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Fig.1 A cartoon for POLAR’s detection mechanism. Stars indicate the locations of the in-orbit
calibration sources ??Na, light blue bars represent the plastic scintillator bars, and red lines show a

photon trajectory in the detector.
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Fig.2 Comparison of POLAR high voltage settings during the flare and in-flight calibration
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Fig.3 Background subtracted lightcurve of flare SOL2016112907 from POLAR trigger data (middle) and
RHESSI observation (top), and the shaded areas near the flare 25-50 keV flux peak are selected time
slices for spectral analysis; the bottom panel shows the evolution of flare position in the POLAR

coordinate system.
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Fig.4 Left: counts distribution of the 25 modules of POLAR after background subtraction during the
flare (07:02—07:16 UT); right: 2D counts distribution of the whole detector. Colors correspond to

module counts.
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Fig.5 RHESSI X-ray spectral fit near the flux peak, here, Data-BK is the spectrum after background

subtraction, Eyreakx is the break energy, EM is the thermal emission measure, T is the plasma temperature,

«a; is the power law index below break energy, and as is the power law index above break energy.
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Table 1 The spectral fit results of 3 time slices (T1, T2, T3)
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T1 52.2 266.9 19.5 15.0 £ 2.9 4.82 + 0.4
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T3 51.1 266.6 22.6 16.5 £ 9.8 4.01 £ 0.63
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Fig.6 Left: distribution of the pedestal noise of module 14 bar 7 during the flare (gray line) and its
Gaussian fit (black line). Middle: distribution of the averaged maximum energy deposition of all events
(solid line) and post cosmic ray events (dashed line), the dotted line stands for 70 ADC channel line.
Right: Common noise of module 14 at background before the flare (black line), peak (red line), and
background after the flare (blue line).
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Fig.7 Left: temporal evolution of all normal events recorded by module 14 bar 7 after removing pedestal
noise and common noise during the flare; right: the flare lightcurve (black line) of module 14 bar 7 after

events selection and a linear fit to the background (gray line).
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Fig.8 Left: background spectra before the flare (07:02:00—07:03:00 UT) (black line) and after the flare

(07:15:00—07:16:00 UT) (blue line). Right: 20 s integration deposition spectrum of module 14 bar 7 from

07:09:20 UT to 07:09:40 UT after background subtracted, the red line is a error function fitting near the
threshold.
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Fig.9 Comparison of observed spectrum and simulated spectrum for T2, dashed line is the threshold

energy FEinreshold, blue line is simulation spectrum, and red line is calibration observation spectrum.
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Table 2 Calibration parameters of 3 time intervals (T1, T2, T3)

Time x> Eihreshold/keV  fadcakev/(ADC channel - keVil)

T1 0.06  14.53 £ 0.73 20.58 + 3.62
T2 0.25  14.56 £ 0.67 20.44 + 2.21
T3 0.08  13.60 £ 0.59 20.60 + 1.92
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Table 3 Comparison of cross calibration and in-flight calibration parameters in

plastic bars with a strong signal during the flare

Total Low High High factor Low factor
Index Module Bar threshold threshold /(ADC /(ADC
events /keV /keV channel - keV™!) channel - keV™!)

1 24 1 280 11.77 10.99 18.51 17.28
2 24 2 280 13.68 14.43 16.06 16.94
4 24 4 153 12.42 14.11 16.25 18.45
5 24 5 343 14.32 13.63 18.05 17.19
6 24 6 219 15.33 15.44 18.61 18.75
7 24 7 168 14.12 12.81 17.55 15.92
18 14 2 175 12.29 11.5 19.26 18.02
19 14 3 269 12.16 11.13 17.57 16.09
20 14 4 171 12.37 10.47 20.09 16.99
23 14 7 920 14.56 20.6 14.44 20.44
24 9 0 183 12.86 11.82 16.87 15.5
25 9 1 180 12.5 11.91 15.91 15.16
33 4 1 159 15.63 13.79 14.47 12.76
34 4 2 89 15.58 17.61 14.37 16.24
35 4 3 162 12.22 13.05 15.71 16.78
36 4 4 227 12.88 9.97 18.69 14.47
37 4 ) 114 12.32 14.92 15.35 18.59
42 24 10 536 12.8 8.23 17.47 11.24
43 24 11 443 14.09 11.69 19.06 15.81
44 24 12 173 14.05 11.37 19.83 16.05
45 24 13 202 14.3 11.41 19.56 15.61
47 24 15 115 14.95 13.12 18.1 15.88
55 19 15 300 14.54 20.83 14.34 20.53
58 14 10 122 12.82 8.86 20.27 14.01
59 14 11 180 17.44 12.88 18.23 13.47
60 14 12 122 13.81 13.88 16.4 16.48
62 14 14 1233 14.54 12.87 17.31 15.32
63 14 15 1283 15.46 14.69 13.58 12.9
73 4 9 131 15.07 14.67 15.19 14.78
74 4 10 102 13.67 10.69 16.88 13.2
75 4 11 187 15.32 12.2 16.26 12.95
76 4 12 134 14.78 13.81 17.54 16.4
82 24 18 91 15.69 13.03 16.67 13.85
83 24 19 156 13.64 14.88 20.12 21.96
87 24 23 783 18.13 14.65 16.64 13.45
95 19 23 592 14.18 14.18 12.96 12.96
102 14 22 174 19.6 21.39 14.07 15.36
103 14 23 535 11.92 12.16 15.86 16.17
113 4 17 71 17.39 14.43 12.5 10.38
115 4 19 108 16.32 13.13 20.89 16.81
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Fig. 10 The linear relation between energy and ADC channel, red is low energy band, gray is error bar,

