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64 % F 5% GRS 19154105 X 2R e /0 22 T3 E el &

#1 GRS 1915+105H R DENMIZR
Table 1 Insight-HXMT observational journal of GRS 19154105

Obs.Id Date (2020) Time Exp/s Rate®/(cts -s~1) HRP
P0301012001 Aug 30 01:01:52 1279/1966 22.82/6.30 0.22
P0301012002 Aug 31 10:25:31 1168/2466 19.53/6.23 0.23
P0301012003 Sep 1 18:13:47 2035/2618 25.04/7.19 0.23
P0301012004 Sep 2 18:05:03 2649/2764 20.33/5.57 0.24
P0301012005 Sep 3 17:56:22 2192/2530 23.89/6.51 0.23
P0301012006 Sep 4 19:23:13 1438/1949 23.34/6.32 0.23
P0301012008 Sep 7 01:28:07 1783/2245 23.70/7.45 0.25
P0301012009 Sep 8 14:03:37 1796/2818 31.57/7.34 0.23
P0301012010 Sep 9 05:58:17 1448/2358 26.79/7.01 0.24
P0301012011 Sep 10 10:36:50 2177/2920 37.12/7.68 0.23
P0301012012 Sep 11 10:29:07 2929/2973 33.00/7.06 0.24
P0301012013 Sep 12 15:07:59 1257/2069 37.08/7.16 0.21
P0301012014 Sep 14 14:52:42 2155/2261 32.82/7.88 0.20
P0301012015 Sep 15 14:44:55 2334/2261 35.82/7.61 0.22
P0301012017¢ Sep 18 00:01:31 1197/3404 34.10/7.41 0.24
P0301012017 Sep 18 00:01:31 957.6/1975 34.52/7.74 0.24
P0301012018° Sep 19 01:28:32 1609,/2482 37.89/8.44 0.23
P0301012018 Sep 19 01:28:32 658.3/1988 40.96/8.71 0.24
P0301012019 Sep 21 02:46:39 1457/3570 39.03/8.29 0.21
P0301012020 Sep 23 21:33:46 2292 /4225 43.95/9.10 0.21
P0301012021 Sep 25 13:18:45 2463/3925 37.91/8.75 0.21
P0301012023 Sep 29 04:45:43 2093/3680 35.85/6.74 0.25
P0301012024 Oct 1 14:00:18 1726/2742 22.78/5.39 0.19
P0301012025 Oct 3 20:04:32 2204/2629 17.43/5.27 0.21
P0301012026 Oct 5 15:01:14 1269/2905 8.51/4.45 0.27
P0301012029 Oct 12 01:23:14 1855/4975 2.31/2.30 0.33
P0301012030 Oct 13 12:24:30 2992/3009 3.26/2.75 0.37

* Rate is the counts rate of LE (2-10 keV) and ME (10-25 keV).

P HR, the hardness ratio, is defined as C /A, where C and A are the net counts rate of 6-10 keV and
2—6 keV of LE, respectively.

€ P0301012017 and P0301012018 are both separated into two sub-observations, because of their long

periods. They should be treated as four single observations when they are used to extract spectra.
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Table 2 Best-fit parameters for spectra with the model constant*tbabs*tbpcf* (simpl*diskbb +

gaussian)

Obs.Id Ni/(10%2 cm™2) r fse T EW/keV  Constant® x2 (d.o.f)
P0301012005 2.677039 2177945 017815088 1.737019 0.23 0.9270-9%  0.84(768)
P0301012008 2.727045 2.277038 0235750 1.88701% 0.18 0.87795T  0.86(668)
P0301012010 3.6610 52 2481025 0.21970 091 1.6810:° 0.48 0.95%086  0.86(615)
P0301012012 2.6619:58 2981075 0.207T030L 1.8970 1% 0.18 0.8315:95  0.81(874)
P0301012014 2.2970:30 2637030 017470522 1721598 0.19 1.0579-0%  0.80(840)
P0301012018 3.0619:33 2.727049 020575040 1.787009 0.16 0.8370:95  0.95(794)
P0301012003 2.487039 2.757037 029110700 L.77H003 0.22 0.9279:5T  0.89(766)
P0301012006 2.92705% 2.93705¢  0.256753%%  1.697055 0.26 1.0675 55 0.86(577)
P0301012009 2.4970%7 2.85702%  0.285752%8  1.697012 0.29 0.8579:5T  0.92(771)
P0301012013 3.041058 3161038 0.27270215  1.6015 14 0.19 0.881097  0.92(688)
P0301012024 1.42179-4% 2401028 027815030 1.397012 0.34 0.877005  0.87(663)
P0301012025 0.8819-0 1.8870 07 0.26570:00  1.497009 0.39 0.817909  0.77(682)
P0301012001 2.75%099 2707935 0.33370333 1471538 0.34 0.95T01,  1.00(557)
P0301012002 3.5919-29 2.797022  0.379152%%  1.267029 0.87 1.24%7032  0.84(517)
P0301012004 2.917045 2.87T95%  0.306753%2 1717010 0.23 0937958 0.86(797)
P0301012011 2.927028 3.60793%  0.466-0755 1567013 0.25 0.8779-5¢  0.86(874)
P0301012017 2.5210-42 3131030 0.414701%  1.65703S 0.33 0.7915:97  0.96(553)
P0301012019 379104 3.317033  0.382%02%°  1.377013 0.55 1.03%50%  0.91(763)
P0301012020 2.787033 316705 047110300 1.301057 0.71 0.9179:0%  0.93(915)
P0301012021 2.597043 2.897029  0.3007523%  1.447015 0.78 1.057555  0.92(924)
P0301012026 0.3273-33 L7150 0.532102%8 145703 0.58 0.777918  0.91(433)

