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What is an EDM? =

Electric Dipole Moment quantifies the interaction between
the spin and the electric field
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EDM 1in Water
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Baryon asymmetry

Sakharov conditions:
1. Bayon number violation

2. C and CP violation

3. non thermal equilibrium

e >0 o _>.+\_\__\antimatter
® © o
— OCw -
® ® o - matter




C,PT symmetries

C Charge conjugation q— q

P  Space inversion r- -r

T Time reversal t— -t

CPT theorem
CP violation < T violation
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EDM and P violation
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EDM and T wviolation
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Beam

Limit of the neutron EDM =
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Ramsey technique
j Time line .
Polarised | RF spin flip Free precession RF spin flip Detection of
neutron spin state
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Ramsey fringes
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Phase scan technique =

Time line
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Polarised | RF spin flip Free precession RF spin flip Detection of
neutron spin state
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Beam

Phase scan with EDM S
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Beam

Phase scan with EDM S

Time line .

Polarised | RF spin flip Free precession RF spin flip Detection of
neutron spin state
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Flipping probablility
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Beam

Phase scan with EDM S
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Contributions
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The Beam EDM setup e
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Chopped
neutrons

=y

= ey

The Beam EDM setup

Vacuum
pipe

Spin
Analyser

2D Pixel
Detector




Neutron Chopper ~

Pulse frequency ~ 50 Hz
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The Beam EDM setup:
magnetic field

Standard Values

B,=(0,0,125uT) B, ,=0




The Beam EDM setup: B
Electric field

=

Characteristics

* Material:
Al electrodes
ceramic insulator
* Dimension:
Imx2cmx9cm
Imx3cmx9cm
* Separation:
from bmmto1l cm
* Goal field:
100 kV/icm @ 1 cm




The Beam EDM setup: —
Electric field

Characteristics

* Material:
Al electrodes
ceramic insulator
* Dimension:
Imx2cmx9cm
Imx3cmx9cm

* Separation:
from 5mmto1 cm

* Goal field:

e S . 100 kV/cm @ 1 cm
e N insulator




The Beam EDM setup: B
Spin Flipper
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The Beam EDM setup: =
Spin Analyser




The Beam EDM setup: B
Spin Analyser




The Beam EDM setup: —
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Beam

W EDM
Standard measurement
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Asymmetry
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Contributions
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Phase VS TOF
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Conclusion Lo

Up to now:

* Novel technique with
pulsed beam

* Design, construction and
improvement of the
apparatus over 2 years

* 3 Beam times performed
> 1t EDM measurement

> Several other physics
results

Yet to come:
* Beam time at ILL 2020
> Improve B and E

> Long EDM
measurement

* Opportunity for students
> PhD

> Master/ bachelor
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Phase VS TOF L

B scan UP -DOWN
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Comparison UP and DOWN for B=122pT
without the linear componant
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Beam Time PSI 2018: —
ﬁrst EDM measurement
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Beam Time PSI 2018:
ﬁrst EDM measurement

150}

100 [}

i I|||” |‘|I“'| || |I‘||h||1; I|‘|

HI iy .I Uiy |||I|l| il |||] i ||||||H||||l I||| il i'|| ||||||1 |H ‘H |||| “ I ‘ -II : I

| I ‘ fe]

~50 ¢ | s

li il
-100 {i

-150
U S S e (S S S N e i
12 14 16

Time [ms]




Beam
W EDM

Feynman diagrams stong and wea
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