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What is a polarized beam?
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‣ Neutrons are S = 1/2 particles, and therefore have a magnetic moment:
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Why polarized neutrons?
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Why polarized neutrons?
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Component Separation Complex Magnetism
Coherent


Self and collective corr.
Spin incoherent

Self-correlations

Arbe et. al., Phys. Rev. Research 2, 022015(R) (2020) Soh et al., PRB 101, 140411 (2020)

‣ Extra information on cross section components and moment direction:
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Coherent Spin 
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How to polarize and analyse neutrons?

‣ There are three main ways of polarising or analysing a neutron beam: polarising 
crystals, 3He spin filters, and supermirrors:
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3He plasma
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Polarized neutrons at ISIS
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Supermirror 3He/supermirror

‣ Zoom, Larmor (SANS/SE), LET (DTOF), Offspec, Polref (refl.) IMAT (imaging)
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Polarized neutrons at ISIS
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‣ Zoom, Larmor (SANS/SE), LET (DTOF), Offspec, Polref (refl.) IMAT (imaging)

Supermirror 3He/supermirror

FLYNN

3He MEOP
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Wide-angle polarization analysis at ISIS
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‣ LET (DTOF), WISH (diffraction), SHERPA (ITOF)

2019

Supermirror 3He/supermirror

FLYNN

3He MEOP

SHERPA
2029

2025
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Past: Polarization analysis on LET
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The LET spectrometer

Ei 1 - 25 meV

Resolution 1 - 4 %

ɸ (3 Å) 3 x 105 ncm-2s-1

Beam size 2 x 4 cm2

Detectors 3He PSD

Coverage π st.
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“Cathedral” of neutron scattering
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Science on LET: 2017
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QENS (20%)Magnetism (80%)

dominates the scattering, enabling the Cu diffusion mecha-
nism and rates to be studied. At highQ, the neutron-weighted
phonon density of states (PDOS) can be obtained. These two
regimes provide all the information required to test the PLEC
hypothesis as τ can be obtained from theQENS and the loss of
transverse acoustic modes should be visible in the PDOS.We
have studied both the diffusion and lattice dynamics in a
powder sample of Cu2Se (Sigma Aldritch 481629) from 5 to
900 K, with the LET [17] andMERLIN [18] spectrometers at
the ISIS facility. The low incident energy on LET allows the
quasielastic energy broadening to be measured with narrow
energy resolution (Ei ¼ 2.04 meV with nominal resolution
of 36 μeV) while rep-rate multiplication allows the PDOS
to be obtained simultaneously with good resolution
(Ei ¼ 18.0 meV with nominal resolution of 0.69 meV). As
the phonon bandwidth is higher than the incident energy, it is
only possible to measure the PDOS with this resolution in
neutron energy gain where a large number of phonons are
thermally excited at elevated temperature. To cover the full
phonon bandwidth (30 meV [19]) at low temperatures it is
necessary to excite phonons via neutron energy loss, and here
the coarser resolution thermal spectrometer MERLIN was
used (Ei ¼ 60 meVwith nominal resolution of 3.0meV). All
the data sets were reduced with Mantid [20].

Figure 2 presents typical QENS data in the β and α phases.
At T ¼ 320 K in the β phase, there is relatively weak
scattering intensity at energy transfers beyond the resolu-
tion-limited elastic scattering, and the energy width grows
continuously withQ, suggesting a short jump length. In the α
phase at T ¼ 600 K the QENS signal increases dramatically,
as expected upon entering the superionic phase. At high
temperature, T ¼ 900 K, a further change to the Q depend-
ence of the energy width indicates a change in the diffusion
mechanism,with broadening at lowQ and sharpening at high
Q, consistent with the presence of longer range hops.
We have fitted the quasielastic energy broadening within

the Chudley-Elliott jump-diffusion model [21] over the Q
range 0.5 to 1.5 Å−1. Figure 2(d) compares the fits for typical
energy scans atQ ¼ 1.3Å−1 for representative temperatures.
An analysis of the crystal structure gives the jumps that could
be observed using QENS; see Fig. 1(b). We have fitted the
data in the β phase atT ¼ 320 Kwith a single Lorentzian and
a jump length, l ¼ 1.0 Å, corresponding to localized hops. In
the superionic phase it is not possible to fit the data with a
singleLorentzian.Over the temperature rangeT¼500–700K
a second length scale l ¼ 2.2 Å corresponding to the nearest-
neighbor distance between tetrahedra was found to fit the
data. At T ¼ 800 and 900 K a third length scale,

(a) (b)

(c) (d)

FIG. 2. QENS intensity observed on LET. (a) T¼320K, (b) T ¼ 600 K, and (c) T ¼ 900 K. All plots use the same color scale.
(d) Scans of energy transfer at fixed Q ¼ 1.3 Å−1. The solid lines are fits of the Chudley-Elliott model, as described in the text.
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e.g. exotic phases in quantum magnets e.g. diffusion in ionic conductors

3

due to the intrinsic polarization dependence of the neu-
tron scattering cross section. A DMRG calculation (fig.
2c,d) for the same conditions as the neutron experiment
illustrates this simple yet important result.

The central result of this study is the measurement
of excitations in the gapless TLSL phase. As can be
seen from the data measured in DIMPY at H = 7 T
(Fig. 3a,b), beyond the critical field the spectrum under-
goes qualitative changes compared to that at low fields.
The previously sharp modes decompose into structured
and overlapping continua. A gapless linearly dispersive
excitation emanating from qk = ⇡ is seen at low ener-
gies. Many more distinct gapped features, with minima
at either commensurate or incommensurate wave vectors,
appear at higher energies.
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FIG. 3: (Color online) Spectrum of DIMPY at H = 7 T.
Panels (a)–(d) and dashed lines are as in Fig. 2. Lines are
linear fits to the dispersion of the gapless excitations. Symbols
with arrows are specific features predicted by a QFT mapping
of the ladder model [13], as described in the text.

To make sense of this multitude of spectral features,
we are going to classify them by their spin projections
and by their parity with respect to a permutation of the
equivalent ladder legs. Both quantities are conserved by
the Heisenberg and Zeeman Hamiltonians. One has to
keep in mind though, that at H > Hc1 the spin ladder is
magnetized, and therefore the contributions of di↵erent
polarization are no longer identical. The total neutron
scattering cross section can be broken up into six inde-

pendent parts [18]:
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Here, Qz denotes the component of the momentum trans-
fer Q along magnetic field. S↵�

q? = S↵�
q? (qk,!) are dy-

namic correlation functions associated with the di↵erent
symmetry channels. The superscripts ↵ and � label the
correlated spin components: (↵,�) = (zz), (+�), (�+).
The leg permutation parity p = 1,�1 is represented by
the momentum transfer along the ladder rungs q?, de-
fined as p = exp(iq?). In this notation q? = 0,⇡ corre-
sponds to symmetric and asymmetric excitations, respec-
tively. s

�(Q) and s
+(Q) are the asymmetric and sym-

metric structure factor, as discussed in detail in [21, 23].
It is, in principle, possible to separate the six chan-

nels in inelastic neutron scattering experiments, by per-
forming measurements at di↵erent wave vectors in di↵er-
ent Brillouin zones or by applying a horizontal magnetic
field. In practice, this procedure is extremely challeng-
ing. Instead, to identify the various spectral components
in the experimental data, we took guidance from DMRG
calculations. In such simulations, the individual contri-
butions S↵�

q? can be accurately obtained. For DIMPY,
H = 7 T and g = 2.17 [22] for Cu2+, the result is shown
in Fig. 4 [28]. It corresponds to a net magnetization per
site of hSzi = 0.065. The complete calculated cross sec-
tion, for a direct comparison with experiment, is shown
in Fig. 3c,d. The spectacular agreement with the neutron
data gives us confidence that the measured spectra can
be deciphered using the numerical “key” of Fig. 4.
Our goal is, wherever possible, to relate the features

observed to those predicted by the field-theoretical map-
ping of Ref. [12, 13, 15]. Starting with low energies, at
H > Hc1, one expects several gapless excitations, generic
to the TLSL state [12, 13]. These continua are descen-
dants of the soft MS = +1 magnon. They have a linear
lower thresholds of (~!)2 = v

