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This talk: Permanent EDM along spin direction
(of charged particles, e.g. electron, proton, ...)

Talk about tiny EDMs: |d| &~ O(1072%) e - cm Proton - Sun

Planck length: {p ~ 1.6 - 107°% cm repM| ~ 10 pm
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ng —nNg 6-10710 observed
TIBAU = — —18 :
n 10 Standard Model Expectation

Either they were created in different amounts or antimatter was
lost along the way

Dark Energy
Accelerated Expansion
Afterglow Light
Pattern  Dark Ages Development of
400,000 yrs. f Galaxies, Planets, etc.

Matter Antimatter

Inflation

Quantum §-
Fluctuations

1st Stars
about 400 million yrs.

Big Bang Expansion

13.7 billion years
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Sakharov (1967): Need 3 conditions for o 1ok
baryon asymmetry .

1.) Baryon number violation

2.) C and CP violation

3.) Non-equilibrium interactions Tapesm Hoessccu s

Currently: CP violation observed in weak interaction

Plan: Search for CP violation in QCD, SUSY, etc.
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CPT theorem: T violation — CP violation
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In rest frame: fl_s =ix B*+dxE*
T

Transform fields into rest frame, use equation of motion

- get T-BMT Equation,  ~_ 9~ 27 na 107" for |[d| =107 ¢ cm

2
Cfl_f — gX(QMDM—I-QEDM)
Grror %(Gé_%flg(g.g)_@_%l_l)5>;15>
Qepu = 2”—1(5—#5(5’@’)+ch§>

small, neglect for now
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Gripy = i(GB—(G— . )BX )
m v —1 C
QEDM = /e (E—I—CEX é)
2mc
Option 1: All-Electric Ring Option 2: Combined E- and B-Fields
B =0,

Qupym =0, Qepy o< Fp

“magic momentum”

Can vary momentum
Works for all particles
B-Fields difficult for systematics

Qarpar =0, Qepar x E

Only if G>0 (protons, electrons)
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e Inject longitudinal
polarized beam

e Run in frozen spin
mode

e Observe build-up of
vertical polarization

(IE] = 10MV/m, = 10"1%)
Expected build-up rate for protons (all electric ring): \QEDM| ~1.6-107" rad/s
Bending radius (beam) R =~ 42 m
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COoler SYnchrotron in Julich

[ ‘1_;_....' ..:...l  Circumference: 183m

!,gm!!“" Ll All-magnetic — no frozen spin

=== runs possible

« Use a third concept for EDM
measurement: run RF-Wienfilter
on spin resonance

e Systematics not great, don't
expect very stringent EDM limits

« Great to study systematic errors,
learn to design a dedicated EDM
ring

e Test and benchmark equipment
and simulations
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Typically: Don't worry about SCT:

\

At injection all After some time, spin vectors get out of
spin vectors aligned (coherent) phase and fully populate the cone

Polarization not affected!

Problem with frozen Spin:
Neo

Longitudinal polarization
vanishes!

At injection all spin vectors aligned Later, spin vectors are out of
phase in the horizontal plane
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Normalized Polarization

<

March 28th, 2017

1.2
1.0
0.8
0.6
0.4
0.2

0.0
0.04

0.00

L L I
PRL 117 (2016) no.

| 1y | oan |

: .

Time (s)

Martin Gailler

_004-.I|I|I|I.I.I/T
0 200 400 600 800 1000 12 1400

RWTHAACHEN
UNIVERSITY

, 054801.

12



spin revolutions
Vg = b ~ Gv =~ —0.16

turn

— (Deuteron) Spin precesses at ca. 120 kHz!

WA N
LA AN

Too few polarimeter events to Map many events to one cycle
resolve oscillation directly! Phys. Rev. ST Accel. Beams 17,
052803 (2014)
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PRL 115, 094801 (2015)
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number of particle turns [106]
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Frozen spin concept: Keep RF Wien filter method: Keep
spin in forward direction RF Wien filter in phase with

spin rotation
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Feedback system allows to set arbitrary phase relations between
spin and RF elements

— Rotate spin back into vertical direction using RF solenoid, rate
depends on phase between spin and solenoid
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« EDMs are possible source of CP violation

« JEDI Collaboration is developing highly precise methods
to measure and control the spin of charged particles

e Results put us on a good way for a first EDM
measurement of the deuteron at COSY in 2018
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