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X-ray polarization-splitting crystals use a paired set of internal planes, both oriented nomi-
nally at a Bragg angle of 45°, to separate incident x-rays into two perpendicular polarization
components. Hexagonally and cubically structured crystals possess the geometry for polar-
ization splitting. When expanding the single-crystal x-ray polarization-splitting technique
to higher photon energies many additional, non-polarization-splitting planes can contribute
an undesired Bragg reflection. A germanium (Ge) crystal in polarization-splitting orien-
tation was used to record copper and zirconium characteristic x-ray line radiation from a
Manson x-ray source. Ray-tracing was used to interpret the results, which show that there
are two unique crystal orientations, “up” and “down”, that are available to the cubic-
structured nature of the Ge crystals. These two orientations can be preferentially chosen
to control the presence of undesired reflections from additional planes that are not in the

polarization-splitting orientation.

I. INTRODUCTION

The presence of multiple reflections from x-
ray spectroscopic crystals has been noted!™.
In some cases, the desired outcome is to min-
imize the contribution of reflections from un-
desired planes to reduce contamination of the
spectrum recorded from the desired set of crys-
tal planes (often the planes parallel to the
surface are those that are intended for x-ray
spectroscopym). More recently, instruments
have been designed to utilize these extra reflec-
tions to cover a broader spectral range?. The
crystal discussed here uses reflections from two
internal planes to separate incident x-ray radia-
tion into two orthogonal linearly polarized com-
ponents.

The usual way of obtaining x-ray polarization
information requires the use two crystal spec-
trometers each near a 45° Bragg angle, where
the plane of dispersion of one crystal is per-
pendicular to the dispersion plane of the second
crystal®®, such that each spectrometer records
one component of the polarization during the
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exposure. Additionally, if the source is repro-
ducible, one crystal can be used over multiple
exposures’. It was realized recently that the in-
ternal planes in crystals with 3-fold symmetry
can be used to scatter simultaneously both or-
thogonal components of an incident x-ray beam;
this is true for hexagonal'® and cubic crystals*!.
These internal planes have the same 2d-spacing
and both are oriented at a nominal Bragg angle
of 45°. To separate two orthogonal linearly po-
larized x-ray components the crystal diffracts
radiation into two orthogonal directions. The
geometry for polarization-splitting crystals has
been discussed extensively'® '3, These refer-
ences provide the basis we used to build a single-
crystal x-ray spectropolarimeter for plasma di-
agnostics and suggest suitable atomic transi-
tions near the necessary 45° Bragg angle for
various planes in several crystals.

To date, the use of polarization-splitting crys-
tals has focused on the use of quartz 15, The
first attempts to use a single quartz crystal to
record a paired set of polarized spectra used two
{1010} planes at 4'" order, {4040}, to record
copper Ka spectra from an x-ray tube!®. Using
a quartz crystal, the polarization-splitting prop-
erties were demonstrated using linearly polar-
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ized synchrotron radiation'. We constructed

a single-crystal x-ray spectropolarimeter capa-
ble of recording spatially resolved polarization-
dependent aluminum K-shell spectra from a z-
pinch with a pair of {1010} quartz planes!®.

Any hexagonal or cubic crystal can be
used for polarization-splitting. Examples of
such crystals include quartz, germanium (Ge),
LiF, and InSb. Expanding the single-crystal
polarization-splitting technique to more crystals
would provide more matches to more spectral
lines'S. This paper focuses on results obtained
with a Ge crystal whose surface is cut parallel to
{422} planes. Although polarization-splitting
geometries were previously proposed for cubic
crystals''12, this is the first attempt at using a
cubically structured crystal as an x-ray polariz-
ing beam-splitter.

We developed ray-tracing tools to under-
stand recorded spectrograms and verify the
orientations of the crystals. The ray-traced
spectrograms match well with spectrograms
recorded using characteristic x-ray line radia-
tion from the Manson source at Sandia National
Laboratories!”.

The ray-tracing calculations predicted that
there are two distinct orientations in which the
crystal maintains the polarization-splitting ge-
ometry, giving the crystal an “up” or “down”
orientation. = Measurements on the Manson
source were made in these two orientations to
confirm the ray-tracing predictions. The ray-
tracing and the experimental results show that
additional sets of internal planes can contribute
undesired Bragg reflections that appear in the
spectrograms near the desired polarization-split
reflections. The ray-tracing also correctly pre-
dicts which planes lead to undesired reflections
in the two crystal orientations.

