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Fig. 1 The figure illustrates optical observations of the
companion star of MAXI J1820+4070. The telescopes used for
the observations are the 10.4 m Gran Telescopio Canarias
(GTC) and the 4.2-meter William Herschel Telescope
(WHT). The plot exhibits clear periodic variations in the

radial velocity (Vel). The figure is from Torres et al.[34].

fls BH AN

T RATTLAMAXI J1820+0704 141 fa] A/ 44
T BE R X B 2R U R A T — AP v, R
A0 AT F ' 2 AT R LI N T 5 B B AT B

39-4

B S AR5 — SO, a0 SEERAT ) 5
X280 i 25 an A R A PR (9 2208, 7T DA
TXAN & H 2 BT R, A AR AL ) VAT A 5
HEREMBRKEZ, 193145 A T 5
K. a4 B I A 5 35 MAXT J1803—2981) Jii &
il SR, 43 21 1 X 2 1 6 A8 il 28 A N AT bt
JE I AR Ak R R R R G S I A B A H, 2k 4R
1, R R X e AE A 30 (10 5 & U B N 3-10 M,
B R 7T PL 2 2% Sanchez 28,

8 Iz Bl 5 7 T B R A 5 15 2 AH
R B IR &5 S 32 [ROA I b 7 v B3R DU &
gp Al R A SRR AL, 3 S ) A 1 T 1
JA AR A, BT LA B R (B B R XA
T 7 N7 7E T34 80 5 A 0 SRRl b i R B BR A AE
SHEGATME. A, REXMITEAER R L&A
BRI, AEAE SR WL I R A7 TE — 5 11 [, A
BARRME. Hrp—AE 20 R R MR R 2 X2k
KU FR 48 1 255 AR V8 A v o i 1R I s
TEVFZAE BT, BT 50 0 0 I AR A8 4 5 B 34 2
N, AT LR B 2R AR AR AR M B BRI B X 5
B VR IE AR G R 2 T B AR R S
BET RS T X R R B S R I . R g s
22T VEAE B b 5 KO R AT (1, (HAE SRR B
T BRGSO BB R, R T SRANX — R
R e W N 7 N = W 1y S i R
J &, 15 a0 R R XE 260678 th 42 1 JE BRI RRAE . SR
T, 3% S8 Ty ¥2% ) FH P ARG BB T 2 R IR R,
5 G RRAE P TR R G R LA 5 A (A R A
A E R, TE AN K. e S,
RAEBINF RN SR T — %A%
B2, H TR 2 X5 2 BUR R G 16 5568 A0
TAFAE R 1], 1S X AN J7 vk pg N B A B3 1 R
PR 3 o A 9 3 AT AS W 4% 2% FL At 00 = BN
J79F%, DABR R 0 326 e R AR S5 (1) A R A 5

BEILILE

TEATIA N, JATIT S T 38 1 A0 1 3 2 )
R U BB  E  T vk. BR k2 Ah, Al fE
X5 28 B 30 5 A mT DASRAS ¢ T BV T 1 K B0
Bl 75X 28 K Sz, FRATT AT AR £ 245 B

3.2



66 % TS BARRRY TR R A A S B SO A 4 ]
ELIRXA LA . JEb, 3 AR AT e ('a)_
BRSSO — M W BT N 7. s Z: P ‘;:.v_g.z e 2wy ‘ n
A2 0 TR Be ik = B 77 A i TR BRI R, el o : (:b)_
A B — P T B A A — S R B () A Y g o 3
Al DA1S B 2R (), (H R g5 AR IR ZE RO, s 96 ;
nf# A nthcomp il kerrbb ) #5 A4 2 & X T MAXI & 46;: (c):
J1803-298 111 B 5 88 H 5 A U £ R Ak 5 B E £ 2 g
8.5-16 M, X A A1 3 ] Sanchez 2“7 5] i) {5 B300 1 1 et (@
AL B AR K, R ol T AR L T 220p L aTemesms B
S B 8 LA K FH -4k B8 P A 8 ) 6 A i TR AR [ 58000 58010 58020 58030 58040 58050

