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A B S T R A C T   

In this study, we report the first case of design and implementation of a polarized neutron imaging option on the 
Imaging and Materials Science & Engineering Station (IMAT). This is a significant addition to the capabilities of 
the station that allows the characterization of advanced magnetic materials for different engineering applica-
tions. Combining its time-of-flight feature with a polarized beam yields data that facilitate both quantitative and 
qualitative analysis of magnetic materials. Using the simple field of an aluminium solenoid, we perform a 
characterization of the new setup. In addition, we present polarized measurements of additively manufactured 
(AM) MnAl samples where the magnetic anisotropy due to the fabrication process has been investigated as a first 
scientific application of the setup. The results indicate that the anisotropy of the material can be engineered 
through variation of the AM fabrication parameters.   

1. Introduction 

Neutron imaging is a well-established technique used for visualiza-
tion and non-destructive characterization of internal structures in ob-
jects and devices. The Imaging and Materials Science & Engineering 
station (IMAT) [1] is situated at the Rutherford Appleton Laboratory in 
Oxfordshire, United Kingdom as one of 30 neutron instruments of the 
ISIS Neutron & Muon Source. Facilitated by the pulsed nature of the 
neutron source at ISIS, IMAT utilizes the time-of-flight (TOF) method 
allowing it to be used for energy resolved imaging experiments in a 
variety of materials science and engineering research areas. Trans-
mission spectra of neutrons in radiographic images or tomographic 
volumes can be further analyzed to obtain physical quantities or 
microstrucural distributions in a sample [2,3]. IMAT has attracted 
attention in the research field of materials characterization due to its 
time-of-flight capabilities for mapping materials’ structural properties 
such as residual strains in metals [4] and crystallographic phase frac-
tions in battery electrodes [5]. 

Neutrons can be used for magnetic characterization as well resulting 
from their spin property and charge neutrality. To date, there are variety 
of studies that evidence the neutron’s capability for magnetic charac-
terization via scattering experiments with spin-polarized and non spin- 
polarized neutron beams [6]. In the same vein, for neutron imaging, 
both polarized and non-polarized neutron beams have facilitated studies 
using radiography/tomography techniques [7,8] and grating interfer-
ometry [9] respectively. Consequently, combining a polarized neutron 
beam with the TOF feature of the IMAT imaging station for radiography 
opens up the opportunity for both qualitative and quantitative studies of 
magnetic fields and materials facilitated by the wavelength resolving 
power of TOF measurements. 

In this paper, we report on the implementation of a polarized neutron 
imaging option at the IMAT imaging station. Calibration of the setup is 
achieved using an electromagnetic coil taking advantage of the TOF 
feature. Furthermore, investigations are carried out on additively 
manufactured samples of MnAl to determine the potential of the fabri-
cation technique in production of MnAl with a controlled anisotropy of 
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the magnetic domains. 

1.1. Polarized neutron imaging 

Neutrons, possessing a magnetic moment due to their spin, interact 
with magnetic fields. This interaction directly affects the spin property 
and can lead to modifications of the neutron velocity or trajectory in the 
presence of strong enough field gradients [10]. The average value of the 
spins of a neutron ensemble, being the case for a neutron beam, is the 
polarization of the beam. This property can be shown to behave just like 
a classical moment [11]. Analogous to the case of a single neutron spin, 
the polarization precesses in a magnetic field with an axis in the direc-
tion of the field. This process is called a Larmor precession and occurs 
with an angular frequency 

ω = γB (1)  

where B is the magnetic flux density of the field and γ is the neutron 
gyromagnetic ratio. A neutron beam traversing a distance of x through a 
uniform magnetic field in the time, t, will have a total precession angle 
of 

dθ = ωt = ω x
v
= γ

λm
h

Bx (2)  

with v being the velocity of the neutron, λ being the de Broglie wave-
length and m = 1.675 × 10− 27 kg being the neutron rest mass. From the 
equations above, two variables are important for imaging with polarized 
neutrons based on their relation with the total precession angle: the 
neutron wavelength and the magnetic field strength. The implication is 
that a measurement of the total precession angle gives information of the 
path integral of the magnetic field strength along the trajectory of a 
monochromatic neutron beam. While the total precession angle cannot 
be measured directly, we can measure a scalar projection spin polari-
zation of the neutron beam along a given axis expressed as 

P =
N↑ − N↓
N↑ + N↓

(3)  

where N↑ and N↓ are the intensities from two separate measurements, 
with the initial polarization being flipped by 180 degrees in the latter 
case, commonly referred to as spin up (N↑) and spin down (N↓) respec-
tively. This value, depends on the precession angle, which is in turn 
proportional to the neutron wavelength. In this way P has an oscillatory 
relationship with the neutron wavelength. 

