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•Update on the deuteron 
EDM project (103 TeV, 
10-5 rad CP-violating 
phase: beyond the design 
sensitivity of LHC)

•CP-violation in heavy 
ion collisions?
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Study of hadronic CP-violation at BNL
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A Permanent EDM 
Violates both T & P 
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T‐Violation                                                  CP‐Violation
CPT

Andrei Sakharov 1967:

CP-Violation is one of three 
conditions to enable a universe 
containing initially equal amounts 
of matter and antimatter to evolve 
into a matter-dominated universe, 
which we see today….
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EDM Searches are Excellent Probes of 
Physics Beyond the SM:

Most models beyond the SM predict values within 
the sensitivity of current or planned experiments:

• SUSY
• Multi-Higgs
• Left-Right Symmetric …

SM background negligible…
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Hadronic EDMs
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Order of magnitude estimation of the neutron EDM:
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M. Pospelov,
A. Ritz, Ann. Phys.
318 (2005) 119.

Why so small?  Axions? CAST, ADMX,…
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Deuteron (bare) nucleus EDM

( ) NN
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c
qd

Quark EM and Color EDMs
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i.e. deuterons and neutrons are sensitive
to different linear combination of quarks
and chromo-EDMs… 
The Deuteron is up to 20 times more sensitive…
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Deuteron vs. neutron sensitivity
…it depends on the source

Color EDM:  

( ) ( )1
3D nd dθ θ≈ ×:QCDθ
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What is the method?
EDM Signal: observe precession
of spin in large electric field.

Technique: create large E
field from γv×B on polarized
beam circulating in a ring.

E
v

Experiment: watch for spin
that starts out along v to
acquire a vertical component.
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What is the method?
EDM Signal: observe precession
of spin in large electric field.

Technique: create large E
field from γv×B on polarized
beam circulating in a ring.

E
v

Experiment: watch for spin
that starts out along v to
acquire a vertical component.

Main technical challenge: rapid spin
precession due to magnetic moment
cancels EDM every rotation.

Solution: create synchrotron-spin
resonance to accumulate EDM signal.
with velocity oscillation synchronized to polarization:
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But precession in magnetic
field is much faster!

B

At 10-29 e·cm,
effect is py=10-7

after 1000 s



PAC meeting 
BNL,  12 September 2006

Marciano
9/2006
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PAC recommendations, Sept. 2006
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PAC recommendations, March 2007
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Support for the Storage ring EDM
• Initial BNL support:
1. $$ for 1 post doc starting March, 2007 (goal to have the 

post doc by end of summer)
2. Limited $$ for travel

• Another request to BNL has been submitted for ~$700K 
(including 1 more post doc, support from CAD experts 
and visitors). Start date January, 2008.

• 600 K€ already available from The Netherlands



At this point the dEDM in storage 
rings is recognized as an important 

method

Its high sensitivity goal and complementarity 
to nEDM make it a very strong case.
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Systematic errors
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Current lattice

D=0
D≠010m

5m

B≈2T

RF

RF

P0≈1.5GeV/c
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The potential errors

• Radial-vertical coupled oscillations
• Horizontal B-fields
• Electric fields
• Collective effects
• Instrumental alignment tolerances
• Polarimeter systematic errors
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…construct prototype dEDM
polarimeter.  Install
in COSY ring for
commissioning,
calibration, and testing
for sensitivity to EDM
polarization signal 
and systematic errors.

Most likely location
behind present EDDA
detector.

Polarimeter work at KVI (The Netherlands) and COSY (Germany)
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Targeted work for Europe

• Polarimeter work

• Super stability monitoring

• DAQ for polarimeter (immediate) and 
experiment (longer term)
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Where to build the dEDM 
experiment
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BNL parameters/conditions

~5x1010 deuterons / pulse with electron 
cooling.  

