𝑚𝛾
𝛾𝐺𝐵 + 𝐺 −

1

𝛾2−1

𝛽×𝐸

𝑐
− 
𝐺𝛾2

𝛾+1
𝛽 𝛽 ⋅ 𝐵   

Ω𝐸𝐷𝑀 =
𝑞𝜂

2𝑚

𝐸

𝑐
+ 𝛽 × B−

𝛾

𝛾+1
𝛽 𝛽 ⋅

𝐸

𝑐
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Spin Motion in Storage Rings 

(Pure Magnetic Ring) 

Pure electric ring:  

• “Freeze” spin ⇒ Ω𝑀𝐷𝑀 = 0 
• Only possible for Protons (G>0) 

Combined ring (𝐸 & 𝐵): 
• Frozen spin possible for Protons and Deuterons 

Pure magnetic ring: 
• Frozen spin not possible (𝜈𝑠 = 𝛾𝐺) 

G 

Proton 1.792847357 

Deuteron -0.142561769 
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Thomas-BMT-Equation: 

𝑑𝑆 

𝑑𝑡
= 𝑆 × Ω𝑀𝐷𝑀 + 𝑆 × Ω𝐸𝐷𝑀  

Ω𝑀𝐷𝑀 =
𝑞

𝑚𝛾
𝛾𝐺𝐵 + 𝐺 −

1

𝛾2−1

𝛽×𝐸

𝑐
− 
𝐺𝛾2

𝛾+1
𝛽 𝛽 ⋅ 𝐵   

Ω𝐸𝐷𝑀 =
𝑞𝜂

2𝑚

𝐸

𝑐
+ 𝛽 × B−

𝛾

𝛾+1
𝛽 𝛽 ⋅

𝐸

𝑐
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Spin Motion in Storage Rings 

(Pure Magnetic Ring) 

 

Pure electric ring:  

• “Freeze” spin ⇒ Ω𝑀𝐷𝑀 = 0 
• Only possible for Protons (G>0) 

Combined ring (𝐸 & 𝐵): 
• Frozen spin possible for Protons and Deuterons 

Pure magnetic ring: 
• Frozen spin not possible (𝜈𝑠 = 𝛾𝐺) 

New method proposed 
to measure EDMs at 
COSY Jülich 
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Cooler Synchrotron COSY in Jülich 

Polarized Protons / Deuterons 

Cooled beams 
(stochastic- & e-cooling) Momentum up to 3.5 GeV/c 

Circumference 184 m 

RF solenoid 

RF 𝐸 × 𝐵 dipole 

RF Wien filter to 
generate EDM 
related signal 
(installation in 2016) 

EDDA polarimeter 
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PhD Theses within JEDI 

Topic Student 

RF ExB dipole Sebastian Mey1,2 

RF stripline Wien filter Jamal Slim3 

Spin tracking (Simulations) 
Marcel Rosenthal1,2  

Stanislav Chekmenev2 
Artem Saleev1 

Beam Position Monitors 
Fabian Trinkel1,2 

Fabian Hinder1,2 

Orbit correction Fabian Hinder1,2 

Polarimetry 
Fabian Müller1,2 

Nils Hempelmann1,2 
Paul Maanen2 

Spin tune measurement 
(Data Analysis) 

Dennis Eversmann2 

1
IKP, FZ Jülich 
2
III. Phsikalisches Institut B, RWTH Aachen 
3

Institut für Hochfrequenztechnik, RWTH Aachen 
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Resonant Wien Filter Method* 

First direct Deuteron EDM measurement 

Ω𝑀𝐷𝑀 =
𝑞

𝑚𝛾
𝛾𝐺𝐵  

Ω𝐸𝐷𝑀 =
𝑞𝜂

2𝑚
𝛽 × B 

• EDMs introduce vertical component of an horizontal polarized 
beam 

• RF device used to accumulate this signal 
• Device in Wien filter configuration to cancel beam perturbation 