2(qk � q
?)2, as indicated by

solid lines in Figs. 3 and 4. Commensurate gapless excita-
tions with q

? = ⇡ occur in the S±⌥
⇡ channel and are read-

ily observed experimentally. Incommensurate excitations
around q

? = ⇡± 4⇡hSzi and q
? = ±4⇡hSzi are predicted

in the S±⌥
⇡ and Szz

0 channel respectively. They are de-
tected by our DMRG calculations, but appear at least 2
orders of magnitude weaker than the commensurate ones,
and therefore remain undetected in our experiments.
Contrarily, gapless incommensurate excitations were ob-
served in strong-rung ladders [17]. This remarkable dif-
ference can be explained by the di↵erent nature of inter-
actions between spinons (spinons are repulsive in strong-
rung and attractive in strong-leg ladders), leading to dis-
tinct TLSL exponents K but also to di↵erent amplitudes

Schmidiger et. al. PRL 115 147201 Voneshen et. al. PRL 118 145901
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Incoherent/coherent separation
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‣ Polarized neutrons allow us to distinguish incoherent (single-particle motions) from 
coherent (collective and single-particle motions)

dominant incoherent

difficult to distinguish

σcoh (barn) σinc (barn)

H 1.7583 80.27
7Li 0.619 0.78

Na 1.66 1.62

D 5.592 2.05

Cu 7.485 0.55

O 4.232 0.008 dominant coherent
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Instrument layout

Nilsen et. al. J. Phys.: Conf. Series 115 012019
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Implementation: analyzer

3He cell 1

FLYNN, ISIS Analyzer insert

T1 = 100 hoursP0 ~ 65 % Cell change: ~30s
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Present: LET Science Examples
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Science on LET: current
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Arbe et. al., Phys. Rev. Research 2, 022015(R) (2020) 

QENS (30% - 15% polarized)
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Diffusion in solvent mixtures  

K. Edkins R. Morbidini R. Edkins K. Nemkovski T. Seydel
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Diffusion in solvent mixtures

‣ Incoherent and coherent scattering from D2O/C2H5OD mixtures: how does mixing 
affect hydrogen dynamics?

21

Incoherent Coherent

Morbidini et. al., arXiv:2310.04320v1 (2023) 
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Diffusion in solvent mixtures
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‣ Incoherent and coherent scattering from D2O/C2H5OD mixtures: how does mixing 
affect hydrogen dynamics?

Morbidini et. al., arXiv:2310.04320v1 (2023) 
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Diffusion in solvent mixtures
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‣ Incoherent and coherent scattering from D2O/C2H5OD mixtures: how does mixing 
affect hydrogen dynamics?

Polarized

Unpolarized

Morbidini et. al., arXiv:2310.04320v1 (2023) 

23974 | Phys. Chem. Chem. Phys., 2016, 18, 23971--23979 This journal is© the Owner Societies 2016

of the general behaviour of any system, based on such a single
micro-state. However, in the case of micro-heterogeneous
mixtures, with at least one associating species, much can be
learned from a single micro-state. In fact, this single micro-state
is a very good representation of all possible micro-states, since
they appear to be simple permutations of the segregation pat-
terns. This is an interesting peculiarity of micro-heterogeneous
systems, pertaining to a local ‘‘symmetry’’ property, which
deserves further scrutiny.

Fig. 1 summarizes the findings that we want to report here,
namely the morphology of the aqueous-ethanol (upper figures)
and alkane–ethanol mixtures (lower figures), each for 3 concen-
tration of ethanol, namely xEth = 0.2 (left column), 0.5 (middle
column) and 0.8 (right column). Let us first focus on the upper
figures, concerning aqueous-ethanol mixtures. The left-most
figure shows the loose domain structure of ethanol molecules
in water (shown as semi-transparent dark blue molecules).
The oxygen (red) and hydrogen (white) atoms of ethanol are
put into evidence, as to better visualise the chain-like clusters.
The methyl united atoms are shown as semi-transparent
groups. We notice that there are many non-bonded ethanol
hydroxyl groups. These groups are in fact bonded to the
surrounding water molecules. As a result, despite segregation,
the ethanol domains are rather fuzzy. The central figure shows
the water molecules, with the ethanol molecules in semi-
transparent representation, for xEth = 0.5 and the picture in
the right shows a similar representation for xEth = 0.8. We can
see that in both pictures, water is segregated in domains,
which are also loose, although the hydrogen bonding between
the hydroxyl groups is quite apparent. The general picture that
emerges from these 3 snapshots is that both water and
ethanol form fuzzy micro-segregated domains. The fuzziness
comes from the incomplete self-hydrogen bonding of each
species with its own kind. From this observation, we expect
that the cluster distributions will not show any peak at some
particular cluster size.

In the lower set of figures we have shown comparative
clustering in 3 different alkanes. The lower left figure shows
20% ethanol in hexane, with the hexane molecules in semi-
transparent representation, and the ethanol molecules shown
with the same convention as in the figure just above. It is
seen that the ethanol molecules are segregated from hexane. In
addition, we can clearly see that the hydroxyl groups within
each domain are bound in chains and loops. In fact, almost all
hydroxyl groups are bound into such a shape, as will be
confirmed below in cluster analysis. The middle picture shows
50% ethanol in benzene, with a representation of the molecules
analogous to the previous snapshot. Once again, we see clearly
the segregation in species domains, as well as chain/loop
clusters of the hydroxyl groups inside the ethanol domains.
The lower right picture shows 80% ethanol in pentane, and this
time the ethanol molecules are shown entirely. We again
observe a domain segregation by species, and geometric
clusters of the hydroxyl groups. In fact, ethanol in the latter
system is clustered more or less like in pure ethanol, which is
not surprising, and this will be confirmed by the cluster
analysis in the next section.

The study of the snapshots shows a profound difference in
domain segregation between the aqueous and the alkane
mixtures with ethanol, with fuzzy domains in the first and
the ethanol domain underlying the precise geometrical hydroxyl
cluster in the second. These differences obviously come from the
fact that water offers hydrogen possibilities to the ethanol
hydroxyl groups, contrary to alkanes.

3.2 Correlation function analysis

Fig. 2 shows the correlation function between the oxygen sites
of ethanol, for 3 different concentrations of ethanol, while the
inset shows the correlations between the oxygen sites of water.
The pure liquid correlations are also shown in black. In all cases
we observe the strong first peak, which witnesses the underlying
hydrogen bonding between hydroxyl groups, which is at the
heart of micro-segregation. However, micro-segregation is seen
in the long range correlation between segregated domains, and
not in the short range correlations. In all cases, correlation

Fig. 1 Selected snapshots of aqueous-ethanol (top figures) and alkane–
ethanol (lower figures) mixtures. Figures on right correspond to 20% ethanol,
in the middle for 50% ethanol and on the right for 80% ethanol. See the text for
details of color conventions for different molecules.

Fig. 2 Oxygen–oxygen correlation function in ethanol–water mixtures.
Main panel for ethanol, the inset for water. Blue curves for 20% ethanol,
green for 50% ethanol and red for 80% ethanol. The pure component is
shown in black. These color conventions are preserved in all subsequent
figures.
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‣ Incoherent and coherent scattering from D2O/C2H5OD mixtures: what about the 
collective dynamics? Evidence of nanoclusters of EtOH!

