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ok W A ELAE R A N AR T R, 3 AR A R B
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JELx < 103 erg-s™t), A% B TRAR K A
Fa e M S BRI

S 2 LR R R A BE A O AR A T 3R
B AS 5] FA B 25 (spectral state)!?), H B8 7 1R
5%, (H 4R 5 e Tl W B SR R 2y A P O, R
R RS P e ol 2 R 8 A UL (8 ) BR) I RS 1 4
TERR R (R TF AR B B, W5 A T 4F R 5 o &
K 25 (Low Hard state, LHS), fg it 713 15
Ky ~ 1-1.7, BEREFE100-200 ke VALELINT. B 45
WRARZR SN, A B 23 3B W 1 5, VR AL E N
[H) 2 (Intermediate state, IMS). J&Tfe 1 A A2 P
JiR, FATTAT PAHE— 25 K IMS I 43 A 1 Hp JF] 2% (Hard
Intermediate state, HIMS) A1 % H [H] % (Soft Inter-
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mediate state, SIMS)Bl. [ifi % ) FE (1) i3k — b 14
I, s SR B AR SN, SRR T S
(High Soft state, HSS), 7E = ARy — K T2,
H— BN AW A A 248 Ak T g N ARE TR B
18 (Innermost Stable Circular Orbit, ISCO)4. 7£
18R IR, P22 I 1A 25 R RIR R A, B T
B AL HOFLMXBR — R 58 H 1 18 2 i 72, b
A] DL B -5 B ] (Hardness-Intensity Diagram,
HID )i AT PR B, b i 2 52 v e B 1 1 e
REEBOE P B py b 3. 0T 2 B LM X B
— R R ISR, IR EAEHIDE B 23—
W £ QIR TR AEHIDI AL &, 7] DLRE
18 R F AT IR 73 BAA 8 2 AIRAE AR, o o A] 2,
b RS ME A, RN HER T IESER TR
WAL, BRI T R T XM AR A R BT
W RRLAE P A T 1 A7 [ A % 30 P IR B 236 (10 38 o 51 7
e,

SR XS B XU R I T 32 A I Bk 1) e 1
RS AR FNFE I A B AR B 52 % 2 R 27 B 305 %) B
ARHIFL ORI, HEJE R % (Quasi Periodic Oscilla-
tion, QPO) M iEA7-7E T BIALMXB. QPOTEINH %
J 1% (Power Density Spectrum, PDS) L3RIk %
(R, FCAth 3 3 43Pk 9 B 7t e A . QPO 4 A
QPOM = AQPO, MKHQPO X 7] LLil d PDSH E
TEARS 77 (Root Mean Square, RMS). i [A]
TN (AR A B 7 AL BRICIX 3291, 3T
— B rms ELEAUR “HIXRMS” . K CH QPO
b6 & P & T IR ARG A M 75 R 4 (FR 22 Dy iy PR Mg
), X — R MQPOH BT Al 24 A Ad v [B] 2. 18
i bR AR A 7 ELMXBIFQPOIL R, ATk
N, EATTRT BE A A AU B A B R RIS 1012 kT
AILEAVEAY K i) AR K QPO, 7T LS H
MottaZ5ll, WijnandsZ56l, PsaltisZ:['%), Belloni
S TAE.

X T XU 2 B R A A9 v 3 3R 3% (Low
Frequency Quasi Periodic Oscillation, LFQPO)i#
YTz G, 3R T 2 MRSk R E AT
PO AT 3 S R — M7 3 SRy W P L AT R B A
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B AR ERER 22 0 LR 4 S FECRIQPOSK H
R X 18 2 B B Y o L-THE 3 (Lense-
Thirring procession)? 15161 L-TH{ %} ¢ i3t 2 i
T g W] BiStella%F A K % B b 7 ELMXBH
QPO %4, 1E 2 J& HIngram & 131K H 3 78
PR XRBZ H o161 7 AR A v kbR AR P 38R
WT 2= 42 2 P I R P I 527 SRR R 5 | 73 R e 1 R
Wi 7= A AR VR RSN, BN R ERAIQPOIL 4.

