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Electric Dipoles and Fundamental Symmetries

il
T = Nonzero electric dipole moment
- (EDM) of elementary particles
P 3 violates CP-Symmetry
dﬂ“ d¢ H=—puo-B—do-E
" T:H=—-po-B+do-E
=y dT P:H=—-po-B+do-E
T + = Standard Model prediction: 10732
5 =y to 103" ecm
¢u = New physics?
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Measurement Principle

J)

= B —dxE+puxB*

= Different methods proposed: E-field, B-field, combined
= Pictured: E-field only

= Signal is build-up of vertical polarization

21.7.2016 Nils Hempelmann

JULICH

FORSCHUNGSZENTRUM

Slide 4| 24



iation

Member of the Helmholtz-Associ:

RWTHAACHEN
UNIVERSITY

#) JOLICH

FORSCHUNGSZENTRUM

Cooler Synchrotron - COSY

Low Energy Polarimeter

Zyklotron
B itS
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= From 300 MeV/c to 3300 MeV/c,
protons or deuterons

= Circumference: 184 m
= Magnetic ring elements only

= To be used for EDM precursor
experiments
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Spin Precession

B

L.

= Vertical magnetic field

= Vertical polarization is stable

= Horizontal polarization precesses

= Coherence time at COSY: ~1000s
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Spin Manipulation
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Spin can be rotated by RF devices
Comparable to NMR
Frequency must be on resonance

Solenoid rotates spin around
beam axis (z), Wien filter around
y-axis
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Spin Resonance

= Resonance: Fixed phase relation
between field and spin

= Spin precesses each turn
= Magnetic RF field must match this

iation

Member of the Helmholtz-Associ:

21.7.2016 Nils Hempelmann Slide 8|24



#) JOLICH

FORSCHUNGSZENTRUM

P = 7:"»\
RWTH 7 :

——

Spin Resonance

= Resonance: Fixed phase relation
between field and spin

= Spin precesses each turn
= Magnetic RF field must match this

iation

Member of the Helmholtz-Associ:

21.7.2016 Nils Hempelmann Slide 8|24



#) JOLICH

FORSCHUNGSZENTRUM

= — N
RWTH 7 :

N

Spin Resonance

B = Resonance: Fixed phase relation
between field and spin

= Spin precesses each turn
= Magnetic RF field must match this

i
I

Member of the Helmholtz-Association

21.7.2016 Nils Hempelmann Slide 8|24



#) JOLICH

FORSCHUNGSZENTRUM

P = 7:"*\
RWTH 7 :
RV @D A

S

Spin Resonance

= Resonance: Fixed phase relation
between field and spin

= Spin precesses each turn

= Magnetic RF field must match this

iation

Member of the Helmholtz-Associ:

21.7.2016 Nils Hempelmann Slide 8|24



#) JOLICH

FORSCHUNGSZENTRUM

P = 7:"»\
RWTH 7 :

——

Spin Resonance

= Resonance: Fixed phase relation
between field and spin

= Spin precesses each turn

= Magnetic RF field must match this

iation

Member of the Helmholtz-Associ:

21.7.2016 Nils Hempelmann Slide 8|24



#) JOLICH

FORSCHUNGSZENTRUM

P = 7:"»\
RWTH 7 :

——

Spin Resonance

= Resonance: Fixed phase relation
between field and spin

= Spin precesses each turn
= Magnetic RF field must match this

iation

Member of the Helmholtz-Associ:

21.7.2016 Nils Hempelmann Slide 8|24



#) JOLICH

FORSCHUNGSZENTRUM

P = 7:"»\
RWTH 7 :

——

Spin Resonance

Y
= Resonance: Fixed phase relation
P between field and spin
T . " Spin precesses each turn
) = Magnetic RF field must match this
H z
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Why Feedback?
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Feedback system fixes phase between spin precession and
solenoid frequency

Need spin in phase with RF over 1000 s
Would mean, Af/f < 10~'% if 80% drop in signal is accepted

Solution: Adjust accelerator frequency to keep the spin phase
fixed
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Feedback System
= Measure polarimeter events,
COSY frequency and solenoid
COSsY i 1
cosy frefquency using one time
h reference
deteﬁr:iiZtion )

4 = Measure phase difference

frequency stand-alone X i

generator DAQ between spin and solenoid

H ,—T Adjust COSY accelerator

COosy
beam L cavity_|——|solenoid— "°'a”me‘efH frequency to change the phase

= Tested with solenoid, Wien filter
planned
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Polarimetry

