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Why cold neutron beam?

General nEDMexperimental sensitivity:
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[2] Baker et al., PRL 97, 131801 (2006)

[1] E. Chanel et al. EPJ Web Conf., 219, 2004 (2019)



Last beam type experiment (1977)

Performed at ILL

Systematic can occur due to 
relativisticᴆ‡ Ὁeffect

Ὠ σ ρπ eẗcm (90% C.L.)[3]
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[3] Dress, W. B. et al. Physical Review D 15.9 (1977)



Relativistic ᴆ‡ ᴆὉeffect

Misalignment of the ὄ and Ὁ, causes additional 
pseudomagnetic field

Effect is velocity dependent

Pulsed neutron source, using time-of-flight 
allows a direct measurement of this effect
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Diagram of the experiment (ILL 2020)
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2 neutron beams
E 40 kV/cm
ὄ  ςςπ ʈ4
L = 3 m



Beam EDM, PF1b @ ILL 2018
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Beam EDM, PF1b @ ILL 2020
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Mu-metal shielding
Casemate + 

chopper

Feedthroughfor HV

Polarized neutron beam

8 internal fluxgates (4 for active stabilization)

5 external fluxgates for local monitoring
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Chopper
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bin = 10 µs, 2000 chopper pulses, rate å 0.5 MHz 

Pulse frequency: 19 Hz

Polarized neutron beam

80x80x80 mm

5 mm ςwafer separation

Rotation axis
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Mu metal shielding

Shielding factor measured using mapper

Measured shielding factor along main magnetic field axis

for various frequencies



Electrode stack

Made of non-magnetic materials 

Each stack is 1 m long

Electric field @ ILL: ±40 kV/cm
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Spin Analyser

Two sets of silicon wafers for top and 
bottom beams

FeSicoated, m = 5 super mirrors

Allows spatial separation of spin states 
to determine asymmetry
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CASCADE-E 100 Neutron Detector

Cascadetype detector from CDT

GEMcoldneutrondetector

16x16 pixelarray

6.5x6.5 mm2 areaper pixel

Timeresolution: 100ns

Maxcount rate: 20MHz

Efficiency: σͯυϷͽυᴠ
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Classic Ramsey
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ɚ= 0.95 nm

integrated over

all wavelengths

6380 Hz @ 220 ἢ
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Spin flippers - modulated
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Optimal amplitude of the spin flippers is 
velocity dependent 

Apply modulated signal that followsͯ
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Stability measurement
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Stability #386 (Full Phase Scan - 2/9/2020)

Time [h]

0 1 2 3 4 5 6 7 8 9 10 11

R
a
m
s
e
y
 
P
h
a
s
e
 
[
Á
]

-7.2

-7.0

-6.8

-6.6

-6.4

-6.2

-6.0

-5.8

Top Beam
Bottom Beam 

Stability #386 (Full Phase Scan - 2/9/2020)
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Stability measurement
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Stability #386 (Full Phase Scan - 2/9/2020)
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Stability #386 (Full Phase Scan - 2/9/2020)
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Magnetic field scan
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vxEeffect
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High Voltage [kV]
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Ultimate goal - ESS - ANNI
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„ ͯυ ρπ Ὡɇὧά(per day @ ANNI[4] )
[4] E. Chanel et al. EPJ Web Conf., 219, 2004 (2019)



Conclusion
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New and complimentary neutron EDM measurement

Successful beamtime at ILL 2020

Look towards the future at the ESS
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Backup slides
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Chopper @ PF1b
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Additional measurement ςAxion like particle
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non-gravitational interaction:

axion-gluon coupling
Ễ oscillating neutron EDM

dn(t) Ғ CGa0 / fa cos(mat) 2.4 × 10-16 eהcm
C: model dependent parameter

ʰΥ ŎƻǳǇƭƛƴƎ Ŏƻƴǎǘŀƴǘ

fa: axion decay constant

a: axion field

F: electromagnetic field tensor

G: gluonic field tensor

N: nucleon field

a0: axion field amplitude

ma: axion mass



Neutron Energy
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Usual 
Production 
Energy



Neutron EDM Searches Worldwide
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Neutron EDM experiments worldwide
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Comparison of cold beams

ÅPSI (BOA) - ~ 108/cm2/s

ÅILL (PF1b) - ~ 109/cm2/s

ÅESS (ANNI) - ~ 1010/cm2/s

Including chopper, only ~3% of beam rate.
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Paul Scherrer Institut
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Beam EDM, BOA @ PSI 2018
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RF spin flipper

Spin analyser

Detector

Beam pipe + electrodes

Beam apertureChopper

Polarised cold 
neutron beam

1 m

Magnetic coils




