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The neutron EDM, source of CP violation

* Spins couple to magnetic fields
with strength u

 Spins could couple to electric fields.
The electric dipole moment (EDM) is
this coupling strength d.

-

Non-relativistic limit of the fermion-photon interaction:

H=—-uoB —doE
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[ T violation and CPT theorem: CP violation. ]
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But also one of the most sensitive probes to
new physics

Comparison of the sensitivity of different observables with the
Standard Model Effective Field Theory: all coupling constants to one.
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Figure by Adam Falkowski, Lectures on SMEFT EPJC (2023)



How to measure the neutron EDM? 4 4

General approach: frequency measurement.
Larmor precession in a known magnetic field and
strong electric field.

A lot of neutrons.

* Beam measurements (cold neutrons). Small interaction time

e Stored Ultra Cold Neutron measurements. Less neutrons.

Long interaction time: minutes.

e Stored Ultra Cold Neutron measurements in

i . Higher neutron density.
superfluid helium

Long interaction time: minutes.



Neutron frequency measurement: magnetic
field stability. AE'B
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Co-magnetometry technique to correct for o A |

magnetic field fluctuations, mercury. z e N it

Neutron: destructive spin measurement. T e

Mercury: non destructive spin measurement. E#M W Wa W? W
< ssezss)

Cycle number

Measurement of the Permanent EDM of the
Neutron, 2020 5




Current most sensitive measurement: nEDM
at PS|

Measurement of the Permanent Electric Dipole
Moment of the Neutron, nEDM collaboration, 2020

dn = (0.0 £ 1154, + 0.25,5) X 10726 e cm
" N

Number of neutrons Homogeneity of B

In n2EDM:

* Increase satistics in larger volume with a better
controlled magnetic field: simultaneous measure is
two chambers for both electric polarities.

* Same principle of co-magnetometry: Hg and Cs.
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Neutron spin gymnastics: Ramsey.

HE Jom Ramsey method of oscillatory fields, counting spin up
and down to derive the precession frequency:

1.0 _
e BOT
0.5
N,, — N 8 3
T =180 "E s up — Ndown o
s ’E o = —acos[n’( — f) <2T -|——>] E oo
Nup + Naown n z AW
—0.51 4 °
’ !E o \dl TOP™® ‘e
Bgrp(t) \PZ/‘E/’ L0 %62 27.466 27.468 27.470 27.472 27.474
faz (HZ)

h

The nEDM is derived from the frequency difference in  o(d,) = S

opposite electric fields.




Active magit etic shield
g PaSS|ve lnagnetlc SlllEld




& Y

,.,.«.

il
ozt




,, Top ground electrode

(s

HV electrode

]
|

¥

r‘!‘!““"
—

/Polarlsatlon cell
A T ,

§

- —— x‘!‘ \ //

Vacuum vessel
® ® O

Bottom ground electrode

& WP

= AR




oo
44

‘\ ///,’ \Ad nY

~ AR A




* Precession
In-situ co-magnetometry. .
shutters g
. . polarsaion
* Larmor precession of the spin of chamber
mercury (better limit on its EDM). UngL
* Continuous reading of the =3 &3
mercury spin precession 254 nm Front view  Heresenel
laser light.
Optical fiber
* Neutrons and mercury are stored varitor
in the same volume, at the same ' S :
tlme. UV light .

Probe

Optical tower photo-diodes

Side view
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Precession signal:  spe~?tm(O=P(0)

Hg199 density Vapor spin
polarisation along
light propagation axis
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Simultaneous precession signals in the
bottom and storage chambers.
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— T2 =43.18 +- 3.2e-02 s
p0 = 0.41 +- 1.5e-04
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Mercury vapor polarisation as a function of time:
> Initial polarisation p,

> Depolarisation time T _ measmwed goal

» Precession frequency ng Do 0.4 1
T, 60 s 100 s

0 (fug) ~ 5 uHz 0.2 uHz
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 Mercury co-magnetometer installed last month.
e Simultaneous measure of neutrons and mercury in both chambers now

possible! b
* We are looking forward to start measuring the nEDM in 2025! UKHEDM
S e e
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Credits to Thomas Bouillaud for illustrations from his PhD thesis.



Simultaneous precession signals in the
and bottom storage chambers.
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