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The President’s Page

Dear fellow neutron scientists,
Welcome to this issue of Swiss Neutron News.
I write these lines from my sunny garden,
where I have the pleasure of spending time
with and home schooling my children.However, the terrifying backdrop is, of course, an
immense societal challenge and the devastating number of personal tragedies caused by
the COVID-19 virus. I hope that you, your families and colleagues are keeping well.
Disheartening as the situation is, it can
help to reflect on the small positives. How our
societies at large have been surprisingly capable of acting in unity, following to a large
extend recommendations and directives. How
children, students and teachers adapt to new
learning conditions. How many workplaces,
including our scientific and academic institutions have transitioned to working from home.

In the coming months and years, the ramifications of the pandemic include many wounds
that will heal slowly. While in no way belittling
these facts, I hope that there will also be
lasting positive side effects.
For neutron science, the necessary cancellation or postponing of most experiments is
of course a blow to many scientific programs,
especially that of undergraduate and graduate
students whose time-scale of 1-4 years is least
compatible with a half-year delay. I would like
to suggest that when our facilities start to
reopen, priority is given to those who are
under time pressure to complete PhD or postdoc projects. For the rest of us, I hope that
similar to the peak in publication output the
year after ILL was shut down for major upgrade
in the 90's, we can use this sudden but temporary draught of new data to wrap up analysis and publication of existing data.
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On a wider and much more important
scale, perhaps the experience we are facing
as a society of being able to step drastically
outside our habits and comfort-zone to tackle
a common issue may teach us that change is
possible. Here I think especially about climate
change. Science will continue to push for new
technologies and solutions. However, it is
important to realise that during past decades,
science already has provided numerous new
technologies and solutions, many of which
unfortunately have not been implemented,

because they would require legislation with
societal backing. It is my hope that the unprecedented experience COVID-19 has thrust
upon us may have the lasting effect that we
learn that adaptation beyond incremental
steps to common challenges is possible.

Wishing you all
the best health possible,
Henrik M. Rønnow
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1 Laboratory for Particle Physics, Paul Scherrer Institut, CH-5232 Villigen-PSI, Switzerland, 2 Institute for Particle Physics and Astrophysics, ETH Zürich, Zürich, Switzerland
March 19, 2020

Abstract
Ultracold neutrons (UCN) are free neutrons
that can be stored in experimental setups for
several minutes. Some of the most important
properties of the neutron, such as its tiny
permanent electric dipole moment and its
beta decay lifetime, are best measured with
UCN. Also searches for well motivated but yet
unknown, hypothetical additional interactions
are being pursued with UCN. Such measurements in the field of low-energy, precision
physics may have far reaching implications
from particle physics to cosmology. Most
experiments are statistics limited and need
high-intensity UCN sources. The UCN source
at PSI is at the forefront of the field and home
to the international nEDM collaboration and
its world-leading search for the neutron electric dipole moment. This article aims at giving
an overview of the fascinating research using
ultracold neutrons emphasizing on activities
at PSI including various physics side-analyses
which were pioneered by the nEDM collaboration.
PACS. XX.XX.XX No PACS code given
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1 Ultracold neutrons
Fundamental neutron physics is new to the
Swiss Neutron Science Society. Measurements with considerable impact on the field
of fundamental interactions and symmetries,
often in a context of nuclear and particle
physics, can be performed with neutrons, and
in particular with ultracold neutrons.
The neutron itself was predicted in the
1920s by Rutherford and discovered in 1932
by Chadwick. In terms of basic constituents
of matter, in many sense, this completed and
at the same time initiated a revolution of
microscopic physics at the time, allowing to
develop and implement modern theories of
atomic and nuclear physics, and also starting
particle physics. Within the next few years, in
particular Fermi and collaborators, but also
others, performed many basic experiments
and found proper descriptions for a large body
of neutron physics and concepts, including
moderation and total reflection of thermal
neutrons under grazing angles by the neutron
optical potential (‘Fermi pseudo-potential’)
of materials, see e.g. [1–3]. While the idea of
neutron storage for sufficiently slow neutrons
is often also attributed to Fermi, it has been
published for the first time by Zel’dovich [4]
in 1959. The discovery of ultracold neutrons
(UCN) occurred in 1969, independently and

almost at the same time in Dubna [5] and in
Munich [6]. UCN have thus just celebrated
their 50th anniversary last year. Two excellent
textbooks on UCN physics are available and
recommended to the reader [7,8].
UCN are free neutrons with very low kinetic
energies and very long de Broglie wavelengths
that can be stored in evacuated containers
with material walls. While thermal neutrons
can be reflected under grazing angles, UCN
undergo total reflection at any angle of incidence on suitable materials with sufficiently
large Fermi potential. Kinetic energies of UCN
are typically of order 100 neV, their velocity a
few m/s and their wavelengths in the range
of 100 nm, not too far from visible light. In
many respects, UCN behave like an ideal
non-interacting gas. Stored for sufficiently
long time in containers, they can reach mechanical equilibrium, filling the available
phase space. However, it is important to realize that they are not in thermal equilibrium
with their surrounding. In collisions with the
containment, the UCN energy is conserved,
i.e. the kinetic energies before and after wall
collisions are the same. While the temperature
one could calculate for UCN amounts to millikelvins, they can be stored in room-temperature containers.1
The possibility to confine UCN in traps and
to use them for long times in experiments is

This is like for cold neutron reflection under grazing angles from neutron guide surfaces. The repulsive interaction on the wall material is the coherent interaction with very many nuclei of the wall (compare wavelength to typical lattice spacing). While the individual nuclei of the wall material will be in motion around
their equilibrium position, according to the temperature and the phonon spectrum of the material, they will
be almost perfectly at rest in the laboratory when averaged over the many interacting nuclei and together of
almost infinite mass compared to the neutron. Therefore, the neutron kinetic energy is not changed in a wall
collision, the neutron gas not heated and nominally at mK temperature in room temperature containers.

1
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ultimately limited only by the neutron beta
decay lifetime of about 15 minutes.2 It is
amazing that the typical energies of different
UCN interactions are on the same order of
magnitude as their kinetic energy: the strong
interaction potential of many wall materials
is larger than 100 neV, the magnetic moment
interaction amounts to 60 neV/T and the
gravitational potential is 102neV/m. This coincidence allows for confinement options
using evacuated material bottles, magnetic
bottles and combined systems open to the
top, using gravitational vertical confinement3.
To date UCN are mostly used for fundamental physics studies determining properties of
the neutron itself (its lifetime, magnetic and
electric dipole moments, electric charge neutrality) or of fundamental interactions (e.g.
weak decay, gravitational interaction, search
for additional e.g. spin-dependent or Lorentz
violating interactions).
Recalling the beginning, the ‘appearance’
of the neutron helped to solve the crisis in the
understanding of microscopic atomic and
nuclear physics. Perhaps, again, the neutron
could play a central role in the resolution of
crises of our understanding. Fundamental
physics today faces many open questions, in
particular in the marriage of microscopic physics and cosmological observations. The cos-

mological standard theory starts with a bigbang generating equal amounts of matter an
anti-matter. So far, we observe no primordial
antimatter at all while the matter of interstellar gas and stars, and us, is definitely there.
This calls for an asymmetry between matter
and antimatter (‘CP violation’) [9] beyond the
one known in the Standard Model of particle
physics (SM). In addition, from astrophysical
observations, there is overwhelming evidence
for the existence of another form of matter
that we cannot observe directly so far but only
due to its gravitational interaction, so-called
Dark Matter4. Our best theory of the microscopic world so far, the SM, is a quantum field
theory and as such not compatible with classical gravity. The SM is relying safely on very
fundamental and testable assumptions, such
as Lorentz-Invariance (LI), but it offers not
enough CP violation and no candidate particles that could constitute the Dark Matter.
UCN allow for various most sensitive experiments that can address aspects of these
open issues of modern physics spanning the
astounding range from the smallest microscopic to the largest cosmological scales. PSI
is home to some of the leading efforts in this
field as will be illustrated in this article.

