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1. Introduction

X-ray Absorption Spectroscopy (XAS) probes
the local electronic and atomic structure of ma-
terials through the energy-dependent absorption
of X-rays [1] . In many applications, high en-
ergy resolution is required to resolve weak spec-
tral features and subtle changes. While syn-
chrotron beamlines provide excellent XAS ca-
pabilities, routine measurements are often lim-
ited by cost, limited access, and scheduling con-
straints.

Within the NEXT-GAME activity, Politecnico
di Milano is developing a laboratory-based XAS
spectrometer (LabXAS) to enable regular mea-
surements in the Department of Chemistry and
to reduce dependence on synchrotron facilities.
My thesis work is part of this larger collab-
orative project and focuses on commissioning
and quantitatively benchmarking Ge(nn0) bent-
crystal analyzers. Key performance aspects are
validated under controlled synchrotron condi-
tions, including energy resolution (FWHM), re-
flectivity, and detector footprint, providing a ref-
erence baseline prior to full laboratory opera-
tion. In particular, I analyzed datasets collected
at the synchrotron facility to quantify the crys-
tal/analyzer performance.

2. Laboratory XAS Concept
and Optical Geometry

A laboratory XAS spectrometer is a compact
energy-selective system composed of an X-ray
source, a bent-crystal analyzer, and a detector.
The source delivers a polychromatic, generally
non-collimated beam; the analyzer selects a nar-
row energy band via Bragg reflection; and the
detector records the reflected intensity. Unlike
synchrotron beamlines, where energy selection
is typically set upstream by a double-crystal
monochromator, in a laboratory spectrometer
the analyzer itself defines the effective energy
selection and thus directly affects the achievable
energy resolution.

In the LabXAS developed at Politecnico di Mi-
lano, the source—analyzer—detector layout fol-
lows a Rowland-circle geometry to focus the se-
lected energy onto the detector. The source is
kept fixed (outside the vacuum chamber), while
the analyzer and detector are inside the chamber
and move/rotate in a coordinated way during
energy scanning. Figure 1 shows the setup: (a)
the instrument and (b) an interior view marking
the source (S), analyzer (A), and detector (D).
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Figure 1: Overview of the LabXAS setup. (a)
Photograph of the laboratory spectrometer de-
veloped at Politecnico di Milano. (b) Interior
view indicating the positions of the X-ray source
(S), crystal analyzer (A), and detector (D).

2.1. Rowland-Circle Configuration

The Rowland-circle condition links the source,
analyzer, and detector positions so that rays sat-
isfying the Bragg condition are focused onto the
detector.[2]| For a given reflection and Bragg an-
gle, this focusing is achieved only when the ge-
ometry is consistent with the nominal Rowland
radius; as a result, the measured line profile and
its linewidth are highly sensitive to both align-
ment and radius detuning. In practice, small
deviations in distance or angle can broaden the
response and reduce the collected intensity, mak-
ing the Rowland-radius setting a primary control
parameter during commissioning.

This sensitivity is relevant for both analyzer ge-
ometries investigated in this work: the Johann-
type spherically bent crystal analyzer (XRS) and
the Johansson-type bent-crystal analyzer (Lux-
ium). While both rely on the same Rowland-
circle principle, their different geometrical im-
plementations can lead to different focusing be-
havior and line-shape characteristics, which mo-
tivates the systematic radius-scan benchmark-
ing and the quantitative comparison reported in
the following sections. To validate the analyz-
ers under controlled conditions, measurements
were carried out at the ESRF ID26 beamline.
This beamline uses a Rowland-circle spectrome-
ter setup that is very similar to the LabXAS ge-
ometry and works in the same energy range. For
this reason, ID26 is a convenient test platform to
collect commissioning data before operating the
analyzers in our laboratory. Figure 2 illustrates
the Rowland-circle source—analyzer—detector ge-
ometry used in LabXAS.
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Figure 2: Table-top instrument in Johann ge-
ometry. The Bragg angle 6 sets the selected
photon energy, while the diffracted beam is fo-
cused onto the detector.

3. Methods

Two standard synchrotron scan were used:

e FElastic energy scans: the incident (monochro-
mator) energy was scanned over a narrow
window at fixed analyzer angle, and the de-
tected signal originated from elastic scattering
(AE = 0), i.e. this window spans was about
6.3966-6.4124 kev.

e Fluorescence rocking scans: at fixed incident
energy, the analyzer angle was scanned across
the Bragg condition. When the angle matches
the emission Bragg condition, the reflected in-



tensity is maximized and the detector spot is
brightest. For consistency with the elastic-
scan analysis, the measured intensity as a
function of angle was also converted to an en-
ergy scale using Bragg’s law.

