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Motivation - Matter/Antimatter Asymmetry

@ Big Bang: Np = Np
Equal amount of matter &
antimatter

Sakharov Criteria:
1. Baryon number violation
2. No thermal equilibrium

@ Early universe:
Asymmetric annihilation

processes B+ B — 7y + ... 3. C and CP-Violation
o Today:
Asymmetry be.’rween matter Asymmetry | from SCM | measured
and antfimatter. (N5 — N3)/N, 1018 1010

= According fo A. Sakharov: CP Violation is needed
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EDM - Electric Dipole Moment

@ Fundamental property of a
elementary particle:
d=d-S= gﬁs

@ Similar to the MDM (Magnetic Dipole

Moment):
fi=p-S=452S

H=-d-S-E—p-
S

L W
os]
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T(H)=+d-S-E—u-S-B
@ EDM violates both P and CP symmetry assuming CPT Theorem holds
@ EDM is a probe for CP violation beyond the SM
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Spin Dynamics in a Storage Rings

@ The EDM of charged particles can be measured by studying the spin motion of
particles in a storage ring.

@ Evolution of spin motion in a storage ring is described by the Thomas-BMT Equation
defined by MDM and EDM contributions.

@ As in a pure magnetic storage rings the magnetic field B field is applied vertically
» MDM causes in plane precession.

» EDM causes out of plane precession.

d§ = =g =2 - q
a (v — Qeye + Qepyr) X S = Py (

@ In plane spin precession takes place around the ISA (Invariant Spin Axis) risa.
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Invariant Spin Axis

@ No spin precession when spin vectors
are aligned with ISA.

Invariant Spin Axis
@ Due to MDM, spin precesses in Spin Vectors

horizontal plane when not aligned Spin Precession Plane
with ISA.

Invariant Spin Axis

@ Due to EDM, the ISA is tilted in the
radial direction rn,:

¢Epy = arctan <@> Peom

2G Spin Precession Plane
sin ¢epy DM 3 e
fsa = | cosdppm | & 1 e 1
T -
0 0 : n,

Maximilian Vitz m.vitz@fz-juelich.de Member of the Helmholtz Association

Determination of the Invariant Spin «a COSY model using Bmad 6/13



UJ JULICH

Forschungszentrum

Measurement Principle of ISA
@ Inject vertically polarized deuteron beam.

@ Solenoid: Rotate polarization into accelerator polarimeter

plane. Also used to compensate long. fields. free precession

@ Polarization vector precesses in accelerator

turn spin
plane around ISA. -

@ Wien-Filter: RF Device for torque on EDM.
Originally in-plane polarization goes
out-of-plane.

@ Polarimeter: Measure build-up of vertical

polarization.
PEDM + DRing
Tysa 7~ 1

@ Challenges:
é-Sol + {Ring

» Sufficient Spin Coherence Time
» Ring imperfections cause systematic effects
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@ RF device with E-Field and B-Field, tuned to spin precession frequency w.
> Rad. E-field: Ey o cos (wt + ¢rer)
> Ver. M-field: By o< cos (wt + ¢rer)

@ Lorentz Force in the center vanishes. Beam Orbit is not perturbated.
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Resonant Wien Filter Method

@ RF Wien Filter not included: Lo

In plane spin precession due to MDM,
small, fast oscillating vertical

ot
n

—— RF Wien Filter turned off

polarization due to EDM.

Vertical Polarization py,
o
(=]

400 600 800 1000
Seconds

—— RF Wien Filter turned on

= No net build up of vertical polarization s

measurable. -1.0
0 200

1.0

o RF Wien Filter included: £ os

As its tuned to spin precession §

frequency and used to accumulate 3 °°

the EDM signal. g Zos

= Enhanced oscillation, therefore net build 2 10
up of vertical polarization measurable. 0 200
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Vertical Polarization Build Up
. d
@ Build up € o< £ py(t) 0.15] T Wr 095000 mras S 71 650819 s
. . ——+——  WF 27.055401 mrad Snake 21.630419 mrad
depends on orientation of o 01| ——H— wr270ss01 mraa Snake 0000000 mrad -
— 4 WF -25.258600 mrad Snake 21.630419 mrad g —+
. . . c - e
IEA nysa to Wien Fll’rer Fields % 0.05F . i++++
nwr and compensation of B ontEta et e
SR , 3 CEEEETEL
long. fields via Solenoid. 2 oosk ==
S TE RS k"’& e
@ To compensate EDM signal & _o.4F ST T
. . 8 c \ « =+
and radial systematics the _0.15F e T
Wien filter is rotated by an ok WE & Snake On
130 140 150 160 170 180 190 200
angle ¢wr around beam. Time /s
2
¢WF ®EDM T DRing
2 = = 2
€ (dwr, Esor) X |Tiwr X Misal” = 1
€Sol + £Ring
2
= ((¢EDM + (bRing) + €Sol + éng)

Maximilian Vitz m.vitz@fz-juelich.de Member of the Helmholtz Association

Determination of the Invari Axis in a COSY model using Bmad 10/13



IJ JULICH

Forschungszentrum

COSY - COoler SYnchrotron

@ Circumference 184 m

@ Accelerates and Stores
Polarized/Unpolarized
Deuterons and Protons

e p=03—-387GeV/c

@ Internal and external '\%. ..... S

. B
experimenfs ~‘\“|\D‘m" Electron cooler ?é'
External measuring stand-.-- —. S, 97
@ Hadron — N Pegee®
. .. . ey ‘J'_r”)?%{ e
Physics/Precision P T
! . > .
Experiments AR

@ 2 Electron Coolers
@ 1 Stochastic Coolers
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Precursor Runs

@ Direct Measurement of deuteron EDM performed in the two so called precursor
runs by the JEDI-Collaboration.
@ Exp. Res.: ¢wr ~ —1.76(1) mrad ., €su

+5.53(4) mrad
Sim. Res.: pwr = —0.1119(3) mrad, Esy

—0.3697(3) mrad

QX

Simulation

@ Differences are yet to be explained. One problem is that the fit is only correct if
Beam || B, also the simulation model needs improvements e.g. the orbit.
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Summary and Outlook
@ EDMs of charged particles can be directly measured in storage rings. An RF Wien

Filter device can be used for such a purpose to causes a net build-up of vertical
polarization.

@ The Invariant Spin Axis is the observable for the EDM magitude. It is impacted by
the EDM as well as ring imperfections.

@ The results of the precurser runs can yet not be explained within the simulation.
Further improvements on the simulation model as well in determining correction
factors for non ideal trajectories through the devices are needed.

@ A new beam time is planned for this purpose within the next months.
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@ Provides longitudinal magnetic field:
» Used to rotate polairzation in horizontal plane.
» Also provides field to search for the ISA.
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CaIboi Target

Beam Shape

1 N
HHHD N

§

@ JEPO for Determination of Beam Polarization:

> Left-Right Assymetry indicates vertical Polarization
» Up-Down Assymetry indicates horizontal Polarization
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Appendix - SCT - Spin Coherence Time

@ Tgcr defined as the time unfil
initial polarization falls below
1/e.

@ Precise adjustments of three
sextupole families in the ring.

@ In COSY Tgcr of over 1000
seconds with about 10°
stored deuterons achieved.

Normalized polarization

@ Large value of Tger of
crucial importance, since

—1
Ostat X Tger:

~0.04 PR U N O BRI Loy
0 200 400 600 800 1000 1200 1400

@ Buildup time t to observe
Time (s)

polarization Py(t) limited by

Tscr-
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