P = cos(θ) (4)  

P = cos
(

γ
λm
h

∫

Bdx
)

(5) 

The above relationship allows for the determination of the magnetic 
field strength through the neutron trajectory from the change of the 
neutron wavelength without requiring a direct precession angle mea-
surement. This represents a major advantage of performing polarized 
neutron imaging at a pulsed spallation neutron source over reactors as 
the time of flight (TOF) technique facilitates the measurements of the 
polarization change for different wavelengths. 

1.2. Setup 

The setup of the experiment is illustrated in Fig. 1 and the choices for 
the components and their modes of operation are outlined below. The 
setup comprises a polarizer with (an additional) collimator, a spin 
flipper, a sample, a polarization analyzer and a pixellated 2D detector. 

1.3. ISIS-IMAT 

The IMAT imaging station of ISIS had been chosen for this polarized 
neutron imaging study due to its energy resolved imaging ability. Due to 
the pulsed nature of the neutron source, wavelength-resolved spectra 
can be obtained via TOF analysis and utilized for polarized neutron 
imaging experiments, thus facilitating quantitative and qualitative 
characterization of magnetic fields and materials [12]. A setup on a 
pulsed source presents a major advantage to polarized neutron imaging 
at reactor sources where extra components such as a double crystal 
monochromator requires installation and an additional wavelength scan 
to achieve the same goal. On a TOF instrument a wide wavelength range 
with fine TOF binning is achieved from the start of the data collection 
which facilitates in-situ studies and concomitant Bragg edge analysis of 
microstructural properties. 

The instrument used a ’pinhole setup’, with a circular neutron 
collimator of D = 80 mm about L ≈ 10.4 m upstream of the transmission 
detector. This geometry defines a quasi-parallel neutron beam, with a 
divergence determined by an L/D of about 130. The wavelength range 
was 0.7 to 6.7 A. A TOF-capable pixel detector was setup 10.5 m 
downstream of the pinhole position then synchronized to the 10 Hz 
pulsed neutron source of the ISIS second target station. A 0.25 mm thick 
GS1 glass scintillation TOF monitor was used for setting up the com-
ponents. A GP2 detector (pixel size: 70 um), based on neutron conver-
sion in a Gd-conversion foil and CMOS charge-readout [13] was used for 
optimizing the setup, and a MCP detector (pixel size: 55 um), based on 
neutron conversion in a Gd and B doped microchannel plate and 
Timepix readout [14], was used for recording wavelength resolved 
neutron images on MnAl samples. 

Fig. 1. Schematic of the Polarized Neutron Imaging Implementation on the IMAT beamline.  
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1.4. Polarization devices 

The devices for polarization and analysis of the neutron beam are an 
essential part of a polarized neutron imaging setup. Compactness and a 
large field of view for the neutron beam are important properties to be 
considered for the choice of polarization devices. This is to ensure that 
sufficient spatial image resolution is obtained by minimizing the sample- 
to-detector distance and that a sufficiently large polarized neutron beam 
is provided to interact with the magnetic field inside a sample. 
Furthermore, a wide band of neutron wavelengths is desired to analyze 
magnetic fields. Especially in the case of small fields characterizations, 
having a weak wavelength dependence necessitates the use of polarizing 
devices optimized to the neutron spectrum of the beam line/instrument. 
Considering the requirements, solid state benders have been used as 
polarization-analysis devices for the setup. For the polarizer, a polar-
izing transmission bender was used with dimensions of 30 mm × 50 mm 
with a length of 120 mm. The coatings are polarizing super-mirrors 
made of Fe/Si and the substrate is single crystal Si wafer of thickness 
0.15 mm. The mirrors have a critical angle relative to nickel (m-value) of 

3.3 and the critical neutron wavelength for these polarizing devices is 
2.1 Å. This critical wavelength stays below the peak neutron flux 
wavelength of 2.6 Å on IMAT which allows efficient polarized neutron 
imaging at the imaging station [1]. 