Dynamics in Water-Ethanol Mixtures 4

(a)

(b)

FIG. 4. (a) Relaxation times t1(q) and (b) amplitude A1(q) of the main re-
laxation process of c 00

coh(q,n) as a function of ethanol mole fraction at T=285
K and for E1=3.84 meV. Values obtained from the fit through eq.3 and t1
retrieved from the peak position nmax

i = (2pt1)�1. Open symbols: C2D5OD
in D2O, 0.12 ethanol mole fraction and T=290 K. Inset: t1 vs ethanol mole
fraction at q=0.4 Å�1 (red) and q=1.9 Å�1 (blue).

all pairs of atomic species a and b (H, D, O and C for water-
ethanol mixture) weighted by their coherent scattering lengths
ba

coh and bb
coh; Sself

aa and Sdist
aa refers to the same and distinct

particles of the same species a , respectively. With the help
of MD, Arbe et al. interpreted the q-independent t  1Å�1

as a consequence of the cancelling out of Sdist
aa and Sself

aa .45 In
our work, we find that in the range between 0.02 and 0.3
ethanol mole fraction the relaxation times increase by up to
one order of magnitude to 8ps  t1  20ps (Fig. 4). This
finding aligns to what has been shown for the same system
by dielectric spectroscopy (DS) in the microwave region: the
analysis of the dielectric loss for water-ethanol mixtures in
terms of Debye relaxations reveals that t1, associated with the
structural reorganization of the HB network, 26,33 linearly in-
creases with ethanol mole fraction. According to the "wait-
and-switch" model, 26,33 the fluctuation of the hydrogen bond

donors and acceptors between water and the -OH group are
hindered by the reduction of available hydrogen bonding sites
with increasing ethanol fraction. Our model fit for c 00

coh(q,n)
confirms this dynamical observation while adding structural
information encoded in q.
Two distinct regions can be distinguished in figure 4 also at
lower incident energies (Fig. S10): for 0.4Å�1 q  1.2Å�1

c 00
coh(q,n) has a marked q dependence while the slope ob-

served for pure water in 1.2Å�1 q  1.9Å�1 flattens. The
overall increase in the relaxation time is more pronounced in
the low q region and is not linearly related to mole fraction.
Looking at t1 as a function of ethanol mole fraction for two
q values it is clear how two different functional forms de-
scribe the relaxation time for meso- to intra-molecular scale
(Fig.4a (inset)). We note that the susceptibility representation
can lead to instabilities in the total spectral area calculation
for some samples due to noise in the high frequency region
(cf. Fig. S11). Importantly, the observed time scales may be
influenced by limitations imposed by the spectrometer energy
resolution (cf. Fig. S12) and be reflecting maxima of distribu-
tions of times, as possibly expected for clusters with a distri-
bution of lifetimes.
Interestingly, the q range (0.4-1.2 Å�1) with a steeper increase
for t1 corresponds to the length scales where angular reorien-
tation of the molecular dipoles probed by DS can be compared
to collective density fluctuations measured by coherent QENS
for water and its mixture.52 These density fluctuations may
be associated with short-lived concentration fluctuations due
to transient mesoscale inhomogeneities53 seen, e.g., by sim-
ulations54, small-angle scattering55, and indirectly inferred
by thermodynamic analysis56. The distinct q-dependence of
c 00

inc(q,n) illustrates the key information from polarization
analysis to access collective motions. Here, the relaxation
time t inc

1 displays a strong q-dependence over the entire q
range consistent with the underlying diffusive process with a
self-diffusion coefficient given by Ds ⇠ (t inc

1 q2)�1 (Fig. S13).
While t inc

1 and tcoh
1 for D2O are one order of magnitude apart

in the low q region(Fig. 4(a), Fig. S13),44 self- and collec-
tive relaxations for the binary mixture attain the same time
window already at small ethanol fraction. Therefore the q-
dependence of tcoh

1 imply a diffusive process that is collec-
tive in nature as it arises from the pair-correlation function
embodied in the coherent part of the spectrum in c 00

coh(q,n).
As such, the “wait-and-switch" between different hydrogen-
bonding sites is driven by approaching molecules at the ps
time scale and neutron data with PA can directly probe these
motions. In contrast to the increase in t1, we observe a di-
vergent trend for the per-deuteration (Fig.4 open symbols):
the relaxation profile D2O/C2D5OD is closer to that of pure
D2O than to its partially deuterated D2O/C2H5OD counterpart
at the same ethanol mole fraction. This effect of deuteration
might be linked to the interplay between the terms that make
up the Scoh(q,w) (eq.5). It is likely that in the fully deuter-
ated mixture the self and distinct terms cancel out similarly to
the case of water,44 while for D2O/C2H5OD they do not. This
cancellation leads to the absence of the prepeak, expected in
the mesoscale, in S(q) which is obtained by integration over

S5 Apparent static structure factors

Fig. S9: Apparent static structure factor depending on the ethanol-D2O mixing ratio (cf. legend) obtained by integrat-
ing the coherent part (left) and incoherent part (right) of the LET dynamic scattering function S(q,!) in the range
�260µeV  ~!  260µeV , which corresponds to approximately twice the spectrometer resolution line width at
this incident energy (Ei = 3.84meV, cf. figure S2). The change in absolute intensity depending on the mixing ratio
mainly arises from the changing total coherent cross section. In the coherent part (left) we identify the pre-peak near
0.4 Å�1 and liquid structure peak near 1.6 Å�1 (cf. main article for a discussion).

Data accessibility
The neutron data are permanently curated by the ISIS facility and accessible via https://doi.org/10.5286/
ISIS.E.RB1920548 and https://doi.org/10.5286/ISIS.E.RB2210240.
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of the general behaviour of any system, based on such a single
micro-state. However, in the case of micro-heterogeneous
mixtures, with at least one associating species, much can be
learned from a single micro-state. In fact, this single micro-state
is a very good representation of all possible micro-states, since
they appear to be simple permutations of the segregation pat-
terns. This is an interesting peculiarity of micro-heterogeneous
systems, pertaining to a local ‘‘symmetry’’ property, which
deserves further scrutiny.

Fig. 1 summarizes the findings that we want to report here,
namely the morphology of the aqueous-ethanol (upper figures)
and alkane–ethanol mixtures (lower figures), each for 3 concen-
tration of ethanol, namely xEth = 0.2 (left column), 0.5 (middle
column) and 0.8 (right column). Let us first focus on the upper
figures, concerning aqueous-ethanol mixtures. The left-most
figure shows the loose domain structure of ethanol molecules
in water (shown as semi-transparent dark blue molecules).
The oxygen (red) and hydrogen (white) atoms of ethanol are
put into evidence, as to better visualise the chain-like clusters.
The methyl united atoms are shown as semi-transparent
groups. We notice that there are many non-bonded ethanol
hydroxyl groups. These groups are in fact bonded to the
surrounding water molecules. As a result, despite segregation,
the ethanol domains are rather fuzzy. The central figure shows
the water molecules, with the ethanol molecules in semi-
transparent representation, for xEth = 0.5 and the picture in
the right shows a similar representation for xEth = 0.8. We can
see that in both pictures, water is segregated in domains,
which are also loose, although the hydrogen bonding between
the hydroxyl groups is quite apparent. The general picture that
emerges from these 3 snapshots is that both water and
ethanol form fuzzy micro-segregated domains. The fuzziness
comes from the incomplete self-hydrogen bonding of each
species with its own kind. From this observation, we expect
that the cluster distributions will not show any peak at some
particular cluster size.

In the lower set of figures we have shown comparative
clustering in 3 different alkanes. The lower left figure shows
20% ethanol in hexane, with the hexane molecules in semi-
transparent representation, and the ethanol molecules shown
with the same convention as in the figure just above. It is
seen that the ethanol molecules are segregated from hexane. In
addition, we can clearly see that the hydroxyl groups within
each domain are bound in chains and loops. In fact, almost all
hydroxyl groups are bound into such a shape, as will be
confirmed below in cluster analysis. The middle picture shows
50% ethanol in benzene, with a representation of the molecules
analogous to the previous snapshot. Once again, we see clearly
the segregation in species domains, as well as chain/loop
clusters of the hydroxyl groups inside the ethanol domains.
The lower right picture shows 80% ethanol in pentane, and this
time the ethanol molecules are shown entirely. We again
observe a domain segregation by species, and geometric
clusters of the hydroxyl groups. In fact, ethanol in the latter
system is clustered more or less like in pure ethanol, which is
not surprising, and this will be confirmed by the cluster
analysis in the next section.

The study of the snapshots shows a profound difference in
domain segregation between the aqueous and the alkane
mixtures with ethanol, with fuzzy domains in the first and
the ethanol domain underlying the precise geometrical hydroxyl
cluster in the second. These differences obviously come from the
fact that water offers hydrogen possibilities to the ethanol
hydroxyl groups, contrary to alkanes.

