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• Baryon asymmetry in the Universe
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We start from an observation …

𝜂𝑜𝑏𝑠 =
𝑛𝑏

𝑛𝛾
∼ 10−10  > 10−18 =  𝜂SM

Sakharov Conditions

Violation of the baryon number
CP violation

Thermal non-equilibrium



• Neutron electric dipole moment (nEDM)
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The neutron electric dipole moment
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The nEDM as CP violating probe
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Where are we now?

https://doi.org/10.1103/PhysRevLett.124.081803
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Principle of measurement
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Principle of measurement
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Measuring frequency: Ramsey 
method 
of separated oscillatory fields 
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Measuring frequency: Ramsey method 
of separated oscillatory fields 
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Please note: 
exagerated scales! 
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Measuring frequency: ramsey method 
of separated oscillatory fields 
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• Energy     𝐸𝑛 < 300 𝑛𝑒𝑉

• Total reflection       

• UCN source at the Paul Scherrer Institute!
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Ultra-cold neutrons

𝑠𝑖𝑛ϴ𝑟𝑒𝑓𝑙 <
𝑉𝑛𝑢𝑐𝑙𝑒𝑎𝑟

𝐸𝑛
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An overview of the n2EDM experiment

Spin analyzer 
detectors
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The B0 and trimcoil system

𝐵0 = 1 µT ∙  Ƹ𝑧
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Neutron precession chambers 
𝐵0

𝐸 180 kV

GND

GND

neutrons

neutrons
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Neutron precession chambers 

𝐵0

𝐸



• Double chamber setup + B0 non-uniformity → systematic 
effect

• Solution: monitor the field non-uniformities
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One challenging aspect: field non-uniformity 

𝑑𝑛 =
ℎ
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Δ𝑓𝑓↑↑ = 2(

𝜇𝑛

ℎ
𝐵0 +
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ℎ
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≈ 7 nHz

≈ 30Hz for 1 µT

if dn ∼ 10−26 𝑒 𝑐𝑚 & 𝐸 ∼ 10 kV/cm 

!
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Mercury co-magnetometer

neutrons

neutrons
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Mercury co-magnetometer

neutrons

neutrons
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Another challenging aspect: spin transport

𝐵0

𝐵
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The spin transport coils

Achieved efficiency: >99% !
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Present situation: we’re ready for taking data!

Next: sensitivity goal 10-27 e cm!



Thanks for your attention!
Time for a few questions ☺

Gian Luca Caratsch
Bormio, 20 January 2026



Backup



The asymmetry

8

𝐴 =
(𝑁↑ − 𝑁↓)

(𝑁↑ + 𝑁↓)

𝐴 = 𝑃 × α
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Ultra-cold neutrons

Properties

< 300 neV

5 m/s

Reflected off materials: storage 
possible! 

At PSI: ultra-cold neutron 
spallation source →



Spin transport = high adiabaticity

𝐾 =
ω𝐿

ωϴ
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𝐵 𝐵

x



STC efficiency calculation 
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Direct shot into the detectors 
(without storage)

Depolarization in the 
chambers



Neutron detectors @n2EDM

Spin dependent neutron detection

12

• 2 Detectors per chamber
1. Spin Up 
2. Spin Down 

• Gaseous detector
• Capture neutrons:

n + 3He → p + 0
3H

• Scintillation in CF4

Spin flipper

Spin analysing foil

UCN Counter
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Spin-flip rotating field Perform “Ramsey 
cycle”

• 2 independent coils in 
to produce 𝐵⊥ in 𝑥, 𝑦

• Same spin-flip pulse for 
TOP and BOT chambers 



B0 coil
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Active magnetic shield (AMS)

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

• 8 independent coils

• 55 km of wires 

• kW heat dissipated

https://doi.org/10.1140/epjc/s10052-023-12225-z
https://doi.org/10.1140/epjc/s10052-023-12225-z
https://doi.org/10.1140/epjc/s10052-023-12225-z
https://doi.org/10.1140/epjc/s10052-023-12225-z
https://doi.org/10.1140/epjc/s10052-023-12225-z
https://doi.org/10.1140/epjc/s10052-023-12225-z
https://doi.org/10.1140/epjc/s10052-023-12225-z


Optical Detection of 𝑓𝐻𝑔

1) spin-polarize the 199Hg atoms along the 
magnetic field axis, spins stay oriented in the 
holding 𝐵0 field

2) release 199Hg into the precession chambers
3) apply RF pulse in xy-direction to flip spins by 90°

4) spins precess at Larmor frequency
5) Probe with a linearly 𝜋 polarized UV laser

𝐸 𝐵0

UV 
laser

𝜆 = 253.7 nm

π

33
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