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1. Physics motivations

Context and experimental overview



Matter largely prevailed over antimatter
How?

Physics motivations – The baryogenesis puzzle
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How the EDM change under CP symmetry ?

EDM ≠ 0 → CP violation

nEDM is non-zero → New Physics

compatible with zero → New  constraints

Physics motivations – EDM and CPV

EDM Measurement 
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2. The n2EDM experiment at PSI



n2EDM experiment at PSI — From nEDM to n2EDM

Two decades of neutron EDM searches

nEDM 

n2EDM

2004 2011 2015/16 2020 2026 2035
LPC + LPSC 

co-spokes

First UCN nEDM data 

taking

Publication n2EDM start end (?)

UCN source at PSI

Paul Scherrer Institute, Villigen (CH)
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n2EDM experiment at PSI — From nEDM to n2EDM

Two decades of neutron EDM searches

nEDM 

n2EDM

2004 2011 2015/16 2020 2026 2035
LPC + LPSC 

co-spokes

First UCN nEDM data 

taking

Publication n2EDM start end (?)

A dedicated Ultracold neutrons (UCN) source for nEDM

• Built in 2001 – 2011 for the nEDM project

• Goal: increase UCN production by ×10 – 10² 

• Driven by the most intense proton beam worldwide (2.4 mA)

• Most intense UCN source worldwide until 2025

UCN source at PSI

3



n2EDM experiment at PSI – Ultracold Neutrons

We can guide and store UCN !

(with ballistic trajectories)

*(not to scale; trajectories exaggerated for clarity)
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3. The measurement principle 



Motivations physiques

Magnetic Dipole Moment (MDM ) Larmor precession

 

2  /16

The problem — Psychological biasMeasurement principle – Electric Dipole Moment and  precession frequency
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Motivations physiques

2 precession frequencies

 

2  /16

The problem — Psychological biasMeasurement principle – Electric Dipole Moment and  precession frequency

iff
MDM and EDM
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Motivations physiques

2 precession frequencies

 

2  /16

The problem — Psychological biasMeasurement principle – Electric Dipole Moment and  precession frequency

iff
MDM and EDM

 

In the end:
Control of the magnetic 

field is primordial !
Challenge:
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nEDM and  Larmor precession

The problem — Psychological biasMeasurement principle – Asymmetry as a function of detuning 

Ramsey Oscillating Field Method Get neutron frequency using Asymmetry

 

Spin-flip probability is sensitive to 
the RF detuning from resonance
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The problem — Psychological biasMeasurement principle - Extracting neutrons frequency

Fitting function

with the independent parameter ( of ith cycle )

BOT
TOP

width of the central Ramsey fringe
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         4. The apparatus 



The problem — Psychological biasThe apparatus – Full picture

UCN
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Passive – shielded room Active – magnetic shield system

• Footprint of 5.2 m × 5.2 m
• Shielding factor 10⁶ – 10⁹ above 0.1 Hz

• Active compensation with 55 km of wire
• Power at the kW level, shielding down to the mHz range

The apparatus – Active & passive magnetic shielding
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1. Why do we need it ?

Offline data blinding



The problem — Psychological biasData blinding — Why do we need it?

- steer choices toward the "expected" result 

nEDM have a long history of tighter limits, still compatible with zero

Unconsciously nudging results toward what feels right

Confirmation bias:

ExpectationsStatements

Dismissed

Overestimated

nEDM context:

- stop analysis when we meet a "conform" outcome 

Work with altered values  

(behaving like the real one)
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The blinding principle



The problem — Psychological biasThe blinding principle — Shifting the measured Larmor precession frequency

           Realistic shift 

Electric field dependent 
frequency shift:

TOP
TOP blinded
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The problem — Psychological biasThe blinding principle — Shifting the measured Larmor precession frequency

           Realistic shift 

Electric field dependent 
frequency shift:

TOP
TOP blinded

Transferring UCN count

Wrt spin component & 
position of working point
(cycle wise)

How many ?

  = false EDM 
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The problem — Psychological biasThe blinding principle — Global vue

Ramsey
Fit

n2EDM 
subsystems 

data Select UCN 
candidates

UCN data

Move rescaled
events

Blinded UCN 
data
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A brief aside on UCN detection



UCN

The problem — Psychological biasUCN detection – Physics principle

PMT
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The problem — Psychological biasUCN detection – Sampling

  Grouped pulse parameters 

Pulses

PMT

PMTPMT

UCN sampled pulse from one PMT

16



UCN detection – Neutrons discrimination

Selection of the UCN pulses
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Back to the blinding procedure



Backup slidesBlinding procedure – Selecting UCN candidates

Problem: How to avoid non-UCN events ?