3.1. Detector-image analysis and ROI
selection

For each scan, two-dimensional detector frames
were integrated within a fixed region of inter-
est (ROI) to obtain a one-dimensional inten-
sity profile. All intensities were normalized by
the incident-beam monitor Iy to compensate
for beam-intensity fluctuations and enable com-
parisons across scans. The resulting profiles
were fitted (split-Gaussian for Luxium and split
pseudo-Voigt for the reference) to extract the
FWHM as a direct measure of the energy reso-
lution. A series of scans was recorded while vary-
ing the nominal Rowland radius to identify the
minimum-FWHM condition, and we also evalu-
ated reflectivity-related metrics and the detector
footprint.

In addition to ROI-based spectral extraction, we
estimated the beam footprint directly from the
same detector frames. For each frame, we ap-
plied a simple intensity threshold inside the anal-
ysis ROI to obtain a binary mask of the illumi-
nated region, removed small isolated pixels, and
kept only the main spot. The footprint length
and width were then computed from the mask
size and converted from pixels to millimetres us-
ing the detector pixel size, providing a practical
check of footprint stability across the scan.

4. Results

In the following, we report the resulting per-
formance metrics (normalized by Ij) extracted
from the ROI-integrated detector frames.

Luxium elastic scans: Figure 3 shows repre-
sentative Luxium elastic energy scans (normal-
ized by Ip) recorded at different nominal Row-
land radii. The scan close to best focus ex-
hibits the sharpest and most intense response,
while off-focus conditions show a broader and
smoother profile, consistent with increasing de-
focus. This asymmetric peak shape is an ex-
pected behavior for this configuration and is con-
sistent with previous observations reported in
earlier studies.|3]

To quantify the energy resolution, we selected
the best-focus scan and fitted the peak pro-
file with a split-Gaussian model (Fig. 4). The
extracted FWHM was used as the energy-
resolution metric. The same procedure was re-
peated for the other crystal under the same
scan strategy and analysis workflow. By repeat-
ing the measurement across the radius series,
the minimum-FWHM condition was identified
at the optimum Rowland radius Ropt.
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Figure 3: Representative Luxium elastic energy
scans (normalized by Ij) acquired at three Row-
land radii: R = 246 mm (blue), R = 251 mm
(green, close to the optimum focusing condi-
tion), and R = 257 mm (purple). The opti-
mum condition shows the sharpest and most in-
tense response, while out-of-focus radii exhibit a
broader, smoother lineshape consistent with in-
creasing defocus.
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Figure 4: Best-fit line-shape representative Lux-
ium elastic scan selected from Fig. 3. This fit
curve is taken by using a split-Gaussian model.



4.1. Detector footprint behavior

Figure 5 shows representative Luxium detector
footprints during the elastic scan at the opti-
mum Rowland setting. The ROI is kept fixed,
but the elongated spot shifts on the detector
from frame to frame. The summed image over
the full scan (Fig. 6) therefore covers a larger re-
gion (about ~30 mm), while individual frames
can appear shorter because only the subset of
rays satisfying the Bragg condition at a given
scan point contributes with strong intensity.
Overall, the accumulated footprint length
(~30 mm) is about half of the Luxium crys-
tal length (60 mm) and is consistent with the
footprint extent predicted by ray-tracing simu-
lations [3].
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Figure 5: Zoomed detector-footprint images for
Luxium elastic frames, showing the spot position
and shape within the fixed rotated ROI across
the scan.
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Figure 6: Summed detector image obtained by
accumulating all frames of the scan. The result-
ing map highlights the overall footprint extent
(about 30 mm).

4.2. Reference analyzer summary and
quantitative tables

The XRS analyzer is used as a reference bench-
mark. For this analyzer, the key results are sum-
marized in Tables 1 , 2 and 3.

Metric Luxium XRS
Ropy (mm) 251 253
FWHM i, (eV) 3.05 0.91

Table 1: Ropt and elastic FWHM i, for Luxium
(CBCA) and XRS (SBCA).

