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I;l%w to measure the Electric Dipole Moment

Definition: permanent charge displacement within the
particle volume which must lie along the spin axis

tral systems: -

~ 1951: First experiment. Purcell and Ramsey P %
. searched for neutron edm. dﬂ-“ d¢
idea: apply E and look for the energy shift —d-E \___J’__, dT
: of the precessmn frequency in the presence B and E T .
" hv=2uB+2dE  (*spincase) *—
"Tlel and antiparallel to B ¢
measured frequency cancels out the magnetic term H

harged particles

- Basic idea doesn't work: charged particles would be lost in E




EDM signal = spin precession
in the vertical plane

- -
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| a charged particle

. HX E’ EDM signal = spin precession
Gl in the vertical plane
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| aligned along the velocity
red with veloci
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Any particle with an
anomalous
magnetic moment
In a normal
magnetic ring
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H§W to measure the EDM of a charged particle
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,,,,,,,,,,, » Radial E field ﬁ:ax o EDM signal = spin precession
In particle frame { dt in the vertical plane
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Any particle with an
anomalous
magnetic moment
in a normal
magnetic ring




= the stable spin direction

b

‘solenoid rql;étes the

ring




Technical issue: vertical axis = the stable spin direction

1) Spin tune N

At injection: vertically polarized ‘" ® RF solenoid rotates the K | >
polarization into the horizontal (ring) plane ~

Spin tune iV, :*G yénumber of spin precession per turn

Anomalous &

X _ “ Relativistic gamma
b magnetlc moment

2) Sbi_n Coherence Time

.

h A A

[ ?’:
VN. S - "'
At injection: After some time:

all the spins are aligned Particles have different velocities

Spins out of phase in the
horizontal plane  wmmmp Horizontal polarization vanishes!



Technical issue: vertical axis = the stable spin direction

]_.:")F Spin tune R

At injection: vertically polarized ‘" ® RF solenoid rotates the K | >
polarization into the horizontal (ring) plane ~

Spin tune iV, :*G yénumber of spin precession per turn
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2) Spin Coherence Time

. E’" "y, o““‘g
¢ Horizontal pol. *
Lifetime
4 T : . ., Observation time
V~ 3 S - . “, — y
. i . Spin coherence &
At injection: After some time: time $
all the spins are aligned Particles have different velocities &" g

Spins out of phase in the
horizontal plane  wmmmp Horizontal polarization vanishes!






Experimental example

e Minimal detectable precession O~ 10 °rad

e Assuming d~10 “e-cm and E=17MV/m

\
eEDMZZdTEtZS(lo_g% t 10 °rad
~ Oeou™ turn
lturn~10""s D
® 10° turns needed to detect 0.y, A storage-_ ring for the deuw_ron
EDM experiment does not exist yet
® Spin coherence time t>1000 s
.. y . Feasibility
e -CM  Precision ata takin -
0 “e-cm precision »1 yearo ing studies

@ COSY
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EDM ring properties

e Momentum: 1.0 GeV/c (deuteron)

 Circumference: >50 m (deuteron) ,

* Momentum: <3.7 GeV/c

e Circumference: 183 m

» Polarized proton and deuteron
« EDDA detector polarimeter
 Instrumentation available for

manipulation of polarization and
emittance
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Rings and bars to determine angles. ASYMMETRY
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| ring
DOWN RIGHT

_ __:f' toward thick target - » continuous extraction
tillators stop elastic deuterons from the target
geang - » spin sensitive process (large cross section for d-C)
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ittance affect the spin coherence time?
1t like beam

ize = emittance



dEDM experiments needs a spin
~ coherence time >1000s

d in the horizontal (ring) plane

._"' fr__
) eV/c -
:-'l:-
spin coherence time?
unction of time

T T T T T T T T T T T T T

A . | | N
] 4 B 12 1t 20 px} 28
Time (s)

nittance affect the spin coherence time?
nt like beam
 Size = emittance

‘corrections to increase the spin coherence time?
magnets



- 1/(0.75 MHZ)=1.33 ps)

=D
U+D

Spin direction circle

Filled for = 2s




as a function of time

Spin direction circle

1/(0.75 MHz)=1.33 pis) Filled for = 2s

_,.':Ia (2mv_=60°)

le (9 bins)
- fE_U—DOC
1 . bln :__,". U+D ph
smooth curves - :
through phase
bin asymmetries '
S\
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Horizontal polarization as a function of time
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. Time-stamp system Spin direction circle
i .x\f Count the turn number (1 turn= 1/(0.75 MHz)=1.33 ps) Filled for = 2s

X Compute the total spin precession (21v_=60°)

30 Ié\in by phase around the cycle (9 bins)

U—D

e COm : - €= oC
Cqmute asymmetry in each bin e Dr

smooth curves
through phase
bin asymmetries
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> | Amplitude vs time i
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Sio n e Jf_%i#i%d)%
| F _:reC|S|on requirements: < % ﬁ by i AP
4 - Qonversmn of turn number into M m ; %H "4

i precessmn angle: 10° rad/turn

0.06

* Spin tune: 10




1 coherence time
= oscillations in the horizontal and vertical

particle” ... *..  Spin tune spread
B B contribution
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Efnittance effects on the spin coherence time