and blue is high energy band. Left: the linear relation of module 14 bar 7; right: the linear relation of all

calibration bars.
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Fig.11 Calibration parameters for the bars in the bottom three rows of POLAR. The top panel gives the

total number of events recorded by each bar; the middle panel and the bottom panel are the comparison

of threshold energy and conversion factors obtained via calibration in low and high energy ranges,

respectively. M stands for POLAR module, and the dashed line is the line between different rows.
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In-flight Low Energy X-ray Calibration of POLAR
Detector on TianGong?2

ZHANG Pingh?3* HAJDAS Wojtek*  LIU Si-ming’?  SU Yang!?
LI You-ping'?  CHEN Weil2

(1 Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210033)
(2 Key Laboratory for Dark Matter and Space Astronomy, Chinese Academy of Sciences,
Nanging 210033)
(8 University of Chinese Academy of Sciences, Beijing 100049)
(4 Paul Scherrer Institut, Villigen 5232)

Asstract POLAR is a y-ray burst polarimeter on board TianGong?2 space lab, which
was launched into low earth orbit in 2016 September 15. It is designed to measure the
linear polarization of hard X-ray in the 50-500 keV energy range. The detector has
25 modules, and each module has 64 plastic scintillator bars. With a total number of
1600 plastic scintillator bars, POLAR has a very large effective detection area and field
of view. During its in-orbit operation, POLAR detected multiple small flares. Those
hard X-ray photons are usually less than 50 keV and can not be analyzed directly
by applying in-orbit and ground high energy calibration results. With simultaneous
RHESSI (Reuven Ramaty High Energy Solar Spectroscopic Imager) observations of a
flare SOL2016112907, this paper calibrates smaller than 50 keV low-energy response of
POLAR with Monte Carlo simulations. We find that energy threshold (~ 10 keV) and
conversion factor obtained via calibration are relatively stable, but they are different
from values obtained via calibration in high-energy range, and there is no evident
pattern in these differences.

Key words Sun: X-rays, Sun: gamma rays, Sun: flare, instrumentation: POLAR,
instrumentation: RHESSI, instrumentation: plastic scintillator, instrumentation: cali-
bration
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M5k POLARXS K PHAEDEA AL
BOR S AE K AT 3 48 4F K 31 4T, POLARMKARER I 2] T+ JUA A BH W B 344,
45 A RHESSTAE X 5 28 WLl A Kz i 1 B8 55 00 T2 (GOES) FX U 26 WLl (1) 18 B 51 3%,
BATE BIPOLARFT 8 I 2] (1K) R BE 1) 24, M Fdarh, o] LLE BIPOLARKE BT 41 % h 45
T2 K164 KR BE b A5 114 R CLR, 54 BRI, #5257 i A FH R BE. A5 34N M Bt
A XN FRHESSIW M, RHESSIA X M M il ) #E BE50-300 ke VAE B 1 11 £ % # K
F10% counts/s, {H/ZPOLAR B K 14037 A S50 T AR I REHR I 21 K =167

# 4 POLARMUNEIRIMETETIR
Table 4 Solar flares list observed by POLAR

Peak GOES RHESSI peak rate POLAR

No.  Start Time (UT) Time class g 12 keV 50300 key DPeak rate 6/° ¢/°
1 12/10/2016 11:51 11:54 C1.1 1648 32 1210 40.2 2272
2 28/11/2016 07:55 08:03 C1.4 / / 2481 68.6  267.6
3 29/11/2016 07:03 07:10 C7.5 480 46 2600 50.8  266.5
4 29/11/2016 12:05 12:11 C2.6 80 30 2957 64.4 263.9
5 30/11/2016 01:14 01:19 C6.0 / / 3200 70.2  268.4
6 30/11/2016 15:22 15:25  C2.3 / / 924 40.6  262.6
7 02/12/2016 14:37 14:47 B2.1 34 6 5700 109.4 241
8 05/12/2016 10:47 10:53 B1.9 88 11 5300 54.8 121.3
9 10/12/2016 16:45 17:25 C4.0 2544 73 1000 140.1 66
10 10/01/2017 18:05 18:07 B5.7 720 21 5000 63.9 263.1
11 21/01/2017 06:23 06:36 C1.2 816 10 7300 141.5 1304
12 27/03/2017 22:53 22:53 B5.3 36 15 3068 43.4 2578
13 28/03/2017 00:11 00:25 C1.1 1008 18 3550 69.3  266.1
14  28/03/2017 03:18 03:22 (3.1 8176 21 1328 62.9 263.3
15 28/03/2017 04:47 04:54 C3.2 7408 17 850 70.5  266.6
16 28/03/2017 09:38 09:42 B4.0 232 11 9645 44.6  258.1
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