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Outline 

1. About storage ring EDM experiment
2. About axion-coupled EDM
3. srEDM method for Axion search
4. About sensitivity of the experiment
5. Summary and conclusion
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Introduction to EDM
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A nonzero particle EDM violates P, T, and 
assuming CPT conservation, also CP violation.
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Motivation
Strong CP problem, ΘQCD
Matter-antimatter asymmetry (Baryogenesis)
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The first direct measurement of EDM in 
neutron and it’s sensitivity improvement
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Current EDM bounds and plan

 Current EDM bounds
 SM predicts non-vanishing EDM

 |de| < 10-38 e.cm
 |dn,p| < 10-31 e.cm
 Beyond current experiment limit

 SUSY prediction: 10-25~10-28 ecm (nEDM limit)
 Neutron EDM bound: |dn|<2.9x10-26 e.cm (’06, ultracold neutrons) 
 Proton EDM bound: |dp| <7.9x10-25 e.cm (’09, 179Hg) 
 Electron EDM bound: |de| <8.7x10-29 e. cm (’14, 205Tl)

 Target sensitivity level in the storage ring pEDM experiment 
 High statistics (1011 protons/store) is achievable using storage ring
 Goal 10-29 ecm (statistical limit in about one year)
  10-30 ecm (with an upgrade)

 Physics reach >103 TeV
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EDM and spin precession

 Spin dynamics (with EDM and MDM) in magnetic+electric field 
(T-BMT equation )
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MDM in B-field MDM in induced B-field EDM term
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(for particle at rest)

(T-BMT equation: for moving particle)
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Storage ring technique for EDM search
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 Use frozen spin method (static EDM measurement) 
 Spin freezes to the momentum direction
 a>0 particles (p,e, etc.): use magic momentum
 a<0 (deuteron) : use E+B field
 spin precesses only on the vertical plane!
 No precession on the ring plane

 Storage ring EDM collaboration is trying to establish the experiment at CERN
EDM Kick-off meeting at CERN in Mar. 2017
About 50 participants 
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Incoming protons

Polarimeter and asymmetry

 Use asymmetrical proton scattering on Carbon target
 Hadronic elastic scattering(spin-orbit interaction)
 Asymmetrical proton hit distribution on the detector plane
 L/R (U/D) asymmetry for vertical (horizontal) component 

of proton polarization
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 For spin 1/2 particle
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 Py is calculated from the asymmetry with known Ay
 Py changes in time due to the precession in E field. Simulation by Hoyong Jeong
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COSY ring and EDDA polarimeter
9

COSY EDDA detector
FZJ, Juelich, Germany

COSY carbon tube target

COSY ring (Juelich, Germany)
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About Axion-coupled oscillating EDM

 The oscillating axion field is coupled with 
 Photon

 gluons, fermions, nucleon, etc.  Oscillating EDM
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Axion coupled EDM measurement using 
storage ring method
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Peter W. Graham, Surjeet Rajendran, 
Phys. Rev. D 84, 055013 (2011).

 Our proposal: “Use storage ring”
 Scan frequency range up to 0.1 kHz~100 MHz using storage ring 

method. 
 axion parameter space:1013 GeV ≤ fa ≤ 1019 GeV

Experiments on axion search“Use molecular interferometry”
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Axion + Storage ring EDM method 
12

Using storage ring EDM method for Axion search
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Spin tracking for AxionEDM search
13
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Resonance of Axion induced oscillating EDM 
with g-2 precession in storage ring
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Static EDM and AxionEDM experiments
15

 AxionEDM measurement uses non-zero g-2 precession
 Benefit from larger effective E-field (�⃗�𝑣 × 𝐵𝐵)
 More sensitive
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 Static EDM measurement
 Use frozen spin method
 Spin precesses only on the vertical plane
 No precession on the ring plane
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Also used for muon g-2/EDM experiment
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Asymmetry simulation and sensitivity calculation
16
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EDM precession and statistical error

P: Degree of polarization (0.8)
A: Analyzing power (0.6)
E*: Effective electric field (8MV/m)
Ntot = Number of particles/storage (5x1010)
f : Effective detection efficiency of polarimeter (0.011)
Ttot : Total running time (107 s/year)
τp: Spin coherence time (103 s)
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Statistical error for EDM d (sensitivity)
(static (DC) EDM measurement)
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for storage ring proton EDM experiment
 ~10−29 e·cm
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Determination of storage ring parameters
18

Pure magnetic ring for deuteron, a=-0.14
Ring bending radius r=10m

Use E+B combined ring 
to improve the sensitivity

Pure B field ringE+B ring
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Sensitivity calculation results for deuteron
19

 g-2 frequency tune by E-field
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Sensitivity calculation results for proton
20

p-C analyzing power

 g-2 frequency tune by B-field
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Axion phase effect
21

)cos()( xaACDC tddtd ϕω ++=  ϕx=0 means d is parallel to s, positive and max.

•Axion phase is not an experimentally controllable parameter
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Axion Q and sensitivity
22

Resonance cavity experiment
 No benefit from the high axion Q value if the 

cavity QL is smaller than the axion Q value.

 P. Sikivie’s Haloscope
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Storage ring method
 No limit with axion Qa value
 Longer measurement time with larger 

axion Qa Higher sensitivity!

Axion conversion power (~10-24W) 

Qa=106 Qa=1010
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Easy systematic error control 
23

D. Eversmann et al. New method for a continuous 
determination of the spin tune in
storage rings and implications for precision 
experiments. Phys. Rev. Lett., 115, 094801,
Aug 2015.

 Experiment at COSY (Juelich, Germeany)

 Precise g-2 frequency tune is possible!

2/)2( −== gGs γγν
Spin tune νs



IBS/CAPPSeongtae Park/Center for Axion and Precision Physics

Summary and conclusion
24

 We propose using the storage ring method to measure the axion induced 
oscillating EDM at the resonance conditions between the axion 
frequency and g-2 precession frequency.

 Calculated experimental conditions (E, B-field etc.) for deuteron and 
proton.

 The resulting sensitivity reaches up to ~10-32 e.cm for an oscillating 
EDM which have never been implemented so far. This assumes 0.3 
GeV/cm3 local axion dark matter density.  The EDM amplitude depends 
on the square root of the local axion density.  The local dark matter 
density may be enhanced by several orders of magnitude due to 
focusing effects due to planet motion.

 A wide range of frequency (0.1 kHz~100 MHz) of axion dark matter can 
be tested using both deuterons and protons in the same storage ring.
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Thank you!

IBS conference on Dark World
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