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1. Baryogenisis, CP violation and the neutron EDM

The Standard Model (SM) does not account for the
baryogenisis (i.e. why the known Universe is made of
only matter and not a matter/antimatter mixture).

It has been established that to explain this:

- CP violation processes/observables,

- B number violation and

- Departure from thermodynamic equilibrium are required [Sakharov,
JETP Lett.(1967)].

Electric dipole moments of elementary particles and
nucleons could provide the sources of CP violation that
are required.

for the neutron electric dipole
moment (EDM) d, is too small of a CP source,
however theories beyond SM predict much higher
values.
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GOAL of n2EDM experiment: push down experimental limit of |d,,| < 1.1 x 107%7e - cm

C. Abel et al. arXiv:1811.02340

C. Abel et a/, Phys. Rev. Lett.

124, 081803


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.081803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.081803

1.1 The neutron EDM d,,

The precession frequency of the neutron spin is Wy, =

if d, +0
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2. The n2EDM experiment
(1) /2 spin flip pulse
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2.1 The systematic shift dﬁ“‘gli?n

The neutrons are much slower and precess much faster than the Hg atoms. 4

X
= f the B field i
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Vp K Vyg Q. the B field is
e O RN not perfect
and 2o
Y = Hg s 2 ¥ (|B) = I{B)
Gy are the magnetic field gradients
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[Abel et al., arXiv:1811.06085 (2018)]



2.2 The caesium magnetometer array subsystem

The CsM positions were
calculated with a genetic

In the n2EDM experiment
me  algorithm.

|§| will be monitored at
different positions with an
array of 112 caesium

magnetometers (CsM).

© The optimization focused on
resilience against imprecision
in  therr  positions  and
magnetic field readings.

|§| at Gy, are dﬁ'és_?UCN Is characterised
CsM xyz . calculated (Goal: Ad{laglieUCN <4x107%8¢-cm)
\ J




~Modulated Amplitude

-
-
-
-
-
L
,

2.3 The caesium magnetometer

D1 line, 6°S, ,,F=4—6°P, , F'=3

Freq. Stabiliser /
i 3 probe
. L ML~
Electrooptical _ >
juneabe @M 5 Fs > modulator fime
Diode Laser

(EOM)

Amplitude

/CSM characteristics: \

— Bell-Bloom type, with modulated amplitude
[Gruji¢ et al., EPJ D (2015)]

Cs Cell

— Linear polarisation £ L B

— Free Alignment Precession (FAP) at 2w,

\ (Larmor frequency) /

™ Photodiode (PD)



2.3.1 The caesium magnetometer: pump regime
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2.3.2 The caesium magnetometer: probe regime
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\ freely around Z / at its maximum s at its minimum




PD photocurrent (uA)

2.3.3 The caesium magnetometer: signal

The recorded probe signal i1s demodulated to obtain w;.

Fach CsM provides a |B| = =% measurement at a rate of 10 Hz.

4

probe

0.04

0.06

0.08
time (s)

0.10

0.12

Ycs
/1_62 \
1.60
3
=
— 158 ———————
o
o
3156
2 :
[} ]
5154 1 58 \
o —
<
1.52 3.
R
=
1.50 =
0.04 0_05‘\0_06 007 0.0 o
L.
time (s) S 156
o
=
o)
=
O
()
o
1.54} .




4

The Glass ”p’id?r‘f"}\:\| ‘ H;ﬁ!

Cae5|um

Wil

B
!

\w 1 magnet |-

3. Recipe for a caesium magnetometer cell
Adapted from procedure developed in the University of Fribourg arXiv:0812.4425

A glass “spider” (with 10 spherical bulbs)
Three magnets
An oven

A hand torch
A vacuum system

A pinch of paraffin
A pinch of pure caesium



~ 40 cm

— Why Caesium?
e Good amount of saturated vapour at room
temperature.
e (Convenient hyperfine spectrum for
magnetometry.

Why Paraffin?
e Anti-spin-relaxation coating; it ensures T2
time (i.e. decay of oscillatory signal) s

‘Y ; maximised
J 4—[ Caesium ]

- <[ Glass Seal ]

/ 1. Prepare the “spider” with sealed ampoules of
p I | paraffin and caesium. Place two magnets inside
It In the appropriate positions.

| f _ 2. Connect the “spider” to the vacuum system
\ A and wait until the pressure right before the
glass flange stabilises < 107¢ mbar.
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3. Break the paraffin seal.

4. |solate the “spider” inner volume
) from the vacuum system with the
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5. Warm up the spider inside the
oven at 370°C, such that the
paraffin vaporizes and coats the
whole inner surface evenly.




6. Restore the connection of the
“spider” volume to the wvacuum
system.

7. Break the Cs seal



8. Chase the caesium with the hand
torch such that it ends up
N\ o/ deposited on the appended arm of
\ ’(’ y4 the spherical bulb.
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9. Use the hand torch to remove
each cell.
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Result: 10 brand new caesium
cells, ready to be used in
magnetometers!
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Final remarks

1. The n2EDM experiment at PSI has the goal of measuring |d,| < 1.1 X 107%7e - cm
with 90% C.L. This means more insight into beyond SM theories will be gained.

2. In order to characterise the systematic shift df{aés_?n, the magnetic field gradients in the

experiment need to be properly measured. This will be done with an array of CsM.

3. The fabrication of the caesium cells is ongoing and will most likely be finished before
the end of this PhD.

Thank you for your attention.
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