2 Besides the coherent interaction with the wall’s nuclei, UCN can also scatter incoherently on individual
nuclei. This can lead to spin-flips or up-scattering to higher energies which is usually equivalent to a loss of
UCN as they can then leave the confinement. A tiny fraction might stay as ‘heated UCN’. Also neutron absorption on nuclei is possible. It can be a significant experimental challenge to effectively suppress UCN
losses in material containers.
3 UCN trajectories are ballistic and considerably affected by gravity.
4 Many review articles exist about Dark Matter. A concise review article is found, e.g., in the PDG’s Review of
Particle Properties [10]
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2 UCN sources

of stored and later counted UCN is important
which is obviously depending on UCN density
Since 2011, PSI operates a high intensity times a given volume. For instance, a specific
source of UCN [11–17]. There was a steep source might be good to fill a small volume of
learning curve in the operation of the very 1liter to a relatively high density, however, by
complex source system and the UCN output dilution, a large volume of 1 m3 only to a small
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Figure 1. a) Picture of the ‘standard UCN storage bottle’ [18] in use for UCN density measurements in PSI UCN area West-1.
b) UCN
densities
versus storage time at several UCN facilities in the world. UCN densities are given for storage times of 50 s
Figure
1
(full symbols) and 100 s (open symbols). Longer measured storage time constants correspond to lower average energies of the
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The
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in the center
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system consists of up to 30 liters of solid deuterium (sD2 ) at 5 K to enhance the
cold neutron flux and allow for down-scattering of cold neutrons to UCN. The latter is possible via phonon excitation
while the reverse process is suppressed by the cold temperature of the solid. We thus have a super-thermal source of
UCN [20]. The produced neutrons are transported with three UCN guides to two experimental areas, South and West.
Figure 3 shows the UCN counts in a detector at the beamport West-1 as a function of time after a proton pulse.
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Figure 2
Cut-away drawing of the UCN
source with indicated parts
relevant to UCN production
and transport (see text). 1 spallation target, 2 - heavy
water moderator tank, 3 solid deuterium vessel, 4 vertical guide, 5 - storage
vessel, 6 - storage vessel
flapper valve, 7 - UCN guide
West-1 and South, 8 - upper
UCN guide West-2, 9 - cryo
pump, 10 - UCN source tank.
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T7. It is technically easier to cool D2 to 5 K.
Maintaining cold superfluid He next to an
intense neutron source still needs to be
demonstrated. Two routes are being pursued:
One approach is to mount the source onto an
external beamline, by that reducing the external heat input but sacrificing neutron flux. This
is pursued at ILL [29]. The other one is to
mount the UCN production volume close to a
spallation source (at TRIUMF [30]) or to a reactor source (at PNPI [31]) in a very large
neutron flux but compromise with the temperature, allowing for 1-1.2 K and reduced UCN
lifetimes. At LANL and at PSI, there is now
more than 10 years of experience in operating
solid D2 based, high flux neutron sources
while the superfluid helium sources are still
in exploratory stages.

3 Searching for a permanent electric
dipole moment of the neutron
The highest impact experiment performed
with UCN is the search for an electric dipole
moment (EDM) of the neutron (nEDM). This
endeavor started in 1950 with Smith, Purcell
and Ramsey [32] and has been improved in
sensitivity since then by more than 6 orders
of magnitude [33]. While the spin–1/2 neutron
has a well-known magnetic dipole moment

5 This

(see section 4.1 below) which due to its interaction with magnetic fields makes it a superb
probe of magnetic structure in neutron scattering, up to now no finite permanent electric
dipole moment interacting with electric fields
could be measured.
A finite EDM violates parity and time reversal symmetries [34–36], as illustrated in Fig.
4. The interaction energy of the electric dipole
with the electric field is just the product of the
two. The EDM must be either along or opposite
to the direction of the spin vector - there is no
other choice in a spin–1/2 system. Under
parity (spatial inversion) the electric field
changes sign while the spin is an axial vector.5
Vice versa, under time reversal, the spin
changes sign while the electric field is unaffected. This means that before and after the
transformation, the contribution of this term
changes sign. Thus, the system has a different
energy and cannot be invariant under this
transformation.6
In quantum field theory, time reversal T is
intimately connected to CP violation via the
CPT theorem [37] – with CP being the combination of charge conjugation and parity transformation and representing the symmetry
between matter and anti-matter. Thus, a
search for the nEDM is a search for an additional source of asymmetry between matter

is easiest seen for an electric field produced by a plate capacitor with the plates symmetric above and
below the z = 0 plane. A spatial inversion will exchange the plates and with them the charges and thus reverse the electric field. The spin transforms like an angular momentum r × p where both r and p change sign
under spatial inversion.
6 The reader can immediately see that the interaction of the magnetic dipole moment with a magnetic field
conserves parity and time reversal: The magnetic field is an axial vector as the magnetic moment, which is
proportional to the spin vector. Therefore, both flip sign under T and both do not under P, and their product
remains constant in both cases.
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the flaps refers to the central flapper valves, number 6 in Fig. 2. The flaps are open before the
ed measured exponential decay of the UCN count rate has a time constant of about 30 s reflecting the
proton beam hits the spallation target and their closing time is optimized with respect to the
central storage vessel through the West-1 guide into the UCN detector. If the shutters to the UCN guid
end the
of thestorage
proton pulse
give the maximum
UCN
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dis- 2. At the end
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time to
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number 5 The
of Fig.
played
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count
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a
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reflecting the emptying time of the central storage vessel through the West-1 guide into the
UCN detector. If the shutters to the UCN guides remain closed on the storage vessel, the storage time constant is about 90 s in the volume, number 5 of Fig. 2. At the end of a cycle, the
flaps are re-opened to be ready for the next proton beam pulse.

and anti-matter which is urgently needed in
order to explain the apparent asymmetry of
our universe – in which we observe no primordial anti-matter at all, despite usually assuming a symmetric big-bang. The SM itself offers
two sources of CP violation. The first one is a
complex phase in the Cabibbo-Kobayashi-Maskawa (CKM) quark mixing matrix which
describes all known CP violating effects in the
weak interaction.7 The strong interaction in

E

7 There

ds
s

T
P

the SM is described by quantum chromo-dynamics, QCD, and allows for a CP violating
term in the QCD-Lagrangian, the so-called
θ-term. It is a named puzzle, ‘the strong
CP-problem’, that this θ parameter appears
to be unnaturally small, θ < 10−10. We know
that it has to be so small because otherwise
we would have already found a finite nEDM
[38]. It could actually still be exactly zero. This
is puzzling, because the SM has a well-defined

E

-E

-ds
s

ds
s

are many excellent textbooks on the Standard Model and the CKM mechanism. A concise overview is
found in the review section of the Review of Particle Physics [10].

ed measured exponential decay of the UCN count rate has a time constant of about 30 s reflecting the emptying
central storage vessel through the West-1 guide into the UCN detector. If the shutters to the UCN guides remain
he storage vessel, the storage time constant is about 90 s in the volume, number 5 of Fig. 2. At the end of a cycle,
e re-opened to be ready for the next proton beam pulse.
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Figure 4
A finite electric dipole moment violates, both, parity (P) and time reversal (T) symmetries. The EDM can
only be aligned or anti-aligned to
the spin (σ) which is the only possible direction in the spin–1/2 neutron. The interaction energy of an
EDM must be proportional to the
product of the vectors of electric
field (E) and EDM (dσ).