Il.  POLARIZATION-SPLITTING WITH
CUBIC CRYSTALS

Figure 1 represents the polarization-splitting
crystal geometry, as depicted by a cubic unit
cell. In this geometry, incident x-rays propa-
gate in the -z direction. The incident x-ray
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FIG. 1. General polarization-splitting cubic crys-
tal geometry with the surface cut along the 3-fold
symmetry axis. Crystal surface parallel to CUEV
(green plane). Incident x-rays propagate in the -
Z direction. Polarizing plane 1, red plane CDEF,
diffracts x-rays that are polarized parallel to ¢ into
the 2 direction. Whereas x-rays that are polarized
parallel to 2 are diffracted by polarizing plane 2,
blue plane CHEB, into the ¢ direction. The ma-
genta line, EC, is the 3-fold symmetry axis shared
by the two polarization-splitting planes and the
crystal’s surface.

direction is depicted with the solid black line
in the figure. One of the polarization-splitting
planes, plane 1, is CDEF. This plane diffracts
x-rays that are polarized parallel to ¢ in the
Z direction. The other polarization-splitting
plane, plane 2, is CHEB. This plane diffracts
x-rays that are polarized parallel to 2 in the g
direction. For cubic crystals, the polarization-
splitting planes depicted in the figure belong to
the {110} family of planes, but any multiple of
this maintains the polarization-splitting geome-
try. The surface of the crystal is cut parallel to
the plane CUEV, and is symmetric to the two
polarization-splitting planes. For cubic crystals
the surface depicted in the figure is parallel to
{211}.

The magenta line, EC, is the 3-fold symme-
try axis, and is shared by the two polarization-
splitting planes and the surface plane. In the
figure the axis that is shown is [-111], but any
<111> is a perfectly good 3-fold symmetry axis.
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FIG. 2. Polarization-splitting cubic crystal geome-
try viewed along the line EC from Figure 1. This
axis is the 3-fold symmetry axis of the cubic unit
cell, and is equivalent to the c-axis in hexagonal unit
cells. The incident x-ray direction, represented by
the solid black line, is not in the plane of the page.

This axis is analogous to the c-axis for hexag-
onal crystals in polarization-splitting orienta-
tion. Figure 2, shows the cubically structured
polarization-splitting geometry looking paral-
lel to the surface from a vantage point that
looks along the line EC. This vantage point
also looks along the two polarization-splitting
planes, which are depicted as red (P1) and blue
(P2) planes. The comparable hexagonal geom-
etry, for which polarization-splitting was first
realized!?, can also be visualized.

The Ge crystal used here is a diamond-cubic
structured crystal. The selection rules for a
plane (hkl) to allow reflections are either 1) h,
k, and [ are all odd, or 2) h, k, and [ are all even
with (h+k+1) equal to an integer multiple of 4.
This means that reflections from {110}, {330},
{550}, ... etc, families of planes are forbidden
and cannot be used for polarization-splitting,
even though they have the required geometry.
So only even multiples of {110} can be used.

For Ge crystals with the surface cut as shown
in Figure 1, the lowest order allowed reflecting
plane parallel to the surface is {422}. There-
fore, the surface cut is defined as parallel to
{422} plane. The first allowed reflections from
the paired set of polarization-splitting planes
belong to the {220} family of planes. More
specifically, when the surface planes are defined

Surface — {422}
Polarizing planes — {220}
P1-(202)

P2 —(220)

FIG. 3. Due to the diamond-cubic structure of Ge,
the surface planes and the polarizing planes that
contribute reflections obey certain selection rules.
These planes are parallel to those defined in Figure
1. The surface is cut parallel to {422} and the po-
larizing planes belong to the {220} family of planes.

as (422), one polarizing plane is (202) and the
other is (220). Figure 3 depicts the surface and
polarization-splitting planes for a Ge crystal.
Reflections from these planes at various orders
are presented.

Il.a. Up and Down orientations of the cubic
crystal’s unit cell

The geometry of the cubically structured
crystals allows two unique orientations for the
crystal to be in polarization-splitting geometry.
The primary incidence direction on the crystal
(Figure 1) is parallel to one side of the unit cell.
In this way, incident x-rays are normal to (100)
planes. If the coordinate system is fixed to the
cubic unit cell, the incident x-rays are parallel
to £. In Figure 4, this primary incident vec-
tor is depicted by a solid black line, which is
incident on the surface plane at a 54.7° Bragg
angle, thus giving a 45° Bragg angle on each
of the two polarization-splitting planes, P1 and
P2.