3.2 Correlation function analysis

Fig. 2 shows the correlation function between the oxygen sites
of ethanol, for 3 different concentrations of ethanol, while the
inset shows the correlations between the oxygen sites of water.
The pure liquid correlations are also shown in black. In all cases
we observe the strong first peak, which witnesses the underlying
hydrogen bonding between hydroxyl groups, which is at the
heart of micro-segregation. However, micro-segregation is seen
in the long range correlation between segregated domains, and
not in the short range correlations. In all cases, correlation

Fig. 1 Selected snapshots of aqueous-ethanol (top figures) and alkane–
ethanol (lower figures) mixtures. Figures on right correspond to 20% ethanol,
in the middle for 50% ethanol and on the right for 80% ethanol. See the text for
details of color conventions for different molecules.

Fig. 2 Oxygen–oxygen correlation function in ethanol–water mixtures.
Main panel for ethanol, the inset for water. Blue curves for 20% ethanol,
green for 50% ethanol and red for 80% ethanol. The pure component is
shown in black. These color conventions are preserved in all subsequent
figures.
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↵
<latexit sha1_base64="+wSBPeL8nxBdvzPXA2qswhGhfpg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oUy2m3btZhN2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKrR6KZIT9csWtunOQVeLlpAI5Gv3yV28Q0zRi0lCBWnc9NzF+hspwKti01Es1S5COcci6lkqMmPaz+bVTcmaVAQljZUsaMld/T2QYaT2JAtsZoRnpZW8m/ud1UxNe+xmXSWqYpItFYSqIicnsdTLgilEjJpYgVdzeSugIFVJjAyrZELzll1dJq1b1Lqq1+8tK/SaPowgncArn4MEV1OEOGtAECo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AIzPjxw=</latexit>

1

2

h
1� (P̂ · Q̂)2

i

1 1/3

0 2/3

✓
d2�

d⌦dE

◆

��<latexit sha1_base64="hG4LNUkNPU4tPyNF+647IkGlRHc=">AAACF3icbVBNS8NAEN34bf2qevSyWAQ9WJIq6FEUwZsKVoWmls1mki7dTcLuRCgh/8KLf8WLB0W86s1/47b24NeDgcd7M8zMCzIpDLruhzM2PjE5NT0zW5mbX1hcqi6vXJo01xyaPJWpvg6YASkSaKJACdeZBqYCCVdB72jgX92CNiJNLrCfQVuxOBGR4Ayt1KnWfQkRbvqRZrwIbxq+EbFiZRH6pwpiRsPj0tci7uJWp9jeLjvVmlt3h6B/iTciNTLCWaf67ocpzxUkyCUzpuW5GbYLplFwCWXFzw1kjPdYDC1LE6bAtIvhXyXdsEpIo1TbSpAO1e8TBVPG9FVgOxXDrvntDcT/vFaO0X67EEmWIyT8a1GUS4opHYREQ6GBo+xbwrgW9lbKu8xGhDbKig3B+/3yX3LZqHs79cb5bu3gcBTHDFkj62STeGSPHJATckaahJM78kCeyLNz7zw6L87rV+uYM5pZJT/gvH0C37SfuQ==</latexit>

✓
d2�

d⌦dE

◆

+�
<latexit sha1_base64="ewg9G5eR5LwXs2kFkquRLMkh6Do=">AAACF3icbVBNS8NAEN34bf2qevSyWARFLEkV9CiK4E0Fq0JTy2YzSRd3k7A7EUrIv/DiX/HiQRGvevPfuK09+PVg4PHeDDPzgkwKg6774YyMjo1PTE5NV2Zm5+YXqotLFybNNYcmT2WqrwJmQIoEmihQwlWmgalAwmVwc9j3L29BG5Em59jLoK1YnIhIcIZW6lTrvoQI1/1IM16E1w3fiFixsgj9EwUxo+FR6WsRd3GjU2xulZ1qza27A9C/xBuSGhnitFN998OU5woS5JIZ0/LcDNsF0yi4hLLi5wYyxm9YDC1LE6bAtIvBXyVds0pIo1TbSpAO1O8TBVPG9FRgOxXDrvnt9cX/vFaO0V67EEmWIyT8a1GUS4op7YdEQ6GBo+xZwrgW9lbKu8xGhDbKig3B+/3yX3LRqHvb9cbZTm3/YBjHFFkhq2SdeGSX7JNjckqahJM78kCeyLNz7zw6L87rV+uIM5xZJj/gvH0C3Kiftw==</latexit>

✓
d2�

d⌦dE

◆

coh
<latexit sha1_base64="Ynk4n3aDsQ175Npod5aypBAK7DY="></latexit>

✓
d2�

d⌦dE

◆

inc
<latexit sha1_base64="PVdDF3dcjiL5hRkNP7chAzfz5so="></latexit>

✓
d2�

d⌦dE

◆X

mag
<latexit sha1_base64="JLApNKEuZd5YceiNz2QPLpl2MaU="></latexit>

✓
d2�

d⌦dE

◆Y

mag
<latexit sha1_base64="3i/Cq/dPxfpuJ4Y1XXvec1/dvSI="></latexit>

✓
d2�

d⌦dE

◆Z

mag
<latexit sha1_base64="EGQwhSbHWIeNs0kOFC8i2hE+vIw="></latexit>

1

2
cos2 ↵

<latexit sha1_base64="oUvqKc3D4q4ivxUS2GuK6dLCNRE=">AAACAnicbVBNS8NAEJ34WetX1JN4WSyCp5JUQY9FLx4r2A9oYtlsN+3STTbsboQSghf/ihcPinj1V3jz37htc9DWBwOP92aYmRcknCntON/W0vLK6tp6aaO8ubW9s2vv7beUSCWhTSK4kJ0AK8pZTJuaaU47iaQ4CjhtB6Prid9+oFIxEd/pcUL9CA9iFjKCtZF69qEXSkwyN89quUeEuq9lHubJEOc9u+JUnSnQInELUoECjZ795fUFSSMaa8KxUl3XSbSfYakZ4TQve6miCSYjPKBdQ2McUeVn0xdydGKUPgqFNBVrNFV/T2Q4UmocBaYzwnqo5r2J+J/XTXV46WcsTlJNYzJbFKYcaYEmeaA+k5RoPjYEE8nMrYgMsclEm9TKJgR3/uVF0qpV3bNq7fa8Ur8q4ijBERzDKbhwAXW4gQY0gcAjPMMrvFlP1ov1bn3MWpesYuYA/sD6/AGANpd/</latexit>

1

2
(cos2 ↵+ 1)

<latexit sha1_base64="YznZ16EC8Un/NJdHIByiIc9UZ10=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQEUoSBV0W3bisYB/QxDKZTtqhk5kwMxFKyMqNv+LGhSJu/QZ3/o3Tx0JbD1w4nHMv994TJowq7TjfVmFpeWV1rbhe2tjc2t6xd/eaSqQSkwYWTMh2iBRhlJOGppqRdiIJikNGWuHweuy3HohUVPA7PUpIEKM+pxHFSBupax/6kUQ4c/PMyys+Furey3zEkgHKT92Trl12qs4EcJG4M1IGM9S79pffEziNCdeYIaU6rpPoIENSU8xIXvJTRRKEh6hPOoZyFBMVZJM3cnhslB6MhDTFNZyovycyFCs1ikPTGSM9UPPeWPzP66Q6ugwyypNUE46ni6KUQS3gOBPYo5JgzUaGICypuRXiATK5aJNcyYTgzr+8SJpe1T2rerfn5drVLI4iOABHoAJccAFq4AbUQQNg8AiewSt4s56sF+vd+pi2FqzZzD74A+vzB0BcmFQ=</latexit>

1

2
(sin2 ↵+ 1)