A finite electric dipole moment violates, both, parity (P) and time reversal (T) symmetries. The EDM can only be
anti-aligned to the spin (σ) which is the only possible direction in the spin–1/2 neutron. The interaction energy of
ust be proportional to the product of the vectors of electric field (E) and EDM (dσ).

number of parameters and all allowed param- interaction of the magnetic dipole moment
eters are sizeable – but this one. There is no with unavoidable magnetic fields. It didn’t
the electric field is unaffected. This means that before and after the transformation, the contribution of
simple explanation within the SM why this take long after the establishment of UCN that
changes sign. Thus, the system has a different energy and cannot be invariant under this transformation.6
parameter would be so small or even zero. their application in nEDM experiments paid
der can immediately see that the interaction of the magnetic dipole moment with a magnetic field conserves parity
off. Especially
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at the Leningrad Nuclear Physries Tbeyond
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by the
introduction of a symmetry and its breaking ics Institute (LNPI), e.g. [43], that in the late
at the cost of a new particle, the so-called 1970s and in the 1980s established many of
axion [39,40]. We will come back to axions the techniques such as the first use of a douwhich are at the same time top-ranking can- ble neutron precession chamber which finds
didates for Dark Matter, see e.g. [41]. It is al- its application again in our next n2EDM exways attractive when theoretical solutions periment at PSI, but also in other planned
solve more than one problem at a time. How- experiments of our competitors. Another very
ever, no axion has been found yet and so its important step was the introduction of a coexistence remains speculative and up to ex- habiting 199Hg magnetometer in the mid 1990s
[44] by the Sussex-RAL-ILL collaboration.
periments to clarify.
Over time the available parameter space
Figure 5 displays the continuous improvement of the nEDM limits, together with our for viable theoretical models, giving rise to
latest result and our new experiment’s sensi- additional CP violation and predicting sizable
tivity. Major drivers for progress with nEDM nEDM, was continuously shrinking to remain
experiments always were increased statistical compatible with the results of the measuresensitivity due to better neutron sources and ments. While today still no finite EDM has
improvements of magnetic field control to been found, improved measurements of the
suppress systematic effects due to the large nEDM remain top priority experiments in par-
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Figure 5. History of neutron EDM measurements as function of publication year, with the present best result from PSI [33]
and the projection
Figure 5 for n2EDM [42], if no signal would be observed. The transition from neutron beam experiments to UCN
measurements was in 1980, starting with LNPI. The Standard Model range is estimated from the known CP violation in the
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In quantum field theory, time reversal T is intimately connected to CP violation via the CPT theorem [37] – with
CP being the combination of charge conjugation and parity transformation and representing the symmetry between
matter and anti-matter. Thus, a search for the nEDM is a search for an additional source of asymmetry between
matter and anti-matter which is urgently needed in order to explain the apparent asymmetry of our universe – in
8 This statement is attributed to N. F. Ramsey and J. M. Pendlebury. They are the individuals who have realwhich we observe
no primordial anti-matter at all, despite usually assuming a symmetric big-bang. The SM itself
the of
largest
progess on
neutron
EDMisexperiments
to date.
M. Cabibbo-Kobayashi-Maskawa
Pendlebury was a long-term member
of quark
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sources
CP violation.
The
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a complex phase
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the PSI particle physics committee and later joined the nEDM effort at PSI until he passed away in 2015. The
2015 update of the previous nEDM result was published by our collaboration in his honor [45].
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Figure 6. View of the nEDM apparatus at PSI with which the present best limit has been measured. The left figure (reproduced
from [33]) shows all essential components of the apparatus. Its inner part can be seen on the photograph (on the right, by Markus
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electric fields are applied to the stored neutrons. Their spins undergo a procedure of flips
according to Ramsey’s method of separated
oscillatory fields. The procedure uses 3 minutes of free spin precession between two π/2
spin flips. This is quite a long free precession
time for magnetic resonance experiments and
key for the experimental sensitivity. The experiment measures the dependence of the
phase accumulated during this precession on
the applied electric field. This phase is encoded in the population of the spin up and
spin down states after the second π/2 flip,
after which the UCN are selected for their spin
states and detected.
The data has been analyzed extremely
carefully – over two years by two independent
teams and with different blinding offsets for
their respective data-sets – making sure not
to bias the analysis with whatever the expectations for the result might be. Meanwhile the

collaboration has unblinded the analysis and
found perfect agreement of the independent
analyses. The result of dn = (0.0 ± 1.1stat ±
0.2syst) × 10−26 ecm gave no indication yet of
a finite neutron EDM establishing a new worldbest limit of dn < 1.8 × 10−26 ecm (90% C.L.)
[33]. The result was presented for the first time
to the public in January 2020 at the users
meeting of the particle physics community at
PSI. The scientific impact is immediate, the
parameter space of models of CP violation
beyond the Standard Model was further
squeezed.
From the experimental point most impressive is the success in reducing systematic
uncertainties by more than a factor of five to
less than 2 × 10−27 ecm which gives good
confidence for achieving the goals of the
n2EDM project. n2EDM is the new folllow-up
experiment by the same international collaboration at PSI, aiming at an order of magnitude
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Figure 7. (Left) Picture (by Markus Fischer, PSI) of the authors together with the n2EDM technical coordinator Georg Bison
in front
of the7just assembled magnetically shielded room (MSR) of n2EDM in November 2019. The MSR has 6 Mu-metal layers
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to particles that would also be well-motivated candidates for Dark Matter. A tiny, hypothetical interaction could allow
neutrons to oscillate to mass-degenerate particles, so-called mirror-neutrons. Those would have almost no interaction
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4 Other results from the nEDM collaboration
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of the neutron magnetic moment and the less
precise measurement of the one of 199Hg. In
the future, this ratio will be further improved
by the n2EDM experiment. In a separate measurement, one can link the 199Hg magnetic
moment to the one of 3He and by that reference the neutron magnetic moment to the
one of 3He and thereby also to the proton.
Further improvement of the precision on the
neutron magnetic moment is thus possible
and can be delivered as a byproduct of the
experimental n2EDM program. While measurements of the neutron magnetic moment with
UCN storage bottles will likely also in the future not match the presently thousand times
better precision of the highly sophisticated
penning-trap experiments for the proton [50]
(nor for 3He), it is a fundamental constant and
important benchmark for experiments and,

possibly, for future precision QCD lattice calculations of baryon properties.

4.2 Spin echo spectroscopy with UCN
For UCN stored in a container, the energy
spectrum is limited by the container’s wall
potential. As the energy for individual UCN is
conserved and spectral groups do not mix
during storage, spectra almost only evolve
because of UCN energy dependent loss mechanisms. This means in particular, that the
average height of UCN in a containment is
determined by their energy and, vice versa,
that the average height encodes the UCN
energy. Based on these ideas, the nEDM
collaboration at PSI has pioneered a spin-echo
technique with UCN that allows to reconstruct
the energy spectrum of stored UCN [51].
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Figure 9
Scheme of the neutron spin-echo sequence with subsequent π/2, π and π/2 pulses and spin
gure 9. Scheme of the neutron spin-echo sequence with subsequent π/2, π and π/2 pulses and spin projections for thr
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with permission
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text. Figure reproduced with permission from [51].