The magnetic polarizing mirrors are aligned vertically. They work in 
transmission meaning that only one spin channel is transmitted, which 
we define as spin up, while the other channel (spin down) is reflected. A 
magnetic housing made of Nd-based permanent magnets applies a field 
of 600 G which magnetizes the super-mirror [15,16]. The analyzing 
mirror operates similarly to the polarizer with the main difference being 
that it works in reflection. This results from the gadolinium coating on 
the backside of its silicon lamellae, which directly absorbs the non- 
reflected neutrons. The polarizer is used in combination with a Soller 
collimator consisting of stacked TiGd (0.25 µm) coated Si (0.3 mm) 
wafers. The angular adjustment of the collimator allows transmission of 
either the transmitted or the reflected neutron spin component and to 
remove the other one. In our case the collimator was set to retain the 
transmitted spin channel and provided an angular divergence of 0.34◦ in 
the horizontal and 1.28◦ in the vertical direction. 

Fig. 2. (a) TOF transmission signal after installation of the solid state polarization devices measured with a TOF monitor. There is approximately 90 % loss of neutron 
flux with the final polarized neutron imaging setup. The dips observed at 2.4 Å, 2.8 Å and 5.2 Å are Bragg dips resulting from Silicon in the components (b) Time of 
Flight polarization signal of the open polarized neutron beam. The setup produces a mean polarization of 95 % ± 0.05. 
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1.5. Spin rotators 

A Mezei coil rotator was installed for controlling the neutron po-
larization direction. The device works by using a static magnetic field 
orthogonal to the neutron beam polarization direction for non-adiabatic 
rotation of the spin orientation. The field strength for polarization 
rotation is adjustable by varying the current flowing through the coils 
and a compensating field coil was included to reduce the stray field at 
the flipper position. For the use at IMAT, the current was swept in 
synchronization with the neutron pulses [17]. This makes the Mezei 
rotator suitable for flipping the orientation of neutrons over a wide 
range of neutron wavelengths. 

1.6. Effect on flux 

Installation of each polarization device leads to a reduction of the 
neutron flux at the detector position. The selection of one spin channel, 
efficiency of the supermirrors and attenuation in the silicon lamellae 
reduce the initial flux to approximately 10 %. This is illustrated in Fig. 2. 
Despite the reduction in flux, high quality polarized TOF data could be 
obtained in a reasonable time scale. 

1.7. MCP detector 

The detector used in the MnAl was the microchannel plate detector 
(MCP) developed by the University of California at Berkeley [14]. For 
the use with neutrons, the MCP glass is doped with boron and gado-
linium, which are responsible for the neutron capture and subsequent 
generation of secondary electrons. The electronic signal is amplified 
within the pores, localized to an area of about 10 µm. This signal is read 
out by an application specific integration chip (ASIC) referred to as 
Timepix. This chip allows for neutron event mode data collection 
important to TOF imaging. 

The detector has a pixel size of 55 µm × 55 µm with 512 × 512 pixels. 
This gives the detector an effective field of view of 28 mm × 28 mm. At 
320 µs, the readout time of the integrated electronics enables acquisition 
of multiple TOF ranges within each neutron pulse with individually 
controlled time resolution within each shutter. 

1.8. Setup and calibration 

The devices were installed in the sequence of collimator, analyzer, 
polarizer and spin flipper illustrated in Fig. 1. With exception of the spin 
flipper, the components were mounted on rotation stages. For the 
collimator and spin analyzer, these were used to align the devices to 
maximum transmission, with a precision of 0.1◦. Its calibration was 
performed similarly to the analyzer to maximize transmission with ro-
tations through angular steps of 0.1◦. 

Similarly, the spin polarizer was aligned for maximum beam polar-
ization via a modified shim-test. For this, a 0.5 mm Fe sheet was installed 
to cover part of the beam. The Fe sheet completely depolarizes the 
initially polarized beam. The polarizer was rotated through angular 
steps of 0.1◦ with the objective of maximizing the contrast between the 

Fig. 3. (a) Schematic illustration of the configuration of the solenoid with respect to the neutron beam direction and polarization (b) Corresponding polarized 
neutron images of Aluminium coil of diameter = 10.5 mm, length = 12 mm and 5 turns integrated through wavelengths 2–6 Å measured as a function of current and 
orientation: 5 A, 10 A and 10 A after 90◦ rotation through the z axis. (c) Corresponding TOF polarization signal from the green boxed region fitted to the afore-
mentioned function to determine the magnitudes of homogeneous field produced. Black dashed lines indicate the coil outline and the signal in (b) is obtained from 
the solid green region. 

