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R&D at COSY FORSCHUNGSZENTRUM

- maximizing spin coherence time

- precise spin tune determination
(monitoring, study of imperfections, feedback systemes, ..)

« rf-Wien filter

- development of high precision beam position monitors
(e.g. SQUID based, final goal = nm per cycle)

electrostatic deflectors (goal: field strength > 10 MV/m)

polarimeter development

spin tracking in storage rings

see also: http://collaborations.fz-juelich.de/ikp/jedi
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How to measure EDMs?

Common strategy for all EDM measurements:
—> measure interaction of d with electric field E

For charged particles:
— apply electric field in a storage ring

|deal case: 2 43
— xdE XS
dt
- J
4 ™
-s | Build-up of vertical
. polarisation
Sl ﬁ s, « |d|
i - % J
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General case: spin motion

Thomas-BMT equation:

MDM EDM
d§—ﬁ><§— )65 +(— G EXE+dmOC(E+,§x§> xS
dt T my y:—1 C qhS \c
(): angular precession frequency d: electric dipole moment
(:: anomalous magnetic moment y: Lorentz factor

In general:
magnetic moment causes fast spin precession

“frozen spin”: chose y, §, E such that Qvmpm = 0
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COSY: pure magnetic ring

Thomas-BMT equation:
MDM EDM

dg—ﬁxb?— 1 16B +dm0c< + ><B> X S
dt T my qhsS p

- polarized protons and deuterons up to 3.7 GeV/c available

- access to EDM via motional electric field E X B

- requires additional means (e.g. rf E and B fields) to compensate
GB contribution

[ Ideal starting place for R&D and a proof-of-principle experiment J
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R&D at COSY

Thomas-BMT equation:

MDM
s - q\ -
—=0x8§=—-——1GB
dt my
. _ 1ol _
study spin tune vy, = = = vG
|wcycl|

— 21V,: phase advance per turn

( R&D with deuterons A

p =1GeV/c
G =-0.14256177(72)
v, =-0.161 — f, = 120 kHz

8 J
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neglect EDM
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Experimental setup

1. inject and accelerate vertically polarized deuterons
top=1GeV/c
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Experimental setup

1. inject and accelerate vertically polarized deuterons
top=1GeV/c

2. turn spin with help of a RF solenoid into horizontal plane
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Experimental setup

1. inject and accelerate vertically polarized deuterons
top=1GeV/c

2. turn spin with help of a RF solenoid into horizontal plane

3. extract beam slowly (within 100 s) onto a carbon target
measure asymmetry and determine
spin precession

polarimeter
A

precession
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-
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Asymmetry measurement

Detector signal
NUP.down o 1 + PAsin(2m - fit) = 1 + PA sin(2m - Vg Neyrns)
P: polarisation, A: analysing power
Asymmetry
NUDP — Ndown
€= Nup 4+ Ndown
Challenges

= PAsin(2m - Ug Npyrns)

- precession frequency f, = 120 kHz

- v,=-0.161 — 6 turns / precession

- event rate = 5000 st — 1 hit / 25 precessions
— no direct fit of the rates
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Asymmetry measurement

COSY rf —>

detector
events

true v a priori
not known

scan Vg in some interval around v, =

-
amplitude A
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—> beam revolutions: counting turn number n

—> assign turn number n — phase advance @, = 2mv,n

for intervals of An = 10° turns: ¢, — ¢, mod 27

YG

IlIII!T!IIIIIIIIIIIIIt]II

0.160970
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Improvement of o,,_

time

first derivative gives
deviation from assumed
spin tune v,

@lrad]
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Monitoring phase of asymmetry (v, fixed):

NN

phase

q

time

- 1cycle

phase vs. time -
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March 24, 2015 V.Hejny, EDM at storage rings, DPG Heidelberg 12



. #) JULICH
Results: spin tune vy

Avg-10°

i
i s
/\'/.

7/

\
o b v b b

subsequent cycles

»

0 10 20 30 40 50 60 70 0 500 1000 1500

number of particle turns [10°] time [s]

* Spin tune vg can be determined to g;, = 1078 in At = 2s

- average s in 1 cycle (= 100s) determined to o;,_ ~ 107"

- one application: study long term stability of the ring
- future application: dedicated online feedback systems
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Spin tune: probing ring imperfections

- spin tune is perturbed by small kicks ~a by ring imperfections
Vo = yG + 0(a?)
- idea: probe imperfections by adding artificial imperfections
spin kicks x4, Yo by means of e-cooler solenoids
- measure spin tune change
Avs = vs(X1, X2) - Vo
- expectation
Avs o (ys — as)?
Y+ = —(X1 X2)
ay: in-plane ring imperfections
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Spin tune: probing ring imperfections
time [s]
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Spin tune: probing ring imperfections

spin tune map:
Av,(y_ = const)

Spin tune map Av 10°
S
e x10°® 14i
“ 2 - y_ =9.25mrad
¥ 12
: : 15 -
10°® 10
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Y+

- parabolic behavior confirmed
- saddle point provides information on ring imperfections
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further information: HK 72.2 (Fabian Trinkel), HK 72.4 (Dennis Eversmann)
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Spin coherence time (SCT)

Ensemble of = 10° deuterons: coherent precession needed!

