




Electric Dipole Moments

What are those?

How can they help? 

EDM measurements using storage rings

Basic principles

Options

R&D and first measurements at COSY

Further information: 

http://collaborations.fz-juelich.de/ikp/jedi
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Outline

















Common strategy for all EDM measurements:

measure interaction of with electric field 

With spin: 

precession

For charged particles:
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How to measure EDMs?

acceleration

neutral

no spin

https://www.youtube.com/watch?v=qwM4ensIA_k

by Tales Of a Musing Gator
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The RF Wien filter

Waveguide design: 

provides by design
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Precise measurement of the precession frequency (spin tune)

continuous and online

Maintaining the spin direction

match frequency and phase to Wien filter radio frequency

Study effects of field misalignments, orbit distortions, etc.
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(Some) Questions to be addressed





1. inject and accelerate 

vertically polarized 

deuterons to p = 1 GeV/c

2. bunch and (pre-)cool 

3. turn spin by means of a 

RF solenoid into horizontal plane

4. extract beam slowly (within 100-1000 s) 

onto a carbon target, measure asymmetry

and precisely determine spin precession

spin tune:
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Experimental setup

precession

WASA detector

EDDA detector

rf

solenoid



elastic deuteron-carbon scattering

spin-dependent cross section:

asymmetry:

segmented detector

left right asymmetry probes polarization along y

up down asymmetry probes polarization along x
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Polarimetry

beamd

U

D

RL
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P: polarization
A: analyzing power





Time-dependent asymmetry

Challenges

precession frequency fprec 

s -0.16 

event rate -1  
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Spin precession





Monitoring phase of asymmetry ( fixed):
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Precise determination of the spin tune

see: Phys.Rev.Lett. 115, 094801 (2015)
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Spin tune: probing field imperfections

artificial

imperfection 



9 deuterons: coherent precession needed!

Ideal case

all particles have exactly the same momentum no

all particles travel the same path (orbit) in the ring no

all particles see the same fields no

Example
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Spin Coherence Time (SCT)

momentum 

10-3
0.2

revolution frequency









EDMs sensitive to new sources of CP violation

Mechanism for CP violation: EDMs of charged hadrons needed

Observable: spin precession in electric fields in storage rings

COSY: ideal starting point for R&D and a pre-cursor experiment 
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Summary

Outlook

pre-cursor experiment at COSY: 
first measurement with lower sensitivity on the way

dedicated storage ring:
different options are currently under investigation


