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standards

- A few opportunities for coordinated observations - strictly simultaneous or quasi - simultaneous
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Better chances of cross calibration
But need to be strictly simultaneous - Highly Variable!!




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

Chandrayaan-2 XSM: Sep 2019 - Solar Orbiter STIX: Feb 2020 - eplresat-1 DA

XSM sensor package
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Chandrayaan-2 Solar X-ray Monitor (XSM)

@ >Energy range: 1-15 keV (up to M5)
0 2-15keV(>M))

>Energy resolution: 175 eV @ 5.9

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

>Time cadence: 1 second

CLASS: Large area spectrometer for X-

ray fluorescence spectrum from the >Dynamic range: sub-A to X9 class
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XSM: Small area spectrometer for qullmated SDD - with some clever
incident solar X-ray spectrum de&gns
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FWHM (eV)

A Summary of Ground Calibration of XSM
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On-board calibration of XSM
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In-flight Calibration: Be window thickness non-uniformity

N ~l o O
1 1 1 1

|
26 ﬁ

N

25 |
|
24 |

23 A

21 A
20 A
19
18

-0 !

-70 1
—-80 1

_90 - |

100 A
110 A

1204 |

10000

20000

]
30000
Time

| |
40000 50000

60000

0.9F 3

0.8 k

0.7 s
Original effective area x ¢ < —90 (Q3)

20 Updated effective area O ¢ > —90 (Q4)

O0S5E . .+ —r A T R T .3
20 25 30 35 40

6 (degree)

- 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.)
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XSM - DAXSS - GOES XRS Comparisons
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Flux (Wm™32)

Count rate (s71)

Count rate (s71)
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XSM - DAXSS - GOES XRS Comparisons
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Counts cm~%s~1keV~! with Diagonal Response

XSM-DAXSS Comparisons

—  XSM
—— DAXSS

i
|"||I s

2 x 10°

3x10° 4x10° 6 x 10° 101
Energy (keV)

Mithun et al (in prep)



XSM-DAXSS Comparisons
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XSM-GOES XRS Flux
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Further Evidence : Ground Data from Chandrayaan-S APXS
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Rate (s~ 1)

XSM Spectral fits with updated response

Current calibration

16: 172520-172616

101
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Consistent spectral model fitting from 0.8 keV onwards instead of 1.3 keV



DAXSS - XSM

XSM and DAXSS Spectral parameters for 12 flares
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Work in progress: Asif M et al (in prep)



XSM-STIX Joint Observations
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Non-thermal

XSM-STIX Joint Fitting Results
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Low-T

High-T

Non-thermal
Same model
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both spectra
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STIX Spectrum / XSM model
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XSM - SoLXES Comparison
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XSM and NuStar Observations of the Sun
XSM+ NuSTAR catalogue
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1e2
— 61 XSM-15 keV 104 XSM - 29 April 2021 18:08-18:11 NuSTAR FPMB grades 0-4 NuSTAR FPMB grades 21-24
RPN flare events on 29 Apr 2021
e events on 29 Apr 202
. i bty et il 2022-02-24 14:58:03 to 15:44:27 Mg: 8.068:3 N pile-up o] pile-up
. . - ‘ . - ‘ . 103_ Al: 7 1+0.07 10 ) ) - 10
14:153 7 15:00 15:10 15:20 15:30 15:40 15:50 16:00 . 7 9‘872'351 Gain shift: 0.971
- 1 ° ° ° — i 7.9800%8 | — . +0.03 | —
— G161-8A 1000" 10 7 5. 732400 |1 C:0.64200; |7
g 7 Multiple flaring regions -
z I= T 107 o i il
& L e Mo PSP TSy — 900" 0 § ° . °*,° £ £ 1031 | | £ 1034} | |
S S S g
= £ £ £
e T L g o = diiricult to handle: 1tional ; | : 1
14:50 15:00 15:10 15:20 15:30 15:40 15:50 16:00 = 2 9 " S :
1e4 o, 0 Py o 1014 o o |
. — A — Al — A2 — A3 > -— hd ° ° o ” ” \
: -2 complexity of chip-gap loss in ¢ |
g ot b’ M % " 10 < N ” 107 " 10 ‘
o 05 '500 b %
% Ww B N 10°4 \
= it N Aoort st A g > u
0'104:15604 15:00 15:10 15:20 15:30 15:40 15150 16:00 -1000" 1 10-2 z
— 207 — A>2keV (0.36 - 2.39%) —— B >2keV (0.70 - 1.90%) ’
2. 10! 10! 10!
g -1000" -500" 0" 500" 1000" S t ° 11 1 t . % > % > % >
© 10 0 O.WNMII,‘WMLMM-I_ O.WWFWUMHJ_
< | | |
(o] e o s 1ll, reasonably good match:  ::
= 091 , ‘ ‘ 20621001001 15 20 25 30 35 40 4 6 8 10 12 4 6 8 10 12
14:50 15:00 1510 15:20 15:30 15:40 1550 16:00 Energy [keV] Energy [keV] Energy [keV]
20621001001 Start Time 24-Feb-2022 14:50:00