3 Searches for ‘exotic physics’
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The magnetometry of the experiment gives
access to the control of magnetic field gradients in the apparatus. Applying, for example,
a linear, vertical magnetic field gradient allows
to correlate the average Larmor precession
frequency with the average height of the UCN
and thus their energy.
Figure 9 displays a spin-echo sequence for
stored UCN. In addition to the two π/2 pulses
of a Ramsey measurement, a π pulse is introduced inbetween. After the first π/2 pulse, the
initial UCN polarization along z is oriented
along the y axis. During the free spin precession, the magnetic field gradient leads to a
dephasing of the spins, as different UCN energy groups (three are displayed) sample the
magnetic field on average at different height
and therefore differently. The spins of the UCN
sampling on average higher fields run ahead
of those sampling lower fields. After a time t1
a π pulse rotation around the x axis changes
the sequence and the faster precessing spins
are now behind the slower ones. After another
time t1, the faster ones catched up and the
spins are in phase again. Applying the second
π/2 pulse at this time would result in maximal
UCN polarization (that is analyzed along z),
not affected by the vertical magnetic field
gradient. Adding a variable time tf before the
second π/2 pulse leads to new dephasing.
Variation of tf then allows to scan the UCN
dephasing and thus to determine with an
unfolding procedure the number of UCN per
energy bin.
Obviously, the method allows to extract
spectral information for known magnetic field
gradients. In turn, it also allows obtaining
vertical magnetic field information for known
UCN spectra. Moreover, one can disentangle

different contributions that lead to UCN spin
polarization loss during storage as field
dephasing effects can be distinguished from
irreversible depolarization in wall collisions.

4.3 Searches for ‘exotic physics’
The term ‘exotic physics’ is a particle physics
slang referring to physics beyond the SM
which at the same time is not main-stream.
To give a first example, the SM is a quantum
field theory (QFT) and so are most well-motivated extensions of it. Lorentz Invariance (LI)
is at the very foundation of QFT and its violation (LIV) not easily incorporated in a theory.
Nevertheless, especially those pillars of our
best theories should be experimentally tested
with the highest possible precision. On the
one hand, any observation of LIV would break
a pillar of QFT and by that shake the foundations of modern physics. On the other hand,
LI symmetry assumes isotropy of space which
is assumed to be given at large but is certainly
not given with gravity in our laboratories, in
our solar system or our galaxy. Theorists are
building models or effective theories that can
include gravitational effects and can allow for
LIV, see e.g. [52]. One important feature of that
approach is that experiments can now test
and constrain the parameters of such models,
and very different experiments can constrain
the same parameters and be systematically
compared.
The measurement of the ratio of gyromagnetic ratios of neutron and 199Hg, as used to
determine the magnetic moments, see section
4.1, is a sensitive clock comparison. Moreover,
in the nEDM setup, the vertical axis in the
laboratory is the magnetic field axis around
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which the Larmor precession takes place. As
Earth rotates around itself once per siderial
day and around the sun over the year, this
axis, fixed in the laboratory, samples different
directions in space. One simple setting for a
LIV effect would be the existence of a preferred
direction in space (thus violating isotropy),
e.g. by a vector field that could act on the
precessing spins, almost like a magnetic field.
The experimental signature would be a diurnal
or annual modulation of the ratio of precession frequencies as neutron and 199Hg spins
would be affected differently. This effect has
been searched for but was not found. Therefore limits were set by the nEDM collaboration
on early data, still measured at the ILL, on the
magnetic effect [53] as well as on a slightly
more complicated EDM signal effect [54]
constraining best the relevant parameters of
the LIV parametrization. Updates based on
the precision data set from PSI are being
worked on.
LIV is not the only possible source of oscillating EDM signals. The already mentioned
axions, or in more general terms ‘axion-like
particles’ (ALPs), could be (but don’t have to
be) ultra-light and still be viable candidates
for Dark Matter, see [41]. Being ultra-light and
at the same time making up for the amount
of Dark Matter in our Universe would result in
very large quantities of such particles. The
tiny mass of ALPs comes together with very

long Compton wavelengths and very low
Compton frequencies, and the abundant particles could be just described as a classical,
coherently oscillating field.9 ALPs could induce EDMs of neutrons via their coupling to
gluons (as with the QCD θ-term) and those
EDMs would be oscillating at the Compton
frequency of the axion field. As one cannot
a-priori know this frequency, one has to perform a broad search at all accessible frequencies. For the nEDM experiment, this is the
range of inverse time scales of the measurements from single cylce duration of a few
minutes to several years of data taking, covering some six orders of magnitude. We have
performed a search for such oscillating signals
in two data sets, an older one from the ILL and
our newer one from PSI. Because the PSI data
at the time of this ALPs analysis was still
blinded, it could for technical reasons in the
analysis not yet be used for long times. Because, in turn, the absolute time stamping of
the ILL data was not suffciently good, that data
set could not be used for short times. Figure
10 shows the results for the two time bases
which nicely complement each other. No signal above the expected noise could be found
and thus signals as a function of frequency
have been excluded down to certain weak
coupling strengths [56]. The axion frequency
is shown on the upper horizontal axis and
equivalently the axion mass on the lower

The fact that the oscillation is coherent is not trivial, see e.g. [55]. It follows from cosmological arguments
that the axion field started at an almost constant value everywhere in the observable universe after inflation, because inflation exponentially suppressed all spatial gradients of the field. Starting everywhere from
the same value, it behaves like a coherently oscillating classical scalar field. The fact that the gradients must
be small, translates into a small velocity, making the axions a viable Cold Dark Matter candidate. Of course,
the coherence is not perfect and the coherence time is limited to some 106 periods.

9

scale physics. The former ETH-PSI doctoral student Michal Rawlik was awarded the CHIPP prize 2019 for
PhD student in Swiss particle physics, to a large extent for his work on this analysis, but also 21
for his innova
que [46] to design the external magnetic field compensation coil system for the n2EDM experiment.
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coupling strength to the gluons in the neutrons normalized to the so-called axion decay
constant fA. The nEDM result is the first laboratory limit on the mass and coupling of such
particles. One of the astrophysical limits labeled ‘Galaxies’ is from the fact that ALPs as
light as 10−22 eV have a wavelength of the size
of dwarf galaxies. As Dark Matter also exists
in those galaxies, the wavelength of ALPs that
make up for all Dark Matter cannot become
larger. It is exceptional that a laboratory ex-

beyond. Equally amazing is the fact that the
experiment probes, in case of the ultralight
axion masses, axion decay constants larger
than the Planck mass of almost 1019 GeV. Thus,
this is an experiment using neV neutrons,
searching for ultra-light 10−22 eV axion-like
particles while being sensitive to extremely
high-energy, Planck mass-scale physics. The
former ETH-PSI doctoral student Michal Rawlik was awarded the CHIPP prize 2019 for the
best PhD student in Swiss particle physics, to
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a large extent for his work on this analysis,
but also for his innovative technique [46] to
design the external magnetic field compensation coil system for the n2EDM experiment.
Axion-like particles are not restricted to
being ultra-light. They could also, for example,
be in a range of meV to eV, corresponding to
Compton wavelengths of mm to μm. They
could not only induce a neutron EDM, they
could also mediate additional spin-dependent
interactions, e.g. between polarized neutrons
and unpolarized nuclei. This hypothetical
interaction would be short-range because of
the massive mediator, with a characteristic
interaction length given by the Compton wavelenght of the ALPs. It can be parametrized with
a Yukawa potential, with a coupling strength
and the interaction length as parameters.
The nEDM experiment provides an ideal
configuration to search for such hypothetical
interactions. Polarized UCN precess in the
storage chamber of the setup (see Fig. 6) and
interact with the unpolarized nuclei of the
walls. UCN very close to the lower or to the
upper electrode would be most influenced but
would display opposite spin phase shifts. If
the UCN distribution would be homogeneous,
the effects of the lower and upper electrode
would, thus, exactly cancel. However, the UCN
distribution is not homogenous. In fact, the
UCN center of mass is 3-4 mm below the
central plane of the 120 mm high chamber.
This is because the slow UCN are significantly
affected by gravity. By contrast, the 199Hg atoms are thermal and fill the chamber homogeneously. Therefore, they are inert against
any such spin dependent effect described for
the neutrons. As the UCN sample the region
close to the bottom electrode more often, this
effect dominates. If the main vertical magnetic

