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Abstract

We performed neutron imaging of ferromagnetic transitions in NigAl and HgCr,Sey crystals.
These neutron depolarization measurements revealed bulk magnetic inhomogeneities in the
ferromagnetic transition temperature with spatial resolution of about 100 um. To obtain such
spatial resolution, we employed a novel neutron microscope equipped with Wolter mirrors as

a neutron image-forming lens and a focusing neutron guide as a neutron condenser lens. The
images of NisAl show that the sample does not homogeneously go through the ferromagnetic
transition; the improved resolution allowed us to identify a distribution of small grains with
slightly off-stoichiometric composition. Additionally, neutron depolarization imaging experiments
on the chrome spinel, HgCr,Sey, under pressures up to 15 kbar highlight the advantages of the
new technique especially for small samples or sample environments with restricted sample space.
The improved spatial resolution enables one to observe domain formation in the sample while
decreasing the acquisition time despite having a bulky pressure cell in the beam.
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Introduction

Modern quantum materials exhibit a large variety of interesting phenomena. In these
materials, the relative strength of competing interactions can be tuned by non-thermal
parameters such as chemical doping or hydrostatic pressure [1-4]. Close to a quantum
critical point (QCP) the balance between the competing interactions allows for strong
quantum fluctuations that can stabilize completely new phases, namely non-Fermi liquid
behavior [5-7], unconventional superconductivity in heavy fermion systems [1,8,9], high-
temperature superconductivity in cuprates [10,11], and complex magnetic order like in spin
ice or spin glasses [12-14].

Two methodical difficulties can arise when a system is driven towards a QCP. First, this
fragile new order will be very sensitive to impurities and inhomogeneities, which can mask
the intrinsic properties and sometimes even cause new phenomena [15-17]. Traditional

bulk thermodynamic measurements, such as magnetometry or specific heat, average over
the sample and thus often miss the extra level of complexity. Spatially resolved bulk
measurements on the scale of 10 um to 100 pm are not widely available. Secondly,

the sample environment necessary to achieve very low temperatures and high hydrostatic
pressures usually lowers the potential to obtain relevant information from the samples, either
by making certain techniques completely impossible (e.g. scanning probe measurements)

or by strongly decreasing the signal to noise ratio. To alleviate these difficulties, we
demonstrate a new method of spatially-resolved thermodynamic measurements of magnetic
phase transitions and demonstrate inhomogeneities and domain formation near the transition
temperature in NigAl and HgCr,Seq, two well-known examples of materials affected by the
proximity to a QCP.

NigAl is an archetypical weak itinerant ferromagnet [18,19]. Due to it’s proximity to a QCP,
the Curie temperature of NizAl has strong compositional dependence [20]. Well documented
inconsistencies in 7¢ have been attributed to differences in growth and annealing conditions
[21]. Determining the variation of 7¢ across a specimen is important, since the composition
may vary due to diffusive processes during growth. As a consequence, bulk magnetometry
measurements or neutron scattering experiments which effectively average over the entire
sample volume may give inaccurate results.

HgCr,Se,4 belongs to the isostructural family of the chromium spinels (ACrp.X3). It shows
diverse magnetic ground states mostly due to the competition of the direct antiferromagnetic
exchange between the chromium ions, and the ferromagnetic superexchange mediated by the
X' nonmagnetic atoms [22-24]. The ferromagnetic superexchange dominates at large inter-
ionic distances, while it gives way to the antiferromagnetic exchange at smaller distances.
[22]. Hydrostatic pressure is a unique tuning parameter to study the mechanisms of these
competing interactions. In HgCr,Se, ferromagnetism is suppressed under pressure at a

rate of 0.95 K/kbar from an initial transition temperature of 105 K [25]. The influence

of stoichiometry and pressure inhomogeneities on the transition temperature are not well
known and difficult to study with standard techniques.
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Neutron depolarization imaging (NDI) provides a spatially-resolved thermodynamic probe
of a sample’s magnetic state [26,27], and potentially a three-dimensional distribution of the
magnetic field [28-31]. Neutrons readily penetrate cryogenic equipment, pressure cells and
bulk metal samples. When a neutron non-adiabatically enters a magnetic field, its magnetic
moment undergoes Larmor precession. Changes in the polarization state of the transmitted
neutron beam can probe the magnetic domain distribution inside a ferromagnet [32,28,33],
magnetic islands in spin glasses [34,35,4], or the Meissner field outside a superconductor
[36-38].

Conventional NDI is based on pinhole optics where a collimated beam produced by an
aperture of characteristic size D (~1 cm), illuminates a sample placed a distance zfrom

the detector, with overall length L (~10 m) from the aperture. The geometric image blur is
approximately Aq ~ DZ/L, and is significant in NDI. To achieve magnetic contrast, a neutron
polarizer and spin flipper are placed upstream of the sample, while a neutron spin analyzer
is placed between the sample and the detector. To accommodate the spin analyzer between
the sample and detector requires z~ 0.5 m. To obtain a quantitative measure of the sample’s
magnetic state, the neutron beam must be monochromatized, reducing the intensity and
requiring larger pinhole diameters to achieve practical image acquisition times. As a result
the typical blur Ag ~ 1 mm. In contrast, samples as small as 1 mm3 are often necessary either
because larger crystals are not available or sample space limitations of sample environment
equipment (e.g. pressure cells) exist so that only bulk-average measurements are possible.

To overcome these shortcomings, this study presents the first polarized neutron microscope.
The measurements were performed at the ANTARES instrument at Heinz Maier-Leibnitz
Zentrum (MLZ) [39,40]. Focusing neutron mirrors in a Wolter optic configuration with focal
lengths in the meter range [41,42] enabled high resolution images in combination with the
required optical components for NDI. The unprecedented spatial resolution, of about 100
4m, is determined by the angular resolution of the mirrors.

Experimental details

Instrument configuration

Layout schematics of a standard NDI and the microscope are shown in Fig. 1. The

source is a variable-diameter beam aperture (36 mm, 18 mm, 9 mm) at the entrance to

the experimental hutch. The sample is mounted in a Sumitomo SRDK-205D closed-cycle
refrigerator (CCR) [43]. CCR’s are standard equipment used to study temperature-induced
transitions. The temperature homogeneity across the sample was assured by clamping the
sample on an Aluminum support which has proven to provide excellent temperature stability
in prior experiments.

