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EDM experiment concept

Frozen spin (p, d, 3He, ...)

Signal is changing vertical
polarization component
between early and late
in the beam store.

EFFICIENT POLARIMETER

Polarimeter uses asymmetry in elastic scattering from carbon.
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Spin sensitivity of elastic scattering
from carbon (spin-orbit force):

Concentrate
on forward angles
where cross
section and
analyzing power
are both large.

NOTE: It is not
necessary to
restrict acceptance
to the elastic
channel; other
reactions show
similar sensitivity.
Detectors may be
simple.
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Target Options

Thick material at edge of beam. Drive

beam to target. Particles make single pass.

“Extraction” is a 2-step process.

I
a) —

The beam is below the target.

a) A particle touches the underside,
scatters down, and begins to oscillate.

b) On some laterturn, it strikes the

BEAM

front face away from the edge (~0.2 mm).

This produces full efficiency (given EDDA
detectors in use at the time).

Target produces significant down-up
false asymmetry (~ -0.2).

Polarizationin halo may not reflect rest
of beam.

2  Thin material in beam. Particles
make multiple passes through target.

Target options:
fiber (carbon) passing through beam
gas/cluster jets
pellet targets

There is added loss out of acceptance.

Tests show efficiencies within x10 of
thick target.

Studies as a function of target design
or thickness have not been done.

This needs work.

Opens up study of beam profile,
polarization profile.

This requires additional tracking
detectors.

May not offer full efficiency.



Polarimeter features might include:

full azimuthal coverage

beam
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tracking
detector /
particle

absorber (Fe)

\ “total” energy
detector

dE/dx detector
(particle ID)

The energy threshold
would be set to optimize
the figure of merit. Care
must be taken so that the

threshold is not dependent
on counting rates.

For the PROTON, things
have historically been
rather simple. The
situationis clean enough
thatonly a AE is needed.
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The deuteron situation is more complicated because of breakup.
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What would we include in a polarimeter signal?
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What would we include in a polarimeter signal?
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Plans for 2017-2018: data base experiments
Deuteron case was run in November-December, 2016.

modified Range Hodoscope: Veto Hodoscope:

3 x 24 elements (10cm) 1 x 24 elements (20mm)
WASA setup 2 x 24 elements (15cm) vertical bars

pizza shaped double-sided readout

WASA Forward Detector

&

Target position II \

Window Counter:
2 x 24 elements (3mm)
pizza shaped

|

Trigger Hodoscope:
1 x 48 elements (5mm)
pizza shaped

Straw Tubes:

4 x 4 layers
All events will be recorded. 0°, 90°, 45°, -45°




Energies: 170, 200, 235, 270, 300,
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Preliminary data shows analyzing power

ol / peak moving forward as the energy rises !!
| e oo o
046§ 10 12 14 16 15 2 22 Take similar data with raytrace detectors:
Ocm 1deg] Park@Korea, Fanourakis@Demokritos

Two analysis tracks:

Choose energy and trigger for best use of WASA F.D. for precursor experiment.

Remove tailingin spectra, create event generator for GEANT.
Model more detailed polarimeter with raytrace detectors, absorbers, etc.

Repeat for protons.




Plans for 2017-2018: applications for spin feedback

COSY ring not capable of frozen spin: Deuterons precess at 121 kHz at test energy.
Instead, mark each event with the clock time, unfold the precession in the DAQ.
Magnitude of in-plane polarization obtained from sideways component, D/U asym.
In a series of time bins, we obtainthe magnitude and phase of the polarization.
The next step is feedback to the ring rf: change precession rate or current phase.
Applications:
1) In EDM experiment, hold polarization along velocity of the beam. Now o ~ 0.2 rad.
2) In precursor experiment, synchronize polarization to rf Wien filter.

3) In EDM experiment, rotate polarization to sideways to measure magnitude.
Then put it back. Do a full rotation to calibrate or check systematics.

Note that for deuterons there is the possibility to use tensor polarization as a monitor.
One has to understand correlations with vector to eliminate spurious L/R effect.

NOTE: All polarimeters must be set up for both beam directions (CW vs. CCW).
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Plan for handling geometry and rate errors

considering that beam properties are continuously changing
error correction must respond in real time

1 Use asrobustascheme as possible:

Usual tricks: Locate detectors on both sides of the beam (L and R).
Repeat experiment with up and down polarization.
Cancel effects in formula for asymmetry (cross-ratio).

