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Coordinated X-ray Observations for Cross-Calibration
● Cross calibration of high energy missions: Coordinated observations of Crab, other IACHEC 
standards 

● A few opportunities for coordinated observations - strictly simultaneous or quasi - simultaneous
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● Cross calibration of high energy missions: Coordinated observations of Crab, other IACHEC 
standards 

● A few opportunities for coordinated observations - strictly simultaneous or quasi - simultaneous

What if some missions were observing only one source?

Credit: NASA/JPL-Caltech/JAXA

Better chances of cross calibration 
But need to be strictly simultaneous - Highly Variable!!



X-ray Spectroscopy of the Sun: Past,  Present, and (near) future

Figure Credit: Amir Caspi, SwRI



X-ray Spectroscopy of the Sun: Present Instruments
Chandrayaan-2 XSM: Sep 2019 - Solar Orbiter STIX: Feb 2020 -

Shanmugam et al (2020), Mithun et al (2020) Krucker et al (2020)

Aditya-L1 SoLEXS: Jan 2024 - Aditya-L1 HEL1OS: Jan 2024 - 

  (a) (b) (c)

Fig 1: Schematic of SoLEXS instrument, (a) A front view of the integrated SoLEXS package,
showing the Detector Module (top) and the Electronics Module (bottom), which are thermally iso-
lated by GFRP spacers. Aperture cover mechanism (grey) is visible on the outside of the detector
module. (b) An internal front view of the package with the detector module’s top cover removed,
revealing the two SDDs (yellow) mounted on the PCB (green). The imaginary FOVs are shown
originating from the two apertures on the front plate: the blue FOV for the large-aperture SDD1
and the red FOV for the small-aperture SDD2. (c) A close-up back view of the detector module
with the top cover removed, showing the internal calibration source encapsulated in its Aluminium
holder (grey) and the Copper thermal flanges (brown).

stability monitoring, complemented by cross-calibration with concurrent XSM and X-Ray Sensor
(XRS) on Geostationary Operational Environmental Satellites (GOES)38 observations.

This paper presents the ground and in-flight calibration of the SoLEXS instrument, covering
its design, digital pulse processing, and ground-based characterization of its instrument response
as well as thermo-vacuum performance. It further presents the on board performance verification,
cross-calibration with GOES/XRS and Chandrayaan-2/XSM, and a demonstration of the derivation
of coronal plasma parameters from flare spectra.

2 SoLEXS Instrument

Solar Low Energy X-ray Spectrometer (SoLEXS)37 is one of the payloads on board Aditya-L1,
capable of performing full-disk (Sun-as-a-star) spectrometry in the energy range of 2–22 keV. The
instrument is configured employing two SDDs, aligned with respective apertures of optimized
diameters. This two aperture configuration ensures that at least one detector operates below satu-
ration flux level despite a probable ⇠5 orders of magnitude in solar X-ray flux variation from faint
A-class flares to bright X-class events during mission life.

The mechanical design of SoLEXS consists of two modules; a detector module, with two
SDDs as well as a calibration source, and an electronics module for signal processing, power
management, and spacecraft interfacing. These two modules are thermally isolated by seven glass-
fibre-reinforced polymer (GFRP) spacers but maintain mechanical integrity (see Figure 1).

The detector module consists of a bottom U-shaped cover and the top cover, both fabricated
with Al6061-T65 alloy. Two identical SDDs are mounted on a single printed circuit board (PCB),
which is fixed on bottom cover as shown in Figure 1b. On the outside of the detector module, a
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Energy range: 1 - 15 keV (<M5) 2 - 15 keV (>M5) Energy range: 4 - 150 keV

Energy range: 2 - 22 keV Energy range: 8 - 150 keV 

Inspiresat-1 DAXSS:  
Feb 2022 - Oct 2023

Energy range: 0.8 - 15 keV 
Schwab et al (2020), Woods et al (2023)

Sankarasubramaniam et al (2025), Sarwade et al (2025) Nandi et al (2025)

ASO-S HXI: Apr 2023 -

Z. Zhang et al.: Design of the HXI Onboard the ASO-S 160–3

Fig. 1 Imaging principle applied by HXI. Left: A flare loop is generated on the solar surface; Middle: Hard X-ray flux from the
flare arrives at Earth orbit and is modulated by a collimator (sub-collimator arrays with different pitches and position angles) with its
direction. Photons passing through the collimator are recorded by detectors; Right: Modulated data are used to reconstruct the flare
image on the ground.