Support from the accelerator physicists to 
study the spin related systematic errors 
(analytically and with spin tracking)

Part of the Nuclear Physics Long Range Plan
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CERN parameters/conditions
The beam would be less in numbers (5x1010

deuterons / pulse) with electron cooling.  The 
emittances would be 0.7 pi mm mrad, and 
dp/p ~ 5×10-6 (0.1 eV·s/nucl) (Michel Chanel 
of LEIR).

CERN would provide the deuterons, building, 
and power.  Need to raise the capital funds for 
building the ring. (DOE/NSF involvement is 
still necessary)
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Studying CP-violation at high 
temperatures using Heavy Ion 

Collisions
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Heavy ion collisions produce many 
particles

•Provide statistics

•Study matter in “hot” 
conditions
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Theta values at high and low 
temperatures

K. Zurek
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Azimuthal anisotropy = angular momentum
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hep-ph:0706.1026v1

of DFSZ axions
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Magnetic vortices and CP violation

Analogs:

Dyons

Magnetic monopole - induced baryon decay

Cosmic strings

Chirality generation in superfluid 3He

………… D. Kharzeev
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Charge asymmetry w.r.t. reaction plane 
as a signature of strong CP violation

+

-

excess of positive
charge

excess of negative
charge

Electric dipole moment of QCD matter!
DK, hep-ph/0406125

D. Kharzeev
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Charge asymmetry w.r.t. reaction plane 
as a signature of strong CP violation

+

-

The charge asymmetry
is proportional to the 
angular momentum 
of the system

Electric dipole moment of QCD matter!
DK, hep-ph/0406125
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Charge asymmetry w.r.t. reaction plane: 
how to detect it?

+

-

m

k

We need 
a sensitive measure 
of the asymmetry

S.Voloshin, hep-ph/0406311

Expect 

Improved method:
“mixed harmonics”

D. Kharzeev
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Strong CP-Violation at High T?
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Systematic error studies

• Dependence of the plane and asymmetries on 
the charge of the particles?

• Dependence of the plane and asymmetries on 
the detectors used?

• Systematic error studies are not finished yet…
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Conclusions
• EDM searches are sensitive methods for NEW, 

much stronger CP-violating sources 
• Support from BNL started materializing

• We are making progress in the studies of the 
EDM issues:

1. Spin related systematic errors 
2. Polarimeter related issues

• HI EDM effect under intense systematic error 
studies
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Extra Slides



How about Induced EDMs?
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MDMs are Allowed…
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Nuclear Scattering as Deuteron EDM polarimeter
“Dual target” technique

- make thick target defining aperture
- scatter into it with thin target

D

L

U

R

R
D

Δ

“extraction”
target - ribbon

“defining aperture”
primary target

Hole is large
compared to
beam.  Every-
thing that goes
through hole
stays in the
ring. 

Detector is far enough
away that doughnut
illumination is not an
acceptance issue:
Δ < R.

detector
system

Target could be
Ar gas (higher Z).

Target “extracts” by
Coulomb scattering 
deuterons onto thick
main target.  
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Simultaneously Controlled 
Experiments

EDM: Spin Up

EDM: Spin Down

No EDM effect

Bunches:
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Why start with the deuteron?

Technically:

Polarized ion sources make intense beams, polarization >90%.
Forward angle deuteron scattering very sensitive to polarization.
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Storage 
Ring 
EDM
Collaboration
Presented to the BNL
PAC, September 2006.

Additional for COSY:
NFM Brantjes, KVI
R Gebel, COSY
K Jungman, KVI
A Lehrach, COSY
B Lorentz, COSY
R Messi, U. Rome
D Prasuhn, COSY
M da Silva, KVI
L Willmann, KVI
HW Wilshut, KVI
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WHY do the storage ring EDM at BNL?
• Great physics opportunity; it will not be done at LHC

• The Infrastructure is here (polarized source, spin 
manipulating devices, …).

• Home of the successful (and sophisticated) muon g-2 
experiment.

• The human factor: Hadron and spin expertise, the best in the 
world.

• Compatible with the lab mission: The nuclear physics lab of 
US, QCD Lab
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