<latexit sha1_base64="BpFJ1JNS43Q2b651L3pMN6xGWZE=">AAACBnicbVDLSsNAFL2pr1pfUZciBItQEUoSBV0W3bisYB/QxDKZTtqhk0mYmQglZOXGX3HjQhG3foM7/8bpY6GtBy4czrmXe+8JEkalsu1vo7C0vLK6VlwvbWxube+Yu3tNGacCkwaOWSzaAZKEUU4aiipG2okgKAoYaQXD67HfeiBC0pjfqVFC/Aj1OQ0pRkpLXfPQCwXCmZNnbl7xJOX3buYhlgxQfuqcdM2yXbUnsBaJMyNlmKHeNb+8XozTiHCFGZKy49iJ8jMkFMWM5CUvlSRBeIj6pKMpRxGRfjZ5I7eOtdKzwljo4sqaqL8nMhRJOYoC3RkhNZDz3lj8z+ukKrz0M8qTVBGOp4vClFkqtsaZWD0qCFZspAnCgupbLTxAOhelkyvpEJz5lxdJ0606Z1X39rxcu5rFUYQDOIIKOHABNbiBOjQAwyM8wyu8GU/Gi/FufExbC8ZsZh/+wPj8AUhLmFk=</latexit>

1

2
sin2 ↵

<latexit sha1_base64="ojWveMHx9YK189DKdiGhJHZoduo=">AAACAnicbVBNS8NAEJ34WetX1JN4WSyCp5JUQY9FLx4r2A9oYtlsN+3SzSbsboQSghf/ihcPinj1V3jz37htc9DWBwOP92aYmRcknCntON/W0vLK6tp6aaO8ubW9s2vv7bdUnEpCmyTmsewEWFHOBG1qpjntJJLiKOC0HYyuJ377gUrFYnGnxwn1IzwQLGQEayP17EMvlJhkbp7Vck8xcV/LPMyTIc57dsWpOlOgReIWpAIFGj37y+vHJI2o0IRjpbquk2g/w1Izwmle9lJFE0xGeEC7hgocUeVn0xdydGKUPgpjaUpoNFV/T2Q4UmocBaYzwnqo5r2J+J/XTXV46WdMJKmmgswWhSlHOkaTPFCfSUo0HxuCiWTmVkSG2GSiTWplE4I7//IiadWq7lm1dnteqV8VcZTgCI7hFFy4gDrcQAOaQOARnuEV3qwn68V6tz5mrUtWMXMAf2B9/gCIFpeE</latexit>

1

2
<latexit sha1_base64="91NJnNiONkuys7ZNVnXzJ8MXsG4=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120y7dbMLuRCghP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJ3czvPHFtRKwecZpwP6IjJULBKFqp1w81ZZmXZ/V8UKm6NXcOskq8glShQHNQ+eoPY5ZGXCGT1Jie5yboZ1SjYJLn5X5qeELZhI54z1JFI278bH5yTs6tMiRhrG0pJHP190RGI2OmUWA7I4pjs+zNxP+8XorhjZ8JlaTIFVssClNJMCaz/8lQaM5QTi2hTAt7K2FjalNAm1LZhuAtv7xK2vWad1mrP1xVG7dFHCU4hTO4AA+uoQH30IQWMIjhGV7hzUHnxXl3Phata04xcwJ/4Hz+ADqOkTc=</latexit>

1

2
<latexit sha1_base64="91NJnNiONkuys7ZNVnXzJ8MXsG4=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120y7dbMLuRCghP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJ3czvPHFtRKwecZpwP6IjJULBKFqp1w81ZZmXZ/V8UKm6NXcOskq8glShQHNQ+eoPY5ZGXCGT1Jie5yboZ1SjYJLn5X5qeELZhI54z1JFI278bH5yTs6tMiRhrG0pJHP190RGI2OmUWA7I4pjs+zNxP+8XorhjZ8JlaTIFVssClNJMCaz/8lQaM5QTi2hTAt7K2FjalNAm1LZhuAtv7xK2vWad1mrP1xVG7dFHCU4hTO4AA+uoQH30IQWMIjhGV7hzUHnxXl3Phata04xcwJ/4Hz+ADqOkTc=</latexit>

Schärpf and Capellmann, PSSA 135, 359 (1993)
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Uniaxial PA with a PSD

100,000 pixels

Q
<latexit sha1_base64="FRxliCgR2/DRtiF1FnirrWC+CLE=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLoxmUL9oFtKZk004ZmMkNyRyhD/8KNC0Xc+jfu/Bsz7Sy09UDgcM695Nzjx1IYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJRoxpsskpHu+NRwKRRvokDJO7HmNPQlb/uTu8xvP3FtRKQecBrzfkhHSgSCUbTSYy+kOPaDtDEblMpuxZ2DrBIvJ2XIUR+UvnrDiCUhV8gkNabruTH2U6pRMMlnxV5ieEzZhI5411JFQ2766TzxjJxbZUiCSNunkMzV3xspDY2Zhr6dzBKaZS8T//O6CQY3/VSoOEGu2OKjIJEEI5KdT4ZCc4ZyagllWtishI2ppgxtSUVbgrd88ippVSveZaXauCrXbvM6CnAKZ3ABHlxDDe6hDk1goOAZXuHNMc6L8+58LEbXnHznBP7A+fwBw0SQ+Q==</latexit>

ki
<latexit sha1_base64="5Tz/xMIAQ1f5bwJ4gQCT7T9PSyo=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQKuiy6cVnBPqApZTKdtEMnkzBzI5TQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJXe53nrg2IlaPOE14P6IjJULBKFrJ9yOK4yDMJrOBGFSqbs2dg6wSryBVKNAcVL78YczSiCtkkhrT89wE+xnVKJjks7KfGp5QNqEj3rNU0YibfjbPPCPnVhmSMNb2KSRz9fdGRiNjplFgJ/OMZtnLxf+8XorhTT8TKkmRK7Y4FKaSYEzyAshQaM5QTi2hTAublbAx1ZShralsS/CWv7xK2vWad1mrP1xVG7dFHSU4hTO4AA+uoQH30IQWMEjgGV7hzUmdF+fd+ViMrjnFzgn8gfP5A2yzke8=</latexit>

kf
<latexit sha1_base64="tdFnN8UTr61k+3G9kVeKmiV/S5I=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQKuiy6cVnBPqApZTKdtEMnkzBzI5TQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJXe53nrg2IlaPOE14P6IjJULBKFrJ9yOK4yDMJrNBOKhU3Zo7B1klXkGqUKA5qHz5w5ilEVfIJDWm57kJ9jOqUTDJZ2U/NTyhbEJHvGepohE3/WyeeUbOrTIkYaztU0jm6u+NjEbGTKPATuYZzbKXi/95vRTDm34mVJIiV2xxKEwlwZjkBZCh0JyhnFpCmRY2K2FjqilDW1PZluAtf3mVtOs177JWf7iqNm6LOkpwCmdwAR5cQwPuoQktYJDAM7zCm5M6L86787EYXXOKnRP4A+fzB2gnkew=</latexit>

P k Z
<latexit sha1_base64="xhi5L0wgfz/By1VOKix0zf9a9HE=">AAAB/nicbVDLSsNAFL3xWesrKq7cDC2CIJSkLnRZdOOygn1gE8pkOmmHTiZhZiKUUPAj/AE3LhRx63e46984abvQ1gMDh3Pu5Z45QcKZ0o4zsVZW19Y3Ngtbxe2d3b19++CwqeJUEtogMY9lO8CKciZoQzPNaTuRFEcBp61geJP7rUcqFYvFvR4l1I9wX7CQEayN1LWPvQjrQRBm9bGXYIk5pxw9dO2yU3GmQMvEnZNyreSdP09qo3rX/vZ6MUkjKjThWKmO6yTaz7DUjHA6LnqpogkmQ9ynHUMFjqjys2n8MTo1Sg+FsTRPaDRVf29kOFJqFAVmMg+rFr1c/M/rpDq88jMmklRTQWaHwpQjHaO8C9RjkhLNR4ZgIpnJisjAlEC0aaxoSnAXv7xMmtWKe1Gp3pk2rmGGApxACc7AhUuowS3UoQEEMniBN3i3nqxX68P6nI2uWPOdI/gD6+sHdEOYxQ==</latexit>
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Uniaxial PA with a PSD