field of the experiment is reversed and the
Larmor precession changed to opposite direction, any effect that was adding to the
phase of the UCN spins would now be subtracted. In such a way, a potential signal could
be isolated as the system’s magnetometry
guarantees magnetic field control. Such a
search has been performed by the nEDM
collaboration on early PSI data. No signal was
found and the best limit at that time was derived [57], an exclusion plot in a plane of
coupling strength versus interaction range.
The result has been superseded in the meantime by other experiments using polarized
atoms rather than neutrons, however, the
nEDM collaboration is analyzing its new data
for another order of magnitude improvement,
aiming again for the lead.
One might wonder why searching and often
finding zero is worth the effort: ‘Why measuring zero to higher precision ever and ever
again?’, the eminent neutron physicist Geoffrey Greene recently asked. He continued to
give the answer himself: ‘Because we can’.
The attempt to understand Nature at the most
fundamental level is driving this research.
Many limitations of our Standard Model as
discussed already in section 1 are known,
together with a large variety of possible extensions – known and yet unknown – of the
SM. Among them, reality itself is hiding. The
‘Because we can’ is perhaps even a ‘Because
we must’. We are determined to decypher
Nature’s most basic laws and each time we
find zero at better precision is like a little
discovery – of what Nature is not, although it
could have been. At some point, deviations
of the SM will show up and open an era of new
physics. We need to push the boundaries with
experiments using cutting edge technology
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and theoretical guidance. We do not simply
measure everything as precisely as possible
but try to concentrate on the most promising
systems. Such experiments can give access
to very high energy scales, complementary to
direct searches for new particles at high energy colliders, such as the LHC at CERN. In
some cases, the experiments reach far beyond
the energy of existing and even future colliders. Neutrons, and especially UCN, have a lot
to offer in this respect.

5 Other UCN activities worldwide
The research with ultracold neutrons at PSI is
not an isolated activity but part of a growing
world-wide research community. Activities
concerning the development, construction
and operation of UCN sources have been
mentioned in section 2. Several of the new
source projects aim at measuring the neutron
electric dipole moment, in direct competition
with our effort at PSI. Mainly the sources at
ILL (PF-2) and at Los Alamos have also delivered physics results on different topics. Both
have made major contributions to the measurement of the β-decay lifetime of neutrons10
with UCN, the value of which is presently
puzzling many physicists because of a discrepancy in the results obtained from experiments using stored UCN and, respectively, a
cold neutron beam [59]. While at PF-2, both,
experiments with material bottles have been

brought to perfection [60] and with magnetic
storage have been pioneered, the UCNτ experiment at LANL is currently leading the field
with a large magnetic storage bottle [61].
Because neutron β-decay has two parameters
in the Standard Model that need to be determined, namely the ratio of axial-vector to
vector coupling gA/gV 11 and the matrix element
of the CKM matrix describing the mixing of u
and d quarks, Vud, one usually combines the
result of the lifetime measurements with decay-correlations, for instance the correlation
A of the neutron polarization and the momentum of the decay electron in the decay
– e−. This allows for sensitive tests of
n → pν
e
the Standard Model when, e.g. combined with
other elements of the CKM matrix, in particular Vus, to test its unitarity. At LANL, the decay
correlation A has been measured with the
UCNA experiment [62] providing very different
systematics compared to the latest measurement on a cold neutron beam at ILL, which
has still considerably higher precision [63].
Another activity with UCN that has gained
considerable attention is the spectroscopy of
UCN gravitational quantum bound states
above a mirror, see e.g. [64]. Besides being a
wonderful, text-book model-system, in principle, the precision spectroscopy of these
states is a sensitive tool to search for additional short range interactions between the
neutron and the material of the mirror. While
experiments with cold atoms reach higher

10 The precise value of the neutron lifetime is a key parameter in big-bang nucleosynthesis (BBN). The primordial helium abundance is directly related to the neutron lifetime which determines the number of free
neutrons still available at the time of formation of the first nuclei, see e.g. [58].
11 The weak interaction coupling in the SM is purely V–A, vector minus axial-vector. The terminology refers to
the Lorentz structure of the interaction. See standard particle physics textbooks for reference.
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precision, they might have larger systematic
issues, as the atoms experience considerably
larger interactions of electromagnetic origin
on a surface that need to be corrected for.
With a continued improvement of UCN
sources and new technological developments,
from UCN optics via magnetometry and magnetic field stabilization to novel UCN detection
schemes, the field will continue to push the
boundaries of what is known and possible.
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Sub-pixel correlation length imaging of
heterogeneous microstructures using
neutron grating interferometry

R. P. Harti
Paul Scherrer Institut, Switzerland
(Dated: 2 March 2020)

Neutron Grating Interferometry (nGI) is an established neutron imaging method since the
first setup started operation in 2006 at the ICON
beamline at the Paul Scherrer Institut in Switzerland. Since then nGI has found its way to
other facilities worldwide and is now part of
daily operations at most of the leading neutron
imaging beamlines. The dark-field image (DFI)
has been the dominating image modality in nGI
experiments, due to its origin from small- to
ultra-small angle scattering. In previously reported experiments the DFI has been used for
the qualitative representation of the location
of small- and ultra-small angle scattering within
a sample. Neutron grating interferometers
worldwide are typically operated as Talbot-Lau
interferometer at the first Talbot distance, which
limits their use for quantitative experiments.
Here I present the conception, design and utilisation of the first neutron grating interferometers at higher Talbot orders to quantitatively
study the microstructure of colloidal sedimentation. Quantitative analysis is achieved by
varying the setup dependent autocorrelation
length ξ.
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study with ξDFI. Furthermore the highly penetrable nature of neutrons allows us to investigate a system larger than the ones accessible
to light microscopy with the additional benefit of non-ionising radiation that keeps the
system chemically stable during exposure.
The shape of the dashed white line in Figure
2b), indicating the position of the minimum
of the real-space correlation function as a
function of height in the sample, can directly
be compared with Figure 3 in (7) and good
agreement is found.
The study presented here underlines the
potential of combining scattering and imaging
information for the investigation and the understanding of crystallisation processes. Most
importantly the spatially resolved nature of
the retrieved information is particularly well
suited for the investigation of heterogeneous
crystallisation. The method hence has great
potential for future studies of a variety of
systems to understand crystallisation processes that are not necessarily driven by
gravity but happen e.g. at initial seeds. ξDFI
and the experimental and evaluation proce-

dure presented here illustrates the potential
for applications in numerous fields where
microstructural changes appear on a macroscopical scale. The applications range from
the behavior of biological systems, such as
bacteria, to cutting edge technology with the
production of photonic crystals.
We foresee the future of ξDFI to be a combination of 2D experiments with variations in
ξ achieved by varying LS and 3D ξDFI at timeof-flight neutron sources with ξ variation by
varying the incoming neutron wavelength λ.
The advantage of Ls variation is the much
larger accessible ξ range compared to λ. Experiments requiring a large ξ range will most
likely utilise distance changes for ξ variation.
However this approach is slow for tomographic experiments. When no large ξ range
is required and 3D information is desired
time-of-flight experiments will be the optimal
experimental approach. The future of ξDFI will
be the combination of 2D and 3D experiments
at continuous or time-of-flight neutron source,
depending on the needs of the experiment.
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Minutes of the SNSS/SGN General
Assembly 2019

