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Motivation: mirror neutrons

oscillation of neutron into mirror neutron

Berezhiani, EPJ C 64 421 (2009)

vacuum

Serebrov et. al. NIMA 611 137 (2009)

limit 𝜏 > 448 s  (magnetic shield |B| < 20 nT)

…
mirror magn. field

• cosmology with mirror matter

• possible dark matter candidates in the mirror sector

• neutral SM particles oscillation into mirror partner sterile state 

(Baryon number violation            , neutron lifetime)

• …

Okun, Kobzarev, Pomeranchuk, Sov. J. Nucl. Phys. 3 837 (1966)
Foot, Lew, Volkas, Phys Lett B 272 67 (1991)
Berezhiani, Comelli, Villante, Phys Lett B 503 362 (2001)
Ignatiev, Volkas, Phys Rev D68 (2003)
Berezhiani, Bento, Phys Rev Lett 96 (2006)
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Motivation: mirror matter and magnetic fields

several experiments have

excluded regions

in - parameter space 

anomalies in the asymmetry observable

and corresponding signal regions

have been reported

Ban et. al., Phys. Rev. Lett. 99 16 (2007)
Serebrov et. al., Phys. Lett. B 663 3 (2008)
Altarev et. al., Phys. Rev. D. 80 032003 (2009)
Abel et. al., Phys. Lett. B 812 (2021)

Berezhiani, EPJ. C 78 9 (2018)

test signal regions and explore

- parameter space for large magnetic

fields where previous limits are weak
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scan magnetic field from 5 𝜇T to 360 𝜇T
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Setup to search for anomalous neutron losses

beamport

West-1

Measurement principle:

1. fill storage volume with ultracold neutrons (UCN)

2. count number of surviving UCN after storage

3. alternate magnetic field configuration

and calculate asymmetry           between normalized counts

Experimental setup at beamport West-1

Signature: anomalous disappearance of stored UCN

in resonance with applied magnetic field 
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Apparatus at West-1 beamport

• 1.47 m3 electro-polished, stainless
steel UCN storage volume

• 8 magnetic field coils arranged in
Helmholtz-like configurations in
three spatial directions

• 16 three-axis fluxgate magnetometers
for online measurement of magnetic
field  

Commissioning and first test

measurements in 2020 data taking campaign in 2021

Ayres et. al., Symmetry 14 503 (2022)
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Measurement cycles
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calculate asymmetry for a drift compensated sequence

360 s long cycles 

(synchronized to proton beam pulses)

with monitoring phase for

normalization



UCN characterization measurements
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holding time (s)

UCN
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characterization of the UCN storage

and comparison to Monte Carlo

MCUCN simulation model

simulation
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UCN data

asymmetry value per sequence during a runneutron counts per cycle during a

run with the normalization compensating

for fluctuations in the UCN source

output, proton beam power, …
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sensitivity per measurement day 



Magnetic field mapping

M5

M4

M3

M2

M1

view of storage volume (opened at the top)

with magnetic field mapper inserted• mapping campaigns of the magnetic
field inside the storage volume
(before and after data taking)

• determine coil current to compensate external fields
(by the Earth or local installations) 

• tune feedback algorithm to achieve
target magnetic field using
external magnetometers during data taking

magnetometers
z

𝜑
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Projected 𝑛→𝑛′ oscillation limits
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• evaluate magnetic field obtained from

field mapping and online magnetometry

• integrate transition probabilities based on the local field

along free flight segments

• parametrize transition probability                                             during

effective storage time
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scan magnetic field to extend excluded

parameter space and «fill gaps»
preliminary
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• searched for 𝑛→𝑛′ oscillations in magnetic fields from 5 μT to 360 μT

• good UCN storage performance

 storage time 202 s

 free flight time 0.17 s

 asymmetry observable 10-4 sensitivity per day

• evaluation of magnetic fields and analysis ongoing

• projected limits

Summary



Page 12

Thanks 

for your 

attention
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Backup



UCN characterization measurements

characterization of

the stability and

reproducibility of

UCN shutters

and other

systematic effects

UCN losses on residual

gas molecules negligible

for 𝑝 < 10−5 mbar

temperature drifts during

measurement sequence

sufficiently small

UCN losses due to leakage

through closed shutter

reproducible on 10−4 level  

timing stability ≈ 1 ms
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