T Ao 0 IS AR 1 BT B AT IR, R AN R R
LMXBQPOH .0 411 28 15 M 75 F 4E 4% W7 A %
TE X H A bR B b 2 MR A 0%, B R R Ak
I E A E R, X — 9% &R i WijnandsHlvan
der Klisllk B, M Fx AW-KX R. W-KXK R &
B, TE BT A IX S8 A [) 28 B 1 Y5 o, e PR e 7R R
QPO Hi Al 7] 1) 7 B AL 7= A2 1. B AR 7T R4
55 R R I AN ARE MR O, TS B R
J R S REA TE . IR 3R W SRR AT b R B R AR
A BRI AR AL PR P B, [ B 0 A A 5 A R A
AR IS S HUER SR AL T iR 12

EHR-HXMT (Hard X-ray Modulation Tele-
scope) B2 H20174E K& 4 LK, © i Dhx J& i 2
DUEHEAT T 2 . A SCfd 7 S HR-HXMTHE
201720204 [F] 0L I F1 54 i 284 2] 87 D58 P 404
WEC 7 LR ARPERR . B AR-HXMT ) 58 BEH7 4R AE (1
250 keV) ] LALEFRATTZE B8 58 1Y) 6 12 ¥ Bl F 9 230
FTHLIER I BE e RIS AR B AR T W-K K &
¥ 2120 ke V¥ E B, F0F #8074 1) A58 284 4 1 PR
.

2 HEAE

EHR-OXMT &2 [® 762017456 A 15 H & Ih &
S0 28— BX G 2k R S iz e 18], ERIR-HXMTH 3
ANYE B e B A R R X 4R B A B (HE) 19,
e BEXHT 28 BB G 85 (ME)ROVRI K REX S £ im
B(LE)2Y, BARER %, A AR, WA 4y 3
R e A A P T S IR AR A B R AT,
IR-HXMTH:A S n] WK1,
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Table 1 Parameters of the three payloads of Insight-HXMT

Detector LE ME HE
Geometrical area/cm? 384 952 5100
Energy band/keV 1-12 8-35 20-350
Time resolution/ps 1000 240 4
Energy resolution 25% @ 6keV 15% @ 20keV < 17% @ 60 keV

TR TR XU B AR R, RAEA T
EHR-HXMT XS54 2 XUE (MAXI J1535-571. GX
339-4. MAXI J1348-630- MAXI J1631-479F1GRS
1915+105) (17 00 M 5 4f, AR A 1 T AER2 260
5 F 0 A AN S R 23, AR B T A W
HCHIQPORILHSHISIMSI WL il 5 (F2-4), %
MIE B A 53 0 & Ml 5 (ObsID), B [8](MJD),
IR A AR BT A0 22 (1), A0 B BT A0 2 (1), QPOSA
E(vgro), H oA LW 5 7 3 — fE B B A 6
&, BATH ERR-HXMTHIE 73 A 44 (HXMTDAS
v2.041 ) 0f F2-4rh A B BEAT 40 BT, % TS 2l
FHEAT BRAA: (1)45 7]l # #1 (offset angle of the
pointing direction) < 0.04°; (2)f ffi (earth eleva-
tion of FOV center position, ELV) > 10°; (3)#h
WA BRI B (geomagnetic cut-off rigidity, COR) >
8 GV.