A second incidence direction exists that
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FIG. 4. Solid-black line represents the primary inci-
dent direction in which incident x-rays are parallel
to Z. A second incident direction, dotted-black line,
mirrors the first orientation by rotating the crystal
by 180° around the surface normal. Also see Figure
5.

makes the same Bragg angles with the surface
and the polarization-splitting planes; it is repre-
sented by the dotted-line in Figure 4, and mir-
rors the first incident vector about the surface
normal. This orientation can be obtained by
rotating the crystal around the surface normal
by 180°. In this secondary orientation, incident
x-rays come normal to (122) planes. The re-
flection properties of these two orientations are
compared in the remainder of the paper.

Part A of Figure 5 shows the primary and
secondary incident directions. These two dis-
tinct orientations are called up and down ori-
entations, based on whether the vector defined

by EC points up towards, or down away from
both polarization-split reflections, R1 and R2.
Part B of Figure 5 depicts the two crystal ori-
entations. Each orientation has a 54.7° Bragg
angle on the surface, and each orientation al-
lows for the same paired set of internal crys-
tal planes to be in polarization-splitting geom-
etry. It is worth noting here that although the
same planes are used for polarization splitting,
they switch places: in the down orientation,
plane 1 diffracts towards detector 2, and plane
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FIG. 5. (A) Projected side view of the two crystal
orientations, with the incidence directions and E

in the plane of the page. The two crystal orien-
tations differ by rotation of the crystal around the
surface normal by 180°. (B) Up and down denote
in which direction the ﬁ axis of the crystal points

with respect to the two polarized reflections, R1 and
R2.

2 diffracts towards detector 1. This does not
change the polarization component recorded by
the each detector. For the spectrograms pre-
sented in the Results section, detector 1 will al-
ways be shown with a red outline, and detector
2 will be shown with a blue outline. As shown
in B of Figure 5, to denote the up and down ori-
entations of the crystal, the spectrograms will
be identified by solid and dotted outlines, re-
spectively.

The two distinct crystal orientations were
first identified by Bragg crystal ray-tracing cal-
culations. Because the crystal orientation can-
not be determined visually, the ray-tracing re-
sults will be used to determine the true orien-
tation of the crystal’s unit cell, i.e. whether up
or down. Here up is the standard orientation
defined by Figure 1. Measurements are made
for the crystal in both orientations to compare
with ray-tracing results, and it is shown that in
each orientation of the crystal the polarization-
splitting geometry is maintained. Additionally,
these results demonstrate the influence of crys-



Plane{hkl} |Order from {220} |2d/n (nm)|E4s5(keV)
{220} 1% 0.400 4.383
{440} gme 0.200 8.766
{660} 3re 0.133 13.149
{880} 4" 0.100 17.532

TABLE I. The energy of the perfect polarizing case,
45° Bragg angle, for various orders, n, of diffrac-
tion from the {220} family of polarization-splitting
planes from Ge crystals.

tal’s unit cell orientation on the presence of un-
desired reflections from other internal planes.

Ill.  SET-UP ON THE MANSON SOURCE

The Ge crystal we used is 50 mm long by
30 mm wide and 3 mm thick. The long edge
of the crystal is parallel to the 3-fold symme-
try axis, FC (Figure 1). The surface of the
crystal is oriented in the mount to give a nom-
inal Bragg angle on the surface of the crys-
tal equal to 54.7° (Figure 6). This angle puts
the polarization-splitting planes into the correct
orientation!®12. The {220} planes have an in-
terplanar spacing, 2d, of 0.4 nm. At the per-
fect polarizing case, 45.0° Bragg angle, these
planes can be used at an energy of 4.383 keV
for polarization-splitting. {220} is the 1%¢ al-
lowed order. At higher orders, these planes
can be used at higher energy x-rays. Table I
lists the perfectly polarizing cases for various
order reflections from the {220} sets of planes
for this Ge crystal (422) surface cut. The ta-
ble includes the polarizing-splitting plane fam-
ily {hkl}, order (n), spacing (2d/n), and the
energy diffracted at 45° (Eg45).