Table 1 
Printing conditions for M05 and M07.   

M07 M05 

Powder (Mn60.7Al39.3)100C2.8 (Mn54.9Al45.1)100C3.9 V0.9 

Laser Power 20 W 20 W 
Laser Speed 220 mm/s 180 mm/s 
Hatch Spacing 0.07 mm 0.05 mm 
Print process Double melt, single direction Double melt, orthognal directions  
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regions of the sheet and the empty beam. Finally, the spin flipper was 
installed and its current profile calibrated for their effective use in TOF 
polarized neutron imaging. The average polarization of the beam 
through the TOF was determined to be 95 % with a standard deviation of 
0.05. The polarized neutron beam is guided using a combination of the 
fields from the benders and dedicated guide fields equipped with the 
Mezei flippers. These guide fields are oriented in the z axis through the 
neutron beam trajectory, confirmed using a magnaprobe compass and 
were found to be effective in maintaining the degree of the neutron 
beam polarization for the experiment duration. With the inclusion of the 
collimator, the effective horizontal L/D of the experiment was about 
200. 

2. Experiment 

2.1. Solenoid 

For calibration of the polarized imaging setup, we have used a small 
aluminium solenoid as a sample which provides a comparatively simple 
magnetic field. The coil was wound by hand with a length of 12 mm, an 

outer diameter of 10.5 mm and 5 turns. It is made from 1 mm Aluminium 
wire to avoid neutron absorption, which was below the detectable 
threshold. Positioned 25 cm away from the detector, currents of 5 A and 
10 A were applied through the coil resulting in generated magnetic 
fields in the center of the coil of 21 G and 42 G, respectively, oriented 
along the coil’s axis measured using a Hall probe. The coil axis was 
aligned in two orientations perpendicular to the neutron polarization; 
perpendicular and parallel to the neutron beam (c.f. Fig. 3), in order to 
maximize the spin rotation. 

Radiographs for the various configurations were taken with the 
exposure time for each spin channel being 15 min. We can assume that 
most of the spin rotation occurs inside the solenoid, where the field is 
strong and homogeneous, while contributions from the far reaching 
stray field are comparatively weak. Accordingly, equation (5) can be 
used to determine the field strength from the TOF Polarization data 
which we can compare with the Hall probe measurements. 

Fig. 3 shows results of the polarization measurements alongside 
sketches of the corresponding geometric setup in the top row. In panel 
(b) wavelength integrated radiographs are given with the position of the 
coil marked by a black dashed rectangle and the corresponding 

Fig. 4. TOF polarization signal of boxed regions in M07. The complete depolarization of the neutron beam through the wavelength range is an indication of high 
levels of inhomogeneity of the magnetic moments orientations in the sample. 
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configuration of the coil with respect to the neutron beam direction and 
polarization shown in (a). Panel (c) shows TOF data evaluated in the 
regions indicated by green rectangles in panel (b). It is immediately 
visible, that higher currents, and the associated higher magnetic field, 
created more oscillations in the polarization spectrum. In addition, we 
observe a further increase of the oscillation frequency for the parallel 
coil orientation. This is expected, since the perpendicular orientation 
includes a field reversal between the outer and inner field of the coil, 
while this feature is absent in the parallel alignment. With equation (5), 
the field strength has been determined for the three measurements as 
25.1 G (5 A, perpendicular), 40.5 G (10 A, perpendicular) and 51.9 G (10 
A parallel). To determine the field strength, we have assumed the di-
mensions of the coil as the flight path of the neutrons through the coil’s 
generated field; 10.5 mm and 12 mm for the perpendicular and parallel 
arrangements. These values are in fair agreement with the Hall-probe 
measurements, especially due to the described simplifications. Simula-
tions of the fields and spin rotation for comparison are included in the 
supplementary information. 