In standard NDI, the source is projected onto the detector, situated 9 m from the aperture,
modulated by the sample. For the microscope, a focusing guide was placed 8 m from the
entrance aperture (Fig. 1B). The Wolter optic accepts a large divergence, so the largest
available aperture (36 mm) was employed without the loss of spatial resolution. The sample
was located 50 mm downstream from the focusing guide, close to its focal spot. The relative
positions of the Wolter optic and the detector were adjusted to have the sample at the object
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plane £ of the optic and the detector at the focal plane %. This arrangement corresponds
to a basic microscope; the focusing guide is a condensing lens; the Wolter optic is the
magnifying, image-forming lens.

Wolter optics have been previously described and demonstrated to form neutron images
[41,42]. The optic employed here has a magnification of 4, total focal length of 3.2 m, #

= 0.64 m, a diameter of about 3.5 cm, and overall length of about 6 cm [42,44]. The three
0.2 mm thick foil mirrors are composed of pure nickel, so that neutrons of 5 A incident on
the mirror surface at an angle less than about 0.5° are totally reflected. The angle of the first
mirror is about1°®, so that the divergence acceptance of the optics is 1°-1.5°.

The focusing neutron guide, made by SwissNeutronics [45-47], consists of four parabolic
sections with a nickel/titanium supermirror coating with /7= 6 in a geometry so that the
initially collimated imaging beam was focused to a spot size of about 1 mm radius. The
focal distance is 80 mm from the exit of the guide, creating a beam divergence of 0.75° to 2°
that reasonably fills the acceptance of the Wolter optic. The separation of the focusing guide
and the Wolter optic was adjusted to achieve the largest uniform field of view which was
about 2 x 2 mm2. It should be noted that the Wolter optic could be used with a larger beam
cross section, which could however not be achieved with the available focusing guide.

2.2. Field of view

In order to generate a neutron image with the Wolter optic, the sample must be illuminated
by a divergent beam. Fig. 2 shows a comparison of the measured and simulated neutron
intensity distribution at different positions downstream from the focusing guide. The
measured radiographs (top row) were obtained with a simplified version of the setup
shown in Fig. 1B, where the polarizer, spin flipper, analyzer, and sample were removed.
The focusing guide was translated along the beam direction while the Wolter optic was
maintained at a fixed distance (%) from the detector, thus generating images of the beam
section at different distances Zfrom the exit of the focusing guide. The simulations (bottom
row) were obtained using McStas [48,49], a neutronray tracing package. The simulation
was performed by adapting a library that simulates the ANTARES instrument into the
configuration of the current experiment with a collimator at the entrance of the instrument
(with 36 mm diameter), a velocity selector tuned to 5 A, and a parabolic focusing guide

at 8 m from the collimator. The focusing guide in the ray tracing model was defined to
match the m = 6 coating, dimensions, and focal distance of the one used in the experiment.
The images were generated from 109 virtual neutrons with a 2D virtual detector placed at
different distances Zfrom the exit of the focusing guide.

The measured and simulated images show good agreement. Note that the simulations only
included the focusing guide and stopped at the sample position, while in the experiment, the
image of the beam intensity at the sample position was formed by the Wolter mirrors. The
unsharpness and distortion of the measured images as compared to the simulated ones is due
to the finite focal depth of the Wolter optics, and optical aberrations [41,42]. Nonetheless,
the simulations are in excellent agreement with the measurements. When the neutron beam
exits the focusing guide it shows a homogeneous distribution with decreasing square shaped
cross section until the focal length of the focusing guides (Z= 80 mm) where the beam
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starts diverging again. Downstream of the focal spot of the focusing guide (Z> 80 mm), the
beam distribution is no longer homogeneous. The focusing guide increases the divergence
of the neutron beam to values ranging from 0.75° to 2°, which matches very well the
divergence acceptance of the Wolter optics. It is important here to remark that the use of the
focusing optics not only increases the beam divergence, but also increases significantly the
neutron flux at the sample position, thus decreasing the exposure time. As a result of these
simulations, in all the measurements using the polarized neutron microscope, the samples
were placed about 50 mm downstream from the exit of the focusing guide in order to
produce the largest and most uniform region of illumination which was about 2 x 2 mm2,

2.3. Neutron beamline equipment

A neutron velocity selector [50] defined a wavelength band with AA/A ~ 10%. The detector
consisted of an Andor iKON-L CCD, which viewed a 200 um thick LiF:ZnS scintillator
screen via a Zeiss 100 mm lens with f 1.8, yielding an effective pixel pitch of about 78

um. The beam was polarized by a transmission v-cavity polarizer that was placed before the
focusing guide. A Mezei type spin flipper was placed 0.5 m downstream of the polarizer
allowing a 7 spin rotation. A vertical guide field of about 0.5 mT ensured there were no
zero-field crossings between the polarizer, flipper and focusing guide. After passing through
the sample, the neutrons were spin-analyzed by a 3He gas which was polarized at the
HELIOS facility at MLZ [51]. 3He was employed as a spin analyzer so as to not introduce
additional structures in the image of the divergent beam. The polarization, Ay, of the 3He
gas in the analyzer was measured while the sample temperature was changed by acquiring
flipping ratio measurements without the sample in the field of view and used to correct

the polarization images of the sample. At the beginning of the measurement, the flipping
ratio was about 5.89 decaying to 3.5 overnight; the 3He gas cell was replaced about once
every 24 h to maintain a reasonable flipping ratio. Polarization images were calculated by
combining two images with the same exposure time, with the spin flipper turned on (/youn)
or off (/yp): P= (Jup — ldown)I(lup + Idown - 2 ldarK). laark is an offset image taken with
the beam shutter closed. To minimize non-statistical sources of noise, each of the image sets
are obtained by computing the median of three images.

2.4. Clamp cell

The clamp cell body is a hollow cylinder of copper-beryllium with 12 mm outer diameter
and 3 mm inner diameter. A conventional radiograph is shown in Fig. 3. A locking nut

is screwed in one of the ends of the cell body, while a tungsten carbide piston pushes

into the sample space. A Teflon capsule is tightly fit in the sample space, enclosing the
sample and the pressure medium, a 1:1 mixture of Fluorinert FC 72 and FC 84. Fluorinert
is a fluorocarbon-based fluid and is very transparent to neutrons. The neutron transmission
through the cell body and sample space filled with pressure medium is about 46 %. The
sample has a stronger contrast due to the large neutron absorption cross section of mercury.
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3. Experimental results and discussions

3.1.