Figure 6 shows a cartoon of the set-up on
the mount on the Manson source. A 0.8 mm
wide slit is positioned in the symmetry plane of
the polarization-splitting geometry. This causes
the reflections from the polarization-splitting
planes to be projected along the diagonals of
the detectors'®. The distance from the x-ray
source to the slit, Dy, is 360 mm. The distance
from the slit to the center of the crystal, dg., is
50 mm. Figure 7 shows the crystal and detector
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FIG. 6. Cartoon side-view of the set-up of the

mount when fielded on the Manson x-ray source.
The distance from the x-ray source to the slit, D,
is 360 mm. The slit is in plane of page, and is
0.8 mm wide. The distance from the slit to the cen-
ter of the crystal, dsc, is 50 mm. The crystal is
set to have a 54.7° Bragg angle, giving a 45° Bragg
angle on the two polarization-splitting planes.

mount. The image plate detectors 1 and 2 are
positioned 50 mm from the center of the crys-
tal face. The polarized reflections are incident
normal to the image plates.

The detector regions (image plate) are 50 mm
by 60 mm. The 60 mm edges are parallel to the

FIG. 7. Crystal-detector mount. Incident x-rays
into the page. Detector 1 collects the polarization
component that is parallel to g after diffracting from
polarizing plane 1. Detector 2 collects the polariza-
tion component that is parallel to Z after diffracting
from polarizing plane 2. The detectors are 50 mm
by 60 mm, and are 50 mm away from the center of
the crystal.



direction of x-ray propagation from the source
to the crystal center. Only if reflections ap-
pear in the region of the detector nearest the
source is the whole length of the 60 mm edge of
the detector shown in the following figures. For
cases where there are no reflections in the over-
hanging region of the detectors, only a 50 mm
by 50 mm region of the detector is presented.
The orientation of the set-up with respect to
the Manson source is such that it is insensi-
tive to any possible polarization (asymmetries
in the Manson source). It is worth noting that
some assert that characteristic radiation should
be polarized!'®, while others disagree'®.

IV. RESULTS

Measurements were made for the crystal in
the up and the down orientations using radia-
tion from copper (Cu) and zirconium (Zr) an-
odes, see Table II for a list of measurements
made and results presented in the following sec-
tions. When using the Cu anode, the Manson
source was operated with a voltage of 17 kV
and a current of 0.3 mA for 600 seconds. When
using the Zr anode, the Manson source was op-
erated with a voltage of 27 kV and a current
of 0.2 mA for 1200 seconds. Results are shown
for each of the orientations from each of the an-
odes in Figures 9-12. Ka and Kf lines from

Figure /
Measurement | Anode Crystal Shown
# Material | Orientation| Detector(s)
Fig. 9/
1 Cu up Detector 1&2
Fig. 10 /
2 Cu down Detector 1&2
Fig. 11 /
3 Zr up Detector 1
Fig. 12 /
4 Zr down Detector 1

TABLE II. Measurements conducted with the ger-
manium crystal and presented here. Gives the an-
ode material, the orientation of the crystal, and the
Figures which present spectrograms.
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FIG. 8. Ray-traced spectrograms, detector 1 only,
with Cu characteristic radiation for both the up and
down orientations of the crystal.

each of the anode materials were also observed
in the spectra recorded with an Amptek silicon
drift detector for which results are not shown.
These characteristic x-rays are the lines of in-
terest as they are near the necessary 45° Bragg
condition for the polarization-splitting planes.
Additionally some of the non-polarizing internal
planes reflect at these x-ray energies. In the fol-
lowing sections, the recorded spectrograms are
discussed and compared with ray-tracing calcu-
lations results. Although the selection rules for
available contributing planes are implemented
in the ray-traced results, each of the available
planes are considered equally reflective (which
is physically unrealistic). This does, however,
allow a qualitative confirmation of the orienta-
tion of the crystal.

