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The proton EDM experiment
in a purely Electric field storage ring 

Yannis K. Semertzidis, BNL

•Motivation of “Magic” pEDM

with Sensitivity: 10-29 e cm

•The need for the highest 

possible E-field, goal: ~17 MV/m 

for 2 cm plate separation

Breakdown Physics Workshop

CLIC/CERN, 6&7 May 2010



Matter-Antimatter 

Asymmetry

• 4% of our universe is made out of matter.  

Apparently this is too much according to SM.

• The CP-violation observed within the SM can 

only account for ~10-100 galaxies of the ~350 

billion visible ones.

• A new, much larger, source of CP-violation is 

needed; probably due to New Physics.



Electric Dipole Moments: P and 

T-violating when // to spind
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T-violation (under CPT conservation) implies CP-

violation. The observed CP-violation in SM 

creates a negligible EDM.  



Physics reach of magic pEDM (Marciano)

The proton EDM at 10-29e∙cm has a reach of  

>300TeV or, if new physics exists at the LHC 

scale, <10-7 rad CP-violating phase; an 

unprecedented sensitivity level. 

The deuteron EDM sensitivity is similar.

• Sensitivity to SUSY-type new Physics:

• Sensitivity to new contact interaction: 3000 TeV
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The Electric Dipole Moment 

precesses in an Electric field
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The EDM vector d is along the particle spin direction



A charged particle between Electric 

Field plates would be lost right away…
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…but can be kept in a storage ring for a 

long time
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The sensitivity to EDM is optimum when the spin 

vector is kept aligned to the momentum vector
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The spin precession relative to momentum in the 

plane is kept near zero.  A vert. spin precession 

vs. time is an indication of an EDM (d) signal.
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Freezing the horizontal spin 

precession
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• The spin precession is zero at “magic” momentum 

(0.7 GeV/c for protons, 3.1GeV/c for muons,…)
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• The “magic” momentum concept was first used in 

the last muon g-2 experiment at CERN



A possible “magic” proton ring lattice: 
~240m circumference with ES-separators.

I.K.:   Injection Kickers

P:       Polarimeters

RF:     RF-system

S:       Sextupoles

Q:       Quadrupoles

BPMs: ~70 Beam

Position Monitors



E-field plate module: The (26) FNAL 

Tevatron ES-separators would do

0.4 m

3 m

Beam position
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Large Scale Electrodes

Parameter Tevatron pbar-p 

Separators

BNL K-pi 

Separators

pEDM

Length 2.6m 4.5m 2.4m

Gap 5cm 10cm 2cm

Height 0.2m 0.4m 0.2m

Number 24 2 64

Max. HV 180KV 200KV 190KV



Magic Proton EDM ring includes:

• Injection

• Bunch capture with RF

• Vertical to horizontal spin precession

• Slow extraction onto an internal target for 

polarization and spin direction monitoring

• Use feedback on RF from polarimeter to 

control the longitudinal spin component.



extraction adding white 

noise to slowly increase 

the beam phase space

“defining aperture”

polarimeter target

RL

RL
H

UD

UD
V

carries EDM signal

small

increases slowly with time

carries in-plane precession signal

pEDM polarimeter principle: probing the 

proton spin components as a function of 

storage time



The EDM signal: early to late change
• Comparing the (left-right)/(left+right) counts vs. 

time we monitor the vertical component of spin 

(L-R)/(L+R) vs. Time [s]

M.C. data



Main Systematic Error: particles 

have non-zero magnetic moments!

•For the nEDM experiments a co-magnetometer 

or SQUIDS are used to monitor the B-field

•For the magic proton ring we plan to use 

simultaneous clockwise (CW) & counter-

clockwise (CCW) beam storage 

ds
B d E

dt



Clock-wise (CW) & Counter-clock-wise (CCW) storage



Certain (main) systematic errors easier 

to handle if CW & CCW is done at the 

same time (Coincident BeamS: CBS)

In a ring with Electric field bending it is 

possible to store protons CW & CCW at 

the same time in the same place



Proton Statistical Error (230MeV):

p    : 103s Polarization Lifetime (Spin Coherence Time)

A   : 0.6  Left/right asymmetry observed by the polarimeter

P   : 0.8  Beam polarization

Nc  : 2 1010p/cycle Total number of stored particles per cycle

TTot: 107s  Total running time per year

f : 0.5%    Useful event rate fraction (efficiency for EDM)

ER : 17 MV/m Radial electric field strength (65% azim. cov.)
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29
e cm/year for uniform counting rate and
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29
e cm/year for variable counting rate



E-field strength, recent progress

The field emission without and with high pressure water rinsing (HPR) 

for 0.5cm plate separation.

Recent developments in achieving high E-field strengths 

with HPR treatment (from Cornell ILC R&D)

Our goal: ~17MV/m for 2cm plate 

separation
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Recent Progress from LC/ERL R&D 

(~5mm gap tests) Cornell/JLab

After surface treatment

After conditioning

Original (no special 

surface treatment)



How to Scale from 5mm Gap to 20mm?  
R&D at BNL to discriminate between models
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L. Cranberg, J. Appl. Phys. 23,

518 (1952).

Measured E-field breakdown vs. plate distance

(without new surface treatments)

The breakdown E-field vs. distance (d)

follows the 1/√d rule



D. Alpert et al., J. Vac. Sci. 

Technol. 1, 35 (1964).



D. Alpert et al., J. Vac. Sci. 

Technol. 1, 35 (1964).

