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Intr oduction
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TheRingEDM Experiment
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A novel experimental technique aimed
at measuring light ion EDMs with a
precision competitive with or exceeding
present and future EDM limits.

Light ion EDMs cannot be measured us-
ing `traditional' atomic physics methods.

Light ions EDMs provide complemen-
tary information on existance or origin of
new

�

and

�

violating phenomena.
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Basicstepsin anEDM experiment...

STORI'05 May 25, 2005 – Gerco Onderwater, KVI – p.4/19



Basicstepsin anEDM experiment...

State
Prepare Spin
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Basicstepsin anEDM experiment...

State
Prepare Spin

with E-field
Interact
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Basicstepsin anEDM experiment...

State
Prepare Spin

with E-field
Interact

Determine
Spin State
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Basicstepsin anEDM experiment...

State
Prepare Spin

with E-field
Interact

Determine
Spin State

... I'll concentrate on this last step
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Spinevolutionfor variousconditions
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Spinevolutionfor variousconditions
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Spinevolutionfor variousconditions
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Spinevolutionfor variousconditions
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Measure , not
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Sensitivity
The deuteron case

STORI'05 May 25, 2005 – Gerco Onderwater, KVI – p.6/19



StatisticalPrecision

To a good approximation, and quite generally, the reachable
experimental EDM precision is given by
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StatisticalPrecision

To a good approximation, and quite generally, the reachable
experimental EDM precision is given by
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The polarimeter ...

... must have a high ef�cienc y �

... must have large analyzing power

... must keep the beam alive for a long time �
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MaximizingtheEf�ciency & Lifetime

detector
system

"extraction"
target � gas

Target could be
Ar gas (higher Z)

Events must imbed far
enough from hole to
not multiple scatter out
of primary target, thus
D<<S. D, which is a large
fraction of the deuteron 
range, sets scale for
polarimeter.

Target "extracts by
Coulomb scattering
deuterons onto thick
main target. There's
not enough good
events here to
warrant detectors

Hole is large
compared to
beam. Every�
thing that goes
through hole
stays in the
ring. (It may
take several
orbits to stop
scattered
particle.)

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

lost to ring
acceptance
(2 kb)

useful for
spin (17mb)

40 MeV: 1E�5
1 GeV: 6E�4

Primary target may
need to be iris to
allow adjustment of
position and inner
radius. It may also
need to be removed
during injection.

IDEA:
� make thick target defining aperture

Ed Stephenson (IUCF)

� scatter into it with thin target

U

D

L
R

R

primary target
"defining aperture"

S
D

nuclear

angle

cross
section

Coulomb
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A few wordsonanalyzingpower
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MaximizingtheAnalyzingPower

Nuclear rainbow scattering of light ions from medium-weight
nuclei (carbon-oxygen) has a large spin-orbit coupling, lead-
ing to nearly maximal analyzing powers at larger scattering
angles � measurements at KVI at

���

= 80 and 110 MeV
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Furtheroptimization...

Large analyzing powers also in inelastic channels, so can en-
hance statistics even further ... and make inclusive measure-
ment ... eliminate need for PID
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AndBreak-upChannel...
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There are a lot of counts here!
STORI'05 May 25, 2005 – Gerco Onderwater, KVI – p.12/19



Full designsteps...

For maximum sensitivity, we must

maximize

�

�

�

�

, which is
�

�

�

� .

Optimize doughnut target geometry (thickness/shape)

Optimize angular acceptance (scattering angle)

Optimize energy acceptance (

�
� ,

���

, �

�

�

�

� , degrader)

Optimize readout technique (current/counting/minimum ioniz./stopping)

Optimize analysis strategy

Minimize systematic uncertainties ....
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Systematics
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Toolsto control systematicerrors

Running Conditions
Polarization at injection (

�

� = -1, 0, 1)
Direction of revolution (CW/CCW)
Residual spin precession ( ��� ; `frozen spin')
Synchrotron phase ( �� �

�
�

	




; `resonance')
Synchrotron amplitude (`resonance')

Polarimeter Response
Azimuth dependence (vector � tensor)
Zenith dependence (beam drift; tensor)
Time dependence ( �

�


��

���

�

�

�

� , other)
Multiple devices (gain; alignment)
Monitoring system (gain; alignment)
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TensorPolarization
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GuardsagainstSystematicErrors

`frozen spin' method

phenomenon signal spin-�ip CW/CCW goes as location

EDM �

�

�

���

odd even
�

�
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� same

	�


�

�

�

���

odd odd

�

�

�

� same
source 
�� const. odd even const. same
pol. rotation �

�

�

�

� odd even const. different
off axis/angle const. even even const. different
beam wobble �

�

�

���

even even const. opposite
beam drift

�
� even even const. same

non-linear PMT

�
� odd even const. different

self-polarization �

�

�

�
�

�

�

�

even even

�

�

�

� same

NO ONE RESEMBLES AN EDM!
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Conc lusion
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Outlook

This phase:
working model present
gathering data to identify relevant parameters

rainbow characteristics con�r med for

�  

C(

�




,X

�

)Y

Next phase:
detailed simulation
testing of components and detector technology

Whether to build the polarimeter (prototype):

funding for EDM
other physics reasons to build

Once we have a prototype, we intend to try it out at COSY (LOI)

Contact: Gerco Onderwater <onderwater@kvi.nl>
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