IV.a. Copper spectra

The up and down orientation of these cubi-
cally structured crystals can be verified using
radiation from the copper (Cu) anode. The
Koy, Kas and KS lines from Cu are at 8.05,
8.03, and 8.91 keV respectively. The {220} fam-
ily of planes can be used at 2% order, {440}, to
produce a Bragg reflection of Cu Kf at a Bragg
angle of 44.08°. Figure 8 shows ray-tracing re-
sults from the crystal in the two orientations
when considering the Cu characteristic radia-
tion. This figure only shows detector 1 for each
of the two crystal orientations. In all presented
spectrograms the boxed outline is 50 mm by



Detectorl , Detec.torz
§ ‘#Cu-KB Cu-KB;?\:‘ i
‘Up’ orientation | | ‘Up’ orientation

FIG. 9. Spectrograms from Cu anode recorded with
crystal in up orientation. Reflections of Cu Kg are
outlined with dotted-black frames. Reflections of
Cu Ka are not observed. See Table III.
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FIG. 10. Spectrograms from Cu anode recorded
with crystal in down orientation. Reflections of Cu
K are outlined with dotted-black frames. Reflec-
tions of Cu K« are not observed. See Table IV.

Plane{hkl}

2d/n(nm)

Line

Bragg angle(°)

{440}

0.200

Cu KB

44.08

TABLE III. Planes contributing reflections from the
Ge crystal in up orientation for Cu characteristic ra-
diation, as shown in Figure 9. The columns include
the Miller indices of the reflecting plane, the inter-
planar spacing 2d/n, the coherently reflected char-
acteristic line, and the Bragg angle for the reflected
line.

50 mm, red for detector 1, and solid or dotted
for the up or down orientations, respectively.
The results for the secondary (down) orienta-
tion of the crystal show more reflections when
compared to the up orientation. These calcu-
lations were used to identify the orientations of
the crystal from the measurements and which
undesired crystal planes were reflecting.

Figure 9 shows the two spectograms recorded
from the Ge crystal using radiation from a Cu
anode. For detector 1, this first orientation of
the crystal compares well with the up orienta-
tion from the ray-tracing results. Detector 2
mirrors what is observed in detector 1, as is also
seen in the ray-tracing (not shown). Table III
lists the reflections observed in Figure 9, when
the crystal is in the up orientation.

Figure 10 shows the two spectrograms
recorded using radiation from a Cu anode after
rotating the crystal around its surface normal
by 180°. In the spectrogram new reflections ap-
pear for the secondary crystal orientation that
were not observed in the first orientation. The

Plane{hkl}|2d/n(nm)| Line |Bragg angle(®)
1440} 0200 |CuKpB| _ 44.08
(531} | 0.101 |CuKp@|  46.68

TABLE IV. Planes contributing reflections from the
Ge crystal in down orientation for Cu characteristic
radiation, as shown in Figure 10. The columns are
the same as in Table III.

new reflections that are observed are from {531}
planes. While this second orientation matches
well with the down orientation from the ray-
tracing, it differs in that the reflections from
the {33-1} planes are not observed. The likely
reason for the absence of the {33-1} reflections
is that the source is not perfectly aligned to the
center of the crystal and the reflections from
these planes have moved to the edges of the de-
tectors. Table IV lists the reflections observed
in Figure 10, when the crystal is in the down ori-
entation. For characteristic radiation using the
Cu anode, all reflections observed result from
the K3 line. The necessary Bragg angle is not
met for the K« lines for any of the planes, there-
fore no planes are observed to create a Bragg
reflection for the Cu Ko lines for the crystal in
either orientation.

When comparing the spectrograms from the
crystal in the two orientations, the same sets of
planes are in polarization-splitting orientation.
Additionally, for the radiation from the Cu an-
ode, there appears to be an orientation of the
crystal that removes the undesired reflections
from non-polarization-splitting planes.



Plane{hkl}|2d/n(nm) Line Bragg angle(°)
1380} 0.100 Zr K 44.56
{537} 0.124 7t KB 34.39
{917} 0.099 |Zr Koy, Kaz| 52.63, 53.06
{717} 0.113 |Zr Ko, Kag| 43.70, 44.02
{517} 0.131 |Zr Kai, Kaz| 36.96, 37.21

TABLE V. Notable planes contributing reflections
from Ge crystal in up orientation with Zr character-
istic radiation, as shown in Figure 11. The columns
are the same as in Table III.

IV.b. Zirconium spectra

The measurements in the up and down crys-
tal orientations were repeated with a Zr an-
ode. The energies for Kay, Kas and KS radi-
ation from zirconium are at 15.78, 15.69, and
17.67 keV respectively. The {220} family of
planes can be used at 4" order, {880}, to pro-
duce a Bragg reflection of Zr K38 at a Bragg
angle of 44.56°.