 Particles undergo “betatron oscnlatlons" = oscillations in the horizontal and vertical

i planes.
Ny Y
Longer path than the “reference particle™ .......>,,  Spin tune spread
Thus, higher velocity - Lo contribution
.x“; | | 1 o | | |
- Expectation: ENA O —I—Bv() Where O is the Gaussian width
h “?‘“ Because of machine acceptance problems.
02— ‘ AREEE T_. measurement for several
] ] horizontal profile widths
0.10 _
! + . T.. = time required for the beam to

0.08

lose 1/3 of its initial polarization

e Cooling on to reduce the phase
space size

» Cooling off and heating to increase

- the horizontal profile

» Cooling off, heating off, data taking

0.06

1/ 2./3-LIFETIME (1/s)

0.04 —

0.02

Cooling on Typically horizontal width > 4mm

1 1 1 1 1 ‘ | l | ‘ 1 1 1 | 1 1 1
0 2 4 6 8 10

SIGMA, horizontal width (mm)

0.00




Sextupole fields corrections

I 1 C— » Adustmentto ... » Remove spin tune spread
~.‘Sextupole field ocr e orbit P p

1 Sextupole operating

& S 2
TN (A+ai,£)0x where B _is large

%’;SC measurement for several sextupole strengths

SETUP:
T T T T T T T 1

0.09|~ Large horizontal beam profile + Sextupoles: MXS family where the
- . horizontal beam size is large
0.07 —
Normalized slope:
0.05
- values for MXS<28% changed to
positive

0.03

Normalized Slope
_O_

0.01} .
Long lifetime= zero slope

-0.01

If pol. dependence were exponential

| | | | | | | | | 1/(norm. slope) = exponential lifetime
_0'[)?1() -5 0 5 10 15 20 25 30 35 ( p ) p

MXS (%)
Fraction of the power supply output

Zero crossing: MXS=28%

- - linear fit to the horizontal polarization.

- slope normalized to the initial pol. value



Sextupole fields corrections

3 : > Adjustment to -
Sextupole field ocp? s > | | s » Remove spin tune spread
~.‘Sextupole field ocr BNl orbit P p
1 2 Sextupole operating
e (A+ai,mj,:5>0x where B_is large

&t <c Mmeasurement for several sextupole strengths

| | | | i i | T Linear fit
0.09 Large horizontal beam profile - :
9 P » Best fit: MXS > 0%
0.07} -{ e« Lack of distortions near zero slope
) [ S » Lack of contributions shortening the pol.
g i 7 lifetime (e.g. vertical emittance, coupling to
o -3 - momentum spread)
S 003 % .
=
] - 4
Z .,
0.01 ", — ]
Stray points
0011 I Longer lifetime... to be understood
l l l l l l l | |
_0'[)?1() -5 0 5 10 15 20 25 30 35

MXS (%)
Fraction of the power supply output



Sextupole fields corrections

'Sextupole field oc 1> » Adustmentto ... » Remove spin tune spread
& 2o the particle orbit P P
1 2 Sextupole operating
e (A+ai,mj,:5>0x where B_is large

&t <c Mmeasurement for several sextupole strengths

Comparison with:

[ I I | | | | I |
0.09 Large horizontal beam profile j
smaller beam profile
0.07 - b 1 < Different slope
2 oosk ? _ » Nearly the same zero crossing
.g 003l + | continuously cooled beam
g i .
ko » Longest polarization lifetime = (318+40)s
001 7 + Weak dependence on the sextupole strength
-0.01+ \ -

] | | | | | | | I |
V050 5 10 15 20 25 30 35

MXS (%)
Fraction of the power supply output



S_éxtupole fields corrections

Sextupole field ocr? » AJUSIMENTIO s » Remove spin tune spread
= 2o the particle orbit P P
1 £ 5 Sextupole operating
e (A+ai,mJ:5)Ox where B_is large

Y
T measurement for several sextupole strengths

Comparison with:

0.09 Large horizontal beam profile _
smaller beam profile
0.07} & | <« Different slope
2 oosk ? _ » Nearly the same zero crossing
.g 003l + | continuously cooled beam
; » Longest polarization lifetime = (318+40)s
001 7 e+ Weak dependence on the sextupole strength
-0.01 \ -
- B Sextupole fields can be used
003 515 20 25 30 35 to increase the spin
MXS (%) coherence time up to 1000 s

Fraction of the power supply output



CONCLUSIONS

Feasibility study at COSY for the measurement of an EDM of a
charged particle with a storage ring

Spin coherence time study

@ Development of a spin tracking system to measure the
horizontal polarization as a function of time

@ Horizontal emittance influence on the spin coherence time

@ Sextupole corrections on the horizontal phase space




CONCLUSIONS

Feasibility study at COSY for the measurement of an EDM of a
charged particle with a storage ring

Spin coherence time study

@ Development of a spin tracking system to measure the
horizontal polarization as a function of time

@ Horizontal emittance influence on the spin coherence time
@ Sextupole corrections on the horizontal phase space

Next run (February 2013)

s Sextupole cancellation may be made in both X and Y (simultaneously)
s Better documentation of the beam profiles

s Better control of the emittance
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