Cross ratio: pA=g= r-1 2 — L(H)R() But this fails at second

r+1 " L(RH)  orderin the errors.
2  Measure sensitivity of all Other observable options (3 more):
observables to geometry and _s-l o L(+)L(-)
rate errors. 1) 541 " R(+)R(-)

Good! Sees geometry errors, not p.
t=1 . _LERE)
. , t+1 L(-)R(-)
Build a mOdeI.that explz-alns all Useless! Sees luminosity difference.
effects. Does.lt have a S|mplg 3 W=L()+RM+LO+RO)
dependence in terms of the index

. Good for rate effects!
variables?

Choose index variables for all
error types. ) 1=




Differance

Does this work? (Test by comparing position and angle sensitivity.)
data from 2009 long run

ﬂd r T I T 'I T r T I L r T I
both errors lie along same line
(due to forward angle geometry)
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What about a varying polarization signal?

test with constant polarization

Correction

corrected for (flat to 10°5)

| rate and geometry ¢ + _
WML |+*i Ay ﬁ?ﬁ" _

6, uncorrected

| corrected for rate

1 1 I 1
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Time in store (s)

Application to data with errors
shows correction in real time.



What happens when the polarization
itself is changing?

First data available in 2011 from runs
made with RF solenoid on spin resonance.

cross-ratio asymmetry

tracking parameter, ¢
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0.1

01—

0.0

The error indexing parameter also
contains some remnant of the signal
(from unequal state polarizations).

The model can also address this
situation, projecting the data from the
lab system onto the corrected system.

/

03— | b | L/R asymmetry, polarizaﬁoﬁ state 3, run 96
o o -
i c; _ data
AT g
| |
A T R E— 5
g
02— T z
i =
. , -
O
Qe s R
PR [N TR TN TN TN N T T T TN A T WO S
5 10 15 20 .
/ Time (s) Other axis shows

Axis renormalized,
as model knows
about polarization.

scatter in the
systematic error



Field correction study
Learn to measure horizontal polarizationasit rotates at 120 kHz (deuterons).

Can sextupole corrections remove second-order contributionsto decoherence.

Three sextupole magnet families:
MXS (large By)

"4 ST }m :z:mm:un:::

MXL (large By) WASA
¢~ Ring Pol e-Cox
MXG ' Diag.Kicker 5
(large D) ) COSY 11 7o

USE

Fast Quad PAX

RF Dipole/ EDDA

RF Solenoid




New data acquisition procedure — time stamp every event

Count turn number (bunched beam) 5 distribution of turn numbe

r

Compute total spin precession angle \ fraction yields beam distribution

Bin by phase around the circle based on integral part of
Compute asymmetry in each bin turn number

these curves determined by asymmetry

smooth curves measurements for 9 angle bins
through phase

bin asymmetries

the spin tune

polarization

\ Harizortalfsym_10_02 0
¥ ¢

on ' ’
Il » As the polarization rotates

correcting phase slip from
one bin to the next adjusts

magnitude gives horizontal

6441 (6
Prob 03756
po 0.1388 + 00192
pl 0112+ 0,140
p2 0.08164 + 0.01365

e

the down-up asymmetry
reflects the sideways |
projection of the polarization. .,

10 0 phase




Sample data

Distribution of beam around the ring

Sample measurements of
horizontal polarizationloss
(corrected for positive bias)

0.3
. Lo S L L L L L R B
as a function of time in the store.
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Times are exponential decay rates.
phase in a single store with fixed spin tune
it T Program searches for highest amplitude in a narrow range.
ol To get maximum asymmetry stationary in one angle bin,
0 —f .
ﬂ5z_*++*+**+++++:+*+++++++W 4 spin tune must be accurate to < 1e-6. Normal scatter
F ANy .
£ ! Hwﬂﬂh MHM ’| } is usually < 1e-7.
e t %“ W M Best error in phase is ~ 3° /s.
ol H 1 Downward slope means spin tune wrong by 3e-8 (6 ~ 10%).
—3 EDM ring requirement is 1e-9 from feedback.
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Expected sensitivity of polarization
lifetime (inverse) to sextupole strength

Tscr
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natural / drivers:
value emittance,
sensitivities sync. osc.
sextupole currents
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1 Set chromaticities to zero (Xand).