FEXTMAXI J1535-5713E47 W 7, Shangs!
KH T 5 XSl (Two-Component Advective
Flow, TCAF)RE R} e il #4704 TCAFREI AL E
TAR SR B ) 2 5 FE A, L DART A AL
“H R 2 AR R (R L) K A sh 2 A
s 2 TR 0 5L 25 0 (55 A5 40 5 HE R ) X 3
BT EUAR, 1X AN X 384 #X v CENBOL (CENtrifugal
pressure-supported BOundary Layer), iX Ff 4 i
B R A 0T 8y B W AR A . WAL ) At 2
SREFNE. mAShE. JUAE BRI
BRI, 2RI AE R AL ST N AR X R
T T 8 8 A 7E W A BB AR, X2
CENBOL A1 5. >k B JF 5 8 % 591K 5E (3 ) #4
6T 5 CENBOL (H# i+ 41 Bl A HAE ), 8 it
AN DT P 30 R < T SR o R R B R R () o
1M K CENBOL A1 543 i 555 1B 't 7 B 5
RS, XA EARGE R BV T — AT
S Ay X AR AT DATEAR 2 2R X 48 XU YR
s BB T I WA 2 B, DR G T AN AR A e
FHSRAF A MAXT J1535-571 01 5 .

X F AN ISR RS, WRA 2B
S HEFCAS B R 1S, X AR ) e
fER— AN ANS . SR, MAXI J1535-5713 %
KB 1S BT, PR B RO — N R R
MY EE PPN — BB E2E
N T IEREANR RS TR AR RS B AL, o
TR RN —A B S, A2 HA 4R R
FE7.9 — 9.9 My, BB R R 2= F3E 2 (8.9+
1.0) M,

39-5

MJD (Day)

2 ERRIR TXMAXIT J1535-57 18 KR IF RE i A 45 L.
(a)%5 2 BRI R A SR AR, (b) TR
(ARR = 1y, /1ing, mhg AIFEEIELRITERARE, vy, AIFE S
MARE), (c) NIRRT IR T QP ORISR, (d) ARtk i ika %L,

P e B LR 2R AN RIS Z MV B I (8] 49 2, 205 7 RS (Hard
State, HS)F|f# o1 [f] 5 (Hard Intermediate State, HIMS)F F| 4k
M2 (Soft Intermediate State, SIMS)I#4#.

P oK EShang % 1.

Fig. 2 The figure presents the results of spectral fitting for
the outburst of MAXI J1535-571. Panel (a) displays the
fitting outcomes with black hole mass as a free parameter. In
panel (b), the ratio of mass accretion rates (ARR = 1n, /11,)
is illustrated, where 7h, represents the mass accretion rate of
the Keplerian disk, and rh, corresponds to the mass
accretion rate of the sub-Keplerian or halo component. Panel
(c) shows the frequency variation of QPOs during the
outburst, while panel (d) depicts the power-law spectral
index. The vertical dashed lines in the graph represent the
transition points between different states, marking the
transitions from the hard state (HS) to the hard
intermediate state (HIMS) and further to the soft
intermediate state (SIMS). These[ reisults are

41

sourced from Shang et al.” .
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Fig. 3 The figure illustrates the spectral fitting results for
the outburst of MAXI J1348-630, where (a) presents the
fitting outcomes with black hole mass as a free parameter,
(b) indicates the shock position (X, in units of the
Schwarzschild radius r, = 2GMpgy/c?), and (c) displays the
shock compression ratio (R = pi/p_, the ratio of post-shock
to pre-shock density) during the outburst. The vertical
dashed lines in the figure represent temporal transition
points between different states, delineating the complete
evolutionary sequence from HS— HIMS—SIMS— Soft State
(SS)—SIMS—HIMS—HS. These results are

sourced from Jana et al.[42].
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Fig. 4 The figure shows the correlation and fitting results between the spectral index/model normalization parameter and the

QPO frequency for several sources. These results are sourced from Shaposhnikov et a
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Table 1 Black hole masses and distances derived with scaling technique

Name Dynamical Inclination/* Distance/ Scaled Scaled Reforencos
mass/ Mg kpc mass/ M,  distance/kpc
GRO J1655-40'  6.3+£0.3 0+1 3.2+0.2 Greene et al.?
GX 3394 > 6 75416 123+14 575408  Muifioz-Darias et al.”