NizAl

A rectangular slab (8 x 14 x 2 mm3) of NizAl was obtained from a stoichiometric NizAl-rod
cast from high-purity starting elements using an inductively heated furnace. The rod was
annealed at 973 °C for 150 h and subsequently at 773 °C for 8.3 h in a Knudsen-type
effusion cell in a 1.1 bar argon atmosphere with less than 0.001 ppm impurities. The sample
was annealed in the hope that local concentration variations would diminish and the overall
homogeneity would improve. The sample was measured at three temperatures around 7¢.

In Fig. 4 we compare images obtained from standard NDI (top row) with those obtained
with the Wolter optic (bottom row). The sample outline is indicated by a dashed line. The
standard NDI experiment used a pinhole of 18 mm diameter (L/D = 470), and the velocity
selector was set to 4.3 A, enabling a polarization image acquisition time of 180 s. For the
microscope measurements the velocity selector was tuned to 5 A with 360 s acquisition time
for a single polarized neutron image. Since the largest nearly uniform intensity pattern of
the focusing guide was about 2 x 2 mm?, the sample was rastered by moving the cryostat
containing the sample in 2 mm steps in both directions perpendicular to the beam to image
the entire sample. This procedure required 35 frames and 3 h 30 min per temperature.

The v-shaped polarizers used in the standard NDI experiment suffer from poor polarization
at the supermirror junctions, leading to a vertical line artifact in the right hand side of

the images. The images obtained with the Wolter optic show a clear stitching artifact

due to the lower counting statistics at the edge of the field of view of a single frame.

It would be possible to alleviate this artifact by employing a larger area of uniform
intensity at the sample position or taking smaller raster steps. The neutron microscope
images replicate the general features of the standard NDI experiment. In particular an oval
shaped, weakly magnetic region with higher polarization is observed in the lower third of
the sample. The heterogeneities are better resolved with the microscope, revealing many
smaller grains having high depolarization values. This is evident even in the presence of the
stitching artifact. The polarization values are on average a bit higher for the standard NDI
experiments as neutrons with shorter wavelengths are less depolarized for a given magnetic
field [32]. While the collimation values used for the NDI experiment yield 1g = 1 mm, the
polarized neutron microscope provides a factor 10 improvement in spatial resolution.

From the Al-Ni binary alloy phase diagram [52] it is evident that crystallizing a
stoichiometrically pure NisAl sample from a melt poses challenges. During cooling
many small composition inhomogeneities will appear. Small changes in the stoichiometry
have strong effects on the magnetic properties. There is a sharp decrease of the

critical temperature and ordered magnetic moment with excess aluminum, and a strong
increase with nickel excess [20,53]. The magnetic moment of the nickel atoms in the
stoichiometrically pure NizAl samples is ~ 0.3 £ per atom; a change of +1% in nickel
concentration changes the magnetic moment by +0.1 45 [54]. The beam depolarization
depends exponentially on the magnetic field inside a magnetic domain [32]. Thus, we
can then identify the weakly depolarized (P = 0.8) areas in Fig. 4 with aluminum rich
regions, and strongly depolarized areas (P < 0.2) as nickel rich regions. This information
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can be employed to adjust the synthesis parameters of these alloys. For instance, annealing
is expected to reduce inhomogeneity in the composition and narrow down short range

order fluctuations, increasing the ordered magnetic moment while decreasing the critical
temperature [55,54]. By observing samples with different annealing histories we could

get a unique insight into the diffusion processes taking place in this alloy. Moreover, by
performing measurements with finer temperature steps the distribution of 7¢ and the Ni
concentration across the sample could be determined. With this information smaller samples
with defined magnetic properties could be prepared from the large sample and used e.g. for
bulk magnetization measurements.

3.2. HgCrySey

The HgCr,Se, sample was an irregularly shaped single crystal of ~ 1 mm?3 volume, grown
by means of chemical transport from presynthesized high-purity polycrystals, and was
pressurized in a copper-beryllium clamp cell, described above. In Fig. 5 we summarize the
polarization images of the crystal under 11 kbar and 15 kbar of hydrostatic pressure with
the microscope (first and second row), and at ambient pressure using conventional NDI
(third row). The sample fit in the field of view produced by the focusing guide; without the
need for rastering, the acquisition time was reduced from a few hours to a few minutes per
temperature. The temperature was scanned in finer steps around 7¢, and through the whole
range of the ferromagnetic phase transition. No hysteresis in 7¢ was observed, confirming
that the sample was properly thermalized. For the standard NDI experiment a beam aperture
of 9 mm was used, giving a collimation value of L/D = 944 and the acquisition time for an
image was 600 s. With the polarized neutron microscope, the acquisition time was 360 s at
11 kbar and 600 s at 15 kbar. The sample orientation was not carefully maintained when the
pressure was changed and differs across the different series of images.

As a first observation, the increase of spatial resolution from the standard NDI to

the polarized neutron microscope images is significant. From the images deep in the
ferromagnetic phase (Fig. 5, right column) the sample outline is much sharper with the
neutron microscope. The calculated resolution of the standard NDI experiment is 1,4~ 500
um, the highest resolution routinely achieved in NDI [26,56]. While standard NDI severely
suffers from the flux loss resulting from smaller pinholes used in order to increase the spatial
resolution, the polarized neutron microscope yields a 5-fold increase in spatial resolution to
100 pm, while at the same time nearly halving the exposure time for this experiment even
despite the additional absorption by the pressure cell. The image quality does not suffer from
the lower counting time at 11 kbar. For comparison of spatial resolution the last row of Fig.
5 shows the neutron microscope data at 11 kbar after smearing with a Gaussian filter with
20 =0.5 mm and rebinning the images to match the standard NDI resolution. It is clearly
observed that the blurred microscope data and the standard NDI data show similar spatial
resolution despite the different sample orientation in the measurements. Many of the smaller
features e.g. at the edges of the sample are lost after smearing the microscope data which
obviously shows the benefit of increased spatial resolution.

In order to accurately determine the Curie temperature of the sample and compare the values
at different pressures we fitted the polarization data for each pixel with an error function
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-T
A+g(1+erf(x C)),

Jio

where A is the offset, B the amplitude of the error function and o is the standard deviation
which can be interpreted as the variation in 7¢. Fig. 6 shows the obtained 7.images for 11
kbar and 15 kbar.