A _ :
- unbunched beam: 7]/ ~ 107> = decoherence in < 1s
. . Ap .
 bunching: eliminate effects on ?p in1storder=>17 = 20 s

- correcting higher order effects using sextupoles - 7 = 1000 s
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3 A -." — -
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SCT vs chromaticity

chromaticity: AQy,, /Ap

(Qx,, : betatron tunes, p : momentum)
MXS

8 (1/m?)

- also controlled by sextupoles —

lines of zero

(here: MXS, MXG) chromaticity

- compare:
points of zero chromaticity

I .

points of longest SCT

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

longest SCT

settings for zero chromaticity
and longest SCT coincide!
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rf Wien filter: magnetic ring

— — m S —
— (v X
[roGB+dth(v B) ]

Due to horizontal precession caused by magnetic moment:

fd[(ﬁxﬁ)xf]dtzo

— no net EDM effect
E*=7UxB

Mitglied der Helmholtz-Gemeinschaft
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rf Wien filter: magnetic ring

— — m > —
(.QOCGB-quﬁ(UXB)}

Due to horizontal precession caused by magnetic moment:

fd[(ﬁxﬁ)xf]dtzo
— no net EDM effect
E'=VXB Use resonant “magic Wien-Filter”

- affects only magnetic moment

“GLJ[OH

- introduces , EDM free” phase
advance in horizontal precession

<50% &) =

— net EDM effect can be observed

E'=Ey +9xBy
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rf Wien filter: design

RF B dipole RF E dipole

foil electrodes
50 um stainless steel

ferrite blocks

distance 54 mm
coil: 8 windings length 580 mm

%10° x10*

200_\

Fy/eVim
Fy / eV/im

0.05 5 5

a o -5 Ty " 05 ' 3 05
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rf Wien filter: first tests in beam

Lorentz force Compensation fQy = 871.52 kH f=8?14232|:hiaRls:E=s[:3a2:ﬂE]mﬁ U RF-E = (132.0x0.3) V
* Amplitude and phase matching 5 = 1 :
of rf E- and B-fields E 100 :
8 60.0 I
* move betatron sideband onto 2 e Bi fimit wo/o rf wien filter

RF frequency for max. sensitivity wgl———__pelmydn |

relative phase / °

* exited part of beam is removed amplitude scan

( be a m IOSS) fQy = B71.52 kHz, = 871.4282 kHz, iRF-B= (232.5+0.6) V, Input p(E-B) =907

3 100.0
* determination of matching g
. T . & =3

amplitudes and phase down g °0t 5
S 000 F

to 10_3 2 500 G
% 40 0.beam loss w_o. RF ExB 38.2 :1.@Iimit w/o rf wien filter
- prefiminary data

30.0
128.0 1290 1300 1310 1320 1330 1340 1350 136.0

voltage electric rf field / V
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rf Wien filter: frequency scan

Run3577 | fPy: 0.2896 Hz, :6.6399 s

March 24, 2015

vertical polarisation (asymmetry)

Run3584 | fPy: 0.2167 Hz, 1. 4.7532 s

:_ x*  naf 81.37/95 :_ ¥/ ndf 81.96/95
C cos Offset 0.1971 £ 0.0019 C cos Offset 01429 £ 0.0020
- cos Phase 3071+ 11.85 0.2~ cos Phase -28.74 £4.81
C cos Freq /Hz 0.2896 + 0.0076 C cos Freq fHz 0.2167 +0.0036
. exp scale 0.04851 + 0.00774 0 3‘_ exp scale 0.1202 +0.0104
E oo e v by Epls Be4zee E e e e ey e exprls 4753 +0574
90 95 100 105 110 115 90 95 100 105 110 115
tis tis
Run3585 | fPy: 0.2011 Hz, : 4.6804 s Run3574 | fPy: 0.2827 Hz, ©. 6.7726 s
o
Co3

close to

resonance | “f
0.1 T
- ' oF I
r 01
L rf on 1 nf 1210185 F rf on 1 ndf 85.36/85
C N cos Offset  0.02555 + 0.00196 C cos Offset 0.1751 £ 0.0020
— Dam ping: cos Phase -73.03 £ 4.50 0.2 cos Phase 54.03 +8.80
C SCT t t. . d cos Freq /Hz  0.2011+ 0.0030 r cosFreq/Hz 02327 + 0.0053
3—_ nO Op Imlze exp scale 0.1483 + 0.0086 Q0 3—_ exp scale 0.05332 £ 0.01024
E oo e v by Epls 4681043 E e e e ey e =Pl 8773+ 2357
90 95 105 110 115 90 95 100 105 110 115
tis tis

time in cycle
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Summary

- COSY: ideal starting point for R&D and a pre-cursor experiment
- spin coherence time of several hundred seconds reached

- precise spin tune determination tool for understand storage
ring parameters (future option: phase lock for rf devices)

- new equipment: rf Wien filter, BPMs, deflectors, ...

Outlook

« pre-cursor experiment at COSY:
proof of principle with lower sensitivity planned for < 2019

- dedicated storage ring:
different options are currently under investigation
goal: conceptual design report 2019
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Julich Electric Dipole Moment Investigations:

- = 100 members:
Aachen, Daejeon, Dubna, Ferrara, Grenoble, Indiana,
Ithaca, Jilich, Krakau, Michigan, Minsk, Novosibirsk,
St. Petersburg, Stockholm, Thilisi, ...

* See
http://collaborations.fz-juelich.de/ikp/jedi
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