• Measure vertical polarization build-up 𝑆𝑦 per particle turn 𝑛  

in tmeas ≈ 1000𝑠  

*W. M. Morse, Y. F. Orlov and Y. K. Semertzidis, Phys. Rev. ST Accel. Beams 16, 114001 (2013) 
Courtesy: Marcel Rosenthal (m.rosenthal@fz-juelich.de) 

EDM 
Signal 

≈ 66𝑚𝑠 
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Misaligned magnets 

lead to  

• polarization build up 

• orbit distortion 

 

 Correct orbit to 

minimize false 

polarization build up 
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Systematic Effects I 

Courtesy: Marcel Rosenthal (m.rosenthal@fz-juelich.de) 

Quadropole shifts 𝜎 < 1 mm  & no EDM 
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Systematic Effects II 

Courtesy: Marcel Rosenthal (m.rosenthal@fz-juelich.de) 

Quadropole shifts 𝜎 < 1 mm  



M
it
g
lie

d
 d

e
r 

H
e
lm

h
o
lt
z-

G
e
m

e
in

s
c
h

a
ft

 

3/7/2016 f.hinder@fz-juelich.de 15 

RF ExB Dipole in Wien Filter 

Configuration Courtesy: Sebastian Mey (s.mey@fz-juelich.de) 
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Stripline Wien Filter 

BPM 

(Rogowski coil) 

Copper 

electrodes 

Vacuum vessel with  

small angle rotator 

Clamps for the Ferrit cage 

Belt drive for 𝟗𝟎𝟎 rotation 

Ferrit cage 

Beam pipe 

Support structure  

for electrodes 
Inner support  

tube 

Courtesy: Jamal Slim (slim@ihf.rwth-aachen.de) 
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Beam Position Monitors 

preliminary 

x 

y 

z 

R L 

𝑈𝐿 −𝑈𝑅
𝑈𝐿 +𝑈𝑅

=
2

𝜋 𝑅2 − 𝑎2
𝑥0 

1. Change beam position once per fill 

2. Measure displacement 

Time B
e

a
m

 p
o

s
it
io

n
 

Fill Bump 1 

Displacement 1 

Fill Bump 2 

Displacement 2 

Courtesy: Fabian Trinkel (f.trinkel@fz-juelich.de) 
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Orbit Correction 

Development of 
new software 

tools 

Database 
Corrector Strength  
↔ Deflection Angle 

 ↔ Corrector Current  

Automatic 
ORM 

Measurement 

steerer BPM 
steerer 

steerer 

Corrector 
Magnet 

BPM 
BPM 

BPM 

COSY  
Timing System 

Set Variations Measured Data 

Tr
ig

ge
r 

St
o

ra
ge

 

𝑥 
𝑦 
= 𝑀𝑂𝑅𝑀 ⋅

𝜃𝑥

𝜃𝑦
 

⇒ Δ
𝜃𝑥

𝜃𝑦
= 𝑀𝑂𝑅𝑀

−1 ⋅
𝑥 
𝑦 𝑢𝑛𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑

 

Beam position 
at the BPMs 

Corrector magnet 
strength 

Orbit Response 
Matrix 

Measurement of ORM 
automated: 
1. Vary corrector magnets 

 
2. Measure beam response 

 

3. Calculate 𝑀𝑂𝑅𝑀 & 𝑀𝑂𝑅𝑀
−1 

 
4. Correct Orbit 

 
• Time gain: 10ℎ → 0.5ℎ 
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Polarimeter  

JuDiT Jülich Ballistic Diamond Pellet Target 

Courtesy: Fabian Müller (fa.mueller@fz-juelich.de) 

Detector design with 
LYSO crystals 
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Spin Tune Determination 

Courtesy: Dennis Eversmann (dennis.eversmann@rwth-aachen.de) 

Applications: 
1. Lock RF device to spin precession frequency 
2. Measure vertical build-up 
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Spin Tune Determination  
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• First direct Electric Dipole Moment 

measurement of Deuterons planned 

at COSY in Jülich 

 

• PhD theses involved: 

• Hardware developments 

• Simulations 

• Software Development 

• Measurements & Data Analysis 
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Summary 

preliminary 


