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Spin-Tune Measurement
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Measure EDMs in Storage Rings

All EDM experiments:
« Interaction of field E

and EDM d

—> Spin rotates

* Problem with charged
particles:
They are accelerated
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Generic ldea:

(Frozen Spin method)

Inject polarized particles with spin parallel to momentum
Apply radial electric field to particle in storage ring

Due to EDM d spin rotates out of horizontal plane

> w N e

Measure build-up of vertical polarization « d
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Requirements to an EDM Storage Ring

Polarized particle beam (P = 0.8)

E and B fields (E ~ 10 MV/m)
Polarimeter to measure the EDM build up
Precise measurement of spin precession

Long polarization lifetime (z = 1000 s)
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Spin Motion in Storage Rings

Thomas BMT-Equation

% — § QMDM + S X QEDM
= q 1 \ BXE Gy -
Qypy = ;(GB - (G _yz_l) c mﬁ(ﬂ B))

Proton 1.792847357

Deuteron -0.142561769
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Spin Motion In Pure Magnetic Ring

- Pure magnetic ring like COSY (vertical bending field)
 Particle with d =~ 0 (Qsp < Qo)

dS —> —

Define: Spintune := Number spin turns relative to particle turns:

= q
_ |QMDM| :mGB e
Wrey min
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Cooler Synchrotron COSY in Julich FoRschuNGszEvTRUM

Sextupole magnets

RF Devices for
Spin Manipulations

Electron Cooler

Momentum up to 3.5 GeV/c

Polarized Protons / Deuterons Circumference 184 m
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e Left-Right asymmetry

= vertical polarization
Nl - Nr

N; + N,

Py < €per =

* Up-Down asymmetry

= horizontal polarization
Nup _ Ndn

Nyp + Nap

Py < €por =

Www 06

haft

Mitglied der Helmholtz-Gemeinsc

7/7/2014 f.hinder@fz-juelich.de 8



Mitglied der Helmholtz-Gemeinschaft

- #) JOLICH
Spin Tune Measurement

Spin vector precesses With fs,in = Vfrep, IN the horizontal plane

Asymmetry given by:

ey(t) = Nup = Nan ~ AP(t) sin(2Qnvf,o,t + @)
Nyp + Nan rev

What do we expect? (Deuterons, p = 0.97 GeV/c)
v = 0.16, frev = 750 kHz

Spin precession frequency: v - f,., = 125 kHz
Detector rates: 5 kHz

Only every 25™ spin revolution is detected

= No direct fit is possible
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Recorded Events

Example: every 2™ spin precession is detected
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Mapping the Events oyt

Vassumed f;‘ev 01
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Map all events of a o time in a.u.
macroscopic time interval | T * AR
(2s) in first period: osf- { H / \
t" = mod(t, Tassumea) 02 EREE

et ]
Fit asymmetry to first period 0 \/

time in a.u.
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Fit Asymmetry to First Period
S x2/ndf = 18.4/17
1T o3 T A =027 +0.01
- assumed 02l ¢$o = 1.36 + 0.04
0.1— +
2. Mapping Oi—
events py
02
3. Fit -
asymmetry 0.3¢ | | L | S
to first 0 1 2 3 4 5 6
period ¢ [rad]
Extract amplitude A o< Polarisation
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Find Correct Spin Tune

1.

Tassumed

Mapping
events

Fit
asymmetry
to first
period
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Vary T ccumeq @Nd repeat steps 1 to 3
Plot extracted parameter A VS V cyumed
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?f.q‘%f 1965 0. 160970 0. 160975 0. 160980 0. 160985

assumed

Vmax 1S COITect spine tune in macroscopic time
Interval (2 s)

Vimax = 0.160975 + 107°
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Spin Tune In Complete Cycle

A cycle is one fill of COSY (cycle length: = 100s)
Fix assumed spin tune to v, 4,

Map all events of a 2 second time interval in one period
21T
T =

Vmax frev

Fit f(¢p,) = A-sin(¢p; + @) for every 2 second bin
Extract phase ¢,

Plot ¢, against time in cycle
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Phase ¢, as a Function of Time
Tg" = ¥ / ndf 42.51/ 42
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Calculate spin tune over one cycle by: V(t) = Vppgx + _ﬂ
Wyep dt

1
=Vmax+?ev(a+2b°t)
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Spin Tune as a Function of Time
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Compare sensitivity of Spin Tune v,

G~—0.14,d ~ 0 G=0,d=10"%*e-cm
— = — C md
vs = yG = —0.16 v = B 33/5 o ot

Compare to current sensitivity:
o(vs) = 1071%in a 100s measurement
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Summary Spin Tune

Determination of spin tune in a macroscopic time interval of 2
seconds is possible due to mapping technic

Precision % ~6-107°
Due to phase fit spin tune change in one cycle is measurable

Averaged spin tune in one cycle is known to 1071° = % ~ 6 -
10—10

Use Spin Tune measurements to study systematic effects at
COSY
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Spin Coherence Time (SCT)

Sensitivity of an EDM measurement is proportional to
polarization life time

Spin precesses with f; = yG - f0p, = 120 kHz
Energy spread leads to different spin precession frequencies

Spins decohere —> Loss of polarization
Typical time scale is the Spin Coherence Time (SCT)
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Spin Coherence Time |l

General form of the reciprocal SCT:

~(C+cS+ L +c36)ap

e

Path lengthening & Sextupole strength of the
momentum compaction magnet families (MXS, MXL, MXG)

Study influences of ¢;, ¢, & ¢5

1. Maximize g, (switching of the coolerand bunch the beam)
2. Vary sextupole settings MXS and MXG

3. Measure polarization lifetime (SCT)
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Scan of MXG value

Ap/p, (different MXG settings) ' wux - 1.4
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Best Spin Coherence Time: 75 = 400s
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u m m ary u O O Ap/p, (different MXG settings) | - w-1e
| —+— MXG = 7.44%

Best SCT until now: 7¢.r = 400 s

Plans: Maximize SCT to 7 = 1000s

« Resolution of spin tune measurement:
iy, ,, o, 10~ 10

=~ = -1 —10
v 0.16 610

« Plans:

Use Spin Tune as probe to study
A systematic effects, mimicking the EDM
signal
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