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*Physics reach up to 1000 TeV (or C-violating phase to
10> rad if new physics at LHC scale).

*Using well established accelerator technigues

*EDM Study of d, P,3He, ... is possible with same method
as_ m B+d E
dt



Applying accelerator techniques
established for ~50 years

* High intensity (~10%¢/cycle), highly polarized,
low emittance deuteron beams are available

 Interact in a strong E-field (ala Rabi
resonance technigue)

e deuteron polarimeters are available, with high
analyzing power for ~1.5 GeV/c d-momentum



Resonance dEDM Storage Ring

e High intensity (~10%%/cycle),
horizontally polarized

deuteron beam
10m| | | T  Coherent synchrotron tune
o RFEi_jz equals the g-2 tune  Rabi
- F— resonance: Effective rest
U frame E-field is oscillating at
] B (R) the g-2 frequency

 EDM signal: Change of
vertical component of spin in
time

Y. Orlov et al., PRL 96, 214802 (2006)
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to Search for a Deuteron Electric Dipole Moment
QINo haree rticle Storage Rine

Sto rag e Letter of Intent:
Development of a Resonance Method
Ring
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Summary

Great physics reach up to 1000TeV, complementary
to other EDM exps., and LHC/ILC.

Enthusiastic endorsement from BNL PAC.

BNL Is currently supporting the effort with lab
resources.

Expecting lattice optimization, systematic error studies
and proposal within the next two years.

Build the ring In three years after the proposal.
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Major Concepts in Place:

Polarized source, spin manipulation, high
efficiency injection

Analyzing method
Spin Dynamics

Systematics



Simultaneously Controlled Experiments

Bunches:
® EDM: Spin Up
® EDM: Spin Down

® No EDM effect




Three classes of systematic errors

Source Examples Remedy

Beam dynamics Losses Red minus Blue
Beam dynamics Motion Red minus Blue
Polarimetry Gain effects  Red minus Blue

Spin dynamics Osclillating B, Tunel minus Tune2

Spin dynamics Comb. B, with  Tunel minus Tune2
B,or B, (geom.
phase)
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Storage Ring Electric Dipole Moments

 d @ 102°e-cm would be the best EDM
sensitivity over present or planned

experiments for qocp, quark, and quark-color
(T-odd Nuclear Forces) EDMs.

e The first proposal is for d. P, 3He, etc., are
natural extensions I.e. a facility to pin down
the CP-violation source.

 Well defined initial state to study EDM



Deuteron Statistical Error:

13

dbc B) AR/ N ft, T,

f, :1000s Polarization Lifetime (Coherence Time)
A :0.3¢ The left/right asymmetry observed by the polarimete
P :0.95 The beam polarization

10%d/cycle The total number of stored particles per cycle
T+, 5000h/yr. Total running time per year

f :0.042 Useful event rate fraction
ab/ b, 0.01 Velocity modulation
<B>:1.2T The average magnetic field around the ring

s, »2 10® e cm/ yea



Two half beam technigue (RF-Quadrupole)
L 9B/8x

(a) [ od
J :

This tune_makes the
Deuteron spin
Sensitive to
background

v, = ay T



Backgrounds are vertical tune dependent;
EDM signal is not!
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Deuteron EDM at BNL

Great physics opportunity; it will not be done at LHC

The Infrastructure Is there (polarized source, spin
manipulating devices, ...).

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, gycp



Deuteron EDM at BNL

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

Moderate cost to build a 5m by 10m ring

Moderate Intensity, compatible with current
conditions

Moderate power cost for running it:
~1.5GeV/c. One pulse every »1000s.



Nuclear Scattering as Deuteron EDM polarimeter

IDEA:
- make thick target defining aperture detector
- scatter into it with thin target system

“defining aperture”
primary target

“extraction”
target - ribbon I\

]
0 A F

Target could be N Hole is large Detector is far enough

Ar gas (higher 2). compared to away that doughnut
illumination is not an

acceptance issue:

beam. Every-

Target “extracts” by thing that goes

lom tterin
Coulomb scatte g through hole <R.
deuterons onto thick .

. , stays in the
main target. There’s ring

not enough good
events here to
warrant detectors.



Table 1: Features of the resonance EDM search method

Velocity modulation

g — 2 precession

EDM precession

Polarization monitor

Signal size

leading to an asymmetry sens.
Similar asymmetry experiments

Svstematic problem

(1) Oseillating B,

(2] Polarimeter alignment

(3) High g — 2 precession harmonics

at the g — 2 frequency

in the ring plane

perpendicular to the ring plane

continuous, scattering from thick C target

~ lprad/1000s in dS,/dt at d = 1072 e-cm

3 » 1077 per 1000 s beam store

Parity violation, with < 10~7 asymmetry [12, 13]

Remedy
alternating vertical tune bunches
alternate bunches with reversed EDM signal

momentum compaction factor
ap = (AL/L)/(Ap/p) =1



Resonance Electric Dipole Moment Method

A “Tesonance metnod OI Measurmg the electric aipole moment (BLVI) OT NUCIE] 1n SIOTage rings 1s
described, based on two new ideas: (1) Oscillating particles’ velocities in resonance with spin precession,
and (2) alternately producing two sub-beams with different betatron tunes —one sub-beam to amplify and

thus make it easier to correct ring imperfections that produce false signals imitating EDM signals, and the
other to make the EDM measurement.

DOI: 10.1103/PhysRevLett.96.214802 PACS numbers: 29.20.Dh, 13.40.Em

In search of new physics through precision
Electric Dipole Moment Experiments



Main competition: Neutron EDM

Exp begin Exp goal
2005 data taking P
2007
200¢ < UCN-PSI 102’esxcm
2009 |- UCN-ILL 2" 10%%eem/yr

2011 |- UCN-LANL/SNS 1" 1028e»am



Other EDM efforts

 Appendix I. Efforts reported at Third
International Symposium “Lepton Moments”.

| am the coordinator for EDM/g-2 part of
WG3 of “Flavour In the era of LHC” at CERN
and a yellow report is due early next year.



Electric Dipole Moments In Storage Rings

as
dt

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

=d (v B




Vertical Spin Component without

Velocity Modulation

<€ =
g-2 period

Vertical Spin Component a.u.

Time



Vertical Spin Component with Velocity

Modulation at W,

<€ >
g-2 period

Vertical Spin Component a.u.

Time



Vertical Spin Component _with Velocity
Modulation (longer Time)

Vertical Spin Component a.u.



db

Velocity (top) and g-2 oscillations

Time

Time

Yuri Orlov’s
new idea

Particle velocity
oscillations

Particle $

oscillations
(i.e. g-2 oscillations)



db

E-field [V/m]

B-field [T]

RFE-fields and oscillation phases

E-field In
RF-cavity

Time [ns]
Br-field in
RF-cavity
Time [ns]

Particle velocity
oscillations

Time [ns]

Particle $
oscillations (g-2)

Time [ns]



Effect of the vertical offset, YKS note #85




Effect of the anqular offset, YKS note #92




Two classes of systematic errors

Beam and polarimeter related (e.g. beam losses,
beam displacement, detector gain effects,...)

Spin dynamics related (second order spin
resonances, e.g. B, correlated with momentum
oscillations, or an unfortunate combination of B, and
B, (geometrical effect))

Consecutive stored bunches have different
EDM effects.

Background effects depend on the vertical
tune, the EDM does not.