100,000 pixels

Q
<latexit sha1_base64="FRxliCgR2/DRtiF1FnirrWC+CLE=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLoxmUL9oFtKZk004ZmMkNyRyhD/8KNC0Xc+jfu/Bsz7Sy09UDgcM695Nzjx1IYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJRoxpsskpHu+NRwKRRvokDJO7HmNPQlb/uTu8xvP3FtRKQecBrzfkhHSgSCUbTSYy+kOPaDtDEblMpuxZ2DrBIvJ2XIUR+UvnrDiCUhV8gkNabruTH2U6pRMMlnxV5ieEzZhI5411JFQ2766TzxjJxbZUiCSNunkMzV3xspDY2Zhr6dzBKaZS8T//O6CQY3/VSoOEGu2OKjIJEEI5KdT4ZCc4ZyagllWtishI2ppgxtSUVbgrd88ippVSveZaXauCrXbvM6CnAKZ3ABHlxDDe6hDk1goOAZXuHNMc6L8+58LEbXnHznBP7A+fwBw0SQ+Q==</latexit>

ki
<latexit sha1_base64="5Tz/xMIAQ1f5bwJ4gQCT7T9PSyo=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQKuiy6cVnBPqApZTKdtEMnkzBzI5TQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJXe53nrg2IlaPOE14P6IjJULBKFrJ9yOK4yDMJrOBGFSqbs2dg6wSryBVKNAcVL78YczSiCtkkhrT89wE+xnVKJjks7KfGp5QNqEj3rNU0YibfjbPPCPnVhmSMNb2KSRz9fdGRiNjplFgJ/OMZtnLxf+8XorhTT8TKkmRK7Y4FKaSYEzyAshQaM5QTi2hTAublbAx1ZShralsS/CWv7xK2vWad1mrP1xVG7dFHSU4hTO4AA+uoQH30IQWMEjgGV7hzUmdF+fd+ViMrjnFzgn8gfP5A2yzke8=</latexit>

kf
<latexit sha1_base64="tdFnN8UTr61k+3G9kVeKmiV/S5I=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQKuiy6cVnBPqApZTKdtEMnkzBzI5TQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJXe53nrg2IlaPOE14P6IjJULBKFrJ9yOK4yDMJrNBOKhU3Zo7B1klXkGqUKA5qHz5w5ilEVfIJDWm57kJ9jOqUTDJZ2U/NTyhbEJHvGepohE3/WyeeUbOrTIkYaztU0jm6u+NjEbGTKPATuYZzbKXi/95vRTDm34mVJIiV2xxKEwlwZjkBZCh0JyhnFpCmRY2K2FjqilDW1PZluAtf3mVtOs177JWf7iqNm6LOkpwCmdwAR5cQwPuoQktYJDAM7zCm5M6L86787EYXXOKnRP4A+fzB2gnkew=</latexit>

P k Z
<latexit sha1_base64="xhi5L0wgfz/By1VOKix0zf9a9HE=">AAAB/nicbVDLSsNAFL3xWesrKq7cDC2CIJSkLnRZdOOygn1gE8pkOmmHTiZhZiKUUPAj/AE3LhRx63e46984abvQ1gMDh3Pu5Z45QcKZ0o4zsVZW19Y3Ngtbxe2d3b19++CwqeJUEtogMY9lO8CKciZoQzPNaTuRFEcBp61geJP7rUcqFYvFvR4l1I9wX7CQEayN1LWPvQjrQRBm9bGXYIk5pxw9dO2yU3GmQMvEnZNyreSdP09qo3rX/vZ6MUkjKjThWKmO6yTaz7DUjHA6LnqpogkmQ9ynHUMFjqjys2n8MTo1Sg+FsTRPaDRVf29kOFJqFAVmMg+rFr1c/M/rpDq88jMmklRTQWaHwpQjHaO8C9RjkhLNR4ZgIpnJisjAlEC0aaxoSnAXv7xMmtWKe1Gp3pk2rmGGApxACc7AhUuowS3UoQEEMniBN3i3nqxX68P6nI2uWPOdI/gD6+sHdEOYxQ==</latexit>

> 10, 000 (|Q|, E, (P ·Q)2)
<latexit sha1_base64="UBDAS070/mCYHVCR4tvNEE3WdGU=">AAACFnicbVDLSgMxFM34rPU16tJNsAgt1JKpgq6kKILLFuwD2loymUwbmnmQZIQyrT/hxl9x40IRt+LOvzFtR9DWA4GTc+7l3nvskDOpEPoyFhaXlldWU2vp9Y3NrW1zZ7cmg0gQWiUBD0TDxpJy5tOqYorTRigo9mxO63b/cuzX76iQLPBv1CCkbQ93feYygpWWOubRuYXyCKH77LAyzF/lsy0Pq57txuVRiziB+vlWRrnbYq5jZlABTQDniZWQDEhQ7pifLScgkUd9RTiWsmmhULVjLBQjnI7SrUjSEJM+7tKmpj72qGzHk7NG8FArDnQDoZ+v4ET93RFjT8qBZ+vK8ZZy1huL/3nNSLln7Zj5YaSoT6aD3IhDFcBxRtBhghLFB5pgIpjeFZIeFpgonWRah2DNnjxPasWCdVwoVk4ypYskjhTYBwcgCyxwCkrgGpRBFRDwAJ7AC3g1Ho1n4814n5YuGEnPHvgD4+MbNmedlQ==</latexit>
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z+: experimental separation

33

G. J. Nilsen et al., Rev. Sci. Instrum. 93 (6), 063902 (2022)

‣ e.g. Ho2Ti2O7 (“spin ice”) - elastic scattering from LET
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z+: experimental separation

G. J. Nilsen et al., Rev. Sci. Instrum. 93 (6), 063902 (2022)

34



ICANS 01/11/2023

Conclusions and future prospects

‣ Polarized TOF has shown its potential for 
QENS (and INS) on a range of systems


‣ Crucial when looking for weak scattering, 
complex systems, or coherent QENS


‣ Technology mature to increase complexity


‣ z+ shows promise, but limited by statistics and 
works best at small Q


→ XYZ polarized diffraction


‣ Also, need high count rate at high resolution: 


→ Indirect/backscattering 

35
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Future: Wide-angle XYZ PA on WISH

36
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WISH diffractometer

37

‣ WISH: large d-spacing neutron 
diffractometer


‣ Solid CH4 moderator


‣ Leading instrument:


‣ m = 3 double elliptical guide


‣ 340° in-plane detector 
coverage


‣ Optimised for powders, but 
can measure single crystals


‣ >50% magnetic samples Photo: Max Alexander
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3. Results and Discussion

3.1. Diffraction Measurements (hk0) Plane

Measurements of the field dependence of the scattering in the (hk0) plane from SrHo2O4, at 0.055 K
and in a magnetic field range of 0 to 1.6 T applied along the c-axis, were made using the WISH
diffractometer. Figure 2 shows the observed magnetic scattering intensity (which was found by
subtracting a 1.5 K background, collected in zero applied field, from the low-temperature datasets).
To a first approximation, it was assumed that the background and the nuclear peaks do not have
a pronounced temperature and field dependence. A small oversubtraction which can be seen in
Figure 3a–c is most likely due to paramagnetic scattering being reduced by progressively higher values
of the applied field. It is apparent that, when a field is applied along the c-axis, the diffuse magnetic
scattering that appears around the k = 0 positions in the (hk0) plane is suppressed, and for some
reflections a new Bragg component appears above µ0H = 0.4 T that suggests that a transition occurs
to a high field state. These new peaks are consistent with peaks which would appear if only half of the
Ho3+ sites ordered ferromagnetically, which can be calculated by finding the positions of the nuclear
peaks from SrHo2O4 if either one or the other of the crystallographically inequivalent sites was not
present. The change in behaviour above 0.4 T for fields applied along the c-axis in SrHo2O4 was also
observed as a clear peak in the low temperature magnetisation measurements.
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Figure 2. Magnetic contribution to the scattering from SrHo2O4 in the (hk0) plane at 0.055 K in several
applied fields. The magnetic component was isolated by subtracting a 1.5 K background from the
low-temperature single crystal neutron diffraction data collected using WISH, ISIS [17].