4U 154347 94+1.0 20.7+1.5 75+1.0 94+14 94+1.8 Park et al.”®

XTE J1550-564 95+ 1.1 72+5 ~25,~6 107+15 33405 Orosz et al.l””

XTE J1650-500 2.7-173 > 50 26+07 97+1.6 3.3+£0.7 Orosz et al.l”™
H 1743-322 ~11 ~ 170 ~ 10 133+£3.2  9.1£15  McClintock et al.™
XTE J1859+226 784+1.9 11 77+1.3 4.240.5 Yanes-Rizo et al.[%)

Cyg X1 14.84+ 1.0 35+5 25403 79410 22403 Orosz et al.""
MAXI J1348-630 148+09  34+04 Titarchuk et al.l*’

1 . . .
Parameter values derived from dynamical methods, serving as reference data.

*The values are given assuming the dynamical measurements of XTE J1550-564 serve as the reference source.

4 FFRBIENE
e 2 SR B — A B R, B
CIETEI RNz Y JEPNATS AL T i E=lioh

=

AR E BUE, MR SR R IR AR R DR AR T
TR A B (P AT AL R, B e AN
TN LA B E BB R LA ROz N T
DN SR B R 5 W R G s A T I
AKX 26 SR FFAE A& 735 BRItk 2 Ahid A A AT
Je 4IR30 R IR e £ 7 9k, (LR IR T i x
T B () AE IR 5 B R R, & T D,

39-8

FEARER T Z N, RIS S EE AT
TP RN ITVE.

POESEME
ARG G TR TR A F s, BLR
T ) B T8 2 B Wi PN A A PR S, PR IR TR AR ) i
(R PN AR R R . T B R B N A 2
e € BB AL B A, DR 1 IR AR AL AL
GALE. fERPE BT 5N, X5 me]
CLREAT Bk, AT BE 8 1 D i RR IR B e (T B
AT BICHEH T BAJUTHE, Se2)E R

I TN

4.1



66 %

O BIRAE TRENE R EAS B0 M

4 4

AR H AT B 9 XA R B 1K) AR 4. IX SRR AR A 1
41 /2 HiNovikov3s IH LA, FORERY ) 32 2 ARk
K RGAE TR, BAAE E R 1A R R (B BT
RG] B R Ok T LA RIS AN T, WRAR ) 5
o A N N ) R E A s (R B T R R R 51
(N BB AR AR T LS AN T, £E I 3h OB U fE
AR AR . fJa, W 2R E — Wi
Tk AT, R B i WL G AR E BUE (T IR %
BT AR A A FR N T+ %

JS2 ] PGB S L5 7 VAN E e R LA
R.H S, RGN T ER LT A NovikovaE ™
PR AR, RIS (SR 59 ) 30, HAEds 32 2
H 't 5 5 WRORA A8 1) A A AL . AR 1 AT
CURLIE T feo ARV, 12 PR B 8 T VR4
f1 6 G A s T A AR SRR X R XU A AR
K AR 2 PI A FRRPIRZS, Horh 22—l 2 i 18
R 2 SOIRZS, AR R IE T A T R B A S AR A

DRI, b 2 2 ) BRI, BT ET A ) -
R RS0 N E FOIRES 2 )5 A8 45 21 1 e 1S K 1
E H JE.

R T EAAR)TRRE BN B SR I g
77, 8 HAE Re R o 5T AU B A BRI 3, JUHAE
T8 e TR A AT R IR XA e A () 1 e 5 T . MAXT
J1820+0704= 7E 201845 H 11 H BB & AR & N
TAXE LR XUR , R E T4 Crab®¥fr, BN
XEH LI 2 — 7 GuanZs: ™% MAXI J1820+
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Table 2 The models and energy bands utilized by Guan et al.

