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Why cold neutron beam? u
GeneralnEDMexperimental sensitivity: R
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Last beam type experiment977)
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Relativisticb ®effect u
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i, b O Bot Bot
O &) a E
Misalignment of thed and O, causes additional e .
pseudomagnetic field . vXE b,

Effect is velocity dependent E,

Pulsed neutron source, using tireé-flight
allows a direct measurement of this effect
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Diagram of the experiment (112020 u
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Beam EDM. PF1b @ ILL 2018 u
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Polarized neutron bea =
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Mu metal shielding

Measured shielding factor along main magnetic field axis
for various frequencies
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Electrode stack u
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Made of nonmagnetic materials

Each stack is 1 m long
Electric field @ ILE40 kV/cm
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Spin Analyser u
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Two sets of silicon wafers for top and
bottom beams

FeScoated, m =5 super mirrors

Allows spatial separation of spin states
to determine asymmetry
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CASCADE 100 Neutron Detector u
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Cascadaype detectorfrom CDT
GEMcold neutron detector
16x16 pixelarray

6.5x6.5 mm?areaper pixel
Timeresolution 100ns

Max countrate: 20 MHz

Efficiencyx o & 2 vv
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Detectorimage I
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Detectorimage
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Classic Ramsey u
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3‘ Coupling

CHi 500mYCHZ 500mv  M500ms T CHY Z 340mV
3-Sep-2000:39  532.118Hz

Optimal amplitude of the spin flippers is
velocity dependent

Apply modulated signal that follows —
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Stability measurement

Phase vs time for both beams Temperature drift
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Stability measurement

Phase vs time for both beams Phase difference between both beams
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Magnetic field scan U
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vXEeffect u
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Ultimate goal ESS ANNI f/ 3 e U
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Conclusion u
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New and complimentary neutron EDM measurement
Successful beamtime at 12020
Look towards the future at the ESS

BEAM EDM 22




b

u

b
UNIVERSITAT
BERN

Thanks for your attention!

Estelle Chanel, Anastasio Fratangelo, Alexander Gottstein, Andreas Gsponer, Zachary Hodge*, Ciro Pistillo,
Dieter Ries**, Ivo Schulthess, Torsten Soldner***, Oliver Stalder, Jacob Thorne, Florian Piegsa

|/
*  now at University of Washington ' FONDS NATIONAL SUISSE
“  now at University of Mainz NEUTRONS Cnmaios lmowsoms R
*** |nstitute Laue-Langevin FOR SCIENCE Swiss NATIONAL SCIENCE FOUNDATION S—————
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Backup slides
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Chopper @ Flb
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Additional measurement Axion like particle

non-gravitational interaction: Oscillation frequency (Hz)
107° 107° 10-3 100 103 10° 10°

Supernova

Beam EDM energy-loss
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f,; axion decay constant 10 axion decay constant
a: axion field
F: electromagnetic field tensor 10_24 | . : : . : :
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N: nucleon field
a, axion field amplitude
m,: axion mass

Axion mass (eV)
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Neutron Energy I
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Epithermic slow intermediate fast
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Neutron EDM experiment Production
Energy
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Neutron EDM Searches Worldwide u
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PNPI (RUS)

TRIUMF (CAN) / SNS (USA) \\TUM (GER)
LANL (USA) /

PSI (CH)

ILL (FRA)
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Neutron EDM experiments worldwide }Lb

UNIVERSITAT

AEC

ALBERT EINSTEIN CENTER
FOR FUNDAMENTAL PHYSICS

Facility, UCN (CN) source Spectrometer Magnetometry Sensitivity
location O(107*" e-cm)
LANL, USA sDo dbl. chamber “Hg 1
ILL, France cold source dbl. chamber Cs-OPM 10
turbine
ILL, France He-II to vacuum dbl. chamber 199Hg Cs-OPM 1
ILL, France CN beam crystal-diffraction - 10
ESS, Sweden pulsed CN dbl. chamber - 0.1 -10
FRM-II, Germany sDo dbl. chamber 99Hg, Cs-OPM 0.1
SNS, Oakridge He-II in-situ dbl. chamber 3He, squids <0.1
PNPI, Russia He-II to vacuum dbl. chamber Cs-OPM 0.1-1
TRIUMF, Canada He-II to vacuum dbl. chamber 19Hg 129Xe 0.1-1
PSI, Switzerland sD5 sgl./dbl. chamber 199Hg, *He, Cs-OPM 1-10
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Comparison of cold beams I
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APSI (BOA)~ 1®/cm?/s
AILL (PF1b)~ 1@/cm?/s
AESS (ANN{)~ 10%cm?/s

Including chopper, only ~3% of beam rate.
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Paul Scherrer Institut
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