Fig. 2 Schematic drawing of HXI.

Table 1 Collimator Grid Configuration of HXI

Pitch /µm 36 52 76 108 156 224 344 524 800 1224 Total Quantity
Slit /µm 20 31 46 54 78 112 172 262 400 612 /pair

Nominal spatial resolution (FWHM) / ′′(1) 3.1 4.5 6.5 9.3 13.4 19.3 29.6 45.1 68.8 105.2
Thickness / mm 1.0 1.4 1.7 2.0 2.0 2.0 2.0 2.0 2.0 2.0

Quantity

Total 8 10 10 10 10 10 10 10 6 7 91

△Φ(2) = 0◦ (cosine type) 4 5 5 5 5 5 5 5 3 3 45
△Φ = 90◦ (sine type) 4 5 5 5 5 5 5 5 3 2 44

△Φ = 120◦ 0 0 0 0 0 0 0 0 0 1 1
△Φ = 240◦ 0 0 0 0 0 0 0 0 0 1 1

Position angle / ◦ Ongoing optimization
Effective dimension (slit & slot) φ36mm circle for all front grids, and φ22mm for rear grids

Material 0.1 mm thick tungsten foil
Distance between the front and rear grids L = 1190 mm

(1) The definition of spatial resolution is generally expressed as FWHM = p/2L; (2) △Φ is the phase difference between the front and rear
grids of a subcollimator. In the cosine type case, slits of the front grid just line up with the corresponding slits of the rear grid, and △Φ is zero.

respectively. While HXI-C and HXI-S are mounted up-

side down on the optical reference plate outside the space-

craft with two other instruments to meet the requirement

of simultaneous observation, HXI-E is mounted inside the

spacecraft to obtain a better working environment. The

three parts are only connected to each other by cables.

The main structure of HXI-C is a titanium alloy frame-

work with two plates at each end. The front and rear plates

are 1190 mm apart (Fig. 3). Ninety-nine mounting posi-

Energy range: 10 - 300 keV 

Zhang et al (2019)



Chandrayaan-2 Solar X-ray Monitor (XSM)
➢Energy range: 1-15 keV (up to M5)                                          
2-15 keV(>M5)  
➢Energy resolution: 175 eV @ 5.9 
keV 
➢Time cadence: 1 second 
➢Dynamic range: sub-A  to X9 class 
➢Collimated SDD - with some clever 
designs 

Continuing observations successfully for > 6.5 years

Remote X-ray fluorescence spectroscopy 
experiment on “Lunar Mission” 

CLASS: Large area spectrometer for X-
ray fluorescence spectrum from the 
Moon 
XSM: Small area spectrometer for 
incident solar X-ray spectrum

Shanmugam et al (2020), Mithun et al (2020)



A Summary of Ground Calibration of XSM
RRCAT beamline data

Mithun et al (2021, Exp. Astr.)



On-board calibration of XSM

Fe-55 line flux with time 

Radioactive decay model

Instrument performance has remained unaffected 
No change in spectral resolution or gain with time



In-flight Calibration: Be window thickness non-uniformity
● Quiet Sun observations at 
different angle: Showing 
sinusoidal behaviour after 
effective area correction 

● Non-uniformity in Be 
window thickness inferred; 
was included in the XSM 
response 

● Relative changes in 
thickness of the order 4 um  

● However, absolute value of 
Be thickness could not be 
measured in this manner 

● Issues with < 1.3 keV 
response: Spectral fitting 
for 1.3 keV onwards  

Mithun et al (2020, Sol. Phys.)