Datasets to illustrate the field evolution of the magnetic scattering intensity for different reflections
in the (hk0) plane are presented in Figure 3a–c. Reflections such as (310) lose all of their diffuse intensity
upon increasing the field up to 0.5 T, and subsequent increases of the applied field do not change
their magnitude; see Figure 3a. The diffuse scattering is suppressed by a field of 0.5 T for a lot of
the magnetic reflections, with peaks such as (240) shown in Figure 3b initially losing intensity, but
then developing strong (and likely ferromagnetic) components. Reflections such as (340), whose field
dependence is shown in Figure 3c, did not have any diffuse magnetic intensity in zero field, and only
develop Bragg intensities in applied fields above 0.4 T. The intensities of the new Bragg peaks that are
stabilised by an applied field do not saturate, so it can be assumed that the spins are not yet completely
aligned by the field. From magnetisation measurements, it is clear that the saturation value for H k c

is above 7 T (the highest applied field that SrHo2O4 has been measured in). Throughout, the diffuse
scattering features have been fit using a Lorentzian distribution, and the ferromagnetic peaks have
been fit using a Gaussian distribution. From the fits to the data, it can be seen that the Lorentzian
component decreases, and the correlation lengths associated with the diffuse scattering features go to
zero (not shown). The field dependence of the magnitude of the integrated magnetic intensity for the
different reflections is summarised in the bottom left panel of Figure 3.

Crystals 2019, 9, 488 4 of 10

3. Results and Discussion

3.1. Diffraction Measurements (hk0) Plane

Measurements of the field dependence of the scattering in the (hk0) plane from SrHo2O4, at 0.055 K
and in a magnetic field range of 0 to 1.6 T applied along the c-axis, were made using the WISH
diffractometer. Figure 2 shows the observed magnetic scattering intensity (which was found by
subtracting a 1.5 K background, collected in zero applied field, from the low-temperature datasets).
To a first approximation, it was assumed that the background and the nuclear peaks do not have
a pronounced temperature and field dependence. A small oversubtraction which can be seen in
Figure 3a–c is most likely due to paramagnetic scattering being reduced by progressively higher values
of the applied field. It is apparent that, when a field is applied along the c-axis, the diffuse magnetic
scattering that appears around the k = 0 positions in the (hk0) plane is suppressed, and for some
reflections a new Bragg component appears above µ0H = 0.4 T that suggests that a transition occurs
to a high field state. These new peaks are consistent with peaks which would appear if only half of the
Ho3+ sites ordered ferromagnetically, which can be calculated by finding the positions of the nuclear
peaks from SrHo2O4 if either one or the other of the crystallographically inequivalent sites was not
present. The change in behaviour above 0.4 T for fields applied along the c-axis in SrHo2O4 was also
observed as a clear peak in the low temperature magnetisation measurements.

0 1 2 3 4 5
0
1
2
3
4
5

0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5

H || c H || cH || cH || c
0.4 T0.0 T

(0
k0
)

(h00) (h00)

0.5 T

(h00)

1.6 T

(h00)

102

103

In
te

ns
ity

 (a
rb

. u
ni

ts
)

Figure 2. Magnetic contribution to the scattering from SrHo2O4 in the (hk0) plane at 0.055 K in several
applied fields. The magnetic component was isolated by subtracting a 1.5 K background from the
low-temperature single crystal neutron diffraction data collected using WISH, ISIS [17].

Datasets to illustrate the field evolution of the magnetic scattering intensity for different reflections
in the (hk0) plane are presented in Figure 3a–c. Reflections such as (310) lose all of their diffuse intensity
upon increasing the field up to 0.5 T, and subsequent increases of the applied field do not change
their magnitude; see Figure 3a. The diffuse scattering is suppressed by a field of 0.5 T for a lot of
the magnetic reflections, with peaks such as (240) shown in Figure 3b initially losing intensity, but
then developing strong (and likely ferromagnetic) components. Reflections such as (340), whose field
dependence is shown in Figure 3c, did not have any diffuse magnetic intensity in zero field, and only
develop Bragg intensities in applied fields above 0.4 T. The intensities of the new Bragg peaks that are
stabilised by an applied field do not saturate, so it can be assumed that the spins are not yet completely
aligned by the field. From magnetisation measurements, it is clear that the saturation value for H k c

is above 7 T (the highest applied field that SrHo2O4 has been measured in). Throughout, the diffuse
scattering features have been fit using a Lorentzian distribution, and the ferromagnetic peaks have
been fit using a Gaussian distribution. From the fits to the data, it can be seen that the Lorentzian
component decreases, and the correlation lengths associated with the diffuse scattering features go to
zero (not shown). The field dependence of the magnitude of the integrated magnetic intensity for the
different reflections is summarised in the bottom left panel of Figure 3.
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Fig. 3. Views of crystal structures for the Ni@FAU zeolite as a
function of gas loading. All structures were derived from Rietveld
refinements of NPD data at 7 K [Si and Al: yellow; O: red; Ni: green;
C: gray; D: white; C2D4 (1) is highlighted in blue for clarity]. The host-guest
interactions are highlighted by dashed lines, and the estimated

standard deviation values for binding distances are typically within
0.02 to 0.08 Å. Views are of binding sites for adsorbed gas molecules
in [Ni12Na20(Al44Si148O384)]·(C2D2)12 (A), [Ni12Na20(Al44Si148O384)]·(C2D2)26
(B), [Ni12Na20(Al44Si148O384)]·(C2D4)17 (C), [Ni12Na20(Al44Si148O384)]·(C3D4)20
(D), and [Ni12Na20(Al44Si148O384)]·(C3D6)26 (E).

Fig. 4. INS spectra for Ni@FAU as a function of gas loading. (A) Comparison
of INS spectra of C2H2-loaded Ni@FAU and that of solid C2H2. (B) Comparison
of INS spectra of C2H4-loaded Ni@FAU and that of solid C2H4. Enlarged details
show the translational or librational and the internal vibrational modes of

adsorbed C2H2 and C2H4 molecules. Difference spectra were produced by
removing signals of the bare zeolite and sample holder. Raw spectra are provided
in the supplementary materials. Peaks are labeled with Roman numerals.
S, dynamic structure factor; Q, momentum transfer; w, frequency change.
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WISH: Instrument layout
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Böni et al., NIMA 966, 163858 (2020)
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P. Böni, C. Schanzer and M. Schneider Nuclear Inst. and Methods in Physics Research, A 966 (2020) 163858

Fig. 1. Design of wide-angle polarizing analyzers (WAPAs) in reflection and transmission geometry. (a) shows the geometry of a reflecting WAPA as realized at the beamlines
HYSPEC at SNS and POLANO at J-PARC. (b) Warping of the polarizing blades (thick solid lines in black) along the flight direction of the neutrons reduces the angular resolution
(beam #1). Warping in the vertical direction induces variations of the width of the channels (beams #2 and #3) leading to variations in intensity for various scattering angles.
(c) WAPAs in transmission geometry do not affect the phase space of the transmitted neutrons. The Si-blades are essentially transparent for the neutrons. Neutrons with the wrong
polarization are absorbed by a collimator that is placed between the WAPA and the detector (beam path in blue). (For interpretation of the references to color in this figure
legend, the reader is referred to the web version of this article.)

in Fig. 1 (a). Circularly bent blades made from neutron-absorbing
glass and coated with polarizing supermirror are arranged around the
sample. Neutrons entering the channels between the polarizing blades
are transmitted to the detector and polarized with spin up while the
neutrons with spin down are transmitted through the supermirror and
absorbed in the boron containing glass.

WAPAs in reflection geometry have been installed recently at the
TOF spectrometers HYSPEC [15,16] at SNS and POLANO [17–20]
at MLF covering a range of scattering angles of the order of 60

0.
They are also used as polarization analyzers in neutron spin echo
spectroscopy [21,22]. However, the reflection geometry involves some
serious drawbacks: First of all, neutrons hitting the front face of the
blades (thick black lines in Fig. 1) are lost. For example, the width of the
channels of the WAPA for POLANO at the entrance is 0.6 mm and the
thickness of the blades is 0.3 mm [20]. Therefore, even in the ideal case
only 66% of the correctly polarized neutrons can reach the detector.
Further losses occur due to the finite reflectivity of the supermirrors.
In addition, the transmission is reduced by warping of the blades in
the longitudinal (beam #1) and vertical direction (beams #2 and #3)
as sketched in Fig. 1(b).