The change of 7¢ from 105 K at ambient pressure to 94.5 K and 90.5 K at 11 kbar and

15 kbar, respectively, confirms that the linear decrease of 7¢ with pressure reported in

Ref. [25] is still valid up to 15 kbar. The histograms in Fig. 6 show that the distribution

of 7¢ is shifted in pressure with only minor change in the shape of the distribution. At
ambient pressure the critical temperature is uniform, but for the pressure experiments the
polarization starts to drop 1 K above 7¢ at the top and bottom of the sample as observed in
the polarization images in Fig. 5 and also confirmed by the fitted 7¢ values in Fig. 6. When
the temperature is well below 7¢, we observe that the depolarization extends uniformly
through the sample. The main reasons for this distribution in 7 could be inhomogeneities
in temperature, composition or pressure. The distribution of 7, values along beam direction
as determined by the values of o in Fig. 6 is small in the center of the sample and more
pronounced at the edges. We can exclude an inhomogeneous temperature distribution over
the sample since a homogeneous gradient across the sample would be expected from the
fact that the pressure cell is connected to the cold finger only at the top. As a consequence
also the observed 7¢ should show a gradient from top to bottom, which is not observed. In
contrast to NizAl, the effect of compositional impurities on 7¢ is small as demonstrated by
the small spread of values reported in the literature [22,24,25]. Furthermore, the fact that

at ambient pressure no such spread in 7¢ is observed, leads us to reject a compositional
distribution. The employed pressure medium (Fluorinert) freezes at 130 K at ambient
pressure, and the freezing point increases linearly with pressure, reaching room temperature
at ~ 18 kbar [57]. The uneven freezing of the pressure medium upon cooling of the pressure
cell can lead to anisotropy and unequal distribution of pressures around a mean value. We
therefore assume that a pressure distribution is the most likely cause for the inhomogeneous
Tc distribution.

In the images in Fig. 5 at 11 kbar and 15 kbar, just below the critical temperature (94 K

and 90 K respectively) a patched pattern is observed. This could be evidence of domain
formation. At 7¢, as the ferromagnet softens, the guide field of about 5 mT is enough to
saturate the magnetization. Deep in the ferromagnetic phase, the mean domain size is much
smaller than the spatial resolution of the techniques described here (typically 1-10 pm) and
the strong magnetic moment of the chromium atoms (x 6g) in combination with the large
sample thickness lead to an almost fully depolarized beam (Fig. 5 right column). Between
the single domain situation at the critical temperature, and the microscopically small
domains at lower temperatures, there must be an intermediate state where a few macroscopic
domains are distributed across the sample. The observed pattern could correspond to the
distribution of a few magnetic domains with sizes of around 200 pm. Again, due to the poor
spatial resolution of standard NDI, we are unable to make the same assessment for the image
at ambient pressure and 104 K.
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4. Conclusions and outlook

In conclusion, we have demonstrated a polarized neutron microscope with a spatial
resolution of about 100 pm which is up to a factor 10 improvement over conventional NDI,
by combining condensing and image-forming optics (focusing guide and Wolter mirrors).
Due to the large focal length of the Wolter optic, high spatial resolution is achieved even
with the use of a cryostat and polarized 3He neutron spin analyzer between the sample and
detector. Moreover, Wolter optics can magnify the neutron image to further improve the
resolution beyond the intrinsic capabilities of the detector and take the NDI technique to an
unprecedented level of spatial resolution.

The improved spatial resolution of the depolarization images of a NizAl sample allows us
to identify stoichiometrically inhomogenous regions clustered into grains of a few hundred
micrometers. This could enable us to optimize the preparation process of such materials or
even pick parts prepared from the original specimen with enhanced homogeneity for bulk
magnetization measurements.

Detailed polarization images were obtained for a HgCr,Se4 sample inside a beryllium-
copper clamp cell at 11 kbar and 15 kbar. In addition, we mapped both the distribution

of 7¢ over the sample and the homogeneity along the beam direction. Thus, effectively
three-dimensional information about the magnetic properties of the sample can be obtained
with relatively short experimental time. The linear decrease of the critical temperature under
applied hydrostatic pressure was confirmed up to 15 kbar. With the aid of the Wolter optic,
features of ~ 100 um were resolved, which was hitherto not achievable with standard NDI.
At the same time, it was possible to decrease the acquisition time to almost the half despite
the additional beam absorption due to the pressure cell.

The mirrors used in this experiment were made for the ease of demonstration and were

not optimized for the ANTARES beamline. Already this prototype device clearly shows the
advantage of a microscope over pinhole optics for NDI. We expect that an optimized Wolter
optic would lead to unprecedented capabilities in polarized imaging such as the observation
of ferromagnetic domains in the bulk of a sample. In particular, anticipated advances in
mirror fabrication would enable obtaining spatial resolution of about 10 pm over a 1 cm field
of view, resulting in a factor 100 improvement over conventional NDI. As well, it would be
possible to nest more than three mirror shells yielding even larger gains in time resolution.

In order to better understand the complexities of quantum materials, often spanning length
scales from nanoscopic over microscopic to mesoscopic, technical developments as the one
here presented can prove extremely valuable.

Acknowledgments

The authors are grateful to S. Masalovich for providing the polarized 3He gas, and to Philipp Schmakat for

creating the McStas library simulating the ANTARES beamline on which the simulations of the beam profile

have been based. We thank P. Boni for providing and advising on the use of the parabolic focusing supermirror
guides. The work at MIT was performed under the following financial assistance award 60NANB15D361 from U.S.
Department of Commerce, National Institute of Standards and Technology. Work partly supported by the DFG via
the Transregional Collaborative Research Center TRR 80. This work is based upon experiments performed at the
ANTARES instrument operated by FRM Il at the Heinz Maier-Leibnitz Zentrum (MLZ), Garching, Germany.

J Magn Magn Mater. Author manuscript; available in PMC 2022 January 11.



1duosnue Joyiny 1SIN 1duosnue Joyiny 1SIN

1duosnuey Joyiny 1SIN

Jorba et al. Page 10

References

[1]. Si Q, Steglich F, Heavy fermions and quantum phase transitions, Science 329 (5996) (2010)
1161-1166. [PubMed: 20813946]

[2]. Uhlarz M, Pfleiderer C, Hayden SM, Quantum phase transitions in the itinerant ferromagnet
ZrZn_2, Phys. Rev. Lett 93 (2004) 256404, 10.1103/PhysRevLett.93.256404 URL:https://
link.aps.org/doi/10.1103/PhysRevLett.93.256404. [PubMed: 15697921]

[3]. Wang J, Feng Y, Jaramillo R, van Wezel J, Canfield PC, Rosenbaum TF, Pressure tuning
of competing magnetic interactions in intermetallic Cefey, Phys. Rev. B 86 (2012) 014422,
10.1103/PhysRevB.86.014422 URL :https://link.aps.org/doi/10.1103/PhysRevB.86.014422.