2.2. Additively manufactured MnAl 

Additive manufacturing (AM) of MnAl is the fabrication method 
most likely to give it a competitive chance in the permanent magnets 
market [18]. With a theoretical energy product, (BH)max, of 112 kJ/m3 

[19,20], MnAl permanent magnets would have the potential to fill the 
gap in the market between applications demanding materials with a 
(BH)max of 31.8 kJ/m3 [19,21] occupied by hard ferrites and those that 
require a (BH)max of 397.8 kJ/m3 [19,21,22] occupied by Nd-Fe-B 
magnets. A major drawback in its adoption is the difficulty/cost asso-
ciated with mass production of MnAl magnets with magnetic anisotropy. 
In the past, fairly suitable MnAl magnets have been manufactured via 
warm extrusion [23] however this method ultimately was found not to 

be sustainable due to the cost of extrusion dye replacement coupled with 
difficulties in magnetic anisotropy control. Exploring AM as a fabrica-
tion method improves the chances of effectively controlling the mag-
netocrystalline anistropy [18]. This results from the direct effects of AM 
parameters such as hatch distance, scanning speed and laser power on 
the crystallographic properties of the fabricated MnAl. In the following, 
we explore the effect of different printing conditions on the orientation 
of the resulting moments in two samples of additively manufactured 
MnAl. The objective of this particular study of additively manufactured 
MnAl was to determine the viability of AM in the fabrication of MnAl 
with a controlled anisotropy. TOF polarized neutron imaging is an ideal 
characterization technique due to the neutron precession’s dependence 
on the direction of the magnetic field in combination with the wave-
length dependence of the final polarization after precession. 

Polarized neutron images were obtained for the two samples of AM 
MnAl studied. The samples shall henceforth be referred to as M05 and 
M07 and the information on their AM fabrication is shown in Table 1. 
M05 is a solid semi-circle with radius 3.5 mm and thickness of 3 mm 
while M07 is a cuboid with a face of dimension 5 mm × 10 mm and 
thickness 5 mm. For the experiment, the samples are positioned at a 
distance of 5 cm away from the analyzing mirror. In this position, the 
guiding magnetic field has a value of about 200 G. This position does not 
only help to improve the spatial resolution obtained but has a secondary 
objective of suppressing the stray field visualization from the sample. 
This suppression is achieved from the adiabatic coupling of the neutron 
beam polarization with the combination of the stray field from the 
sample and the guiding magnetic field. The guide field at this position 
should not have a significant effect on the samples’ internal moment 
orientation due to its high coercive field (see supplementary informa-
tion). This effectively guarantees that any changes in contrast seen in the 
visualized image is mostly a result of the neutron depolarization/pre-
cession with the internal magnetic flux of the sample. Exposure time for 

Fig. 5. TOF polarization signals for selected regions of the additively manufactured MnAl M05. In general there is not a complete depolarization of the beam 
indicating a level of homogeneity of the magnetic domains and ultimately a general anisotropy. This is seen from the TOF polarization of the highlighted regions 
while the sample is (a) not rotated and (b) rotated around the x axis by 90◦. The effect of damping from inhomogeneity of the magnetic domains seems to be more 
pronounced for (a) than (b) in the blue and green regions. 
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each radiograph is 60 mins. 
Fig. 4 shows the TOF signal for M07 from the highlighted regions. In 

all cases, the neutron beam becomes completely depolarized after 
interaction with the sample. This complete depolarization of the beam is 
an indication that while the sample is magnetic, the magnetic domains 
are inhomogeneous and the internal moments of the domain do not have 
a preferential orientation direction. In contrast to this, a look at the TOF 
signal from the highlighted regions of M05 (Fig. 5(a)) makes it evident 
that while the sample does result in depolarization of the beam, there is 
a precession signal. This precession signal is the main indication of a 
preferential moment orientation for the domains in the sample. Based on 
the relative orientations of the sample and neutron polarization, it can 
be inferred that the moments of the domains in these regions have a 
significant projection in the x-y plane direction that allows for the pre-
cession signal observed. Taking advantage of the wavelength depen-
dence of the total precession, quantitative information on the level of 
domain homogeneity can be obtained. These are done via fitting the TOF 
signal to the function [24,25] 

y = Ae− σλ2
cos(ωλ) + c (6)  

where A is the amplitude of the sinusoidal TOF signal, ω is the angular 
frequency and c is the offset. The principle parameters obtained from the 
fit are σ and ω where σ is a parameter related to the inhomogeneity of the 
domains through the neutron flight path and ω facilitates the determi-
nation of magnetic field strength (B) values being that frequency of the 
signal is a direct consequence of the magnitude of B in the characterized 
material. The determined σ values are 0.003 Å− 2, 0.026 Å− 2 for the 
orange and blue regions respectively. Lower values of σ indicate higher 
homogeneity in the sampled regions. The corresponding values of B 
determined for the regions are 232 G and 135 G. 

