
PANIC 2021
Conference

M
ot

iv
at

io
n 

&
 T

he
or

y

Ex
pe

rim
en

ta
l S

et
up

Axion-Dark-Matter Search
Using Cold Neutrons

Ivo Schulthess
ivo.schulthess@lhep.unibe.ch

─ Universität Bern ─

A
ux

ili
ar

y 
M

ea
su

re
m

en
ts

A
na

ly
si

s 
&

 R
es

ul
ts

dark matter (26%)

ordinary matter (5%)

dark energy (69%)

Dark Matter Problem:

possible solution 
➔ axions / axion-like particles (ALPs):

- originally suggested to solve 

the strong CP problem [1]

- ultra-light pseudoscalar particle

- coherent oscillating field

Axion Lagrangian:

KSVZ: new exotic heavy quark
DFSZ: SM fermions

[2]

Axion Parameter Space:

- model independent interaction

- big parameter space not covered by lab experiments

- complementary to nEDM lab experiment [3]

- higher frequency range than nEDM and HfH experiments

- benefits from existing Beam EDM apparatus

Ramsey’s Technique [4]: 

ħω = 2μnB0 ± 2dnEB0 and E
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Beam Line: 
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- fit a sinusoidal with a fixed frequency

- plot the amplitude of the fit

- scan a discrete frequency spectrum

- calculate coupling from amplitude

Artificial Axion Signal via Magnetic Interaction:Electric Field Measurement:

relativistic v x E effect: γ: relativistic gamma factor 

(~1 for cold neutrons of 1000 m/s)

v: neutron velocity

E: electric field 

c: speed of light in vacuum

d: electrode gap distance

γn: gyromagnetic ratio of the neutron

L: electrode length 

α: alignment angle 

between electric and magnetic field

- electric field cycles: 0 / + / 0 / - / 0 / + / ….

➔ 0 kV measurements used for drift correction

- four measurements in agreement

- non-invasive tool to check electric field
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conclusion

- frequency dependent sensitivity

- so far no axion signal found

- final analysis ongoing

Least-Squares Spectral Analysis: 