Date/Location
November 22, 2019, Paul Scherrer Institut
Start
14:00
End
17:30
Participants
16 members of the society and 10 nonmembers

1. Welcome
Henrik Ronnow, president of the Swiss Neutron Science Society, welcomes the participants to the general assembly 2019.
The assembly was preceded by 5 scientific
presentations by young neutron scientists,
including the two winners of the 2019 Young
Scientist Prize of the SNSS sponsored by
SwissNeutronics.

2. Minutes of the General Assembly
2018
The minutes of the general assembly of the
SNSS/SGN from 26.11.2018, published in Swiss
Neutron News #53 are accepted without objections.

3. Annual Report of the Chairman
H. Ronnow reports on the activities of the
SNSS/SGN in the years 2018 and 2019:
a) The sixth (2019) Young Scientist Prize of
the SNSS/SGN sponsored by Swiss Neutronics
has been split and was awarded to Dr. Ralph
Harti and Dr. Umbertoluca Ranieri.
b) Two issues of Swiss Neutron News have
appeared in May and November 2018 and
another two have appeared in May and October 2019.
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c) The SNSS/SGN has 186 members at the
time of the assembly, 26 less than in 2018.
This change was caused by the new dataprivacy regulations of the European Union,
which came into effect at the end of 2018 and
caused the User Office of PSI to delete addresses of persons that had not been in contact
with PSI or the SNSS for several years.
d) The SNSS is invited to meetings with the
Swiss Academy of Sciences (scnat) and the
State Secretariat for Education, Research, and

Innovation (SERI) to plan the development of
research in Switzerland and the Swiss participation in large facilities such as the ILL and
ESS. For the next dispatch of SERI to the Federal Council for the years 2025-2028, a Swiss
neutron road-map will be required. This roadmap will be due at the end of 2020 and the
SNSS will lead the preparation of the roadmap. Anybody interested in contributing to
the neutron road-map is invited to contact the
SNSS board.

4. Report of the Treasurer
The annual balance sheet 2018 is presented:
Assets SNSS/SGN on 1.1.2018: CHF 6176.35
Revenues [CHF]
Membership-fees (cash box)

120.00

Membership-fees (postal check acc.)

690.00

Donations

Expenses [CHF]

10.00

Deposit prize money 2017

1000.00

Deposit prize money 2018

1000.00

Expenses Postfinance account

129.20

Payout prize money 2017

1000.00

Payout prize money 2018

1000.00

Total
Net earnings 2018

Balance sheet 2018:

2820.00
CHF

690.80

Assets [CHF]

Postfinance account

6547.15

Cash box

320.00

Assets on 31.12.2017

2129.20

6867.15

Liabilities [CHF]
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5. Report of the Auditors

5. Report of the Auditors

Both Auditors (K. Krämer and M. Zolliker) have examined the bookkeeping and the

Both Auditors
Krämer
M.accepted
Zolliker) ithave
K. Krämer
now on the
board of SNSS,
balance (K.
2018.
Theyand
have
withoutAsobjection.
Theis participants
therefore
unanimously
vote for the and
release
of balance
the SGN/SNSS
examined
the bookkeeping
the
heboard.
has resigned from his position as auditor.
As K. Krämer is now on the board of SNSS, he has resigned from this position as auditor.
2018. They
have accepted it without objection. Prof. Florian Piegsa (University of Berne) will
Prof. Florian Piegsa (University of Berne) will act as a new auditor of SNSS.
The participants therefore unanimously vote act as a new auditor of SNSS.
for the release of the SGN/SNSS board.
6. Budget 2020

H. Ronnow presents the following proposal for the budget 2020:
6. Budget
2020
Receipts [CHF]

Expenditures [CHF]

H. Ronnow
presents the following proposal for the budget 2020:
------------------------------------------------------------------------------------------------member fees
500.00
Receipts [CHF]
Expenditures [CHF]
interest
0.00
fees PC account
63.00
member
fees
500.00
------------------------------------------------------------------------------------------------Total
500.00
63.00

interest

0.00

Total
receipts 2020
fees PC
account

437.00
------------------------------------------------------------------------------------------------7304.15
Total Assets 31.12.2020
500.00

63.00
63.00

The participants accept the budget proposal without objection.
Total receipts
2020
437.00

H. Ronnow mentions that the SNSS could join the Swiss Academy of Sciences (scnat).
The annual membership costs would be CHF 7.00 per member of the SNSS, but the
AssetsSNSS
31.12.2020
7304.15
might be able to receive more money than the membership
fee. The SNSS board

The participants accept the budget proposal
without objection.
H. Ronnow mentions that the SNSS could join
the Swiss Academy of Sciences (scnat). The
annual membership costs would be CHF 7.00
per member of the SNSS, but the SNSS might

be able to receive more money than the membership fee. The SNSS board will look into the
possibilities to join scant under acceptable
conditions and will report at the general assembly in 2020.
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7. News from ENSA, ILL, and ESS
(H. Ronnow)
I) News from ENSA
a) The election of a new chair of ENSA has been
postponed to Nov. 28 2019. At the time of this
SNSS assembly, Christiane Alba-Simionesco is
still the chair woman. A new vice-chair has been
elected, Lambert van Eijck (TU Delft, Netherlands) has taken over from Ferenc Mezei (ESS).
On Nov. 28 2019, Henrik Ronnow, president of
the SNSS, has been elected as the new chair
man of ENSA.
b) The first Instrumentation & Innovation Prize
of ENSA has been awarded to Markus Appel “For
ground-breaking advances of the neutron backscattering technique leading to extended dynamic range, higher resolution and better signalto-noise on the IN16B spectrometer at ILL”.
c) The Walter Hälg prize 2019 has been awarded
to Kell Mortensen. Kell Mortensen has been a
world leader in the application of small-angle
neutron scattering (SANS) to soft matter systems, in particular, polymers for three decades.
He has contributed numerous fundamental
advances to our understanding of the thermodynamics and dynamics of soft materials along
with developing innovative in-situ techniques.
d) ENSA has successfully co-organized the European Conference on Neutron Scattering
(ECNS) 2019 in St. Petersburg, Russia. The next
International Conference on Neutron Scattering
(ICNS) will take place in Argentina in 2021. In
2023, ENSA will again be the main organizer of
an ECNS conference. The PSI and the SNSS will
apply for organizing the ECNS 2023. The location
for ECNS 2023 will be selected in spring 2020.
e) ENSA has participated as a partner in two
proposals for EU funding for neutron sources in
Europe. One of these, BrightnESS2, has been

successful. ENSA has employed a coordinator
for BrightnESS2 to analyze the neutron user
community and its impact and to explore new
access models for neutron sources.

