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BASICS

• Proton and Deuteron 

• Pros and cons for both.  Start with simpler and more 

ready system.  Plan for both.

• Precision physics frontier

• Estimate R&D period, R&D scope

• Storage ring EDMs, probing NP ~103-104 TeV
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The Storage Ring EDM
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The Electric Dipole Moment 

precesses in an Electric field
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Electric Dipole Moments in 

Magnetic Storage Rings

e.g. 1 T corresponds to 300 MV/m for 

relativistic particles



Storage Ring Electric Dipole Moments

Fields Example EDM term Comments

Dipole magnetic 

field (B)

Muon g-2 Tilt of the spin 

precession plane.  

(Limited sensitivity 

due to spin

precession)

Eventually limited by 

geometrical 

alignment.  Requires 

CW and CCW 

injection to eliminate 

systematic errors

Combination of 

electric and 

magnetic fields 

(E, B)

Deuteron, 3He, 

proton, etc.

Mainly: Most powerful. Small 

ring.  Need to build 

combined B and E-

field system. Reduce

vertical E-field.

Radial Electric

field (E)

Proton, etc. Large ring, CW & 

CCW storage.  

Simplest to achieve. 

Reduce radial B-

field.



Storage ring EDM: The deuteron

• High intensity sources (~1011/fill)

• High vector polarization (~80%)

• High analyzing power for ~1 GeV/c (250MeV)

• Long spin coherence time possible (>103s)

• Large effective E*-field



• Using a combination of dipole B-fields and radial 

E-fields to freeze the spin.  The required E-field is

2E Bc , i.e. the smaller the  the better!a a

2. Combined E&B-fields:

Deuteron: Momentum 1 GeV/c, B=0.5 T, E=120KV/cm

Deuteron, final sensitivity: few 10-29 e-cm



Large a=(g-2)/2 vs. small a value

Use a radial Er-field to cancel the g-2 precession

but use the VxB internal E*-field to precess spin.

For 1 GeV/c deuteron momentum, V/c=0.5, B=0.5T and 

E* = 75MV/m equivalent.
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Deuteron Statistical Error 

(250MeV):

τp    : 103s    Polarization Lifetime (Coherence Time)

A   : 0.3    The left/right asymmetry observed by the polarimeter

P   : 0.8    The beam polarization

Nc: 4×1011d/cycle The total number of stored particles per cycle

TTot: 107s   Total running time per year

f : 0.01    Useful event rate fraction

ER : 12 MV/m Radial electric field



d 10
29e  cm/year



Main issues

Polarimeter systematic errors <1ppm 

• Average vertical electric field very strict (CW 

and CCW injections require B-field reversals)

• E-field strength: 120kV/cm

• Average E-field alignment: 10-7 rad; stability. (?)

• B-field and E-field combined. Geometrical 

phases: local spin cancellation ~10-4. Stability; 

Sensitive Fabry-Perot resonator to be 

developed. (?)

• So-called patch effect. (?)

Spin Coherence Time: ~103s





The dEDM ring (old!) lattice

8.4m
8.4m

9m

0.8m

Straight section (s.s.)

Bend section (BE), Quadrupoles and sextupoles

in between BE sections

0.864 m

16 free spaces (80cm) in the s.s. per ring

4 places in s.s. reserved for the kicker

1 free space for the RF cavity (normal)

1 free space for the AC-solenoid

2 polarimeters

Horizontal beam radius (95%): 6mm

Ring circumference: 85m

EDM: vertical spin 

precession rate ~10nrad/s

or ~10-14 rad/turn





Storage ring deuteron EDM reqs.

Particle E-field 

needed

Dipole B-field 

needed 

(combined 

E&B fields)

Flipping field 

for CW, CCW 

injections

Sensitive 

Fabry-Perot 

resonator 

needed

Deuteron YES: 12MV/m YES

(Space 

restrictions; e-

trapping)

B: YES

E: No

YES

Proton Yes: 8MV/m No No No



Storage ring deuteron EDM reqs.

Particle Local g-2 

phase 

cancellation

Spin

Coherence 

Time

Polarimeter 

Deuteron 10-4; E&B 

balance, 

requires high 

stability

Vertical & 

horizontal 

pitch effects

Tensor 

polarization; 

break-up 

protons

Proton 10-4, on average. 

