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Overview

- The motivation for the n2EDM experiment

- The requirement for spin transport coils

- Calculation of the spin transport efficiency
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Motivation
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Baryon asymmetry in the Universe
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Violation of the baryon number
C and CP violation
Thermal non-equilibrium
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PSI

The neutron electric dipole moment

* Neutron electric dipole moment (hnEDM)
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Goal of the n2EDM experiment

https://doi.org/10.1103/PhysRevLett.124.081803
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Principle of measurement j PSI

hfrr = 2(upBy + dyE) hfry = 2(upBy — dyE)
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Principle of measurement ff PSI

hfrr = 2(upBy + dyE) hfry = 2(upBy — dyE)

h
‘ dn —EAf

Paul Scherrer Institute PSI



An overview of the n2EDM experiment

Magnetic shield \
!iv

Polarizer magnet (5T)

Precession chambers

Neutrons
/

Spin analyzers —

8 SWltCh 14.04.2026



Another challenging aspect (my thesis): spin transport
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Spin transport = high adiabaticity B PSI

§—> / ’ 1 Wyrot

Polarlzmg
magnet

o o ¢ 6
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Problem: the magnetic shielded room
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Spin
Transport
Coils (STC)
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' PSI
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B, values from simulation data (top)
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The first asymmetries

- Procedure
- Fillthe neutrons for some time
- Stored them
-  Empty them into the spin analyzers
- Calculate the asymmetry A . (NT — Nl)

~ (N1+ NY)

- After 200s storage time, 35s filling time
- 85% for the upper chamber
- 90% for the lower chamber

15 Paul Scherrer Institute PSI 14.04.2026



Estimation of the spin transport efficiency

16
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Estimation of the efficiency (rough)

17

Afinal = Ainitial * €

Step 1: no asymmetry
measurement at the

beginning of the shielded
room!

Ainitial ~ Adirect

Paul Scherrer Institute PSI
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Estimation of the efficiency (rough)

Afinal = Agirect * €

Step 2: considering the
depolarization happening during

storage
tStOTB

Ty

Afinal(tstore) = Agirect * €|* €
— A(0)

PSI
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Extrapolation of A(O)
Storage curve, top, Run 5654
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Estimation of the efficiency (rough) PSI

A(0) = Agirect * €

Step 3: How is € correlated with
the STC efficiency?

Naiv approach (just in and out):



Estimation of the efficiency (rough)

A(0) = Agirect * €

Step 3: How is € correlated with
the STC efficiency?

Naiv approach (just in and out):

2 1+
€ = €s7c = CsT
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The filling time problem

neutron guide wall

U21IMs “IAIDS

neutron guide wall

wyi1l+wy3-34+ws:-54+ .=1+4+¢
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Final model

23

Paul Scherrer Institute PSI

2+8(trin)
A(O, tfill) = Agirect * €orc e

For E(tfiu) = §p - (tfill_tmin)

D Psl
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Final model

* Measure A(O) for different filling times

* Atthe end of each storage curve: direct shot!

A, tri)  248tr)
= €src

Adirect

For E(tfill) = E ¥ (tfill_tmin)

24 Paul Scherrer Institute PSI
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25

Filling time scan, Runs 7700-7702 / 7712-7722
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gbot = 0.996+\-0.001, £2°t = 0.21+\-0.1, t7"= 2.1+\-0.3
€SP = 0.993+\-0.002, £ = 0.13+\-0.03, tJ/"= 4.6+\-3.1
§ Bottom
]: ¥ Top
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Outlook (just an example)

26 Paul Scherrer Institute PSI
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Summary

27

The n2EDM experiment and why spin transport is important

The spin transport coils and their high efficiencies

New spin transport coils

Paul Scherrer Institute PSI
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Thanks for your attention
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PSI

The nEDM as CP violating probe
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PSI

The neutron electric dipole moment

* Neutron electric dipole moment (hnEDM)
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D3 rate (counts/s)

Measurements with polarized neutrons

UCNs_D3 Run3315 Cycle16

—
(=]
™~

—
o
w

10?

10

UCNs_D3 Run3315_Cycle16
Entries 4452
Mean 74.47
Std Dev 75.41

—
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We start from an observation...

32

) PS

Baryon asymmetry in the Universe

mMatte’
ny
— —10 —-18 __
Nobs — — ~ 10 > 10 — Tsm
ny \\
Sakharov Conditions

Violation of the baryon number
CP violation
Thermal non-equilibrium
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Ultra-cold neutrons

Properties

<300 neV
5m/s

Reflected off materials: storage
possible!

At PSI: ultra-cold neutron
spallation source -

33 Paul Scherrer Institute PSI
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One challing aspect: field non-uniformity

* Double chamber setup + B, non-uniformity > systematic effect

e Solution: monitor the field non-uniformities

34

Insulator

HV electrode

ifGround electrode
UCN shutter

Paul Scherrer Institute PSI
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PSI

The nEDM as CP violating probe
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The asymmetry y PSI

_ (NT — Nl) 0.75
(Ny + Ny) |

0.25-

<C 0.001

—0.251

A=PXa
~0.751

—1.00+

fOC )



Neutron precession chambers PSI
Neutrons -
« Two precession chambers B,
* Highly uniform BO field (1 pT) GND
* Electric field (15 kV/cm) 180 kV
~ 30Hz for1 pT GND
u d
n n
—_— —_— |
fTT B 2( h BO | h E) Neutrons -
N e/

~ 7 nHz
ifd, ~107%° & E ~ 10 kV/cm

~ 1 rotation per YEAR
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Where are we now?

https://doi.org/10.1103/PhysRevLett.124.081803
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Ultra-cold neutrons

sinf < sinf, = \/V/E

R. Golub et al., Ultra Cold Neutrons, 1991

39 Paul Scherrer Institute PSI
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STC efficiency calculation

Direct shot into the detectors
(without storage)

40

D(t)) g A(0)} e~/

Depolarization in the
chambers

) s



Neutron detectors @n2EDM

Spin dependent neutron detection

2 Detectors per chambe

: 1. Spin Up
Spin flipper e 2. Spin Down
Gaseous detector
Spin analysing foil —gg— Capture neutrons:

n+ °He—-p+ 3H
UCN Counter N Scintillation in CF,

12




Chambers (fully assembled)

Cs magnetometer

Hg polarization cell

e— Grounding shell

——— Insulator

HV electrode

\‘,meund electrode
UCN shutter

42 Paul Scherrer Institute PSI
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» PSI

2%

Spin-flip rotating field Perform “Rams

cycle”

* 2independent coilsin
to produce B inx,y

I3 -_-“-m,“ H Il ¢ Induces currentin Al
2\l vacuum vessel

e Same spin-flip pulse for
TOP and BOT chambers

| ‘4}7"“

/47




BO coil

it st i

T LT

o ki
HumRin
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Active magnetic shield (AMS)

109 ]
> 108
o) -
5]
E 5
2 10}
E o
0
= i

108

10°

0.01 0.10 1
frequency (Hz)

* 8independent coils

e 55km of wires

* kW heat dissipated

45

Eur.Phys.).C83,1061(2023). https://doi.org/10.1140/epjc/s10052-023-12225-z
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