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Outline 

Introduction 
ÅWhat are Electric Dipole Moments (EDMs)? 
Å How to measure them in in Storage Rings? 
ÅWhat is planned for the Cooler Synchrotron COSY in Jülich?  

 
 

Simulation Framework 
Å Transfer Maps for time-varying fields 
Å Benchmarking using spin oscillations in presence of time-varying fields 

 

Studies towards EDM Measurements at COSY 
Å Polarization signal due to non-vanishing EDM 
Å Fake signals arising from misalignments 
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CP-Violating permanent EDMs 

ü Electric Dipole Moments: 

ü Charge separation (classical picture) 

ü Fundamental property 

 

ü Permanent EDMs of light hadrons are  

P- and T-violating 

ü CPT-Theorem: CP-Violation 

 

ü Known CP-Violation not sufficient to 

explain Matter-Antimatter-Asymmetry in 

universe 

 

ü Search for new sources of CP-Violation by 

measuring Electric Dipole Moments of 

charged hadrons in storage rings 
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EDM measurements in storage rings 

ü General idea: 

ü Inject polarised particles with spin aligned to momentum direction 

ü ĂFrozen Spinñ-Technique: without EDM spin stays aligned to momentum 

ü EDM couples to electric bending fields  Oslow signal buildup 

 

ü All electric ring is concept for a final dedicated machine 
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Thomas-BMT-Equation 

ü Equation of spin motion for relativistic particles in electromagnetic 

fields: 

 

 

 

 

 

 

ü Comparison to equation of motion: 
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Spin tune: ’ 

Spin closed orbit: ὲ  

Ὓᴆ  Ὓᴆ Ὓᴆ᷆ ὲ  preserved 
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Pure electric ring 

ü Comparison of ɱ  and ɱ  for pure electric bend 

 

 

 

 

 

ü Pure electric ring for 

proton frozen spin 

 

ü Combined ring 

(electric/magnetic) for  

deuteron frozen spin 

Magic momentum  

for protons: ὴ πȢχ  

ὲ ȡ vertical 

’
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‎
 (Sign fixed by orientation of ὲ ) 
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Orbit & EDM 

ü Comparison of ɱ  and ɱ  for pure magnetic bend 

 

 

 

 

 

ü Frozen Spin Method not 

applicable in pure  

magnetic ring 

 

ü Different measurement  

method proposed 
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Pure magnetic ring 

ὲ ȡ vertical 

’
ȿɱ ɱ ȿ

ȿɱ ȿ
Ὃ‎ (Sign fixed by orientation of ὲ ) 
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The Cooler Synchrotron COSY 

Polarized protons & deuterons 

Cooled beams 

(e-cooling, stochastic cooling) 

Polarimetry 

RF-ExB-Dipole 

Sextupoles 

V 

V 

V 
V 

V 

Currently running test experiments: 
Polarized deuterons, ▬  ἙἭἤȾἫ 

RF Solenoid 
V 

Å Implement RF Wien filter 

Å Generate EDM related signal  
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Spin Tune / Spin Closed Orbit 

ü Spin motion on closed orbit at fixed location 

in static ring: 

 

 

 

 

 

ü EDM tilts spin closed orbit: 

 

 

 

 

 

 

 

 

 

 

Spin tune: ’ 

Spin closed orbit: ὲ  

Ὓᴆ  Ὓᴆ Ὓᴆ᷆ ὲ  preserved 
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Spin Tune / Spin Closed Orbit II 

ü Spin motion on closed orbit at fixed location 

in static ring: 

 

 

 

 

 

ü EDM tilts spin closed orbit: 

 

 

 

 

 

 

 

 

 

 

Spin tune: ’ 

Spin closed orbit: ὲ  

Ὓᴆ  Ὓᴆ Ὓᴆ᷆ ὲ  preserved 

ɱ ὲ᷆  

Fast oscillating vertical sÐÉÎ ÃÏÍÐÏÎÅÎÔ Ὓ: 

Amplitude: ! ÓÉÎ‚  

Order of magnitude (deuterons, ὴ ) 

Ɫ ȡ      ═ Ȣ ẗ  
(– ρπ ᴾὨ υẗρπ Ὡ ὧά) 
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Spin resonance by RF field 

ü Place RF Wien filter at fixed location: 

 

 

 

 

 

 

ü Spin motion induced by RF Wien filter (radial E-field / vertical B-field) 

ü Fields: 

 

ü Vanishing Lorentz force  Ono EDM interaction: ɱ π 

ü Spin rotation axis vertical, not parallel to ὲ ! 

ü Resonant spin interaction: ‫ ‫ ὑẗ‫ ’ ὑ ẗ‫ ȟὑᶰᴚ   

ü Accumulation of vertical spin signal  

Spin tune: ’ 

Spin closed orbit: ὲ  

Ὓᴆ  Ὓᴆ Ὓᴆ᷆ ὲ  preserved 

ὄ ὄ ẗÃÏÓ‫ ẗὸ ‰  
Ὁ ‍ὧὄ  

Ὁ Ὁ ẗÃÏÓ‫ ẗὸ ‰  
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Outline 

Introduction 
ÅWhat are Electric Dipole Moments (EDMs)? 
Å How to measure them in in Storage Rings? 
ÅWhat is the Cooler Synchrotron COSY ?  

 
 

Simulation Framework 
Å Transfer Maps for time-varying fields 
Å Benchmarking using spin oscillations in presence of time-varying fields 

 

Studies towards EDM Measurements at COSY 
Å Polarization signal due to non-vanishing EDM 
Å Fake signals arising from misalignments 

 



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
 

Orbit & EDM 2015-11-04 

Framework 

COSY 
Toolbox 

COSY 
INFINITY 

Armadillo 

ROOT 

Å plotting 
Å storage (ROOT files/ trees) 

Å linear algebra  
operations 

Å SVD, pseudo-inverse 
for orbit correction 

Å Calculator: 
Å Optical functions 
Å Closed orbit 
Å Spin tune 

Å Tracker: 
Å Static maps 
Å RF maps 

m.rosenthal@fz-juelich.de 13 

COSY 
Lattice 

M. Berz, K. Makino et al. 

╓●  
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Simulations 

ü Long-term tracking required: 

ü Transfer maps allow for fast tracking and study of the optical system  

ü Solutions for equations of motion to arbritary order:    

ᴆפּ יִ ᴆȟ     Ὓᴆפּ ꜝ ᴆפּ ẗὛᴆ 

ü Relate phase space and spin coordinates before and after element 

 

ü Static fields: 

 

 

 

 

 

ü In case of time-varying fields, same map can not be reused in 

subsequent turns 

 

 

 

Same transfer map for all 
particles. 

 
time-independent 
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Orbit & EDM 

ü Radiofrequency fields: 

ü Split element into σφ maps covering the  
σφπЈ phase interval of the time-varying field 
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Transfer Maps for RF fields 

Map 
0°-10° 

Map 
10°-20° 

Map 
20°-30° 

Color code expresses  
time of arrival 

Each map contains terms, which also 
depend on the time of arrival 
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Benchmarking 

ü Use initially vertical polarized deuteron beam 

ü Excite oscillations by radiofrequency solenoid 

 

 

 

 

 

 

 

 

 

 

 

ü Data reproducible using map methods 

preliminary 