%o 1o E R ARG S PR B A8 3 A, 3088 R FH A BL i
Iy TR SROGAR M 2K Th ZR L IS R AH G
REEEIBAFAE SO 27 753X BLERAT 18 F powspec
A kAT Dh 228 L R 1E 5, W EPDSHI128 sH
IS 18] [A] B (interval)™ A=, B [A] JF(bin) 1/128 s,
R Nyquist 335 64 Hz. 94 J5 % 4= 355 (8] b T PD St
17°F3, 330845 FIPDS, 78 Jk 25 70 Fa g
7 J5 #E AT Miyamoto - — 6281 BRI 18] 2 N 7E LES
HER] DL ZE&. MEBEI [A] 4 31 77 1 2% Huang 5%
NI T AER2L S8 P DS A7 M Lk, 0000 i &) /)
T-640 s E 4 1 2 0E, [FIBT, QPOSZ AR T (0

*http://hxmtweb.ihep.ac.cn/software.jhtml
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AR 2 5 /N F QPO Y- 1 4 B8 ) HLIF A]AH AT 0 )
G T HEPDS. 7E AT IE FEHXM T NI
MAXI J1535-571. GX 339-4, MAXI J1348-630.
MAXI J1631-479F1GRS 1915+105%3 51410, 2, 8,
3, IMHE BN S (£2-4).

5| & ¥4 prik, LHSAHIMSHIPDSH 58 #F
I PRI QP O K. FRATTIE R FHXSPEC v12.12.129],
¥ B Wijnands% 613l A PDSH) J5 2, # FLorentz
T HL A QPO K i 4 B% 43 Fbknpowak
F bkn2pow H it A Y 404 W S RS 4y, 15 BIQP O
OB AT R R R WY O R LA R T 2
0.01-64 Hz. F1RER T AN L8407, 1 B2 00
5 P0114535005 I MEM I I PDS, 71 H 56 5 g |-
] PLE B — AN B 5 a8 sr, AT bknpowi#E 4T #1
&, 13 BT ATy, T B IS5 P0114535005
FIMEM I FIPDS, Hbkn2pow A THl4, 7] LIS 3
A AN 8 W A R Flly, . XSPECH] “error” #iy 4 45 HY
FEANSHIRZE, BOANBASEA0%, nk2-4+
W MQPOSRE S HU R 2. WA S 2
()R 5, I A S e, — MK CN0.04-0.4 Hz, 1 £E
il 1 (7] 25 AT DLk B ~1-2 Hz. Lorentz#5: & ) Hh 0»
B B R QPO il Hrgpo. XSPECTE Il & 58 ik
Ja 1] LLES A B9 29t PE (e i 7 4L A
%, BRI A Bk L), FRATRIRLA  21b A
/NF15 (H HEN186), K2 HfE1.2/ 4, v i
PG RCR B . FAE FHXSPECH] fiy 4 “flux” fi
T12-120 ke VIFAS[F] it 2 B AR AT 75 i 23 i rms.
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Table 2 The PDS fitting results of five BHBs observed by Insight-HXMT /LE in 2-10 keV

ObsID MJD Vb,LE/Hz Vn,Le/Hz vqro,Le/Hz
MAXT J1535-571
P011453500108 58002.734 0.26 £0.02 4.34+£0.24 1.31 +0.02
P011453500144 58008.444 0.43£0.05 9.0240.65 2.61 £0.01
P011453500145 58008.583 0.30£0.02 10.314+0.97 2.60+0.01
P011453500301 58011.200 0.36 £0.05  8.09 = 0.68 2.124+0.01
P011453500401 58012.260 0.34£0.03 8.45+1.28 2.75+£0.01
P011453500501 58013.255 0.45+£0.03 14.53+3.17 3.35+0.01
P011453500601 58014.117 0.63£0.04 9.27 +1.86 3.30 £ 0.01
P011453500901 58015.974 1.48 £0.05 wk 8.74 +0.03
P011453500902 58017.250 1.73 £0.05 Kk 9.00 = 0.03
P011453500903 58017.389 1.45+0.05 *ok 7.74£0.05
GX 339-4
P0304024035 59295.758 0.12+£0.13 Kok 0.64 +£0.01
P0304024036 59297.017 0.11£0.03 1.33+0.12 0.93 £0.01
MAXTI J1348-630
P0214002002 58511.314 0.02£0.01 5.494+0.28 0.39 +0.01
P0214002003 58512.308 0.11£0.01  5.96 +£0.27 0.54 £ 0.00
P0214002004: 01-08>  58513.303 0.16+0.01  6.26 +0.19 0.71 £ 0.06
P0214002004: 09-19  58514.411 0.12£0.01 7.08 £0.25 0.86 £ 0.02
P0214002005 58516.818 0.22£0.01 12.19£0.51 1.25+0.01
P0214002006 58518.012 0.36 £0.04 4.57+0.31 2.81 +£0.05
P0214002007 58519.145 0.56 £0.03 2.78 +0.09 3.82+0.04
P0214002008 58519.804 0.44+£0.16 2.97+0.27 3.37+£0.12
MAXI J1631-479
P0214003002 58525.973 0.84 £ 0.06 Kk 4.85 £ 0.05
P0214003003 58527.1 1.19+040 13.75£1.70 6.21+£0.09
P0214003008 58534.787 4.73 £0.36 Kk 6.78 £0.35
GRS 19154105
P0101330006 58216.956 1.31+£0.13 9.60+1.21 3.67 +£0.02
P0101330007 58218.216  0.52 £0.18 *k 4.20 +0.04
P0101330009 58220.272 1.15£0.23 Kk 3.39 £ 0.02