Keeping the 

magic momentum 

correct with RF

Radial oscillations No tensor issues



Storage ring deuteron EDM reqs.

Particle Ring 

circumference
Running 

issues

Sensitivity

Deuteron ~85m Patch effect; 

Stability of 

B-field after 

flip

~2×10-29 e-

cm /year

Proton ~500m No patch effect 

issues; No field 

flips

~2×10-29 e-

cm/year



Patch effect

• Electric voltages/fields generated on metal 

surfaces.

• Time constant of some fields: ~100-200s

• Large effects, needs to be studied



Patch effect



Patch effect due to irradiation



Deuteron EDM issues

• Crucial systematic error studies

– Stability of Ev, including with B-field reversal

– Geometrical errors

• Precision beam/spin dynamics simulations

• Accurate combined fringe-field simulation

• E-field strength, low energy e- trapping in 

combined (E&B) fields

• Patch effect

• …



Storage ring EDM: The proton

• High intensity sources (~1011/fill)

• High vector polarization (>80%)

• High analyzing power for 0.7 GeV/c (233MeV)

• Long spin coherence time possible (>103s)

• Simultaneous CW & CCW storage



The proton EDM electric ring, 500m circ.

Requirements: 

Weak vertical focusing (B-field sensitivity)

Below transition (reduce IBS) 

Straight sections are instrumented

with quads, BPMs, polarimeters,

injection points, etc, as needed.



Proton Statistical Error (230MeV):

τp    : 103s    Polarization Lifetime (Spin Coherence Time)

A   : 0.6      Left/right asymmetry observed by the polarimeter

P   : 0.8      Beam polarization

Nc  : 1011p/cycle    Total number of stored particles per cycle

TTot: 107s              Total running time per year

f : 1%                Useful event rate fraction (efficiency for EDM)

ER : 7 MV/m         Average radial electric field strength

σd = 1.0×10-29 e-cm / year 



Systematic errors

24



Peter Fierlinger, Garching/Munich

25

Under development by

Selcuk Haciomeroglu at CAPP. 

Need absolute field: few nT

Need gradient field: ~nT/m
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Shipped to Korea for integration

Achieved so far:

Absolute field: <0.5nT

Gradient field: <2.0nT/m

Finishing up!



Yannis Semertzidis 

Proton systematic errors case

1. Main systematic error (radial B-field) is well under 

control: measure dsv/dt and vertical split of beams at 

1kHz.

2. Geometrical phase for B-field: CW vs CCW cancel!

3. B-field shielding: few nT, well under control

4. E-field specs: 100μm placement, 10μm using beam 

based alignment?
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Summary

1. Proton systematic error studies show great promise, 

coming to conclusions soon.

2. Deuteron questions:

1. Ev stability, including when B-field is reversed

2. Level of local cancellation with mixed E and B-fields 

(Geometrical phases)

3. Patch effect from E-field plate surfaces.

4. Complications from Tensor polarization?



Extra slides



Spin Coherence Time: need ~103 s

• Not all particles have same deviation from 

magic momentum, or same horizontal and 

vertical divergence (all second order effects)

• They cause a spread in the g-2 frequencies:
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• Present design parameters allow for 103 s.

• Much longer SCT with thermal mixing (S.C.)? 
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Technically driven pEDM timeline

• Research and systems development (R&D); CDR; 

final ring design, TDR, installation

• CDR by fall of 2018

• Proposal to a lab: fall 2018
Yannis Semertzidis, CAPP/IBS, KAIST
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Geometrical Phases in Deuteron EDM 

Example from the proton case:



Geometrical Phases in Deuteron EDM 

Ground motion:

Coherence up to 

90-120m apart.



Geometrical Phases in Deuteron EDM 

Ground motion:

FNAL MINOS hall



Geometrical Phases in Deuteron EDM 

Ground motion:

FNAL MINOS hall



1. Symmetries
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2. Specs

a) Leakage currents: <1μA

b) Power Supply stability (on average): <10-4

c) Net heat source in enclosed ring: <(±20 kwatt)

d) Average field uniformity over 2cm diameter: ~1ppm 