II) News from ILL
a) A new contract for the Swiss membership in
the ILL for the years 2019-2023 has been signed
by the State Secretariat for Education, Research
and Innovation (SERI) and the ILL.
b) The participation of Switzerland in the CRG
instruments of CEA (IN22, IN12, and D23) has
been prolonged to 2020. The beam-time on
these CRG instruments is obtained via the normal proposal system of the ILL. This participation in CRG instruments has the purpose to lower
the number of Swiss proposals that are rejected
due to national balance. In case your proposal
is impeded by national balance, please send a
short notice to H. Ronnow to make sure that the
SNSS can document the effect of the national
balance.
c) The ILL reactor has delivered 2 cycles in 2019
giving a total of 100 beam days. For 2020, only
one reactor cycle of 48 days is planned.

III) News from ESS
a) Switzerland is still involved in five instruments
for ESS: ESTIA, BIFROST, HEIMDAL, ODIN and
MAGIC. The reflectometer ESTIA (100% Swiss)
is planned to be among the first instruments.
The work packages of these instruments progress well.
b) The overall ESS construction budget is tight
and the contributions from all partners are
needed to continue with all work packages in
2020. The budget contributions for the future
operation of ESS are being negotiated.
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c) The committee for Swiss in-kind contributions
to ESS is active and functioning. The overhead
for administration and negotiations is however
very large.

8. News from SINQ (slides
M. Kenzelmann, presented by H.
Ronnow)
M. Kenzelmann could not attend this general
assembly and H. Ronnow steps in to present
news from SINQ.
a) In 2019 no neutrons are produced at SINQ,
as the whole neutron-guide system and selected
instruments are receiving an upgrade. The goal
of the upgrade is to make SINQ fit for the next
10 to 15 years, to deliver more neutrons to all
instruments in the guide hall, to make instruments more suitable for small samples that are
often smaller than 1 mm3, and to reduce the
background on all instruments.
b) The replacement of the guide system is on
schedule. The most delicate part closest to the
spallation source has already been finished in
May 2019. The bunker section of the neutron
guides will be completed until the end of January 2020.
c) Two instruments, MARS and SANS-II, have
been removed. The latter will be replaced with
a SANS instrument from the Laboratoire Léon
Brillouin (Saclay, France) where the Orphée
reactor has been shut down at the end of October 2019. This new SANS instrument is planned
to become operational at SINQ in June 2021.
d) The reflectometer AMOR is receiving a major
upgrade with the installation of the Selene
guide system. AMOR is planned to be back
online in December 2020.
e) The powder diffractometer DMC receives a
new detector and will be renamed to DMC-2. It
is planned to be operational in October 2020

and to be part of the user program in 2021.
f) The instruments TASP, FOCUS, and SANS-I
receive no upgrade except from the guide system and are planned to be operational in May
2020 when neutron production will be resumed.
The spectrometer RITA-II / CAMEA has received
a major upgrade at the end of 2018 and will be
available for the user program in the second
half of 2020.
g) Two beam cycles are planned for 2020: JuneSeptember and October-December. The proposal deadline for the first cycle is January 31,
2020.

9. Format and contents of Swiss
Neutron News
As promised at the SNSS general assembly 2018,
the board of the SNSS has discussed the contents and the format of Swiss Neutron News. It
is the opinion of the board that Swiss Neutron
News is a good advertisement for the Society,
that the printed format is an advantage against
the many newsletters that are sent out by email,
and that Swiss Neutron News should continue
to appear twice a year. As long as the PSI kindly
covers the printing costs, Swiss Neutron News
should continue to appear in paper form.
There are no objections to these points of view.
All member are invited to contact the board with
suggestions for new content and/or changes of
Swiss Neutron News.

10. Miscellaneous
No further issues are discussed.

U. Gasser
December 2019
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Announcements

SGN/SSDN Members

PSI Facility News

Presently the SGN/SSSN has 201 members.
New members can register online on the SGN/
SSSN website: http://sgn.web.psi.ch

Recent news and scientific highlights of the
three major PSI user facilities SLS, SINQ and
SμS can be found in the quarterly electronic
newsletter available online under:
https://www.psi.ch/science/facility-newsletter

SGN/SSSN Annual Member Fee
The SGN/SSSN members are kindly asked to
pay their annual member fees. At the general
assembly 2013 of the society, the fee has been
increased from CHF 10 to CHF 20. It can be
paid either by bank transfer or in cash during
your next visit at PSI. The bank account of the
society is accessible for both Swiss national
and international bank transfers: Postfinance:
50-70723-6 (BIC: POFICHBE),
IBAN: CH39 0900 0000 5007 0723 6.
The SGN/SSSN is an organisation with tax
charitable status. All fees and donations
payed to the SGN/SSSN are tax deductible.

SINQ Upgrade
Because of the present Coronavirus situation,
preparations for the startup of the proton accelerator HIPA are currently suspended, at least
until April 19. This may lead to a delay of the
planned start of SINQ user operation and might
also affect the SINQ user program. At the moment, the situation is quickly evolving and the
start of the user program and the consequences
for the schedule of the experiments are unclear.
SINQ will provide updated information as soon
as it will become available.
When neutron production starts again, the
instruments in the target hall and the instruments TASP and SANS-I in the guide hall will
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be available for the user program. The spectrometer FOCUS is planned to be operational
in June 2020. Instruments with major upgrades will come online later: The spectrometer CAMEA is planned to join half of the 2nd
user cycle of 2020. The diffractometer DMC
and the reflectometer Amor are both being
rebuilt and will be included in the user program in 2021.
The call for proposals for the 2nd cycle of 2020
is planned for June/July 2020. Please visit the
page https://www.psi.ch/sinq/call-for-proposals to obtain the latest information.

Registration of publications
Please remember to register all publications
either based on data taken at SINQ, SLS, SμS
or having a PSI co-author to the Digital Object
Repository at PSI (DORA):
www.dora.lib4ri.ch/psi/
Please follow the link ‘Add Publication’.

Open Positions at SINQ and ILL
To look for open positions at SINQ or ILL, have
a look at the following webpages:
https://www.psi.ch/pa/stellenangebote
https://www.ill.eu/careers/all-our-vacancies/?L=0

PhD positions at ILL
The PhD program of the Institut Laue-Langevin, ILL, is open to researchers in Switzerland. Consult the page
https://www.ill.eu/science-technology/
phd-students/home/
for information on the PhD program of ILL or
get in contact with the managers of the program using the email address phd@ill.fr.
The Swiss agreement with the ILL includes
that ILL funds and hosts one PhD student from
Switzerland.
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Conferences and Workshops
2020 and beyond
Due to the ongoing COVID-19 situation, many of
the events listed below have been postponed or
cancelled. We nevertheless provide the list to
honor the organizers who have put in a lot of
effort to organize community events, many of who
now face extra work to reschedule.

