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EDM in storage rings

srEDM - prerequisites

• p/d beam circulating in a storage
ring

• horizontal polarization

• stable conditions (including beam
polarization) to make the 
measurement feasible

• Long Spin Coherence Times (SCT)

Spin decoherence

• Horizontal precession with ns=gG

• Spread of ns leads
to depolarization

Z. Bagdasaria n et al., PR AB 17 (2014)
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Experimental SCT studies at COSY

Beam setup

• Bunched deuteron
beam

• p=0.97 GeV/c

• Continuous, real-
time monitoring of 
polarization (EDDA, 
WASA, JEPO)

• Tune and chromaticity
measurements

Studied effects

• Sextupole settings

• Electron cooling
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Typical COSY 
beam setup

Distribution of particles 

along the ring as a function 

of time in the cycle
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Effect of sextupoles

• SCT limited by spread of ns. For a 
bunched beam, it is related to different 
orbit lengths for different betatron 
oscillation amplitudes, ns~A2

• Fractional change of the orbit length 
depends on chromaticity:

DC/C0~znat

• Additional sextupole fields change the 
orbit location and length 

• Cancellation of depolarization 
possible!
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Chromaticity survey

• zx, y = f(IL, IS, IG) 

a hyperplane, with a weak dependence 

on IL

• Parametrization via a set of 1d scans 

(other currents held at zero)
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Chromaticity survey

• 2d representation of chromaticity 

functions at MXL=-0.145 m-3.

• Relative position and distance of 

the zx,y=0 lines depends (weakly) on 

MXL.
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Survey of sextupole space

• Two beam settings:
• wide beam (cooling while 

bunching, then horizontal 
heating to expand betatron 
motion)

• long beam (electron-cooled, 
then bunched to have a longer 
bunch)

• Polarization monitored using 
EDDA
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SCT - definition

Whole variety of polarization histories in 

cycles, possible description:

• Linear (-b/a, down to 0)

• Bi-linear (?)

• Exponential (t,1/e)

• Gaussian (s, 0.606)

• Any other function (?)
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Survey of sextupole space
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How to find a maximum 
of a single scan?
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Survey of sextupole space

• Results for wide and long 

beam settings are 

consistent with each other

• The maximum SCT points 

form a ridge in the MXG-

MXS space close/between 

the zx,y = 0 lines.
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Sextupoles – lesson learned

Strategy to search for long-SCT working point (applied 
ever since):

• Make 2 SCT scans across the expected ridge (A1, 
A2) to determine its location

• Make an SCT scan along the ridge to find the 
maximum (B)

• Routinely find SCT~1000 s working points

Keep in mind:

• MXL tuning may be necessary

• 1/t~Ii, thus SCT very sensitive to sextupole currents

• Other machine issues may be limiting
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Cooling scheme

• Can we do even better than 1000 s exploiting cooling differently?

• Explore electron cooling scheme: pre-cooled beam (standard) versus 
continuosly cooled beam

• Set up longer cycles to observe polarization longer (EDDA)

• Switch on the extraction only for short periods to save the beam
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Cooling scheme -
results

• SCT extracted using model calculation 

based on initial spin tune distribution (E. 

Stephenson)

• Model delivered template curves which 

were fitted to the experimental data

• SCT = time after which polarization drops 

to 0.606 of initial value
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Cooling scheme –
lesson learned

• Continuous cooling 

throughout the whole cycle 

leads to even longer SCTs 

(>2000 s)

• Electron cooling is 

incompatible with the EDM 

search scheme though

• Is stochastic cooling an 

option?
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More recent 
experience

• New tool for fast chromaticity measurement available since 2020
(B. Breitkreutz, P. Niedemayer)

• First important results: chromaticity depends on beam intensity 
(Sep'2020 beam time)

• Usually, z measurement at the end of cycle, at lower beam intensity –
relevant for SCT?
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SCT in Sep'2020

• Two beam setups, though appeared identical

• JEPO polarimeter

• Lines (solid, dashed) show zx, y=0

• Magenta dots – SCT measurements

• Colours – inter/extrapolation

• Maximum SCT ridge is not quite between the lines, as would be 
expected...
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SCT over the last 
beam times

• Quite different landscapes

• Different max SCTs (180-

2500 s)

• Sep'2020 beam time did not 

require long SCT, but the 

scans did not go 

beyond 180 s
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Towards SCT of 
proton beams

Protons are more difficult in SCT optimization than deuterons:

• |Gp/Gd| ~15

• intrinsic resonances for protons, ~10x more and 
~10x stronger than for deuterons

• First simulation results obtained

• More simulations and experimental efforts to come...
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e=1 mm mrad

e=5 mm mrad
M. Rosenthal, Ph.D. thesis 2016

A. Lehrach, CBAC talk Sep 2020

Influence of a single, isolated 
resonance on spin tune spread for 
different beam emittances at COSY
(simulations).



Proton SCT - outlook

Investigation of SCT in a prototype 
ring (frozen spin) via BMad simulations

• Tp = 45 MeV

• Obtained SCT of ~5 s only

• Spin tune spread minimal at zy=-5.33

• SCT maximal at zy=-3.88.

• Open question:
• WHY don't they coincide??
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Summary
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Deuterons:

• Extensive experimental effort

• Long SCTs are connected with zero-chromaticity, can 
be optimized using sextupole families at COSY

• Use of continuous cooling allows to extend SCT even 
more

• At COSY well established procedures allow to find 
working points with SCT~1000 s (almost) routinely

Protons:

• Simulations for COSY indicate difficulties resulting from 
the presence of multiple intrinsic resonances

• First simulations for a prototype ring yield unresolved, 
puzzling results
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