& ** represent the PDS does not have this noise component in fitting.

® The number behind the colon represents the exposure ID in this observation.
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Table 3 The PDS fitting results of five BHBs observed by Insight-HXMT/ME in 10-20 keV

ObsID MJD vo,ME/Hz vn,Me/Hz vqro,me/Hz
MAXT J1535-571
P011453500108 58002.734 0.26£0.01 5.70+£0.30 1.30 £0.02
P011453500144 58008.444 0.61 £0.08 14.24 £+ 1.96 2.58 £0.01
P011453500145 58008.583 0.53£0.04 12.07£1.36 2.62+0.01
P011453500301 58011.200 0.28 £0.03 6.23+0.27 2.07 = 0.00
P011453500401 58012.260 0.36 £0.03  9.02+£0.37 2.76 £ 0.00
P011453500501 58013.255 0.43+£0.05 7.39+£0.35 3.37 £ 0.01
P011453500601 58014.117 0.82+£0.06 6.86 = 0.26 3.35+0.01
P011453500901 58015.974 1.58 £0.04 e 9.05 £ 0.01
P011453500902 58017.250 1.70 £ 0.05 Kk 9.28 £ 0.01
P011453500903 58017.389 *k *ok *k
GX 339-4
P0304024002 59264.083 0.42+0.03 *ok 1.42 £+ 0.06
P0304024036 59297.017  0.05+£0.04 Kk 0.95+0.01
MAXTI J1348-630
P0214002002 58511.314 0.05+£0.01 6.73+0.39 0.39+£0.01
P0214002003 58512.308 0.13£0.01 7.36 +0.28 0.57 £ 0.02
P0214002004: 01-08>  58513.303 0.13+£0.01  7.73+0.18 0.74 £ 0.01
P0214002004: 09-19  58514.411 0.17 £0.01 *ok 0.87£0.01
P0214002005 58516.818 0.22£0.02 12.19£0.52 1.26 +0.01
P0214002006 58518.012 0.35£0.05 3.57+0.27 1.39£0.02
P0214002007 58519.145 0.72+£0.12 5.73+0.20 3.69 £ 0.01
P0214002008 58519.804 0.15£0.11  5.72+0.26 3.4£0.01
MAXI J1631-479
P0214003002 58525.973 1.37+£0.37 Kk 4.99 £+ 0.03
P0214003003 58527.1 1.80+0.54 10.24£0.80 6.20=£0.05
P0214003008 58534.787 1.70£0.97 ok 6.63 = 0.08
GRS 19154105
P0101330006 58216.956  0.45 +0.03 *ok 3.72+0.03
P0101330007 58218.216  0.65 £ 0.04 Kok 4.324+0.13
P0101330009 58220.272  0.27 £ 0.06 *ok 3.45 1+ 0.03

& ** represent the PDS does not have this noise component in fitting.

