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nEDM is interesting because…

• Strong CP problem

• BSM CP violation

• Baryon asymmetry

• Fundamental property of a building block of matter

𝑑𝑛 ∼ 10−16 𝑒 cm 𝜃 + 𝛿𝑛
BSM + 10−32 𝑒 cm

SM expectation
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Long history of measuring nEDM
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1) Measuring nEDM

3) Quantum frontier with n3EDM?

2) n2EDM at PSI
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So how can we access the neutron’s EDM?

𝝁

𝒅

𝐻 = −𝜇𝑛
Ԧ𝑆

𝑆
⋅ 𝐵 − 𝑑𝑛

Ԧ𝑆

𝑆
⋅ 𝐸
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Measure the associated transition frequency!

ℎ𝑓↑↑ = 2(𝜇𝑛𝐵 + 𝑑𝑛𝐸)
𝝁

𝒅

≈ 29 Hz ≈ 7 nHzn2EDM:

𝐻 = −𝜇𝑛
Ԧ𝑆

𝑆
⋅ 𝐵 − 𝑑𝑛

Ԧ𝑆

𝑆
⋅ 𝐸



7

Use Ramsey’s technique 
to measure 𝑓

Spin-polarized neutron
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Use Ramsey’s technique 
to measure 𝑓

Spin-polarized neutron
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Apply “𝜋/2” spin-flip pulse

Measure final polarization



12

Spin-flip pulse sensitive 
to resonant frequency!

Apply “𝜋/2” spin-flip pulse

Allow free precession at 𝑓↑↑, 𝑓↑↓

Apply “𝜋/2” spin-flip pulse

Measure final polarization

𝑓↑↑

Spin-polarized neutron
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…and if we measure both spin-states of UCNs

𝐴 ≡
𝑁↑ − 𝑁↓
𝑁↑ + 𝑁↓

𝑓↑↑
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…and if we measure both spin-states of UCNs

𝐴 ≡
𝑁↑ − 𝑁↓
𝑁↑ + 𝑁↓

≈ −𝛼 cos 𝜋
𝑓spin flip − f↑↑

𝑣

𝑓↑↑
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…and if we flip the electric field, we can access 𝑑𝑛!
𝑓↑↑

ℎ𝑓↑↑ = 2(𝜇𝑛𝐵 + 𝑑𝑛𝐸)

ℎ𝑓↑↓ = 2(𝜇𝑛𝐵 − 𝑑𝑛𝐸)

𝚫𝒇 ∼ 𝒅𝒏

𝑓↑↓
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…and if we flip the electric field, we can access 𝑑𝑛!
𝑓↑↑

ℎ𝑓↑↑ = 2(𝜇𝑛𝐵 + 𝑑𝑛𝐸)

ℎ𝑓↑↓ = 2(𝜇𝑛𝐵 − 𝑑𝑛𝐸)

𝚫𝒇 ∼ 𝒅𝒏

𝑓↑↓

But we need STORABLE 
neutrons  Ultra cold neutrons
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Ultra-cold neutrons - UCNs

Ultra
cold

Cold Epithermic Slow Intermediate Fast

300 neV 25 meV 1 eV 10 eV 1 MeV
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Ultra-cold neutrons - UCNs

Ultra
cold

Cold Epithermic Slow Intermediate Fast

300 neV 25 meV 1 eV 10 eV 1 MeV

Typical production 
energy

Where we do 
experiments
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Producing UCNs at Paul Scherrer Institut (PSI)

• Proton beam on Pb spallation target 
(~8 n/p)

• Moderated down to ultra-cold via 
heavy water & solid D2

• Extracted to experimental hall
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PSI isn’t the only one after 10−27 𝑒 cm

• PanEDM at ILL

• LANL nEDM

• TUCAN at TRIUMF

• nEDM SNS

• BeamEDM at ILL

• J-PARC 

• n2EDM@PSI



3) Quantum frontier with n3EDM?