May 2020
Integrated Applications of Structural Biology
May 1-2, 2020, Nashville, TN, USA
14th European Conference on Surface
Crystallography and Dynamics
May 4-8, 2020, Grainau, Germany
3rd Annual Meeting of CALIPSOplus
May 5-6, 2020, Gif-sur-Yvette, France
EMBO workshop on Molecular Neurobiology
May 8-12, 2020, Heraklion, Crete, Greece
Spectroscopy & Liquids workshop
May 11, 2020, Villigen, Switzerland
ICTP 2020-Radiation Damage in Nuclear
Systems: from Bohr to Young
May 11-22, 2020, Trieste, Italy
Workshop on Perspectives and Applications
of Deep Learning for Accelerated Scientific
Discovery in Physics
May 14-15, 2020, Copenhagen, Denmark

An updated list with online
links can be found here:
http://www.psi.ch/useroffice/
conference-calendar

Ubiquitin & Friends Symposium
May 14-15, 2020, Vienna, Austria
International Conference on Highly
Frustrated Magnetism
May 18-22, 2020, Shanghai, China
SIAM Conference on Mathematical Aspects
of Materials Science
May 18-22, 2020, Bilbao, Spain
LEAPS meets Quantum Technology
(Postponed)
May 24-29, 2020, Elba, Italy
ISC2020: 7th International School of
Crystallization: Pharmaceuticals, Foods,
Agrochemicals, Minerals, New Materials
May 24-29, 2020, Granada, Spain
Nanomaterials and advanced characterization
May 25-29, 2020, Strasbourg, France
EPDIC17 - The European Powder Diffraction
Conference
May 26-30, 2020, Sibenik, Croatia
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55th Course of the International School of
Crystallography (Structural Drug Design)
May 29 - June 6, 2020, Erice, Italy

2020 Annual MLZ Conference: Neutrons for
Life Sciences
June 16-19, 2020, Lenggries, Germany

Chromatin Structure and Function (GRS)
May 30 - June 5, 2020, Castelldefels, Spain

Bombannes 2020: 15th Bombannes Summer School on Scattering Methods Applied
to Soft Condensed Matter
June 16-24, 2020, Bombannes/Carcans-
Maubuisson, Gironde, France

June 2020
CHRNS Summer School on Neutron Scattering
June 1-5, 2020, Gaithersburg, MD, USA
HANDS2020: HFIR/SNS Advanced Neutron
Diffraction and Scattering workshop
June 1-5, 2020, Oak Ridge, TN, USA
ASESMA-2020: 6th African School on Electronic Structure Methods and Applications
June 1-12, 2020, Kigali, Rwanda
725. WE-Heraeus Seminar: Magnetic Small Angle Neutron Scattering – from Nanoscale Magnetism to Long‐Range Magnetic Structures
June 7-11, 2020, Bad Honnef, Germany
QENS/WINS 2020
June 8-12, 2020, San Sebastian, Spain
NXSchool: 22nd National School on Neutron
and X-ray Scattering
June 13-27, 2020, Argonne and Oak Ridge
National Labs, USA
PSI Course for Master students: introducing
photons, neutrons and muons for condensed
matter physics and materials science
June 15-19, 2020, PSI Villigen, Switzerland

3DEM Gordon Research Seminar: Visualizing Biological Complexity Across Scales in
3DEM
June 20-21, 2020, Castelldefels, Spain
Gordon Research Conference on Three-Dimensional Electron Microscopy
June 20-21, 2020, Castelldefels, Spain
NDRA 2020: 4th Summer School on Neutron
Detectors and Related Applications
June 22-25, 2020, Riva del Garda, Italy
SXNS16: 16th International Conference on
Surface X-ray and Neutron Scattering
June 23-26, 2020, Lund, Sweden
ACS meeting: 37th National Medicinal
Chemistry Symposium
June 28 - July 1, 2020, New York, NY, USA
The FASEB Virus Structure and Assembly
Conference
June 28 - July 3, 2020, Steamboat Springs,
CO, USA
Annual Meeting of the Swiss Physical Society
June 29 - July 3, 2020, Fribourg, Switzerland
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DSL-2020: 16th International Conference on
Diffusion in Solids and Liquids
June 29 - July 3, 2020, St Julians, Malta
AFC 2020: Congress of the French Association of Crystallography
June 30 - July 3, 2020, Grenoble, France

July 2020
ECS 6: Sixth European Crystallographic
School
July 5-11, 2020, Budapest, Hungary
Coherence 2020: International Conference
on Phase Retrieval and Coherent Scattering
July 6-9, 2020, Shanghai, China
µSR2020: 15th International Conference on
Muon Spin Rotation, Relaxation and
Resonance
July 6-10, 2020, Parma, Italy

August 2020
PSI Summer Camp 2020: Topological
aspects in Condensed Matter
August 17-20, 2020, Zuoz, Switzerland
PSI Condensed Matter Retreat 2020
August 20-21, 2020, Zuoz, Switzerland
25th General Assembly and Congress of the
International Union of Crystallography (IUCr)
August 22-30, 2020, Prague, Czech Republic
International Student Summer Programme
on X-Ray and Neutron Science for undergraduate students
August 30 - September 26, 2020, Grenoble,
France
24th JCNS Laboratory Course Neutron
Scattering
August 31 - September 11, 2020, Jülich and
Garching, Germany

ACNS2020: American Conference on
Neutron Scattering
July 12-16, 2020, Boulder, CO, USA

September 2020

11th Liquid Matter Conference 2020
July 20-24, 2020, Prague, Czech Republic

MUST2020: The International Conference on
Molecular Ultrafast Science and Technology
September 6-10, 2020, Grindelwald,
Switzerland

Polarized Neutron School
July 26-27, 2020, Gaithersburg, MD, USA
PNCMI: 13th biennial Polarized Neutrons for
Condensed Matter Investigations
July 27-31, 2020, Annapolis, MD, USA
ACA2020: 70th Annual Meeting of the
American Crystallographic Association
July 31 - August 7, 2020, San Diego, CA, USA

Diffusion Fundamentals IX
September 7-10, 2020, Krakow, Poland
9th International Conference on Electron Tomography
September 13-16, 2020, Egmond aan Zee,
The Netherlands
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XTOP2020: 15th Biennial Conference on
High-Resolution X-Ray Diffraction and Imaging
September 13-18, 2020, Minsk, Belarus
PSI Powder diffraction school
September 14-18, 2020, PSI Villigen,
Switzerland
Journées Scientifiques du Neutron
September 21-23, 2020, Cadarache, France
2nd ESS and ILL European Users Meeting
September 23-25, 2020, Lund, Sweden
CONFIT2020: 5th International Workshop on
Dynamics in Confinement
September 28 - October 1, 2020, Grenoble,
France

October 2020
Big Science Business Forum 2020
October 6-9, 2020, Granada, Spain
ITMNR-9: 9th International Topical Meeting
on Neutron Radiography: Applications of
Neutron Imaging for Science, Industry and
Heritage
October 12-16, 2020, Buenos Aires,
Argentina
JCNS Workshop 2020: Trends and Perspectives in Neutron Scattering: Quantum Materials From Bulk to Nano
October 13-16, 2020, Tutzing, Germany
PhotonDiag2020: Workshop on Photon Diagnostics, Instrumentation, and Beamlines
Design
October 26-28, 2020, Villigen, Switzerland

November 2020
i2ns Workshop on Innovative Inelastic Neutron Scattering
November 23-25, 2020, Autrans Méaudre en
Vercors, France
LEAPS Plenary Meeting
November 24-26, 2020, Barcelona, Spain

March 2021
IFF spring school 2021: Quantum Technology
March 1-12, 2021, Jülich, Germany
APS March Meeting 2021
March 15-19, 2021, Nashville TN, USA

July 2021
ICNS 2021: International Conference on Neutron Scattering 2021
July 4-8, 2021, Argentina

August 2021
ECM33: 33rd European Crystallographic
Meeting
August 24-28, 2021, Versailles, France
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Join the Swiss Neutron Science Society…
to support all science using neutron radiation in Switzerland.
The Swiss Neutron Science Society is open to everybody interested in neutron
scattering and research using neutron radiation in general.
The annual membership fee is CHF 20.-, but the membership is free for
Bachelor-, Master-, and PhD-students.
Send an email to sgn@psi.ch to join.

