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Searching for neutron Electric Dipole Moment

and dark matter candidates at the Paul Scherrer Institute
Jacek Zejma on behalf of the nEDM collaboration

CP violation: The non-zero value of neutron Electric Dipole Moment (EDM)
will be evidence for the existence of CP violating processes.

H = —y-6-B—d-6-F = —u-6-B—d-6-E
PH = —u-6-B—d-6-(—E) = —u-6-B+d-6-E
TH = —p-(-6)-(-B)-d-(-8)-E = —u-6-B+d-6-E

EDMs of elementary particles are the most sensitive probes in searching for
CP symmetry violating processes, the presence of which is essential to explain,
for example, the matter-antimatter asymmetry in the Universe.

Ramsey method of separated oscillating fields.

) Generated
Polarized UCN signal

Sample of polarized neutrons in magnetic (1 uT)
and electric (12 kV/cm) fields.

First 2s-long 11/2 spin-flip pulse.
Frequency equal to Larmor frequency (= 30Hz).

Free precession of neutron spin (180 s).
E Magnetic and electric fields parallel or antiparallel.

Second 2s-long 11/2 spin-flip pulse.
Rotation is not equal to 11/2 if EDM #O0.
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| Analysis of neutron polarization — asymmetry A of counted neutrons with spin 1 and |
as a function of spin flip frequency divided by the Hg

Neutron Electric Dipole Moment

Measurement method: Larmor precession of neutron spins

in parallel and antiparallel magnetic and electric fields.

Z =3 = - 2 — —
fn+ = 7 (HHBTT ~F dnETT) for B 11T E, fn — X (HnBTl — dnEN) forB Tl E.

w2
Afn = fio = fa =7 1dn(En + En) + pn(Brr — Br)l.
Hence neutron EDM: d,, = ﬁ |hAf,, — u,, (B — Byy)l.

Control of the magnetic field is crucial for this measurement, as its
uncontrolled value can mimic the non-zero value of the neutron EDM.

Apparatus

Four-layer Mu-metal shield
to shield the experiment from
external magnetic fields

Vacuum chamber

Precession chamber "

where neutron precession
is induced and measured

Photomultiplier tube
to detect the intensity modulation
of the mercury fight

Mercury polarizing cell
where the mercury is polarized

oy

Mercury lamp
to polarize the mercury
ultraviolet (253.7 nm)

High voltage lead

with a TM resistance

7

R

5 tesla magnet
to spin polarize the UCNs

magnetometer frequency — f, resonant frequency.

Results:

Neutron EDM has been measured since 1957. All results are consistent with 0.
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n2EDM - upgraded apparatus

& Switch
' to distribute the UCNs to
different parts of the apparatus

! Spin analyzer
Neutron detector

Cesium magnetometer

Electrode (upper)
charged up to 150 kV
electric field = 10°V/m

@— Mercury lamp

to read out the
mercury polanzation

Magnetic field coils

are wound around the vacuum
chamber to generate the holding
and compensating fields, as well
as the spin flipping fialds

Coil systems

Vacuum vessel

Precession chambers

Hg & Cs Magnetometry
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Fivefold reduction of
systematic uncertainties.

Neutron to mirror-neutron oscillations

Mirror world - proposed by T.D. Lee and C.-N, Yang (1956) to restore parity
symmetry in the weak interaction. Ordinary particles would not interact with their
mirror counterparts. Berezhiani and Bento pointed out (2006) that

the characteristic time for neutron to mirror-neutron (n-n’) oscillation can be

of the order of a few seconds, i.e. small compared to the neutron lifetime.

Mirror matter was considered as a dark matter candidate (1993).
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Lower limits on the n-n’ oscillation time t_, while assuming mirror field B’ # 0.

The following new lower limits on the oscillation time were obtained:

1. >352satB=0,1,_>6sfor0.4puT<B<25.7uT, and t_/~JcosP > 9 s for
5.0 uT < B <254 uT, where B is the fixed angle between the applied magnetic field
and the local mirror magnetic field, which is assumed to be bound to the Earth.

These new constraints are the best measured so far around B~10uT and 20uT.

For details, see Physics Letters B 812 (2021) 135993.

o, Further reduction of systematic uncertainties,
n2EDM at PSI, in preparation, assumedd, < 1-107%’ e -cm significant reduction of statistical uncertainty.

¢ ® Beam Magnetic Resonance
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_ Passive magnetic shield 4 layers (103-10%factor), $p2 m 6 layers (10°factor), L =5 m LN e
1E-21 6 © M UCN Magnetic Resonance guides
o = UCN: nEDM@PSI Precession chamber diameter | 1 chamber: $47 cm, H=11cm | 2 chambers: - 80 cm, H =12 cm | |ucnswitch
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é‘ 1€-23 ¢ Cesium magnetometers 16 112
o
= 1E24 e m Electric field strength 11 kV/ecm 15 kV/cm Polarizing magnet
s - Number of counted neutrons 15 000/cycle 121 000/cycle el detectors
| I NEDM at PS| /ey /ey
LE26 N o(d,,) per day 11 x 102%e cm 2.6 x102%e cm
o(d,,) total 9.5 x 10?7 e cm 1.1 x10% e cm
1E-27 / =

For details, see
https://www.psi.ch/en/edm

Results of the nEDM@PSI: Phys. Rev. Lett. 124 (2020) 081803.
EPJAS57 (2021) 152.
EPJ C 81 (2021) 512,
Rev. Sci. Instrum. 93 (2022) 095105.

Data blinding:
New n2edm:

Analysis of ratio of frequencies of spin-precession of ultracold neutrons and

Search for axionlike dark matter

"Hg atoms enabled us to

estimate an axion-induced oscillating electric dipole moment of the neutron and an axion-wind
spin-precession effect. We performed a long- and short-time-base analysis using data from the
RAL-Sussex-ILL and nEDM at PSI data, respectively. In addition, in our newest analysis we investigated

axion-wind effect exploiting the spin precession of polarized

199

Hg in a low magnetic field of B=1 uT.

Our search covers the mass range of 10 < m,< 107" eV (f/f, ) and 107° < m,< 107" eV (f,).

Our null result sets the first laboratory constraints on the coupling of axion dark matter to gluons, which
improve on astrophysical limits by up to 3 orders of magnitude, and also improves on previous laboratory
constraints on the axion coupling to nucleons by up to a factor of 40.
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f./f., analysis.

Limits on the interactions of an axion
with the gluons, assuming that axions
saturate the local cold DM content.
The regions above the thick blue and
red lines correspond to the regions
of parameters excluded by us

at the 95% confidence level.

For details, see
f/f... Physical Review X 7, 041034 (2017),
f..  SciPost Phys. 15, 058 (2023).
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Similar to the left figure, but for
the interactions of an axion
with the nucleons.
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f., analysis.
Exclusion plot for the axion-nucleon
coupling parameter versus Compton
frequency of the classical axion field,
assuming that the axion field couples
to neutrons and protons with the same
strength. The red area is given by
our present *’Hg-sideband analysis
at PSI with a 95% confidence level.