Make horizontally wide beam.

2 Measure initial polarization slopes.
0A3 T '| T I T I T I T I T T T
(3
. . SGGeR A B R LU drte RO Ly i L
Make linear fit o S A
D B ettty
to early part. TR SR,
‘E ?.‘ N f.{“c‘«,“,r ol
g=a,+at :"F ¥ PR
= ) Q)
Q+tat 2 %
&
tt.‘(.‘.1-00
) )
S CT aO 0.0 v .'g‘;?g‘(:‘f;!..i-?g.(o(’:.g QS CA s
— A (& SOOYCNOYH TOO
_0 1 1 | 1 I 1 I 1 I 1 I 1 | 1 |
0 10 20 30 40 50 60 70 80
Time (s)

1/SCT (1/s)

3

SCT (s)

Polarization Lifetime

1 / Lifetime (1/s)

Repeat for changing MXG.

100
70.
50.

30.

10.

7.0
5.0

0.15

0.10

0.05

0.00

-0.05

-0.10

-0.15

T T T T ] T T T T I T T T T T T T T
where p has Q
B fallento 61% o¢ |
n o 7]
— O —
L o _|
= o -
- Q Q
o §
B 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 ]
1 1.5 2 25 3
Sextupole Field (K2) (1/m%) MXG
% I T T T T ] T T T T I T T T T
B SAME |
PLACE
B zero |
chromaticity
. 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 i
1 L.5 2 2.5 3

Sextupole Field (K2) (1/m?)

MXG



13

Can we maximize the polarization lifetime using all 3 sextupole families?

Use two machine setups to separately check:
[1] horizontal emittance. E-cool and bunch together, then heat with white noise.
[2] synchrotron Ap/p. E-cool first, bunch second. No horizontal heating.

Extraction onto polarimeter target uses vertical white noise (always present).

20T

Chromaticityin
MXG x MXS plane.
MXL =-2.0 %.

Chromaticity

Note the overlap of
the two dotted lines
that represent

the places where
the chromaticities
vanish.

Sextupole magnet settings
are in percent of power
supply full scale.




MXS
40%

20

Results from run completedin August, 2014.

Make scansin 2D MXS x MXG space with
MXL = -1.45%

@ Horizontal heating (large X emittance)
O Cool, then bunch (large synchrotron orbits)

Both transverse (X) and longitudinal spreads

of the beam produce decoherence; both are

canceled at places of zero chromaticity.
Errors less than the size of the symbols.

The longest polarization lifetimes are found
near the middle of this range.

lines of zero chromaticity (X orY)
in this plane — errors ~1 %

Scales are in percent of

14

power supply full range.
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Longest horizontal polarization lifetime:
Electron pre-cooling time 75 s. No cooling afterward...

1.2

Normalized Polarization

0.2

| | 1
0'00 200

Smooth template based on Gaussian
distribution of betatron amplitudes.

400

600 800
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Half-life =1173 £ 172 s



Requirements on polarization control:

Maintain polarization within some limited angular
range on either side of the velocity for ~ 1000 s.
From beginning to end, 1072 precision is needed.

Periodically rotate sideways and hold for a check
of the polarization. (For tensor polarized
deuterons, this is possible in place.)

16



polarimeter rates (U, D, L, R)
Requirements on polarization control: COSY RF timing

clock TDC
[

DAQ

I
online analysis for magnitude,
spin tune, and phase (from t = 0)

NEW
Maintain polarization within some limited angular Calculate correction
range on either side of the velocity for ~ 1000 s. ¥
.. L RF frequency generator
From beginning to end, 1072 precision is needed.

Make 2 kinds of corrections:

1 Af to
choose a new spin tune
regulate spin tune

Periodically rotate sideways and hold for a check 2 Af for At to
of the polarization. (For tensor polarized

. L go to a new phase
deuterons, this is possible in place.)