Frame number 335 385 478

Lgy (mm) 1058 6.64  6.31
W, (mm) 103 093  0.92
Epy (keV) 6.403 6.404  6.406

Table 2: Luxium footprint metrics for three rep-
resentative frames. Lg, and Wy, denote the
footprint length and width (mm) in the ROI-
aligned coordinate system (along 2’ and ¢/, re-
spectively). FEp is the monochromator energy
associated with each frame (keV).

Frame number 377 385 400
Ly, (mm) 12.55 13.41 13.41
W, (mm) 1.54 1.54 1.54
Eg (keV) 6.3992 6.3993  6.3996

Table 3: XRS footprint metrics and correspond-
ing energies for three representative frames.

4.3. Fluorescence rocking scans on
different emission lines: Ge(220)
vs Ge(440)

In the fluorescence rocking-scan measurements,
different emission lines were investigated at dif-
ferent photon energies. Specifically, the Luxium
analyzer was tested in the tender-energy config-
uration using the Pd Lg line with the Ge(220)
reflection (TEXS), and in the hard X-ray config-
uration using the Fe Ka line with the Ge(440)
reflection. The table below summarizes the key
figures of merit extracted for these two cases. To
separate the spectrometer contribution from the



intrinsic width of the fluorescence line, we cor-
rected the measured linewidth using a quadratic
deconvolution. Assuming that the experimental
profile can be approximated by the convolution
of the instrumental response with the natural
emission line profile, the FWHM contributions
add in quadrature:

AE%  ~ AE?

exp instr

+ AEgata (1)

so that the instrumental linewidth is obtained
as

AFpnstr = \/Angp - A‘EIQlat‘ (2>

Here AF,,; is the intrinsic (natural) linewidth of
the selected fluorescence transition, taken from
the compilation of Kajo and K33 emission
lines by Holzer et al. [4]. Because the two
rocking-scan experiments probe emission lines at
different photon energies—Pd LS in the tender-
energy range (E ~ 3.3 keV) and Fe Ka in the
hard X-ray range (E =~ 6.40 keV)—their exper-
imental linewidths are not directly comparable
without correcting for the intrinsic line broaden-
ing. The main figures of merit for these two cases
(Pd LB/Ge(220) in TEXS and Fe Ka/Ge(440)
in hard X-ray) are summarized in Table 4.

Metric Ge(220) Ge(440)
FWHM AFE., (¢V) 5.12 3.48
ABigr (V) 4.60 1.50
Lg, (mm) 32.36 32.87
Wi (mm) 1.46 1.05

Table 4: Summary of fluorescence rocking-scan
figures of merit for Luxium measured on two
emission lines at different energies: Pd L3 in the
TEXS configuration using Ge(220), and Fe K«
in the hard X-ray configuration using Ge(440).
Here Lg, and Wy, denote the footprint length
and width, respectively.

4.4. Reflectivity
A reflectivity proxy was defined from the ROI-
integrated detector signal and the incident mon-
itor: ")
Tqet (B
R(E) = . 3

To compare configurations with different accep-
tance (illuminated area on the analyzer), we also

report an area-normalized reflectivity:

Idet(E)

Rnorm (E) = To(B)A’ (4)
where A is the physical surface area of the an-
alyzer crystal. For the CBCA, we use Aryx =
60 x 15 mm? = 900 mm?, whereas for the XRS
SBCA we use Axrs = 7(50 mm)? ~ 7850 mm?.
Using the integrated area of Ryorm(E), we ob-
tain the area-based comparison factor

CBCA

Snorm
Marea = gy = 4.76. (5)

norm

5. Conclusions

This work reports the commissioning of a
Ge(nn0) bent-crystal analyzer for LabXAS at
Politecnico di Milano. An ROI-based work-
flow reduces 2D detector images to consistent
1D curves for elastic and fluorescence scans, en-
abling reliable extraction of the FWHM (en-
ergy resolution), footprint metrics, and normal-
ized reflectivity indicators. The analysis pro-
vides a clear performance map versus spectrom-
eter configuration and identifies the optimum
Rowland setting that delivers the best resolu-
tion for the Luxium analyzer. Asymmetric elas-
tic line shapes were handled with an asymmetric
fit model to ensure stable linewidth trends across
scans, and fluorescence widths were corrected to
isolate the instrumental contribution from the
intrinsic emission-line broadening.

The next step is to transfer the commissioned
analyzer and the validated alignment/analysis
protocol to the in-house LabXAS instrument,
where the identified optimum setting can be
used as a starting point to achieve the best
resolution in the laboratory and to enable rou-
tine XAS measurements without relying on syn-
chrotron beamtime.
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