XSM - DAXSS - GOES XRS Comparisons



XSM - DAXSS - GOES XRS Comparisons
Flare elemental abundance from DAXSS and XSM

Figure 2. The figure shows best-fit spectra for a flare during the start of the flare,
the peak of the flare and decay of the flare. The black crosses show observations
in instrument counts per second with error bars and colors show 2T model fit
for di!erent times. The left column shows DAXSS observation and the right
column shows XSM observation. The bottom panel shows the delta-chi residu-
als. Prominent lines are marked with the major elements that contribute to the
emission.

(version 10) (Dere et al. 1997; Del Zanna et al. 2021) over a grid of temper-
atures to generate the model spectrum for a given set of parameters. XSPEC
folds the generated model theoretical spectrum in the physical units through the
instrument response, giving the expected instrument count-rate spectrum. This
expected instrument count-rate spectrum is then fitted to observed spectra by
optimizing the model parameters to improve a goodness-of-fit measure, which in
this study is the chi-squared statistic.

For the soft X-ray emissions from the isothermal, optically thin plasma model
considered in this study, the spectral slope is predominantly influenced by tem-
perature, while the emission measure dictates the overall normalization, deter-
mining the absolute flux. The strengths of individual spectral lines are governed
by both temperature and elemental abundance. This study focuses on elements
with prominent spectral lines in the observed wavelength range, namely Mg, Al,
Ar, Si, S, Ca and Fe.

The main objective of this paper is to study the evolution of flare parameters,
in particular the elemental abundances, during the flares. We initially used a
three-temperature isothermal model with two temperatures and abundances left
free as to fit for the hot flaring plasma, and one component is frozen to a preflare

SOLA: output.tex; 19 April 2026; 20:07; p. 9

Mandayapuram et al.

Figure 14. Each panel shows XSM flux plotted against DAXSS flux for different energy
bands. Energy range for which fluxes are calculated is given on top of each plot. The dotted
line shows the best-fit line passing through data points and blue line is y=x line given for
reference. The best-fit parameters and R values are given in the box.

agreement in emission measure for the hotter component (see Figure 11, 12
& 4). Since the cooler component primarily contributes to the flux at lower
energies (<2 keV), while the hotter component dominates at higher energies
(>2 keV), differences in flux estimation directly impact emission measure esti-
mates. Since the emission measure acts as scaling/normalisation for an individual
component, the overestimation(underestimation) of fluxes can give overestima-
tion(underestimation) of the emission measure. This reasoning can be further
extended to the temperature estimates. In the SXR wavelength regime, the
estimated temperature is inversely correlated to estimated emission
measure. This is due to the fact that increase in observed flux can
be caused either be due to increased emission measure or increased
temperature. Since DAXSS estimates higher emission measure for

SOLA: output.tex; 4 August 2025; 13:03; p. 24
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XSM-DAXSS Comparisons

Mithun et al (in prep)



XSM-DAXSS Comparisons

Mithun et al (in prep)

Spectral ratio consistent with additional 17 um Be: Thickness is 25 um instead of 8 um



XSM-GOES XRS Flux

Mithun et al (in prep)

Better agreement with GOES XRS flux in 1 - 8 Angstrom (1.55 - 12.4 keV)  
Not expected to match exactly - GOES XRS flux is approximation 



Further Evidence : Ground Data from Chandrayaan-3 APXS
● Additional evidence for Be window 
thickness variations in SDD - ground 
data of spare instrument of APXS 

● XSM & APXS - detectors from the 
same batch 

● Difference in Be window thickness 
between two models of APXS - 17 
um!!



