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The n2EDM experiment
A search for new physics at the precision frontier

2024.09.11, SPS annual meeting 2024
Wenting Chen, on behalf of the nEDM collaboration
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Big Puzzel: Baryon Asymmetry

Anti-
matter

np—ng

~ 10718

But observed asymmetry:n =~ 6 - 10710 ?!

Expect (derived from SM): n =

ny

Matter

Sakharov conditions
 Baryon number violation
e C & CP-symmetry violation

Start from Big bang: * Thermal equilibrium Now:

n=0 I —) 1) ~ 6. 10710



Electric dipole moment violates CP symmetry
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(Potential) Sources of EDM

/dn~9_-10‘16e-c )

m
SM: |d,| <1072 ¢ - cm
n
* CKM contribution » d,, ~1073% ¢ - cm _
. OCD 8 - 0 < 1071% very small
Q -term N “Strong CP problem” )
BSM:

* New physics models @ TeV scale predict sizable EDMs.
(SUSY '/, 2Higgs "' ...)

Goal of n2EDM
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How to measure d,,: measure f,

Frequency as observable — f,, = %B + %E
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Two design figures: N.J. Ayres et al., Eur. Phys. J. C 81, 512 (2021)




How to measure d,,: Ramsey method
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Sensitivity: a(d,,) = ZaEh
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Ramsey Asymmetry Plot

Counting N;, N; and get asymmetry: 100
0.751
Ny =Ny 0.50 - Af ~dnE
Ny + N, 0.25 -
< 0.00
as a function of applied RF _0.25 1
1
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A = —acos ln Jre — fn] —1.007
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The journey of UCNs

UCN production

| -\

UCN storage §3 &
Dzo .
SDZ g

Spallation |
target ()




The journey of UCNSs: detection

| * Spin-analysis: Magnetized foils filter out
] polarized neutrons.

| l * UCN counted by 4 detectors filled with
RF coil (ASF) t. - 2 ‘He & CH4 gas.
n+3He - p+3H

Spin-analysing foil

UCN counter |I.

]l

causes scintillation of CH,

Light detected by PMTs




Magnetic field stability

Un dy
= —F + E
Jo = h h

Small, stable B~1 uT (fn,va 27 Hz)!

o
N

fcenter (MH2)

-
o o
-ll> N

o
N

. &
R
S 0000900000 ,004

5 10 15
Time (h)

Stable magnetic field

10

P15

-10

- —10

-—15

(1d) gv



Magnetic field control

Reduce Bbk using passive and ¢ Magnetically Shielded Room
active methods ’ 4

* MSR shields Bbkg:
Size: 4.2 X 5.2 X 5.2 m3

* AMS compensates 5Bbkg using
actlvely controlled coils.
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Monitor B with magnetometers
e 99Hg co-magnetometer

11



Monitor B & AB: 199Hg co-magnetometer

—_——— ' An optically pumped
e e || © magnetometer using °Hg

|dyg| < 7.4%x1073%¢ - cm ™

Polarize Hg atoms using UV light

Hg in polarization chamber » = & - .|

e m ..

[1] B. Graner et al., Phys. Rev. Lett. 116, 161601 (2016)



Monitor B & AB: 199Hg co-magnetometer
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An optically pumped
magnetometer using °°Hg

|dyg| < 7.4%x1073%¢ - cm ™

Probe Hg spin precession with UV light

[1] B. Graner et al., Phys. Rev. Lett. 116, 161601 (2016)
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Monitor B & AB: 199Hg co-magnetometer

U ,Mm."

Laser lab: UV @ 254 nm

An optically pumped
magnetometer using *°Hg

|dyg| < 7.4%x1073%¢ - cm ™

- -

LIght delivery
= -_—-" -

, , Y Challenge: require > 30 m of UV delivery
p = N (free-space + fiber)

[1] B. Graner et al., Phys. Rev. Lett. 116, 161601 (2016) 14



Monitor B & AB: 199Hg co-magnetometer &2

fug extracted by fitting or through demodulation analysis
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Provide E: approaching 180 kV! W

7(dn) = 20ET\N

n2EDM
requirements

o(d,) final 1.1 x107%” e - cm

N (per cycle) 12100
a 0.8
T 180 s

requires E ~ 15

cm 12cm 16



. h
Recent achievements od(d,) = W Q

N
E approaches 15 kV/cm! Ramsey pattern with o ~ 0.9
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nEDM upper limit 90%CL (ecm)

