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(Q < 3), J HAEBEE RIS LM 75, BRIQPO)
RMS AL NA%, AR ~5-6 HaZ 8], WEH) 5%
WA (Q = 6), tEEA 5 aE S, CHIQPOR
wOH L, R R 1) — RARQPO (~3%
16% RMS), A it 2 3L — > 25— A~ ik
AR 0, A SR#E~0.1-15 Hz ], Q~T-12, £
WA i B i g 7 051

R A IR XSRS £ XU A A 3T ) RE TS AT IS AR 5
fEfE B, W LB R R e AN A, RMREEES
(Low Hard State, LHS). f#H A2 (Hard Interme-
diate State, HIMS). #X /1 [H] % (Soft Intermediate
State, SIMS) Fl & 4 45 (High Soft State, HSS)*. {i
TR W Y IUAE R G AT AR AN S R B, RETE
LR 1T, BARES, AR b0 R
B, BB 06 AR EE AR 24, AT RMS RE ik 30%,
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R Al REEAECEIQPO, FHEE s AR
iy Mg . e ) 2 A S A L AR TR, T
R 1B kD W AR A i T I, Th AR
i EAFECHIQPO, QPOSIR Hfigi i & A%, I
55 96F AR B . 0 1) 25 1) R B LU A e R) A5 1
TR — rd, BEHE A BE A7 75 T A i 7 XA 1E B 1 5
HP TR 25 PR 6 A S B S O 55, T R B S (1 PR
Ty e P B 5 ) R R S B AR, P RE 2 LA BB
HMQPOPL. m AR EEHA RS ES; &
TEFEIR S, 1R /D REAS I B QPOMIAZLELS

AR M eh, AT RMS AL [ A Ty 35 45 i i o
FAG 5 WIRNE 5 S 2 0 E 2 Bl Gierlinski%
HALH—EXS LRI S A SREE IR R
HOS A T T 2R XEXTE J1650—5001 &
RMSH¥ 75 #XHF £k BL(<S3 keV)H B #% b B %
FIXTE J1550—564] FLRMSi ££ ~20-30 ke VI it
H— A Huang5l% H TMAXIT J1535—
571 CHQPORIRMSIHE, 1 H ik fig BRRMSTR /s H.
HReE 2 IEAC, BB KLE20 ke VITITIA E
KAE HYEFFARAE, X — 45 1 5 YouZE MR 4 Lense-
Thirring 208 & H FIQPOFIRMSHE AH L.

R AAMAXT J1535—571F20174£9 A 2 H
FRUG 3 N B B B R4 MAXT (Monitor of
All-sky X-ray Image)JGSC (Gas Slit Camera)#i
M FASwift TEFIBAT (Burst Alert Telescope) R
DU 28 A B0 iz R AR R BR R A B(RA =
15" 35™19.73°%, Dec = —57°13/48.1"), KR ES N
4.1%0% kpe, 7EARLE I M0, Miller 51345 11 T
XAEPEE RPN B RS $e = 0.994. Russell
S5 BT S FEL 9 B TR B DA R B T 43 R I 3 AR
T A5 B B — A B30 B B 9L 45 74 Xu &5 19130
NEMREE T H — AN SR

“EBR” T A (Hard X-ray Modulation Tele-
scope, Insight-HXMT)7E W M| /5 GEX I £k 8 4
A% ER S AKCHH % T E E20174F9H
XTMAXI J1535—571H WMl # 48, 73 #1 7 MAXI
J1535—b71HIX S 26 45 5 B AR R AiE, DAL iR &
FR) A SR ML) R A S SR T 25 BRI TR AL R} 2
SCHE. SCTESE2WA A T B TR A GBI &
HBE A PR AR T . B3 T A
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SRR SRATT VIR AR PR A R S R AR AR S g
B0 A K 2 DA KR A e S 5 QPORMSE, [F]
N4 & O R8T 7S 5 QPORIE IR
i, SRS

2 MBI
2.1 DEMBIELIEE N

CEUERY TR T20174E6 H 15 H RS T, B4T
1 BE 29550 k. B £043° i b TE, 2
E 51 aXS &2/ R TR, 5HAR RS T E M
b, ' BAE SR BT, R REXa R aEBa
BT AR, B 1) 43 3 28 5 DA R A 2% AR B[] o5 L
R A, T DAERZR b DA B8 S i 2R A S sl h 1
B R THI I X 300, g ) 32 R T e X 2R
YILE(HE), #Rll f8B20-250 keV, HINal (CsI)d
RS, B R R~ 5000 cm?, #1375 K/N.6° x 6°;
HHREX SR B 55 (ME), #RM B8 Bt5-30 keV, HiSi-
PIN (PN Junction with Isolation Region)%& & 4
%, A A~ 900 cm?, M3 K/ x 4°; {RAEX S
LR i Bi(LE), TRIMAEEL1-10 keV, HHSCD (Swept
Charge Device) ¥R #5145, A M F~ 400 cm?,
itz K /10 x 5.7°07),