The sample was rotated by 90◦ around the x axis and the polarized 
neutron images are obtained for this configuration. This rotation of the 
sample by 90 degrees is equivalent to the rotation of the incident 
neutron beam polarization by 90 degrees around the same axis and is 
henceforth represented as such for the purpose of clarity. Fig. 5(b) shows 
the TOF signal of the polarization for highlighted regions in the new 
configuration. In this case, the polarization was interacting primarily 
with moment projections in the x-z plane. The values of σ are determined 
to be 0.075 Å− 2, 0.026 Å− 2 for the orange and blue regions respectively. 
The corresponding value of B determined are 219 G and 145 G. The 
difference in the mean value of B in the highlighted regions of the 
sample are likely a result of differences in the phase distribution of MnAl 
in these regions post heat treatment. 

To get a more global view of the sample’s magnetic properties, a map 
of the sample’s internal field and the sigma values are plotted in Fig. 6. 
The polarized neutron images through TOF are 4 × 4 pixel binned to 
obtain better statistics for the analysis. There is a discrepancy in the 
maps of B determined by the method for the both orientations as can be 
seen from Fig. 6. This is a consequence of the direction dependent 
process via which the neutron polarization interacts with a magnetic 
field. This does not directly answer the question of a preferred moment 
orientation in the sample however a comparison of the sigma maps can 
facilitate an understanding of the magnetic moment orientations. 

In the cases of 0◦ and 90◦ sample orientations, there seems to be more 
regions of lower homogeneity domains for the former which could 
indicate a preferred orientation for the internal moments. Taking the 
mean of the σ (σmean) values resulting for each orientation is a method 
for quantification of the global homogeneity of the moments for each 
orientation. σmean has values of 0.23 Å− 2 with standard deviation of 0.2 
and 0.2 Å− 2 with a standard deviation of 0.18 for 0◦ and 90◦ orientations 
respectively. The lower value of σmean in the 90◦ case in addition to the 

Fig. 6. Colour map of the σ values to show the level of homogeneity of the magnetic domains in the sample M05. Lower σ values indicate a higher homogeneity of 
magnetic domains. σmean = 0.23 Å − 2 and 0.2 Å − 2 with standard deviations of 0.2 and 0.18 for the 0◦ & 90◦ cases respectively. 
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apparently more homogeneous distribution of sigma values in the Fig. 6 
suggest that the sample has magnetic domains whose internal moments 
have orientations with significant projections on the x-z plane indicating 
a level of magnetic anisotropy. From these results, it can be concluded 
that additive manufacturing is a viable method for fabrication of MnAl 
permanent magnets via which the magnetic anisotropy can be engi-
neered through a modification of the scanning parameters. This obser-
vation in M05 is possibly from higher density of the sample due to the 
scanning parameters chosen for the AM process such as the lower hatch 
distance, the slower scan speed and scan strategy [26,27,28]. This 
higher density and hence higher order of compactness should lead to a 
higher energy required for disordering of the magnetic moments in the τ 
phase. Additional studies have shown that the small compositional dif-
ference between the sample do not significantly affect the differences in 
texture or microstructure of the samples and these factors are deter-
mined mostly by the scanning parameters [29,30]. 

3. Conclusion 

Polarized Neutron Imaging has been implemented on the ISIS IMAT 
beamline for the first time using solid state polarizing devices. The beam 
polarization obtained through TOF reached a mean of 95 %. Combining 
a polarized beam and the TOF capability of the instrument, it was 
possible to determine the magnitude of a homogeneous magnetic field 
serving as a proof of the technique’s viability on the IMAT beamline. 
Furthermore, the setup made possible a study of the effects of additive 
manufacturing methods on the anisotropy of MnAl. The studies serve to 
highlight the importance of scanning parameters in the determination of 
the magnetic ordering and homogeneity of the final product. Specific to 
our case, we infer, based on the directional dependence of the neutron 
precession in a magnetic field, that the magnetic moments of the MnAl 
fabricated using a lower hatch distance in combination to a multidi-
rectional scanning technique and lower scan speeds have more signifi-
cant projections on the x-z plane for the sample suggesting a level of 
anisotropy in the sample. This information will be instrumental in the 
optimization of the growth process to maximize the magnetic anisotropy 
in samples from future iterations. Future studies of the magnets with a 
full polarimetric imaging setup will give more detailed information of 
their magnetic anisotropy. 
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