1078

1 0-19
1 0-20
1 0-21
102
10%
102
10%°
10%°

10?7

107
10%2
1 0—33

1 I I
1950 1960 1970 1980 1990 2000 2010 2020 2030

PSI Thanks for your attention
™

e —

/ Smith', Purceil, Ramsley

ORNL, Harvard
MIT, BNL

PNPI -
Sussex, RAL, ILL
nEDM at PSI ]

- V-

O Current Best Limit _

O

44dpPDeoen

v A
v v

\

Goal! %= B

RO\

Year of publication

18






CP violation sources and EDMs

Quantity Notation P|lC | T

Position 7 B QU | A

Momentum (Vector) 7 —1|+1] -1

Spin (Axial Vector) o=rxp ||+1|+1]-1

Helicity 5.7 141+ TeV @ent al CP-odd p@
Electric Field E —1|-1]+1

Magnetic Field B +1-1|-1

Magnetic Dipole Moment B +1 | -1 |41

Electric Dipole Moment G- E 1| -1]-1

Transverse Polarization d-(pyxpa) || +1 | +1 | —1

muon, ... )
neutron
nuclear—+ Csp.r)
: — Ty
vomtc || o ragerid il ot atamagmetic
(T1,Cs,YbF,PbO, .. .) atoms (Hg,Ra,Rn,Xe,...)
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Time

Chair: Michel Calame, Empa & Universitit Basel

16:30

Wave-particle duality in atom interferometers: pre-
cislon measurements at the quantum limit
Fhilipp Trautlain {p)

InterferometersgQRa
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The journey of UCNs: production

Fast | MeV, free
neutron

thermalized

Beam ports
to experiments

thermal

moderated ~ 25 meV
in sD3 (5K) Cold Below 10 meV
downscattered
in SDZ
Ultracold Below 300 neV

i Start: Proton pulse
Spallation target C) 2.2mA, 85/300s )



The journey of UCNs: detection

Kick Storage Time of 120.0 (s)
starts
.| UCN UCNs stored in .
10 Sl e drerlbaa Counting UCN after

mins of storage
— chambers g

Newly injected UCN
goes directly to
detectors for check.

Bottom Counts (counts)

102

10

O 50 100 150
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Monitor B and more gradients: Cs magnetometer

Talk V. Kletzl at 15:15

Type B Type A

Plan to mount an array of 112 Cs cells on plates

24



Hg magnetometer: motivation

Hg atoms also precess: fyg = |@BO| (electric term negligible)

2T

= allow us to cancel the magnetic field drifts!

. fn7F Yn | = |E|
Usearatio Ry = —— = |—| +
T fHg YHg Thfyg
A< fro>
Then extract d,, = laiT (R, —R_)

2|E]

dn

25



Hg magnetometer: data extraction

Use UV laser to spin-polarize the *?Hg atoms.

Release the polarized atoms into precession chambers. :EI

Apply oscillating field B_xy) to flip the 1°°Hg spin by 90°. ::EH

Probe the precession of 1°°Hg atoms by laser.
Light absorption cross-section depends on the orientation of ®?Hg spin and the light propagation.

26



Hg magnhetometer: beam delivery

> > T
- -
Magnetically §
LASER I.AB Shielded 3
Room /f \\ g
=

27



chambers: 1




One cycle for UCN

Preparation
release spin

§ =
BO‘ BO BO‘ BO
B | | Br L
| |_ |

tprr =2's T =180s trp =2S

frr =30 Hz Free precession of n frr =30 Hz

Flip n spin Flip n spin
guide UCN
to USSA

-polarized UCN
into chamber

29



One cycle for UCN & Hg

Use Ramsey method to measure f, 11, fn 11

] 5

S il

L Bra | Bra | | Brs |
| | | | i |
Short tRF tRF =25s T =180 s tRF =2s
frr1 =8 Hz frr2 =30 Hz  Free precession of n & Hg frr3 =30 Hz
Flip Hg spin Flip n spin fug extracted from light absorption data Flip n spin
Preparation
release spin guide UCN
to USSA

-polarized UCN
& Hg into chamber

30



Field stability — chamber difference

Run 4215 Working Point Gradient Drift

0.30
0.5
. . 0.25
The drift of magnetic N
N
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