> The number behind the colon represents the exposure ID in this observation.
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Table 4 The PDS fitting results of 5 BHBs observed by Insight-HXMT /HE in 20-120 keV

ObSID MJD VbﬂHE/HZ I/}LHE/HZ VQPO,HE/HZ

MAXTI J1535-571
P011453500108 58002.734 0.49 +£0.22 EE 1.50 +£0.03
P011453500144 58008.444 0.51 +£0.18 7.87+£0.51 2.56 £0.01
P011453500145 58008.583  0.36 +0.05 8.09 £0.28 2.59+£0.01
P011453500301 58011.200 0.28 £0.12 8.00 £ 0.57 2.02+£0.01
P011453500401 58012.260  0.29 £ 0.06 9.96 + 0.43 2.76 £ 0.00
P011453500501 58013.255 0.51£0.17  12.02 £ 0.56 3.34+0.01
P011453500601 58014.117 0.90 £0.43 7.07£1.17 3.34£0.01

P011453500901 58015.974 1.75+0.14 *k 9.19 £0.02
P011453500902 58017.250 1.68 £0.15 Kk 9.36 £0.01
P011453500903 58017.389 1.85+£0.35 *k 8.80 + 0.04
GX 339-4
P0304024015 59274.754  0.29 £0.02 *o% 1.89 £0.03
P0304024035 59295.758  0.04 +0.03 *k 0.64 £0.01

MAXTI J1348-630
P0214002002 58511.314  0.08 +0.02 6.39 £ 0.26 0.4+0.01
P0214002003 58512.308 0.11+£0.01 7.07£0.24 0.53£0.01
P0214002004: 01-08®  58513.303  0.15£0.01 8.95£0.25 0.76 £0.01
P0214002004: 09-19  58514.411 0.2+£0.01 11.84 £0.31 0.88 = 0.01

P0214002005 58516.818 0.3 £0.03 14.4 £0.99 1.32£0.02
P0214002006 58518.012  0.95+0.07 4.08 £0.07 1.38 £ 0.01
P0214002007 58519.145 0.61 +£0.14 7.68 £0.20 3.6 £0.01
P0214002008 58519.804 0.2 £0.04 6.69 £0.17 3.42+£0.01

MAXTI J1631-479
P0214003003 58527.1 *k 19.37 £ 2.77 6.29 £0.08
P0214003008 58534.787 ok 20.19+£3.749  6.27+0.08

GRS 19154105

P0101330006 58216.956  0.45 £ 0.02 ok 3.66 = 0.04
P0101330007 58218.216  1.03 +0.08 *k 3.96 £ 0.55
P0101330009 58220.272 0.32+0.03 *k 3.49£0.03

& ** represent the PDS does not have this noise component in fitting.

® The number behind the colon represents the exposure ID in this observation.
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B 1 WS HXSPECE fbknpow (F)#bkn2pow (F)4UA M
FHIPDS

Fig.1 Two PDS in which the noise is fitted with the XSPEC
model of bknpow (top) and bkn2pow (bottom), respectively.
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=+
75