Define an elliptic region for each detector:

Det 1
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random choice



Backup slidesSelecting UCN candidates

Det 2

Transfer !
wrt to the response 

of the target detector
(rescaling process)

Backup slidesBlinding procedure – Transferring rescaled events

Problem: Detectors response is different → must be taken into account

Define an elliptic region for each detector:
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Det 1



The problem — Psychological biasGlobal vue of the blinding process

Ramsey
Fit

n2EDM 
subsystems 

data Select UCN 
candidates

UCN data

Move rescaled
events

Blinded UCN 
data
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The problem — Psychological biasGlobal vue of the blinding process

Ramsey
Fit

n2EDM 
subsystems 

data Select UCN 
candidates

UCN data

Move rescaled
events

Blinded UCN 
data
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Testing the blinding algorithm



Testing the blinding algorithm – Fit result on a blinded run (12/2025)

● Blinding shifts only η in opposite directions: |η| TOP 0.0377 → 0.0381, BOT 0.0361 → 0.0357 
(expected ±4.3×10-4 rad for d = 10-25 e·cm);  α and Ā unchanged compared to raw data.

● Pulls centred on 0 at the 4 working points, no visible structure
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Observations

Testing the blinding algorithm – recovered vs. injected offset
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Observations

● Linear response: slope = 1.0004, offset 
recovered at the 4×10-4 level

● Intercept 1.87×10-25 e·cm = unblinded value 
d̄raw = (1.84 ± 0.99)×10-25 ⇒ already in the raw 
data

● χ2/ndf ≈ 10-6: same neutrons and same seed in 
all tests ⇒ fully correlated points, common 
fluctuation absorbed by the intercept

● Paired difference: d̄blind − d̄raw − dinj ≃ 3×10-27 
e·cm = blinding noise (~0.03 % sensitivity 
loss)

5e-26, 1e-25, 5e-25, 1e-24, 5e-24, 1e-23



Backup slidesConclusion

Generation of blinded UCN files : Operational

Sanity check : On going

Implementation on n2EDM DAQ : On going

Goal: Check that we are able to recover the injected 
EDM on the last nEDM runs (switching polarity)

Injected EDM recovered linearly (slope = 1 ± 4×10⁻⁴); deviation from injection ~3×10⁻²⁷ e·cm, 
i.e. ~3 % of σ_stat (run 7992) ⇒ ≲ 0.05 % sensitivity loss

Injected EDM recovered linearly (slope = 1 ± 4×10⁻⁴)

Deviation from injection ~3×10⁻²⁷ e·cm, i.e. ~3 % of σ_stat  (run 
7992) ⇒ ≲ 0.05 % sensitivity loss



Thank you for listening ! Any questions ?



The problem — Psychological biasMeasurement principle - Extracting neutrons frequency

Fitting function

with the independent parameter ( of ith cycle )

BOT
TOP



The problem — Psychological biasMeasurement principle – How the asymmetry is measured

UCN trajectories



Double precession chamber – Full picture



n2EDM coil system 



The problem — Psychological biasThe blinding principle — Moving the right number of neutrons

Working point position



4D-ellipsoid:

Backup slidesBackup slides - 4 parameters event selection



Backup slidesBackup slides - pdf 



sign ?

Backup slides - Determining the sign of the phase 



Select UCN 
events

Randomized 
rounding

Backup slidesBackup slides - From float to integer

with



Backup slidesBackup slides

  Target
Detector

Source
Detector

Backup slides - Rescaling UCN events

Mean-and-width matching condition:

with and



Neutron frequency extraction

Invert the fitted Ramsey curve cycle by cycle:

Choice of branch and fringe

f0 as a reference for the resonance, fn,i ≃ f0,i:

⇒ pick the solution closest to f0,i

Uncertainty

per cycle and per chamber



From the neutron frequency to the EDM: two steps

Ai

Ramsey

fn,i
top/bot

Step 1

Ri
top/bot

Step 2

di

mean

d̄blind

closure

vs. dinj

Step 1 – Hg comagnetometer ratio

Per cycle i and per chamber:

fn and fHg are both ∝ B
⇒ magnetic-field drifts cancel in R

Step 2 – Top/Bottom difference

Same B, opposite E (Ebot = −Etop):

B terms cancel, EDM term doubles
Weighted mean over the run:

Closure: d̄blind − d̄raw compared with dinj for the 6 injected offsets (132 cycles).



Backup slides - Why the closure χ2 is ≈ 0

All tests are built from the same raw neutrons:

The standard χ2 treats the points as independent:

⇒ relevant precision: paired differences