& ‘Constant’ is the energy-independent multiplicative factor of ME detector.
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Table 3 Best-fit parameters for spectra with the model constant*tbabs*tbpcf* (simpl*kerrbb +

LR ENE

BH

gaussian)

Obs.Id Nu/(10%% em™2) pef® fec e M/(g-s™Y) 2 (d.of)
P0301012005 22541120 0.781001  0.165700%  0.999910-909%  0.13670:057  0.95(770)
P0301012008 26.7912%¢ 0.801501  0.181700%  0.999915:90%  0.145T5-9%%  0.97(670)
P0301012010 26.5212:1% 0.827001  0.138%0008  0.9999700000  0.17310005  1.11(617)
P0301012012 27911032 0.7819-01  0.112+5:99%  0.99993:99%0  0.205+5-992  1.23(937)
P0301012014 24.7013°78 0.747001  0.143%0:007  0.9999700000  0.18015 005 0.92(842)
P0301012018 25.3575°52 0.781001  0.11670002  0.999910-90%0  0.22075-9%%  1.15(796)

& ‘pcf’ is the partial covering fraction parameter of ‘tbpcf’.
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Fig.2 A representative spectrum and errors of GRS 19154105 (P0301012014)
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Table 4 Effects of different I' on other parameters

Model Parameter Case 1 Case 2 Case 3 Case 4

simpl r 2.00 (f)* 2.30 (f) 2.50 (f) 2.80 (f)

tbpef  Nu/(10*2 em™2)  35.807131 33.5370% 31.98*132 28.8870 66

thpcf pef 0.9019-0 0.8979-51 0.8819-01 0.8770:01

simpl fse 0.03779-001 0.0580 503 0.07979:502 0.13979:003
kerrbb ax 0.999915-000%  0.999975-0000  0.999975-0500  0.99997 50000
kerrbb  M/(10'® g-s71)  0.5179% 0.4715-01 0.4479-0% 0.3810:01
gaussian EW /keV 0.44 0.42 0.38 0.34

X2 (d.o.f.) 1.80/842 1.52/842 1.35/842 1.13/842

& ‘f” represents a fixed parameter value.

*5 TRME—UEHNHASHHIRNT

Table 5 Effects of different normalization constant on other parameters

Model Parameter Case 1 Case 2 Case 3 Case 4 Case 5
constant Cue? 0.80 (f) 0.90 (f) 1.00 (f) 1.10 (f) 1.20 (f)

tbpef  Nu/(1022 em™2) 2813737 30.16™ 52 31.981;%2 33.241.%2 34.4310%3

tbpcf pef 0.8775:01 0.8875:01 0.8875:01 0.8975:01 0.897001
simpl fec 0.119%0:00%  0.09773%03  0.07970003  0.0701000%  0.0617090)
kerrbb ax 0.999910-9090  0.999915-9090  0.999915-9000  0.999915-9090  0.9999™5-0000
kerrbb M /(10'® g-s71) 0.3879:01 0.4173:01 0.4470-01 0.4670:01 0.4870-01
gaussian EW /keV 0.32 0.36 0.38 0.41 0.43

x2 (d.o.f) 1.21/842 1.29/842 1.35/842 1.41/842 1.46/842

& ‘Cwmr’ is the constant parameter of the ME detector.

4.2 5McClintockZ 20 ) B HEN 2 25 R
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i =66° + 2°. D = 11.0 kpc, 18 FHkerrbb2t# B 45
HGRS 191553 B Be ) — A FBRAE, Bla, > 0.98,
AL G RAEIX — T 2 .
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X-ray Energy Spectra Study and Black Hole Spin Estimate of
GRS 19154105

WANG Yuan'??  GOU Li-jun***  ZHAO Xue-shan’??  FENG Ye'*?  JIA Nan'??3
LIAO Zhen-xuan'?? LI Yu-feng!?3

(1 National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100101)
(2 Key Laboratory for Computational Astrophysics, National Astronomical Observatories, Chinese Academy of Sciences,
Beijing 100012)
(8 School of Astronomy and Space Sciences, University of Chinese Academy of Sciences, Beijing 100049)

Asstract GRS 19154105 is a galactic low-mass X-ray binary. Its energy spectra and black hole spin
have been extensively studied. Since 2018 July, it has declined into a low-flux X-ray level, occasionally
interrupted by multi-wavelength flares. Using the data of Insight-HXMT (Insight-Hard X-ray Modula-
tion Telescope) satellite from August 30 to Oct 13, 2020, the energy spectra characteristics of GRS
19154105 is investigated. The results show that the energy spectra can be well fitted with a Comptonized
multi-temperature blackbody model. The evolution of the hardness-intensity diagram during the outburst
remains in the soft state. Adopting new dynamical parameters of GRS 1915+105 (including the black hole
mass M, the Sun mass M), the inclination angle 4, and the distance d): M = 12.4%39 Mg, i = 60° £ 5°,
D= 8.61”%8 kpc, the group obtains a lower limit of the black hole spin, a. > 0.9990, confirming that GRS
19154105 is an extremely-spinning black hole. Considering the effects of a local absorber, the group adds
the absorption component “tbpcf” into the model. Its equivalent hydrogen column density reaches 10?3
cm ™2, which is consistent with the characteristics of “Compton-thick”.

Key words stars: black holes, X-rays: binaries, black hole physics
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