XSM Spectral fits with updated response

Current calibration 25 um Be window

Consistent spectral model fitting from 0.8 keV onwards instead of 1.3 keV



XSM and DAXSS Spectral parameters for 12 flares

Work in progress: Asif M et al (in prep)



XSM-STIX Joint Observations

Mithun et al (in prep)
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7.2 Observation of the Flare with XSM and STIX

In the present work, we analyze a GOES C-class flare on 08-Sep-2021 at ⇠17:30

UTC observed by both XSM and STIX. Incidentally, it is one of the events in the

sample considered for multi-thermal analysis with XSM observations in Chap-

ter 6. This was one of the brightest events during the initial period of joint

observation opportunity of XSM and STIX after the commissioning phase of

STIX. Observations from both instruments are available for the entire flare du-

ration, which also occurred in a favorable geometry for joint analysis, as discussed

below.

7.2.1 Flare observation geometry

Figure 7.1: The Sun as observed from Solar Orbiter viewpoint (left) and from

Earth viewpoint (right) during the early phase of the flare on 08-Sep-2021 at

17:25 UT. The relative location of SO with respect to the Sun and the Earth is

shown in the middle panel. The image on the left is from SO EUI at 174 Å ,

and that on the right is from SDO AIA at 171 Å. Red boxes in the images mark

the flaring active region, and the zoomed-in views of the same are shown in the

middle.

The flaring event occurred in NOAA AR 12866, which was on-disk, as

viewed from Earth. At the time of the event, the Solar Orbiter (SO) was at a

heliocentric distance of ⇠ 0.6 AU with the SO-Sun-Earth angle of 56 degrees1.
1
Obtained from online tool at https://datacenter.stix.i4ds.net/view/ancillary
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Figure 7.2: X-ray light curves of the flare in different energy bands observed

by XSM and STIX. Grey-shaded duration is considered for joint analysis in the

present work. The three vertical dotted lines correspond to the impulsive peak,

thermal peak, and an instance during the decay phase.

the light curve in the 4 – 10 keV band from STIX shows another secondary peak

beyond 18:00 UT, which does not have a counterpart visible in the XSM light

curves. It is likely that this secondary peak is associated with another flaring

event occurring elsewhere on the Sun which is not observable from Earth. X-ray

emission from the flare is observable in both instruments from around 17:17 UT.

However, before that, we did observe some emission in the XSM 1–3 keV band

and to some extent in the 3–6 keV band even after subtracting the average pre-

flare quiescent emission. This could be associated with some pre-flaring activity

observed only at lower energies, which we plan to investigate later. We also note

that beyond ⇠ 18:00 UT, no emission is observed in STIX at energies above 10

keV. For the present work, we consider the duration from 17:17 UT to 18:00

UT, shown in grey shade in the figure, for spectral analysis discussed in the next

section.

Flare observed 
simultaneously with  

Chandrayaan-2 XSM &  
Solar Orbiter STIX



XSM-STIX Joint Fitting Results

Mithun et al (in prep)
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Figure 7.3: X-ray spectra at three phases of the solar flare with best fit models.

Individual fits to XSM spectra are shown in top panel, individual fits to STIX

spectra are shown in the middle panel and the bottom panel shows results of

simultaneous fit to XSM and STIX spectra. Points with erro bars show observed

spectra in all panels and red steps denote best fit model. Dashed/dotted lines

correspond to individual model components.

the two components are tied together, and abundances of those elements having

prominent lines in the XSM spectra are also considered as free parameters in

the fitting (see Section 6.3). Abundances of other elements are frozen to coronal

abundances from Feldman (1992).

Figure 7.3 top panel shows XSM spectra at three instances during the

flare (corresponding to the vertical dotted lines in Figure 7.2) along with the best-

fit models. The dashed lines correspond to the emission from high temperature

(orange) and low temperature (green) components and solid red steps show the

total best-fit model. Temperatures obtained from the fit for both components

High-T

Low-T

Non-thermal
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the two components are tied together, and abundances of those elements having

prominent lines in the XSM spectra are also considered as free parameters in

the fitting (see Section 6.3). Abundances of other elements are frozen to coronal

abundances from Feldman (1992).