The breakdown E-field is 

independent of distance



D. Alpert et al., J. Vac. Sci. 

Technol. 1, 35 (1964).

Attributed to edge effects (plate separation

over the radius of curvature at the edge)
Attributed to field enhancement due

to asperities



Conditioning method to be tested 

on two SS plates (~120cm2)

• High pressure water rinsing.

• Bring the two plates as close as possible (20-

50μm). Eliminate high electron emission points 

from cathode by slowly raising the HV.

• Apply up to 200-300 MV/m.

• Adjust plate distance to 2 cm.  Apply nominal 

voltage for 17 MV/m.



Technically driven pEDM Timeline

0807 09 10 11 12 13 14 15 16 17

 Spring 2008, Proposal to the BNL PAC

 Fall 2009 Conceptual Technical Review at BNL

 December 2009, the pEDM experiment was approved

• 2010-2013 R&D phase; ring design

• Fall 2012, Finish R&D studies:                                                   
a)  Develop BPMs, 10 nm, 1 Hz BW resolution, <1pm syst.

b)  spin/beam dynamics related systematic errors.                         
c)  Polarimeter detector development and prepare for testing

d)  Finalize E-field strength to use, goal: ~17 MV/m

e)  Establish Spin Coherence Time, study systematic errors,   
optimize lattice

• FY 2013, start ring construction (two years)



Storage Ring EDM Experiments

• The proton EDM at “magic” momentum (0.7 

GeV/c) has been just approved at BNL after a 

successful conceptual technical review in 2009.  

• We are now in the R&D period. Sensitivity goal: 

10-29 e cm (>10 times more sensitive than the 

best planned nEDM exp.).

• The lab at COSY (Juelich/Germany) is 

discussing hosting the deuteron EDM 

experiment in a staged approach. Final 

sensitivity goal: 10-29 e cm.



Summary 

• We need to develop a reliable E-field system 

with E~17 MV/m for 2 cm plate separation. 

• We will investigate various surface conditioning 

methods (HPR, burn-off high E-field points from 

cathode).  Experts are welcome to contribute.

• At 10-29 e-cm the proton EDM experiment will 

have the best sensitivity for beyond the SM CP-

violation.
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AGS Complex

Booster

AGS

g-2 experiment

Linac

TTB
C-AD Admin

NSRL

pEDM @ 17 MV/m

100 m



Proton EDM parameters during 

storage 
1. Proton EDM with a statistical goal of 10-29 e cm 

within ~2×107s.

2. Proton momentum 0.7 GeV/c, kinetic energy: 

232 MeV, β ~ 0.6, γ ~ 1.25.

3. 2x1010 particles/storage, (dp/p)rms=2.5×10-3 ; 

Emittance: 95%, un-normalized εh=3mm-mrad, 

εv=10mm-mrad

4. The beam is bunched with h=120, f=90 MHz

5. We will use resonant cavities and/or striplines 

(P. Cameron) for position monitoring (BPMs). 



Optimizing the counting rate
• We can take most counts at the beginning and 

the end of the storage time and some in 

between for spin direction monitoring.

Variable counting rate

as a function of time [s]

Maximum rate: 4 × the

average rate.

(L-R)/(L+R) vs. Time [s]



pEDM lattice 

parameters



Storage Ring EDM
Technical Review – 12/7/2009

Edward J. Stephenson, IUCF 14

Polarimeter Development

Polarimeter

Location of polarimeter in (half of) storage ring straight section

beam

Polarimeter:

Note that the

detectors for

the counter-

rotating beam

share the target

at the center of

the quadrupole.

Injection system

RF solenoid used to precess

polarization of opposite bunches

into the ring plane.



Breakdown probability as a 

function of E-field (CERN-CLIC)



E-field breakdown mechanism model



CERN (CLIC) work results on various metals

A. Descoeudres et al., Phys. Rev. ST Accel. Beams 12, 032001 (2009).



Samples for measurements

• CERN (CLIC), Test:

• Check different stainless steel metal surfaces

• Check for uniformity of highest E-field attained 

over the metal surface

• Check the effect of high pressure water rinsing

• University of Virginia, Test:

• Patch effect as a function of stainless steel type

• Effect of HPR on patch effect



Summary

• Conditioning at very small plate separations to 

find out if gain (smoothing of surface) is 

permanent

• Need to send SS samples to CERN and UVA 

for evaluation.



Is the polarimeter analyzing 

power good at Pmagic? YES!
Analyzing power can be further optimized



Storage Ring EDM
Technical Review – 12/7/2009
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Polarimeter Development

Polarimeter

(Half) Polarimeter in the ring:

cm

One target is

shown. We

want a target

available from

at least the

left, right, up

and down

directions.

Quadrupoles here

are larger aperture

for clearance.

5° to 20°

acceptance

Generic detector:

(?) Multi-resistive plate chamber

(?) Micro-megas

(?) Gas electron multiplier

(?) …other

Absorber to remove

low analyzing power

particles. (Detector

choice can also give

discrimination.)

Equal rate readout pads

Rate = 800 /s/pad

In one store: 
4

105.1







A possible magic proton ring lattice: 
~240m circumference with ES-separators.



Conditioning method to be tested

• High pressure water rinsing.

• Use small surface area probe as anode near 

the cathode (20-50μm). Eliminate high electron 

emission points from cathode.

• Optimize the anode surface area for 

conditioning speed.

• Replace anode probe with anode plate at 2cm 

separation.  Apply nominal voltage for 17 MV/m