= Polarized beam causes
asymmetry in count rate of elastic
events

= Scattering angle 9° to 13°

N —Ng
N.+Ng

= Horizontal polarization precesses
faster than detector rate

= Measure asymmetry, e.g.
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Calculating Spin tune and In-Plane Polarization
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asymmetry €

-0.4
]

spin phase advance o,

Spin tune vg = foSO% ~ Gy~ 0.16
Problem: only one detector event every 24 spin revolutions
Solution: use time information to map all events to one period

Spin tune can be measured to a precision of O(1078) in 2s
(PRL 115, 094801 (2015))
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Phase and COSY Frequency
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Relative phase:
¢ =21l T — 2mvsfoosy T = 27n ( fol Vs)

fcosy
foosy =~ 750 kHz, fspin ~ 120kHz and £, =~ 871 kHz:
24 7.7 Afcosy

Frequency can be adjusted in steps of 3.7 mHz corresponding
to A¢p/AT ~ +30mrad/s
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Phase Over One Cycle
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Top: relative phase drifts without
feedback

Center: relative phase fixed over
cycle with feedback

Bottom: corrections to frequency
Stable within o = 12°

g °F N @
s 55 o, feedback off
g 4p M
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Feedback in Spin Flip /

= Spin rotation depends on relative
phase ¢

=  Maximum field when spin is
parallel to beam: no effect

=  Maximum field when spin is
perpendicular to beam:
maximum effect

) = Use feedback to set relative
phase
= Equivalently: Choose where spin

points when RF field is at
maximum

w
%)
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gé E 9,,,=0.50 @ (@
B | = Confirm that phase is fixed
T ot ® | . Solenoid is switched back on with
001, Sr———— W”'”’"’7’””’37?7.“,?”??:::%""«*»..w~.»~.«. active feedback system
02 sl s Polarization tilted into vertical
d ZE’W*+***“*f***M*mguﬁwuwﬁ . ©) direction at a speed proportional
o | *"’“***'“*&»‘*v‘,ﬁv&fl&iﬁiﬁ{J&; to sin ¢
%; 100 120 140 160 18:)

time in cycle t [s]
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Vertical Spin Build-Up - lI

¢set= 0.50 ©

¢ Pos. Initial p,
4 Neg. Initial P,
— Fits

FTT T T T[T T[T [ T T[T [T

P N R S IR 1

PR IR R BT R
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time in cycle t [s]
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Examine angle o = arctan (f;—:)

Blue: positive initial polarization,
Red: negative
Increases at roughly constant rate

Feedback stops when spin is
vertical
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Vertical Spin Build-Up - llI
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Slope of build-up has expected
sinusoidal shape

Independent from initial
polarization

Confirms that the feedback
system works
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EDM in Magnetic Rings
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Spin rotates rapidly (120 kHz)
around vertical axis

EDM causes small
up-down-oscillation of spin, no
macroscopic build-up

Limit for muon EDM measured
this way

Not suitable for hadrons:

G, ~ 1078, G, ~ 1.79,
proportional to precession
frequency
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Wien Filter Method

‘Elﬂ‘m

= Radio frequency Wien filter
rotates spin

= Causes net build-up of vertical
polarization
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Wien Filter

= Wien filter: E- and B-fields with
- VIEES zero Lorentz force
= No influence on trajectory at
——t—— >
EI-/L V= E design velocity
B . RFfield: spin rotates about axis of

magnetic field

*  falter = foosy + kpin

i
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Wien Filter Signal

03><10'3

12

Vertical spin component S

= Top: vertical polarization without
30000 30000 40000 Wien filter

= Bottom: the same with Wien filter
= Broad band from rapid oscillation
= Source: PhD thesis M. Rosenthal

v

Vertical spin component S

L L 1
20000 30000 40000
Turn

s
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RF Wien Filter at COSY

Support for geodetics

Inner support | | Support structure
tube for electrodes

= Frequency 100 kHz to
2MHz

\/:;:l‘llr:ng:ss':gf; =5 : ! - - L ROtatab|e 900 abOUt
‘ beam axis
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Conclusion
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Successfully tested spin feedback system

Confirmed by direct measurement of relative phase and
vertical build-up experiments

Phase stable within o = 12°
Will be used with RF Wien Filter in precursor experiments

Phase Locking the Spin Precession in a Storage Ring,
Publication: Phys. Rev. Lett. 119, 014801
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