In this work we discuss the realization of a wide-angle analyzer
using polarizing blades made from Si-wafers in a transmission geometry
(tWAPA) as shown in Fig. 1(c). The major advantages are that (i) the
phase space of the neutrons is essentially preserved, (ii) shading of the
neutron beam by the front face of the blades is avoided, and (iii) the
waviness of the blades only marginally affects the trajectories of the
neutrons scattered by the sample.

2. tWAPA using Z-cavities

Two-dimensional spin analyzers in transmission geometry have al-
ready been realized by Krist many years ago [23]. The basic idea is
to arrange Z-cavities radially around the sample position as shown on
the left hand side of Fig. 2. The cavities are separated by absorbing
blades, which are intersected with silicon wafers that are coated with
polarizing supermirror. Typical spin-dependent transmission curves of
a silicon wafer that is coated on both sides with Fe/Si polarizing
supermirror with m = 5 are shown in Fig. 3. m = 1 corresponds to
the angle of total reflection of a Ni-coating. The double-sided coating
increases the reflectivity of 72% of a single coating (at m = 5) to 90%.

The high reflectivity of FeSi mirrors yields in transmission a high
polarization P g 90% between the critical edge m

min
Ù 0.68 (spin

down and spin up) and the critical edge m
max

= 5 (spin up). Therefore,
neutrons are polarized within an angular range given by

✓
dn

c
= cm

min
� f ✓

up

c
= cm

max
�, (1)

where � designates the wavelength of the neutrons and the constant c
is given by c = 0.00173 rad/Å (c = 0.099

˝/Å). In terms of wavelength
at a fixed angle of incidence  , neutrons within a range

�
min

=
 

cm
max

f � f �
max

=
 

cm
min

(2)

Fig. 2. (a) Design of a WAPA using Z-cavities (green lines) that are arranged radially
around the sample position [23]. The channels are separated by absorbing blades
(black lines). (b) The flexibility of the tWAPA may be increased and the complexity
of the device reduced by arranging the absorbing blades downstream of the polarizing
supermirrors. The radially emerging lines shown in red indicate beam trajectories. (For
interpretation of the references to color in this figure legend, the reader is referred to
the web version of this article.)

become polarized. The angle  is chosen to be close to ✓
up

c . The
suppression of neutrons with � > �

max
may be helpful for avoiding

frame overlap in TOF spectroscopy.
Because of the finite thickness of the required absorbing blades

(t Ù 0.3 mm), the transmission is still impaired by the absorption of
neutrons by the front face of these blades similarly as for the WAPA
in reflection geometry. We propose improving the design by replacing
the absorbing blades within the polarizing device by a radial collimator
that is placed around the polarizing device as shown at the right hand
side of Fig. 2. The absorbing Mylar foils of the collimator have a
thickness of typically 75 �m. Therefore, the transmission losses are
strongly reduced. Moreover, the separation of polarizer and collimator
allows the collimation to be varied according to the requirements of
the experiment. Last but not least, the length of the collimating section
can be reduced by increasing the number of mylar foils.

In Appendix A we have evaluated the properties of a tWAPA that is
composed of Z-cavities as shown on the right hand side of Fig. 2. The
calculations show that the tWAPA is able to yield a good performance
over a range of wavelengths �

min
f � f �

max
where the parameter for

the bandwidth

Q
P
=
�
min
m
max

�
max

m
min

(3)

provides a measure for the dynamic range of the tWAPA. Here, �
min

and �
max

designate the minimum and maximum angle of reflection of
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- crosstalk?
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- sample environment spurions


A wide-angle polarization analyzer for the ISIS TS-2 diffractometer WISH

Figure 7. Extension of the polarizing mirrors at both ends of the analyzer device to prevent unpolarized neutron
leakage.

The predictions from this code were that the new shape would set the polarizing cut-o↵ wavelength
to ⇠ 2.8.

Before starting to work in what will be described below, I worked on bringing an equiangular spiral
v-cavity polarizer to McStas, one that could also consider more than one channel. When the code was
finished, the predicted cut-o↵ wavelength for the three-channel device, already being manufactured by
SwissNeutronics, was of 3.5 . Unfortunately, I cannot currently access McStas to access the data from
the simulation on the PSD and Polarization monitors; however, Figure 8 shows a 3D visualization of
the numerical experiment.

Figure 8. McStas ray-tracing output of our Pol guide LogV mirror component, with multiple channels.

11 / 26

‣ Use transmission rather than reflection to improve cost, transmission, corrections:

Böni et al., NIMA 966, 163858 (2020)
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‣ Three-channel prototype (Swiss Neutronics AG - Michael Schneider, Peter Böni):

rin = 0.215m, rout = 0.475m, m = 4.5 
(λmin = 3.14Å for sample d = 6mm)

V-cavity

+ fewer channels

- mirror overlap

- sample environment spurions


A wide-angle polarization analyzer for the ISIS TS-2 diffractometer WISH

Figure 7. Extension of the polarizing mirrors at both ends of the analyzer device to prevent unpolarized neutron
leakage.

The predictions from this code were that the new shape would set the polarizing cut-o↵ wavelength
to ⇠ 2.8.

Before starting to work in what will be described below, I worked on bringing an equiangular spiral
v-cavity polarizer to McStas, one that could also consider more than one channel. When the code was
finished, the predicted cut-o↵ wavelength for the three-channel device, already being manufactured by
SwissNeutronics, was of 3.5 . Unfortunately, I cannot currently access McStas to access the data from
the simulation on the PSD and Polarization monitors; however, Figure 8 shows a 3D visualization of
the numerical experiment.

Figure 8. McStas ray-tracing output of our Pol guide LogV mirror component, with multiple channels.
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Supermirror prototype
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‣ Prototype tested on Larmor instrument - p ~ 96%. Full device (~60°) in production…A wide-angle polarization analyzer for the ISIS TS-2 diffractometer WISH

Figure 26. The four scattering di↵erential cross-sections of Equation ??

Figure 27. Polarization measured from the direct-beam experiment over the central channel, reaching 95 % close to
the cut-o↵ wavelength.
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Future: Simultaneous high resolution 
and high count rate ZPA on SHERPA
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Cold spectrometers at ISIS

‣ LET (2010)


‣ Direct geometry TOF


‣ Polarized mode (2019)


‣ OSIRIS (1998)


‣ Indirect geometry TOF


‣ Analyzer upgrade


‣ Si (111), ΔE=11µeV


‣ Guide upgrade


‣ ~5x flux gain

45
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From IRIS to SHERPA

‣ IRIS: indirect geometry time-of-
flight spectrometer


‣ Part of original instrument 
suite (1988)


‣ Workhorse instrument


‣ m = 1 curved guide


‣ m = 2 focusing nose


‣ L1 = 36.5 m 


‣ PG(002) analyzer


‣ Resolution ΔE=17.5µeV

46

Carlile and Adams, Physica B 182, 431 (1992)
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SHERPA: Primary spectrometer
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‣ Modern double-elliptical supermirror guide (like OSIRIS) → Gain x10

Figure: A. Perrichon and F. Demmel

1m, N = 4, m = 5.5
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SHERPA: Secondary spectrometer
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I / �d⌦��

�� = µ� cot ✓

<latexit sha1_base64="ctQAKR9RHv0tY9xOLgNLfwyP2xE="></latexit>

λ (Å) µ(°) cot θ dΩ Φ Gain

IRIS 6.64 0.8 0.0437 0.2 1E+07 1

SHERPA 6.47 1.5 0.2586 0.6 1E+08 330
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SHERPA: Secondary spectrometer

‣ Use prismatic effect in secondary spectrometer
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PG(002)

R. Bewley, Rev. Sci. Instrum. 90, 075106 (2019)
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SHERPA: Secondary spectrometer

‣ Use prismatic effect in secondary spectrometer
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R. Bewley, Rev. Sci. Instrum. 90, 075106 (2019)

Position 1: 11.6µeV

Position 2: 6.4µeV
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SHERPA: Secondary spectrometer

‣ Polarization analyser: V-cavity or 3He cell?
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PG(002)

Polarization 
analyzer

R. Bewley, Rev. Sci. Instrum. 90, 075106 (2019)

V-cavity

3He
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