1) Measuring nEDM
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2) n2EDM at PSI
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n2EDM at PSI
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n2EDM at PSI

ℎ𝑓↑↑ = 2(𝜇𝑛𝐵 + 𝑑𝑛𝐸)

ℎ𝑓↑↓ = 2(𝜇𝑛𝐵 − 𝑑𝑛𝐸)

Simultaneous measurement 
from Top and Bottom chamber
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n2EDM at PSI

ℎ𝑓↑↑ = 2(𝜇𝑛𝐵 + 𝑑𝑛𝐸)

ℎ𝑓↑↓ = 2(𝜇𝑛𝐵 − 𝑑𝑛𝐸)

Simultaneous measurement 
from Top and Bottom chamber
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PMT

PMT

HV Stack Spin detector
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Actually extracting the nEDM

𝑓 =
2𝜇𝑛
ℎ

𝐵 ±
2𝑑𝑛
ℎ

𝐸
Even if we take differences of frequencies, 
drifts still happen!
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Actually extracting the nEDM

𝑓 =
2𝜇𝑛
ℎ

𝐵 ±
2𝑑𝑛
ℎ

𝐸

Take a ratio with a “co-magnetometer”, Hg!𝑅 ≡
𝑓

𝑓Hg
=

𝜇𝑛
𝜇Hg

±
2𝐸

ℎ𝑓Hg
𝑑𝑛

Even if we take differences of frequencies, 
drifts still happen!
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Actually extracting the nEDM

𝑓 =
2𝜇𝑛
ℎ

𝐵 ±
2𝑑𝑛
ℎ

𝐸 Magnetic field drifts will spoil sensitivity 

Take a ratio with a “co-magnetometer”, Hg!𝑅 ≡
𝑓

𝑓Hg
=

𝜇𝑛
𝜇Hg

±
2𝐸

ℎ𝑓Hg
𝑑𝑛
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Actually extracting the nEDM

𝑓 =
2𝜇𝑛
ℎ

𝐵 ±
2𝑑𝑛
ℎ

𝐸

𝑅 ≡
𝑓

𝑓Hg
=

𝜇𝑛
𝜇Hg

±
2𝐸

ℎ𝑓Hg
𝑑𝑛

(can even flip fields on Top/Bottom)𝑑𝑛 =
ℎ𝑓Hg

4𝐸
(𝑅↑↑

Top
− 𝑅↑↓

Bottom)
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Recent successes

• UCN switch installed

• Spin-analyzing detectors installed

• HV stack installed

• MSR degaussing optimized

• AMS commissioned 

• Magnetic field characterized

UCN Switch
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Magnetic field generation

Before field optimization
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Magnetic field generation
𝐵 𝜌, 𝜙, 𝑧 ∼෍

𝑚

෍

𝑙

𝐺𝑙𝑚෡Π𝑙𝑚 𝜌, 𝑧 cos(𝑚𝜙)

Before field optimization Without additional coils

With additional coils
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Active magnetic shield (AMS)
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Active magnetic shield (AMS)
𝐵outside MS𝑅 (𝜇T)

AMS off AMS on
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Timeline of n2EDM

• First operation with UCNs later this month

• Spin-polarized UCNs in September 

• n2EDM production data next year!



1) Measuring nEDM 2) n2EDM at PSI
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3) Quantum frontier with n3EDM?
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Hg co-magnetometer

Increased sensitivity to B field = increased EDM sensitivity
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Hg co-magnetometer

Increased sensitivity to B field = increased EDM sensitivity

• Atomic vapor of Hg polarized by optical pumping

• Hg enters into chamber with UCNs

• 𝜋/2 pulse to start Hg precession

• Photodetector records probe beam absorption  𝑓Hg
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Limitations of this approach

• Low-power of probe beam (long 𝑇2 time but shot-noise limited)

Current shot-noise limit is ~ 8fT in 180s

Increased sensitivity to B field = increased EDM sensitivity
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Towards spin-projection noise limit

Instead of low-power absorption, measure Faraday rotation far off-
resonance with high-power

𝐵0

𝑓Hg

𝜙1 𝜙2(𝑡precess)
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But this time, next year, we’ll be on our way!



Thanks!
Efrain Segarra

PSI Fellow III-3i
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