CERHRY TR X BRI XUR MAXT J1535— 571
DU R FF46F201 75929 H 6 H . BT IWIA R &4 T
KB A&, P9 A 7H 212 H 5 71 1 356 4 3800 2.
RIVEYH D 3 T T E X X IKMAXI J1535—571%%
RO FE A UL AE A 4. HXMTDAS (Insight-
HXMT Data Analysis Software package) & T 2%
P 10 Ak B A AR, R R R S R 46 A 3 AT T
AbER) A RE RS, DR 2R DL KA R e R ST A 46
AT BB HEAT B B0 o A 0 B FRATT Ak B A
1 FH R B RRAS e HXMTDAS V2.04. B i 1% 4%
1 HhBkih 2k 5 B (1) 45 7] 2% 1 (Elevation angle,
ELV) > 6% sl B E < 0.05°; Mgk N
FECOR (Cut-off rigidity) > 6. ¥ 5l il T H 2
lebkgmap. mebkgmapFlhebkgmap. 4f K [8] B
(good-time-interval, gti)fti & 1] iy & HNlegtigen.
megtigenfilhegtigen. 7= 42 748 #h £ 1) iy & Zlele-

gen. melcgenflThelcgen!.
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1 MAXI J1535—57160 “ERER” SN # 4z
Table 1 Insight-HXMT observation data for MAXI J1535—-571

HE rate (30-120 kev)

ME rate (10-30 kev)

LE rate (1-10 kev)

ObsID®*  Start date MJD — State®
/(cts-s7%)

101 2017-09-06  58002.32 — 250.69 273.75 LHS
102 58002.45 - 259.11 283.85 LHS
103 58002.58 —¢ 263.51 295.76 LHS
104 58002.72 741.99 276.61 308.68 LHS
105 58002.85 749.83 284.89 320.56 LHS
106 e 58002.98 768.27 293.66 331.33 LHS
107 2017-09-07  58003.11 766.38 298.53 339.82 LHS
108 58003.25 769.97 305.14 345.06 LHS
109 e 58003.38 - 317.34 361.00 LHS
144 2017-09-12  58008.44 483.72 418.26 1177.79 HIMS
145 . 58008.58 496.69 424.90 1197.94 HIMS
146 2017-09-13  58009.03 482.03 —° -d HIMS
147 . 58009.16 523.01 452.00 - HIMS
201 2017-09-14  58009.21 623.40 507.13 - HIMS
301 2017-09-15  58011.2 619.75 522.28 1321.68 HIMS
401 2017-09-16  58012.26 547.78 509.18 1495.12 HIMS
501 2017-09-17  58013.26 519.10 516.89 1726.81 HIMS
601 2017-09-18  58014.12 554.54 539.43 1773.20 HIMS
701 2017-09-19  58015.97 222.56 288.71 —° SIMS
901 2017-09-21  58017.1 335.13 407.35 2687.21 SIMS
902 58017.25 339.24 396.30 2697.70 SIMS
903 58017.39 366.60 433.96 2639.50 SIMS
904 58017.53 212.20 278.15 2697.40 SIMS
905 . 58017.9 149.73 183.18 - SIMS
906 2017-09-22  58018.03 122.92 182.29 2596.61 SIMS
907 58018.17 168.85 194.13 2607.47 SIMS
908 58018.32 215.52 241.18 2640.08 SIMS
909 58018.45 138.39 168.86 2586.09 SIMS
910 58018.83 133.55 164.94 —° SIMS
911 e 58018.96 116.90 167.84 2566.64 SIMS
912 2017-09-23  58019.09 154.83 184.03 2608.64 SIMS
913 58019.24 168.04 204.31 2583.89 SIMS
914 58019.38 164.65 176.74 2576.69 SIMS
915 58019.52 196.97 227.08 2582.74 SIMS
916 58019.66 193.03 258.77 2620.72 SIMS
917 58019.79 193.09 259.77 2661.73 SIMS
918 58019.92 178.58 216.79 2552.64 SIMS

# P011453500XXX;

P Following definitions in Bellonil

18],
b

¢ HE detector was operated in the GRB (Gamma Ray Burst) mode;

4 LE detector was saturated,;

¢ Missing data.
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Z3d FiR— R YRR i, A R
Al LB HAERFF 4. o (AT AR 434, %)
BE RO R ' 2% il 2645 FH powspec L . 7= A B[] 8]
K oN64 sH T 26 % Bl B[] 4 #2461 /128 s, K H
Miyamotol=— £ f 2 kA ME 75 . FI| Fxspec T..H
LA o R BB HLA R R 2 MR %
(Lorentz) 8 2 & 0. H o QPO 5 5 732K F 11
A& AR ZE JEO I I A0 2% oR B8, FR 7 1 75 Rl o0 158
()52 H O AR RO I AS 2% eR 012Y ) At FE ) B
15 X 8] 990%.

2.2 BUBOWHE

SR OB XSS 24 4 S A7 A 5 3 0 I A AR
k., JEAR 2R 7R I 3k b IR S AN B EL IR A FH I
15524, T— BoE eI 16 AR th 22 28 1 i B
A i ] LSRN G 55 1) B 3 5 B HE A 15 5

X X G U PR AR i 2 0 47 () L AR 445 31 1)
REEG. D)% S A MQPOMAY,
QPOTEE_EARILA IR T8 LI, — BIVE 1R 28R
o, w2
a2 A

L) = arctan(VO/OA) +7/2 A%+ (v —1p)? (1)

Forpr, v B, v o2 V8 10 28 bR B Ve R AT
(6F REQP O H O A1), A 2P i 42 58 (FWHM),
a2ETLw)Mv = 0%y = coffI#L4r. AR 4 M %€ Tu
IRFE B, DA G AT LU — 1k, 16 AL fr A 1IE A0
2 b (AR S 85T A R ] 5 B A X RMS -1 77 23
RMSA i E&AN T — A2 € I 0] 7 51 1 45 8 S5
YO A AR . an A FHRMSIH —, A4 ao it
FEAHXTRMS. 38 v 5 2A 1 FfE 8 SChQRPY:

Q=55 (2)

Horb, QR EA T 4 BRI TE LR, QMK TN
RE E ORI, —f, Q > 2MIEHEQPO, %
2. