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Abstract Detector Response Function on the Orbit

We report the temperature dependence of Gas Multiplier Counters (GMCs) onboard the 6U CubeSat X-ray observatory
NinjaSat. The detector performance of GMC depends on the temperature. The temperature dependence of the gain was
calibrated for the detector response function in orbit using data from the Crab Nebula. The fit results using the function
created improved the ratio of the fit curve to the data from 12% to 4% before and after gain correction.

Detector Response Function of GMC

» Matrix of energy spectra corresponding to each incident X-ray energy of the detector
* Gain maps are implemented into the response simulator (LLocation Correction)

* We make the fundamental response for each 1°C
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photoelectric absorption, generating a cloud of electrons.

 GEM amplifies the electrons.
« Read out as a charge signal by the readout electrode.

(Kirsch et al, 2005)

S . N N — __ | Importance of location and temperature dependence of gain

Cross-section of GMC Count rate in 2—20 keV (Inner) -~ 15 Before gain correction: : After gain correction f
X-ray »Fe Calilér;itlirc():rcr ¢ il | * * Crab Ng 0 _ Crab Data = Crab Data 3
Collimator = - , | R e 11.1 counts/s x5 I Fitting curve Fitting curve
Preamplifier Baseplate Collimater + Background =2 10 3
T e tecron wutipie con 0t oo e Y e
; « Apply high voltage (590 V) between the Cross-section of GEM ,« ‘1&10 3 - e =g — M
Be window - 0 B -
(130 pm) Cu Electrode. CuElectrode | The ratio of the data to the fit |= "'k +11% L b , f, T :
— . o’g H e G t 1 t ) _ m - ) e Lt T s R ++++++ ++'|'-I-|-'|'++.+Jf |J[|HJ”I L + e +, + + t+ +h 1 Jf
o l5cm Electric d Photoelectric cnerate arl e. cetron H 70 um - curve improved from 11% to 4% | 1-05 T ::,, R il 1[It SRR PR i +H1l
% field ~ Absorption Xe/Ar/DME avalanchr: inside Liquid in the range of 2-10 ke V. 8 09F /() 1t | ]l—
Ol o W GEM the hole in the GEM 100 um Crystal * ’ 2 7 5 10 20 2 5 10 20
= — Polymer L-shell edge of Xe  Energy (keV) Cu electrode of GEM Energy (keV)
L Youm — nH (x 102! cm2) 4.5 2.8+0.2 4.1+0.2
< 10em > Cu Electrode Photon Index 2.07 1.985% 0.003 2.007 + 0.004
. i7ati + +
Detector Response Function on the Ground GEM sags due to Normalization 8.26 2-36+0.04 272004
: o : . ' X~/ dof — 1907/78 247/78
Experiment Setup of Ground Calibration Test 2D map of Gain (Gain Map) _ temperature rise : —
o == E40F 700 3 N v~/ dof is improved >
N \% 30 F - 9 After location and temperature correction, the ratio 1s almost flat, with a small amount of structure remaining before correction.
I 5 E 600 ° Electric field — No significant improvement in response 1s needed since a systematic error of 1.3% yields )( /dot = 1.0
>20 | T becomes non-uniform
“CH@racteristic X2 {' 1o ) v Summary
rac cristic YN 0 - °00 ( . ‘ The detector response function that fits the actual measurement was created by considering the location and
: offi crgel:lrfcco(l)lfeg{gftlrons temperature dependence of the gain of the gas X-ray detector GMC.
-10 400 i nor}rl—uniforrn The dependence of the gain 1s corrected for the Crab Nebula spectrum
20 - r ) * The ratio of the data to the fit curve improved from 11% to 4% 1in the range of 2-10 keV
: v » v?/ dof is improved from 24.5 to 3.2.
b odsthi e temp erat: &%k amb ei, . S0k 300 The effective gain We expect improvement in the detector response function by correcting the effective area.
_401..|..,.|.H.l...ll...lll...l....ll..
40 30 20 10 O -10 -20 -30 -40 of GEM
—10, 0, 10, 15, 27°C for 5 temperatures, X-axis (mm) is non-uniform Reterence { Thank you for watching my poster! }
.  A. Aoyama et al., 2024, June 28, The Astronomer’s Telegram, 16678.

including the operational temperature range. My Purpose v

) . e T. Takeda et al., 2024, March 1, The Astronomer’s Telegram, 16495.
: . o T. Takeda et al., 2023, Proceedings of the Small Satellite Conference 2023, SSC23-WIII-01.
the gain varies by a factor of two, Create a detector response that fits the actual measurement, g

) . . . . .  T. Tamagawa et al.. 2023. Proceedings of the Small Satellite Conference 2023. SSC23-WIV-06.
taking into account the location and temperature dependence of the gain. ' g ’ ’ g ’
depending on location. ! S P P sain. « M. G.F. Kirsch et al., 2005, Proc of SPIE, 0277-786X.

— At a maximum temperature of 27°C,

NINTAL A


https://astro.riken.jp/ninjasat
https://mou.sr/3Wo0YZf