[4]. Yusuf SM, Sahana M, Dorr K, RéRler UK, Miller K-H, Effect of Ga doping for Mn on
the magnetic properties of Lag g7Cag.33Mn0O3, Phys. Rev. B 66 (2002) 064414, 10.1103/
PhysRevB.66.064414.

[5]. Senthil T, Vojta M, Sachdev S, Weak magnetism and non-fermi liquids near heavy-fermion
critical points, Phys. Rev. B 69 (2004) 035111, 10.1103/PhysRevB.69.035111 URL:https://
link.aps.org/doi/10.1103/PhysRevB.69.035111.

[6]. Lohneysen HV, Rosch A, Vojta M, Woélfle P, Fermi-liquid instabilities at magnetic quantum phase
transitions, Rev. Modern Phys 79 (3) (2007) 1015.

[7]. Ritz R, Halder M, Wagner M, Franz C, Bauer A, Pfleiderer C, Formation of a topological
non-Fermi liquid in MnSi, Nature 497 (7448) (2013) 231. [PubMed: 23636328]

[8]. Steglich F, Aarts J, Bredl C, Lieke W, Meschede D, Franz W, Schéfer H, Superconductivity in the
presence of strong Pauli paramagnetism: CeCusSiy, Phys. Rev. Lett 43 (25) (1979) 1892.

[9]. Mathur N, Grosche F, Julian S, Walker I, Freye D, Haselwimmer R, Lonzarich G, Magnetically
mediated superconductivity in heavy fermion compounds, Nature 394 (6688) (1998) 39.

[10]. Bednorz JG, Muller KA, Possible high 7 superconductivity in the Ba-La-Cu-O system, Z. Phys.
B Condens. Matter 64 (2) (1986) 189-193.

[11]. Lee PA, Nagaosa N, Wen X-G, Doping a Mott insulator: physics of high-temperature
superconductivity, Rev. Modern Phys 78 (1) (2006) 17.

[12]. Harris M, Bramwell S, Zeiske T, McMorrow D, King P, Magnetic structures of highly frustrated
pyrochlores, J. Magn. Magn. Mater 177 (1998) 757-762.

[13]. Ramirez A, Strongly geometrically frustrated magnets, Ann. Rev. Mater. Sci 24 (1) (1994) 453-
480.

[14]. Mirebeau I, Goncharenko |, Cadavez-Peres P, Bramwell S, Gingras M, Gardner J, Pressure-
induced crystallization of a spin liquid, Nature 420 (6911) (2002) 54. [PubMed: 12422211]

[15]. Millis A, Towards a classification of the effects of disorder on materials properties,

Solid State Commun. 126 (1) (2003) 3-8, 10.1016/S0038-1098(02)00668-3 URL:http://
www.sciencedirect.com/science/article/pii/S0038109802006683.

[16]. Dagotto E, Complexity in strongly correlated electronic systems, Science
309 (5732) (2005) 257-262, 10.1126/science.1107559 arXiv:http://science.sciencemag.org/
content/309/5732/257 full.pdf. [PubMed: 16002608]

[17]. Pfleiderer C, Boni P, Franz C, Keller T, Neubauer A, Niklowitz P, Schmakat P, Schulz M,
Huang Y-K, Mydosh J, et al., J. Low Temperature Phys 161 (1) (2010) 167-181, 10.1007/
$10909-010-0214-3 URL:https://link.springer.com/article/10.1007.

[18]. Semadeni F, Roessli B, Boni P, Vorderwisch P, Chatterji T, Critical fluctuations in the
weak itinerant ferromagnet Ni3Al: a comparison between self-consistent renormalization and
mode-mode coupling theory, Phys. Rev. B 62 (2) (2000) 1083, 10.1103/PhysRevB.62.1083
URL:https://journals.aps.org/prb/abstract/10.1103/PhysRevB.62.1083.

[19]. Niklowitz P, Beckers F, Lonzarich G, Knebel G, Salce B, Thomasson J, Bernhoeft N, Braithwaite
D, Flouquet J, Spin-fluctuation-dominated electrical transport of Ni3Al at high pressure, Phys.
Rev. B 72 (2) (2005) 024424, 10.1103/PhysRevB.72.024424 URL:https://journals.aps.org/prb/
abstract/10.1103/PhysRevB.72.024424.

[20]. Sasakura H, Suzuki K, Masuda Y, Curie temperature in itinerant electron ferromagnetic
Ni3Al system, J. Phys. Soc. Jpn 53 (2) (1984) 754759, 10.1143/JPSJ.53.754 URL:http://
journals.jps.jp/doi/abs/10.1143/JPSJ.53.754.

J Magn Magn Mater. Author manuscript; available in PMC 2022 January 11.


https://link.aps.org/doi/10.1103/PhysRevLett.93.256404
https://link.aps.org/doi/10.1103/PhysRevLett.93.256404
https://link.aps.org/doi/10.1103/PhysRevB.86.014422
https://link.aps.org/doi/10.1103/PhysRevB.69.035111
https://link.aps.org/doi/10.1103/PhysRevB.69.035111
http://www.sciencedirect.com/science/article/pii/S0038109802006683
http://www.sciencedirect.com/science/article/pii/S0038109802006683
http://science.sciencemag.org/content/309/5732/257.full.pdf
http://science.sciencemag.org/content/309/5732/257.full.pdf
https://link.springer.com/article/10.1007
https://journals.aps.org/prb/abstract/10.1103/PhysRevB.62.1083
https://journals.aps.org/prb/abstract/10.1103/PhysRevB.72.024424
https://journals.aps.org/prb/abstract/10.1103/PhysRevB.72.024424
http://journals.jps.jp/doi/abs/10.1143/JPSJ.53.754
http://journals.jps.jp/doi/abs/10.1143/JPSJ.53.754

1duosnue Joyiny 1SIN 1duosnue Joyiny 1SIN

1duosnuey Joyiny 1SIN

Jorba et al.

[21].

[22].

[23].

[24].

[25].

[26].

[27].

[28].

[29].

[30].

[31].

[32].

[33].

[34].

[35].

[36].

[37].

Page 11

Dhar S, Gschneidner K Jr, Miller L, Johnston D, Low-temperature behavior of Ni3Al alloys near
the spin-fluctuator-ferromagnet phase boundary, Phys. Rev. B 40 (17) (1989) 11488, 10.1103/
PhysRevB.40.11488 URL:https://journals.aps.org/prb/abstract/10.1103/PhysRevB.40.11488.