(new direction)
16



Calibration of feedback to RF cavity
Avg _A;/_IBZAp_,BZ Af

spin Vs Y P i f revolution
tune frequency
for the deuteron p=0.97GeV/c
beam: 3 =0.456
n =0.58
. . . A VS -9
Af is adjustablein steps of 3.7 mHz, or =2x10
Vs
Phase
- " . .03x10° 2/ ndf 3386/ 52
a¢ i3 S RS 241 3L PO -8.085¢-10+ 3.906¢-11
Ve =Vot+t—- _ ™ AN 02 v=0.1609, p=0.456, Pl 7682008234351
ot N ; % - 1=0.58,f  =750602.5 Hz
> F S - o1 = VBt =7.685e-8
Initial slope is & °F s k - C '
mismatch between % °F |:> o
real spin tune and ‘£ w -
reference spin tune. o 01
100 120 140 160 180 L
time (s) -0_2:—
SlopematChisexceIIent- \:\‘\\\\‘\\\\‘\\Ill\\\\‘\\\\‘\\\\‘\\|||I\\\‘\\

03775 15 -1 -0.5 0 0.5 1 1.5

This tests case 1. Afin Hz
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Calibration of feedback to RF cavity
Avg _A;/_IBZAp_,BZ Af

spin Vs Y P i f revolution
tune frequency

Pp=0.97GeV /c

for the deuteron

beam: S =0.456
n =0.58
o : Avg
Af is adjustablein steps of 3.7 mHz, or
Vs
Phase
PhasaFix
13: - Entries 93 | >u,o_:«;
0@ 3 b i z

Vs =Vo t B E 02

ot T ;

S 3 ;

= uf J A ;
a) C 1" +‘ :- .
Initial slope is @ FS " I o
mismatch between < “5‘ |:> o

real spin tune and ‘£ £
reference spin tune. o 04
100 120 140 160 180

time (s) o2

Slope match is excellent.
This tests case 1.

-0.3

Case 2: Making steps
of 1 rad in phase

Fhate Solenaid - Spin

i
2_*#*""' +
" +
sk tI"":f+"+’r+
i
£ LB Wittt
o
£ st it
s +++++++ #
: 1
2x107° E - *
=4£X o0 a0
L N2
x10° x2 / ndf 3386/ 52
B po -8.085¢-10 + 3.906e-11
pi 7.682e-08 + 3.435¢-11

v=0.1609, p=0.456,

1=0.58, f _ =750602.5 Hz
= v’/ =7.685e-8

-2

-0.5

0

0.5

1.5
Afin Hz




Recapture of polarization
(working demonstration for use
with RF Wien filter, etc.)

RE _ feedback on
solenoid H | |
vertical
polarization
horizontal \
polarization \
| Asymmetry Left-Right SpinStates 01/02/15 | &Lsm'_ﬁ‘: | Asymmetry Left-Right SpinStates 01/02/15 | _ x:ﬂ_?:n
1 Mean 1815 MeErn 90.81
=6.02e-03+1 .69‘0% 5029 D 61.89

peR2=3.29e-03+1.2e-0

b 20 40 60 80 100 120 140 160 180 200

40 60 80 100 120 140 160 180 200
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Recapture of polarization
(working demonstration for use

AsLR_01
vindf  88.1/8
Scale 0.0112/7e-05

ASLR_02
yYndf  134.6/8
Scale 0.00673 / Ge-05

with RF Wien filter, etc.) @ -
= 001
° C
i feedback on & -
ee———————) €€ —= L
RF ! D 0.005 -
solenoid | -
1 | 0
-0.005 |—
vertical -
. -0.01 [
polarization =
0
horizontal \
polarization \
| Asymmetry Left-Right SpinStates 01/02/15 | &Lﬂlﬂlﬁ‘: Asymmetry Left-Right SpinStates 01/02/15 | _ x:n_?:ﬂ
1 Mean 1815 Men  90.81
=6.02e-03+1 .69‘0% 0.2 61.89

peR2=3.29e-03+1.2e-0

b 20 40 60 80 100 120 140 160 180 200

Sin phase 1.97 /0.005
T | T 1T T

Sin phase 1.98/0.008
T T T T 11 T T

A s

20 40 60 80 100 120 140 160 180 200

O T T

Phase [rad]

Plot of initial slope

as a function of the
target phase for the
feedback circuit.

Completes requirement
for the precursor and
EDM experiments.