BT LR, AT B AR
FESM RN 23 BE B IIPDS, LA 45 5151 T %2-4. 48
MAXI J1535-571. GX 339-4. MAXI J1348-630.
MAXI J1631-479F1GRS 1915+105 5ME A [E] A B
) ek W7 401 28 FIQP O 28, B, Hrqpo I R R A
FTE2. E2d i B 7 WijnandsZ5 0 i 45 5 ip 2
TR R, 58 SRATR S R . W20 LLE 2
EIR-HXMTHI3AN B8 BEATWijnands i) 54 1 EL 8
FIGUFW-K % 2, HXMT LI 2 ) H 5 2543 A1 £ 40
SRAE, BEUEA . R HE, R
FUE R f B WijnandsZE 6 [ $0 5. M2 AT LLE
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HXE AR v, Hrgpo L IAFEE R &R, KT
Bt 7E i 5, AR Fvgpo = nif (nflk#
e MR R AL S ) LA A F BE BT W-K O R i
2. R N R QPO R 1R 2, & 1
SR HINLE: n = 3.72 4+ 0.19, k = 0.69 + 0.07;
ME: n = 5.61 £ 0.50, k¥ = 0.95 + 0.15; HE: n =
6.08 £ 0.60, k = 0.94 + 0.12; WijnandsZ6! {1 s
B A S n = 5.33+0.17, k = 0.88 &+ 0.07.
WELSR G ERAER. &M E, ZEIR-HXMTU N
AR MW-KRREA 5. EE L W-KX
Z2 B BT (0 3G DA R LA 2 B0 2= ) T e R
T ECHE A5 e L A 5%, i, ZIR-HXMT 34~ 30
B8 B B IR 1)) BB A B T Wijnands %5 6
R 25 (5 f1RXTE, Rossi X-ray Timing Ex-
plorer) 5 /NI BE AT REZR I 28 (A5 R AR 55—
AT e R AR B R-HX M T I B4 i PDS F 3 A
REAR 4 h X 23 AN [F) Bl 43, #511, MAXT J1820+070
TELHSHIPDS |- [ 75 B 73 75 22 43 BT J L3 43 ok
A3 ArBO-31L S Ak QP OS5 5 (1) % R T
RE A7 TE AR B B M, B, W-K G & (1 085 55
TEatoll 5 1A% A w85 HiPE 38 n, 1 298 I 5€ 4= i
BW-KK R0 32831 [R i EE LI, FUFR
B UL HHE 56 F W-K 96 28 I 5

T R AR R R R AR DG, B3R
TMAXI J1535-57 195 T8 77 W2 75 1) ey A9 4 1T A 2
v~ AT T AT 2R B RE B I AR b g5 AR,
v X e & I A KO, X R FEMAXI
J1820+070FT & I I R A & AR — 2, AT 5E AU I
HIEE LMo 52 M %, v, 7520 keVEL LB
HRe R INA RN, B, ER-
HXMTAS R & (O fE 2 B LA EE. fFIXLE
BMREEE, AN [FIERIN#5 BT 2 BRI A K1
AN [ T 45 21 A [R5 e LU A BRI 45 2R, JRATT7E Ak DA
T S5 T 23 B A AR B 15 e L v T 4 SR

R e 7 BT I A I A AR A, 3R B
JEMAXI J1535-571 (AR AR B8 7 e 75 R 23 i rms b
R AR T B4, TEMRREBLET B8 7 e A rms R FF 2
IR, ABTE = e B B R B S 0T R B A
125 BRI LM X B — £ 34,
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The W-K Relation in Black Hole X-ray Binaries from
Insight-HXMT Observation

MA Bin-yuan?  YANG Zi-xu'? LIAO Jin-yuan? QU Jin-lu!?

(1 School of Astronomy and Space Science, University of Chinese Academy of Sciences, Beijing 100049)
(2 Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049)

AsstracTt Through decades of observations and studies, the characteristics of black hole X-ray binaries
(XRBs) have been gradually revealed. However, the structure of the accretion disk remains uncertain. In
the power density spectrum of the BHXRB (Black Hole X-ray Binaries), there is a correlation between
the break frequency and the quasi-periodic oscillation (W-K relation), and it can constrain the current
model of accretion disk. The W-K relation in black hole XRBs is studied based on the observations of five
black hole XRBs by Insight-HXMT (Hard X-ray Modulation Telescope). The result shows that the W-K
relation is valid in all the three telescopes with different energy bands. Moreover, a correlation between
the break frequency and the inner radius of the accretion disk is found for MAXI J1535-571, which is
self-consistent with the model of a truncated accretion disk. If the observed power density spectra result
from the propagation of perturbation in mass accretion rate, it can be further inferred that the inner
radius of the accretion disk is close to the innermost stable circular orbit and the black hole might be a
high-spin system.

Key words X-ray: binary, relativistic processes, accretion disk, radiation mechanisms: general
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