Baltzer PK, Wojtowicz P, Robbins M, Lopatin E, Exchange interactions in ferromagnetic
chromium chalcogenide spinels, Phys. Rev 151 (2) (1966) 367, 10.1103/PhysRev.151.367
URL:https://journals.aps.org/pr/abstract/10.1103/PhysRev.151.367.

Yaresko A, Electronic band structure and exchange coupling constants in ACr2X4 spinels (A=
Zn, Cd, Hg; X=0, S, Se), Phys. Rev. B 77 (11) (2008) 115106, 10.1103/PhysRevB.77.115106
URL:https://journals.aps.org/prb/abstract/10.1103/PhysRevB.77.115106.

Rudolf T, Kant C, Mayr F, Hemberger J, Tsurkan V, Loidl A, Spin-phonon coupling in
antiferromagnetic chromium spinels, New J Phys 9 (3) (2007) 76, 10.1088/1367-2630/9/3/076
URL:http://iopscience.iop.org/article/10.1088/1367-2630/9/3/076/meta.

Srivastava VVC, Pressure dependence of ferromagnetic phase transitions of chromium
chalcogenide spinels, J Appl Phys 40 (3) (1969) 1017-1019, 10.1063/1.1657510 URL:http://
aip.scitation.org/doi/abs/10.1063/1.1657510.

Schulz M, B6ni P, Franz C, Neubauer A, Calzada E, Mihlbauer M, Schillinger B, Pfleiderer

C, Hilger A, Kardjilov N, Comparison of polarizers for neutron radiography, J Phys: Conf Ser
251 (1) (2010), 10.1088/1742-6596/251/1/012068 URL:http://stacks.iop.org/1742-6596/251/i=1/
a=012068, 012068.

Schulz M, Neubauer A, Boni P, Pfleiderer C, Neutron depolarization imaging of the hydrostatic
pressure dependence of inhomogeneous ferromagnets, Appl Phys Lett 108 (20) (2016) 202402,
10.1063/1.4950806 URL.:http://aip.scitation.org/doi/abs/10.1063/1.4950806.

Rekveldt MT, Study of ferromagnetic bulk domains by neutron depolarization in
three dimensions, Z. Phys 259 (5) (1973) 391-410, 10.1007/BF01397376 URL.:https://
link.springer.com/article/10.1007/BF01397376.

Kardjilov N, Manke I, Strobl M, Hilger A, Treimer W, Meissner M, Krist T, Banhart J, Three-
dimensional imaging of magnetic fields with polarized neutrons, Nat. Phys 4 (5) (2008) 399-403,
10.1038/nphys912 URL:https://www.nature.com/articles/nphys912.

Schulz M, Neubauer A, Masalovich S, Miihlbauer M, Calzada E, Schillinger B,

Pfleiderer C, Boni P, Towards a tomographic reconstruction of neutron depolarization

data, in: Journal of Physics: Conference Series, vol. 211, IOP Publishing,

2010, pp. 012025. doi:10.1088/1742-6596/211/1/012025. URL:http://iopscience.iop.org/article/
10.1088/1742-6596/211/1/012025/meta.

Treimer W, Radiography and tomography with polarized neutrons, J. Magn. Magn. Mater

350 (2014) 188-198, 10.1016/j.jmmm.2013.09.032 URL :http://www.sciencedirect.com/science/
article/pii/S0304885313006914.

Halpern O, Holstein T, On the passage of neutrons through ferromagnets, Phys. Rev

59 (12) (1941) 960, 10.1103/PhysRev. 59.960 URL :https://journals.aps.org/pr/abstract/10.1103/
PhysRev.59.960.

Schlenker M, Shull C, Polarized neutron techniques for the observation of ferromagnetic
domains, J. Appl. Phys 44 (9) (1973) 4181-4184, 10.1063/1.1662914 URL.:http://
aip.scitation.org/doi/abs/10.1063/1.1662914.

Mirebeau 1, Itoh S, Mitsuda S, Watanabe T, Endoh Y, Hennion M, Papoular R, Neutron
depolarization in a reentrant spin-glass system: amorphous Fe-Mn, Phys. Rev. B 41 (16)

(1990) 11405, 10.1103/PhysRevB.41.11405 URL:https://journals.aps.org/prb/abstract/10.1103/
PhysRevB.41.11405.

Mitsuda S, Yoshizawa H, Endoh Y, Neutron-depolarization studies on re-entrant spin glass,
Phys. Rev. B 45 (17) (1992) 9788, 10.1103/PhysRevB.45.9788 URL:https://journals.aps.org/prb/
abstract/10.1103/PhysRevB.45.9788.

Weber H, Low Temperature Phys J. 17 (1) (1974) 49-63, 10.1007/BF00654543 URL :https://
link.springer.com/article/10.1007.

Roest W, Rekveldt MT, Three-dimensional neutron-depolarization analysis of the magnetic flux
distribution in YBayCu307-s, Phys. Rev. B 48 (9) (1993) 6420.

J Magn Magn Mater. Author manuscript; available in PMC 2022 January 11.


https://journals.aps.org/prb/abstract/10.1103/PhysRevB.40.11488
https://journals.aps.org/pr/abstract/10.1103/PhysRev.151.367
https://journals.aps.org/prb/abstract/10.1103/PhysRevB.77.115106
http://iopscience.iop.org/article/10.1088/1367-2630/9/3/076/meta
http://aip.scitation.org/doi/abs/10.1063/1.1657510
http://aip.scitation.org/doi/abs/10.1063/1.1657510
http://stacks.iop.org/1742-6596/251/i=1/a=012068
http://stacks.iop.org/1742-6596/251/i=1/a=012068
http://aip.scitation.org/doi/abs/10.1063/1.4950806
https://link.springer.com/article/10.1007/BF01397376
https://link.springer.com/article/10.1007/BF01397376
https://www.nature.com/articles/nphys912
http://iopscience.iop.org/article/10.1088/1742-6596/211/1/012025/meta
http://iopscience.iop.org/article/10.1088/1742-6596/211/1/012025/meta
http://www.sciencedirect.com/science/article/pii/S0304885313006914
http://www.sciencedirect.com/science/article/pii/S0304885313006914
https://journals.aps.org/pr/abstract/10.1103/PhysRev.59.960
https://journals.aps.org/pr/abstract/10.1103/PhysRev.59.960
http://aip.scitation.org/doi/abs/10.1063/1.1662914
http://aip.scitation.org/doi/abs/10.1063/1.1662914
https://journals.aps.org/prb/abstract/10.1103/PhysRevB.41.11405
https://journals.aps.org/prb/abstract/10.1103/PhysRevB.41.11405
https://journals.aps.org/prb/abstract/10.1103/PhysRevB.45.9788
https://journals.aps.org/prb/abstract/10.1103/PhysRevB.45.9788
https://link.springer.com/article/10.1007
https://link.springer.com/article/10.1007

1duosnue Joyiny 1SIN 1duosnue Joyiny 1SIN

1duosnuey Joyiny 1SIN

Jorbaetal.