Some 1mprovements expected
with new XSM calibration

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

XSM - 29 April 2021 18:19-18:22 NuSTAR FPMB grades 0-4 (both ARs)  NuSTAR FPMB grades 21-24 (both ARs)

T: 4.8817324 MK 10°. Total_eflux: 0.0773:34x10% e~s71 10°.
T 1.0 EM: 5.787163x10%6 cm~3 Index: 8.27+151
_&) g 1 ] 1034 Mg: 8.14%3:33 E_c: 8.7879:62 keV
<o~ 0.8] Al: 7.26+912 | T: 10537231 MK
. . i . <E' 1 —_ Si: 7.97%3:%% | EM: 0.4273:37x10% cm=3 | _
%H,STAR FPMB 3-6 keV 2021-04-29 18:07:00-18:11:00 S = 0.6 94 A 131 A AR 12820 (left) T o 673208 |T pile-up | oile-up
K T T om e e el L5 2 . 7 . Z A BN 2 2 EEEEES—S e et |2 0.943 e
. e a R LIy * ., Y G 2 f 2 ;) 2 .|
. . L < . " e ol 10_ 0, 0 10 c: 0-81t8'82 I 10
. 40 E- - 8 8 m kS
. ' _:'-: .: "._..- . g E _ 0-8_ g 10! g g
300" -t T e ' 35 TEW ] AR 12821 (right) = = IR g
R . S = 0.6 5 & LI &
' | F30 =0 - 2 10 W e £
— — o N o 102 \ S}
S e, " « D\ 75000 3—6 keV © \L_F_q © \ u| ”
g | | 25 3 S - Nl |
T .. . =4 2 50000 Y |
S, N ; = Sa S }
> I !l I
-15 . - Tm 102 10!
_ " | + S ] i 5 5]
Ngs 6-10 keV S ] _ & sl
5 z+- 8 0! . 15 20 25 30 35 40 4 6 8 10 12 4 6 8 10 12
S ' o ' o ' T T T ' o ' Energy [keV] Energy [keV] Energy [keV]
600" ; E e RTINS : e ~ 200
L L - L £ L ~ L — I
500" 600" 700" 800" 900"  1000" . 1.33-4 ke
m 4+
x [arcsec] = S 100
S Flare 1 Flare 2 Flare 3

18:06 18:09 18:12 18:15 18:18 18:21

Time (at 1 AU), 2021 April 29

18:03

Credit: Natalia Bajnokova (University of Glasgow)



Summary

e 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
* ACHEC 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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can be characterised relatively easily

* Next in pipeline: Solar Hard X-ray Polarimeter on small satellite platform

Plastic scintillator
assembly

Nal scintillator
assembly




Thank you

Questions? Comments?

Useful Links [=]:

[=]

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

=]

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

Chandrayaan-2 (XSM) & Aditya L1-1 Data archive: https://pradan.issdc.gov.in/pradan/
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P~ Solar X-ray Monitor S |isFa
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Start Date |End Date[01/04/2023 O o
2XSM 1 -8 A Flux ( )



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