Figure 7.3 top panel shows XSM spectra at three instances during the

flare (corresponding to the vertical dotted lines in Figure 7.2) along with the best-

fit models. The dashed lines correspond to the emission from high temperature

(orange) and low temperature (green) components and solid red steps show the

total best-fit model. Temperatures obtained from the fit for both components

Same model  
consistent with  
both spectra 

With systematic  
Uncertainties



A closer look at XSM and STIX spectra
XSM Spec / STIX  

Model
STIX Spec / XSM 

Model

Low energy transmission 
in STIX response to be 
likely culprit:  
Work in progress to 
understand this better



XSM - SoLXES Comparison

Credit: Abhilash Sarwade (URSC/ISRO)
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Fig 22: Scatter plot of XSM normalized count
rate versus SoLEXS SDD2 normalized count
rate across six different energy bands showing
linear correlation.
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Fig 23: Spectral comparison during M3.6-class
flare (SOL2024-04-23T03:19) and C7.4 flare
(SOL2024-04-23T21:11).

best represent the source spectrum. The most commonly utilized fit statistic for determining the
best-fit model is �2, which is defined as follows:

�2
=

X (P (c)� Pmodel(c))
2

(�(c))2
, (11)

where �(c) is error in for photon counts in channel c. Solar flare spectra in soft X-ray range are
modelled using isothermal emission models, where parameters such as temperature, emission mea-
sure, and elemental abundances are considered. The isothermal model spectrum is computed us-
ing the sunkit-spex (https://github.com/sunpy/sunkit-spex) python package. The
f vth abun model defined in the package uses thermal bremsstrahlung for continuum and CHI-
ANTI atomic database for emission line calculation. The sherpa fitting application55, 56 is used to
fit the model spectrally to the observed spectrum to get the best-fit parameters. Figure 24 shows
a fitting example of the SoLEXS spectrum with an isothermal model with temperature, emission
measure (EM), and elemental abundances of Iron, Calcium, Argon, and Sulphur.

6 Summary

The Solar Low-Energy X-ray Spectrometer (SoLEXS) on board Aditya-L1, is specifically designed
to provide contiguous and uninterrupted solar X-ray observations from the Sun-Earth L1 Lagrange
point in 2–22 keV energy range. With it’s temporal resolution of 1 s and an energy resolution of

23



XSM and NuStar Observations of the Sun

Credit: Natalia Bajnokova (University of Glasgow)

https://ianan.github.io/nsx_summ/xsm_figs/index.html

XSM+ NuSTAR catalogue 
Joint-fitting (in Sun-kit-Spex) of 
flare events on 29 Apr 2021 
Multiple flaring regions -  
difficult to handle: Additional 
complexity of chip-gap loss in 
NuSTAR 
Still, reasonably good match: 
Some improvements expected 
with new XSM calibration 



Summary
• Several X-ray spectrometers for Sun, many having similar energy ranges: Cross calibration very pertinent 

• Advantage: Better chances of getting simultaneous observations 
• Disadvantage: No standard model like IACHEC models for astrophysical sources 
• Methods: 

• Empirical models that best fit the spectra: Compare them 
• Spectral ratios in count space - correcting for effective area assuming diagonal response 
• Spectral parameter comparisons - complicated by requirement of several parameters especially in soft X-rays 

• IACHEC community feedback  

• Lessons learnt (or re-learnt as we knew them already!!) 
• Low energy transmission - major factor  
• Specifically the window transmission of detector modules that are integral part of the detector. Other components 
can be characterised relatively easily 
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• Next in pipeline: Solar Hard X-ray Polarimeter on small satellite platform



Thank you 

Questions?  Comments?
Useful Links 

XSM website: https://www.prl.res.in/ch2xsm/ 

Spectral analysis demo with PyXSPEC: https://github.com/xastprl/xsm-analysis 

Chandrayaan-2 (XSM) & Aditya L1-1 Data archive: https://pradan.issdc.gov.in/pradan/ 

https://www.prl.res.in/ch2xsm/
https://github.com/xastprl/xsm-analysis
https://pradan.issdc.gov.in/pradan/