68]

Model

Energy bands

M1: constant x TBabs x (diskbb+powerlaw)

M2: constant x TBabs X (simpl x kerrbb2)

M3': constant x TBabs X (simpl x kerrbb)

M4: constant X TBabs X (simplr X kerrbb2+kerrconv X (ireflect X simplc))

2-5 keV (LE), 10-20 keV (ME)
2-5 keV (LE), 10-20 keV (ME)
2-5 keV (LE), 10-20 keV (ME)
2-10 keV (LE), 10-35 keV (ME)

M3 is employed solely for comparison against M2.
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Fig. 5 The figure presents the fitting results for the spectrum of MAXI J18204-070. In the top-left corner is model M1, T} is

the inner disc temperature; R;, is the apparent inner disc radius in units of R,; I is the photon index; N, is the normalization

of power-law spectra. In the top-right corner is model M2, f,. is the scattering fraction; a, is the spin; M is the mass accretion

rate in units of 10'® g-s7'. In the bottom-left corner is model M4, R, is the reflection fraction. In the bottom-right corner is a

plot depicting the spin variations for the three models. The results are from Guan et al.
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Fig. 6 Summed histogram of aq, for 11 spectra.

The figure is from Chen et al.[QO].
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Fig. 7 Illustrative profiles of a single emission line from the
surface of a geometrically thin accretion disk around a Kerr
black hole. The line is broadened and skewed through the
combined action of relativistic Doppler shifts, relativistic
beaming, and gravitational redshifts. We assume a rest-
frame line energy of 6.4 keV and a black hole spin parameter
of 0.9, a viewing inclination for the disk of i = 30° away
from face-on, and a line emissivity as a function of radius
corresponding to excitation by point source located on the
black hole spin axis at a distance of 57, (a lamppost

geometry). The figure is from Reynolds et al.[75].
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Fig. 8 The results of fitting using the constant x tbabs x nthcomp model. The left panel represents the fitting results for MAXI
J1535-571, and the right panel represents the fitting results for 4U 1630-472.
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The images are from Liu et al.[
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Table 3 Black hole spin measurement results using Insight-HXMT

Source name

Energy range/keV

Method

MAXT J1820+4-070
MAXT J1820+4-070
Cygnus X-1
GRS 19154105
MAXI J1348-630
4U 1543-47
4U 1543-47
MAXT J1535-571
4U 1630-472

MAXI J1348-630

2-10, 10-35

2-10, 10-25

2-7, 10-25

2-10, 10-25

2-20

2-8, 10-30
2-10, 9-29, 27-100
2-8, 10-20, 30-80
2-8, 10-20, 30-80

2.1-50.0

continuum-fitting method
continuum-fitting method
continuum-fitting method
continuum-fitting method
continuum-fitting method
continuum-fitting method
continuum-fitting method
reflection method
reflection method

reflection method

Result Reference
02553 Guan et al.™
0.14 £ 0.09 Zhao et al.™
> 0.967 Zhao et al.?
> 0.9990 Wang et 2.l
0427553 Wu et al.™
0.650 5, Yorgancioglu et al™®
0.46 £0.12 Chen et al.?
0.9916 £ 0.0012 Liu et al.lt
0.817 £ 0.014 Liu et al.[¢
0.827533 Song et al.l!?
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An Overview of the Insight-HXMT Scientific Satellite Measuring
Fundamental Parameters of Black Holes

WANG Wei ZHU Hai-fan
(Department of Astronomy, School of Physics and Technology, Wuhan University, Wuhan 430072)

Agstract This paper systematically reviews the primary methods for measuring the fundamental
parameters of black holes — mass and spin, and briefly introduces techniques for determining the
distances to black hole binary systems. Through case studies, it highlights the importance of precise
distance measurements in refining the fundamental parameters of black holes. This paper explores three
common approaches to black hole mass measurement: dynamical methods, spectral fitting, and quasi-
periodic oscillations, while discussing their practical applications and inherent limitations based on
observational results. In the aspect of spin measurement, the focus is on the research achievements of
the Insight-HXMT (Insight Hard X-ray Modulation Telescope) satellite. The paper provides an in-depth
analysis of two methods: thermal continuum fitting and reflection component fitting, emphasizing the
crucial role of the Insight-HXMT satellite in spin research. It meticulously dissects the theoretical
foundations and model assumptions of these two methods and presents their measurement processes
through examples. Furthermore, we showcase the role and advantages of the Insight-HXMT satellite in
spin measurement using these methods.

Key words black hole physics, X-rays: binaries, accretion disk, radiation mechanism
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