The results for the Zr anode are similar to
those of the Cu anode. However, because of
the higher energy of the characteristic lines from
the Zr, more reflections from non-polarization-
splitting planes are available. Figures 11 and 12
show results for the crystal in the up and down
orientations, respectively. In all figures showing
the Zr spectra, reflections of Zr K« are outlined
with solid-green frames. Expected reflections of
Zr K are outlined with dotted-black frames.

Figure 11 the spectrogram recorded on detec-
tor 1, along with the corresponding ray-traced
spectrogram for the crystal in the up orienta-
tion. Table V lists the reflections from the crys-
tal when Zr radiation is incident on the Ge crys-
tal when it is in the up orientation. In the spec-
trograms, although faint, the reflection for the
Zr K@ line can be seen from the plane in the
polarization-splitting orientation, (808). A va-
riety of additional planes are observed to reflect
the Zr Ko lines. It is worth noting that in this
orientation there are two reflections from {717}
and {917} type planes.

Figure 12 shows the spectrogram recorded on
detector 1, along with the corresponding ray-
traced spectrogram for the crystal in the down

‘Up’ - Recorded
— Detector 1

‘Up’ - Ray-Trace 27N
— Detector 1 LN
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FIG. 11. Spectrograms with radiation from a Zr an-
ode, recorded with crystal in up orientation. Reflec-
tions of Zr K« are outlined with solid-green frames.
Expected reflections of Zr K3 are outlined with
dotted-black frames. See Table V.

orientation. When compared to the up ori-
entation, some reflections form non-polarizing
planes are removed, but there are some that are
new. Table VI lists the Zr reflections from the
Ge crystal in the down orientation, shown in
Figure 12.

It should be mentioned that for these cases
(crystal orientation, surface cut, and choice of
polarization-splitting planes) the spectrogram
recorded on detector 2 is mirror symmetric
to the first detector’s spectrogram. This mir-
ror symmetry can change when other crystal
cuts are used, for example when the surface is



‘Down’ - Recorded
— Detector 1

FIG. 12. Spectrograms with radiation from Zr
anode, recorded with crystal in down orientation.
Reflections of Zr Ka are outlined with solid-green
frames. Expected reflections of Zr Kj are outlined
with dotted-black frames. See Table VI.

cut along a {220} type crystal plane and the
polarization-splitting planes are of the {422} va-
riety.

V. CONCLUSION

In conclusion, a single germanium crystal,
surface cut parallel to {422} planes, was used
in polarization-splitting orientation to record
paired sets of polarization-dependent spectra of
copper and zirconium characteristic x-ray radi-
ation. Previous implementations of crystals in
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Plane{hkl}|2d/n(nm) Line Bragg angle(°)
{830} 0.100 7t KB 44.56
{917} 0.099 |Zr Kai, Kaz| 52.63, 53.06
(517t 0.131 |Zr Kau, Kaa| 36.96, 37.21
{973} 0.096 |Zr Kag, Kaa| 54.95, 55.42
{840} 0.115 |Zr Ko, Koo | 43.14, 43.45

TABLE VI. Notable planes contributing reflections
from Ge crystal in down orientation with Zr char-
acteristic radiation. The columns are the same as
in Table III.

polarization-splitting geometry were of hexag-
onal symmetry, making this the first use of a
cubic structured crystal in polarization-splitting
orientation. Different from the symmetry of the
hexagonal crystals, the ray-tracing calculations
suggested that there were two acceptable orien-
tations of cubic crystals to utilize a pair of {220}
planes for polarization-splitting. These two ori-
entations differ from each other by a rotation of
180° around the surface normal vector, giving
unique up and down orientations.

In each of these two orientations, reflec-
tions from non-polarizing planes were found
to contribute undesired Bragg reflections that
were observed in the recorded spectrograms.
Additionally, the extra reflections are deter-
mined by the crystal orientation, meaning one
crystal orientation had more undesired reflec-
tions than the other. Ray-tracing calculations
were useful for identifying the contributing un-
desired planes and determining the orienta-
tion of the crystal. These calculations match
well with recorded spectrograms. These re-
sults show that, for cubic-structured crystals in
polarization-splitting orientation, using certain
crystal orientations can minimize the presence
of additional reflections. Additionally calcula-
tions such as these can be used to design spec-
tropolarimetric diagnostics with other crystal
structures and surface cuts.
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