[38].

[39].

[40].

[41].

[42].

[43].

[44].

[45].

[46].

[47].

[48].

[49].

[50].

[51].

[52].

[53].

Page 12

Treimer W, Ebrahimi O, Karakas N, Imaging of quantum mechanical effects in superconductors
by means of polarized neutron radiography, Phys. Procedia 43 (2013) 243-253, 10.1016/
j.phpro.2013.03.028 URL:http://www.sciencedirect.com/science/article/pii/S1875389213000424.
Calzada E, Gruenauer F, Miihlbauer M, Schillinger B, Schulz M, New design for the ANTARES-
11 facility for neutron imaging at FRM 11, Nucl. Instrum. Methods Phys. Res. Sect. A

605 (1) (2009) 50-53, 10.1016/j.nima.2009.01.192 URL :http://www.sciencedirect.com/science/
article/pii/S0168900209002447.

Schulz M, Schillinger B, ANTARES: cold neutron radiography and tomography facility, J. Large
Scale Res. Facilities 1. doi:10.17815/jlsrf-1-42.

Khaykovich B, Gubarev M, Bagdasarova Y, Ramsey B, Moncton D, From x-ray telescopes

to neutron scattering: Using axisymmetric mirrors to focus a neutron beam, Nucl. Instrum.
Methods Phys. Res. Sect. A 631 (1) (2011) 98-104, 10.1016/j.nima.2010.11.110 URL:http://
www.sciencedirect.com/science/article/pii/S0168900210026574#f0025.

Liu D, Hussey D, Gubarev M, Ramsey B, Jacobson D, Arif M, Moncton D,

Khaykovich B, Demonstration of achromatic cold-neutron microscope utilizing axisymmetric
focusing mirrors, Appl. Phys. Lett 102 (18) (2013) 183508, 10.1063/1.4804178 URL:http://
aip.scitation.org/doi/abs/10.1063/1.4804178.

Certain trade names and company products are mentioned in the text or identified in an
illustration in order to adequately specify the experimental procedure and equipment used. In no
case does such identification imply recommendation or endorsement by the National Institute of
Standards and Technology, nor does it imply that the products are necessarily the best available
for the purpose.

Liu D, Khaykovich B, Gubarev MV, Robertson JL, Crow L, Ramsey BD, Moncton

DE, Demonstration of a novel focusing small-angle neutron scattering instrument

equipped with axisymmetric mirrors, Nat. Commun 4. doi:10.1038/ncomms3556. URL :https://
www.nature.com/articles/ncomms3556.

Boni P, New concepts for neutron instrumentation, Nucl. Instrum. Methods Phys. Res. Sect.

A 586 (1) (2008) 1-8, 10.1016/j.nima.2007.11.059 URL:http://www.sciencedirect.com/science/
article/pii/S0168900207023790.

Komarek A, Boni P, Braden M, Parabolic versus elliptic focusing-optimization of the focusing
design of a cold triple-axis neutron spectrometer by monte-carlo simulations, Nucl. Instrum.
Methods Phys. Res. Sect. A 647 (1) (2011) 63-72, 10.1016/j.nima.2011.04.022 URL.:http://
www.sciencedirect.com/science/article/pii/S0168900211007601.

Adams T, Brandl G, Chacon A, Wagner J, Rahn M, Mihlbauer S, Georgii R, Pfleiderer C, Boni
P, Versatile module for experiments with focussing neutron guides, Appl. Phys. Lett. 105 (12)
(2014) 123505, 10.1063/1.4896295 URL :http://aip.scitation.org/doi/abs/10.1063/1.4896295.
Lefmann K, Nielsen K, McStas, a general software package for neutron ray-tracing
simulations, Neutron News 10 (3) (1999) 20-23, 10.1080/10448639908233684 URL :http://
www.tandfonline.com/doi/abs/10.1080/10448639908233684.

Willendrup P, Farhi E, Lefmann K, McStas 1.7-a new version of the flexible monte carlo
neutron scattering package, Physica B: Condens. Matter 350 (1) (2004) E735-E737, 10.1016/
j.physb.2004.03.193.

Friedrich H, Wagner V, Wille P, A high-performance neutron velocity selector,

Physica B: Condens. Matter 156 (1989) 547-549, 10.1016/0921-4526(89)90727-8 URL:http://
www.sciencedirect.com/science/article/pii/0921452689907278.

Hutanu V, Masalovich S, Meven M, Lykhvar O, Borchert G, Heger G, Scientific

review: polarized 3He spin filters for hot neutrons at the FRM 11, Neutron News

18 (4) (2007) 14-16, 10.1080/10448630701623111 URL.:http://www.tandfonline.com/doi/abs/
10.1080/10448630701623111.

Okamoto H, Phase Equilibr J. Diffusion 25 (4) (2004), 10.1007/s11669-004-0163-0 URL.:https://
link.springer.com/article/10.1007. pp. 394-394.

ldzikowski B, Kudryavtsev YV, Hyun Y-H, Lee Y-P, Klenke J, Magnetic effects of

structural disorder in the itinerant ferromagnet Nig3Al studied by magnetic and neutron
methods on stoichiometric and off-stoichiometric samples, J. Alloys Compd 423 (1) (2006)

J Magn Magn Mater. Author manuscript; available in PMC 2022 January 11.


