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Introduction

A Whatare ElectricDipole Moments (EDMs)?

A Howto measurethemin in Storage Rings?

A Whatis plannedfor the Cooler Synchrotron COSY in Jiilich?

Simulation Framework
A TransferMapsfor time-varyingfields
A Benchmarkingisingspinoscillationsin presenceof time-varyingfields

Studiestowards EDMMeasurementsat COSY
A Polarizatiorsignaldue to non-vanishingEDM
A Fakesignalsarisingfrom misalignments
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CP-Violating permanent EDMs
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Electric Dipole Moments:
i Charge separation (classical picture)
i Fundamental property

Permanent EDMs of light hadrons are
P- and T-violating
i CPT-Theorem: CP-Violation

Known CP-Violation not sufficient to
explain Matter-Antimatter-Asymmetry in
universe

Search for new sources of CP-Violation by
measuring Electric Dipole Moments of
charged hadrons in storage rings
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i General idea:
i Inject polarised particles with spin aligned to momentum direction
u Arozen S p i-Tedhnique: without EDM spin stays aligned to momentum
i EDM couples to electric bending fields © slow signal buildup

aft

i All electric ring is concept for a final dedicated machine
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i Equation of spin motion for relativistic particles in electromagnetic

fields:
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i Comparison of ﬁ and ﬁ for pure electric bend
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i Comparison of ﬁ and ﬁ for pure magnetic bend
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The Cooler Synchrotron COSY A) )0LICH

l V

Cooled beams
(e-cooling, stochastic cooling)

Currentlyrunningtest experiments

& Polarizeddeuterons ‘E"Hi{'H
. v Vv
Polarimetry Sextupoles
V A Implement RF Wien filter

A Generate EDM related signal

Polarized protons & deuterons
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i Spin motion on closed orbit at fixed location
In static ring:

Spinclosedorbit: €
Spin tune’

W & preserved

t EDM tilts spin closed orbit: m e
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i Spin motion on closed orbit at fixed location

in static ring: Spin tune:
Yy
u EDM tilts spin closed orbit: | | m €
FastoscillatingverticalsD EAT | BT TYAT O LS
Amplitude:! OHK,() —

Spinclosedorbit: €
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o Place RF Wien filter at fixed location: Spinclosedorbit: £

Spin tune’

W & preserved

i Spin motion induced by RF Wien filter (radial E-field / vertical B-field)

i Fields: © 6 tAT10 to %o , .
, , e (@) ()
@) O tAI70 to %o
i Vanishing Lorentz force © no EDM interaction: ﬁ] T
i Spin rotation axis vertical, not parallel to £ !
i Resonant spin interaction:] T 0 t] 0 11 hOon o

i Accumulation of vertical spin signal

Mitglied der Helmholtz-Gemeinschaft

2015-11-04 Orbit & EDM m.rosenthal@fz-juelich.de 11



Outline #) JULICH

FORSCHUNGSZENTRUM

Simulation Framework
A TransfeMapsfor time-varyingfields
A Benchmarkingisingspinoscillationsin presenceof time-varyingfields
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Framework

P Armadillo
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A linearalgebra

A Calculator Toolbox operations
A Opticalfunctions A SVD, pseudinverse
A Closedorbit ‘ for orbit correction
A Spin tune A plotting
A Tracker A storage(ROOTiled/trees
A Staticmaps ROOT
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i Long-term tracking required:
i Transfer maps allow for fast tracking and study of the optical system
i Solutions for equations of motion to arbritary order:
» ¢ (m»h Y ' (@)Y
i Relate phase space and spin coordinates before and after element

u Static fields:

Sametransfermapfor all
— particles .

time-independent

haft

i In case of time-varying fields, same map can not be reused in
subsequent turns
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AN
i Radiofrequency fields:

i Split element into 0 @gmaps covering the N REERREEY
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i Use initially vertical polarized deuteron beam
i Excite oscillations by radiofrequency solenoid

preliminary

i Data reproducible using map methods
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