http://www.sciencedirect.com/science/article/pii/S1875389213000424
http://www.sciencedirect.com/science/article/pii/S0168900209002447
http://www.sciencedirect.com/science/article/pii/S0168900209002447
http://www.sciencedirect.com/science/article/pii/S0168900210026574#f0025
http://www.sciencedirect.com/science/article/pii/S0168900210026574#f0025
http://aip.scitation.org/doi/abs/10.1063/1.4804178
http://aip.scitation.org/doi/abs/10.1063/1.4804178
https://www.nature.com/articles/ncomms3556
https://www.nature.com/articles/ncomms3556
http://www.sciencedirect.com/science/article/pii/S0168900207023790
http://www.sciencedirect.com/science/article/pii/S0168900207023790
http://www.sciencedirect.com/science/article/pii/S0168900211007601
http://www.sciencedirect.com/science/article/pii/S0168900211007601
http://aip.scitation.org/doi/abs/10.1063/1.4896295
http://www.tandfonline.com/doi/abs/10.1080/10448639908233684
http://www.tandfonline.com/doi/abs/10.1080/10448639908233684
http://www.sciencedirect.com/science/article/pii/0921452689907278
http://www.sciencedirect.com/science/article/pii/0921452689907278
http://www.tandfonline.com/doi/abs/10.1080/10448630701623111
http://www.tandfonline.com/doi/abs/10.1080/10448630701623111
https://link.springer.com/article/10.1007
https://link.springer.com/article/10.1007

1duosnue Joyiny 1SIN 1duosnue Joyiny 1SIN

1duosnuey Joyiny 1SIN

Jorba et al.

[54].

Page 13

267-273, 10.1016/j.jallcom.2006.01.088 URL;http://www.sciencedirect.com/science/article/pii/
S0925838806001915.

Velasco V, Crespo P, Marin P, Garcia-Escorial A, Lieblich M, Gonzalez-Calbet J, Yndurain F,
Hernando A, Short range order fluctuations and itinerant ferromagnetism in Ni3Al, Solid State
Commun. 201 (2015) 111-114, 10.1016/j.ss¢.2014.10.026 URL:http://www.sciencedirect.com/
science/article/pii/S0038109814004475.

[55]. van Deen J, Drijver J, van der Woude F, Structural order and homogeneity in NigAl, Physica B+

[56].

[57].

C 86 (1977) 397-398, 10.1016/0378-4363(77)90362-X.

Kardjilov N, Hilger A, Manke I, Strobl M, Dawson M, Banhart J, New trends in neutron imaging,
Nucl. Instrum. Methods Phys. Res. Sect. A 605 (1) (2009) 13-15, 10.1016/j.nima.2009.01.162
URL:http://www.sciencedirect.com/science/article/pii/S0168900209002150.iTMNROS8.
Torikachvili M, Kim S, Colombier E, Bud’ko S, Canfield P, Solidification and loss of
hydrostaticity in liquid media used for pressure measurements, Rev. Scientific Instrum 86 (12)
(2015) 123904, 10.1063/1.4937478 URL:http://aip.scitation.org/doi/abs/10.1063/1.4937478.

J Magn Magn Mater. Author manuscript; available in PMC 2022 January 11.


http://www.sciencedirect.com/science/article/pii/S0925838806001915
http://www.sciencedirect.com/science/article/pii/S0925838806001915
http://www.sciencedirect.com/science/article/pii/S0038109814004475
http://www.sciencedirect.com/science/article/pii/S0038109814004475
http://www.sciencedirect.com/science/article/pii/S0168900209002150.iTMNR08
http://aip.scitation.org/doi/abs/10.1063/1.4937478

1duosnue Joyiny 1SIN 1duosnue Joyiny 1SIN

1duosnuey Joyiny 1SIN

Jorba et al. Page 14
Neutron Spin Detector
Source Flipper Sample
( |
A Polarizer Analyzer
(v-shape) (v-shape)
Neutron Spin Wolter Detector
Source Flipper Sample optic
(
B Polarizer Focusing |Analyzer
(v-shape) guide (*He)
<—ﬁ >« ﬁ >
Fig. 1.

Schematic of the neutron imaging techniques used in this study. (A) Standard neutron
depolarization imaging. Red arrows illustrate neutron flight paths highlighting the
geometrical unsharpeness due to the separation of sample and detector. (B) Polarized
neutron microscope. A focusing guide increases the divergence of the neutron beam while a
Wolter optic with focal lengths £ and % behind the sample acts as a magnifying lens. A 3He
analyzer is placed between the sample and the optic without effecting the spatial resolution.
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Fig. 2.
Measured (top row) and simulated (bottom row) neutron beam intensity at 3 different

positions Z downstream of the focusing guide. Higher beam intensities are denoted by
lighter areas. The grey scale of the measured and the simulated images has been normalized
based on the highest observed neutron count. The spatial scale is the same for all images.
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Fig. 3.
Conventional, flat-field normalized neutron radiography of the clamp cell used to pressurize

the HgCr,Se,4 sample (A). The cell body (B) and the locking nut (C) are made of hardened
copper-beryllium. A tungsten-carbide piston (D) is pressed into the sample space (E) filled
with a liquid pressure medium.
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Fig. 4.
Neutron polarization images of a NizAl sample at 59 K, 57 K and 55 K. The top row

are images obtained with standard neutron depolarization imaging. The bottom row images
are the result of stitching 35 images obtained with the polarized neutron microscope. The
dashed square delimits the sample edges.
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Fig. 5.
Neutron polarization images of a HgCr,Se4 sample at four temperatures around the critical

temperature with 0.5 K steps (first 4 columns), and deep in the ferromagnetic phase
(rightmost column). The images in the first 2 rows were obtained with the polarized neutron
microscope under hydrostatic pressure. The first and second row correspond to images taken
at 15 kbar and 11 kbar of pressure respectively. The images in the third row were obtained
at ambient pressure via standard NDI. In the bottom row, we show the same data as in the
experiment at 11 kbar (2nd row) where we have applied a Gaussian filter with 2= 0.5 mm
and rebinned the image to match the standard NDI resolution. Color and spatial scales are
the same for all the images. Note that the sample orientation differs between the applied
pressures.
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Fig. 6.
Distributions of 7¢ in the HgCr,Se4 sample for 11 kbar and 15 kbar. Spatial distribution is

in the first (left) column. Histograms of 7¢ over the sample are in the second column. The
histograms are used to determine the value of 7¢. The third column shows the fit parameter
o of the error function, which can be interpreted as the variation of 7¢ along the beam
direction for each pixel. The values of oare much larger near the edges than in the bulk, as
expected due to defects and inhomogeneities.

J Magn Magn Mater. Author manuscript; available in PMC 2022 January 11.



	Abstract
	Introduction
	Experimental details
	Instrument configuration
	Field of view
	Neutron beamline equipment
	Clamp cell

	Experimental results and discussions
	Ni3Al
	HgCr2Se4

	Conclusions and outlook
	References
	Fig. 1.
	Fig. 2.
	Fig. 3.
	Fig. 4.
	Fig. 5.
	Fig. 6.

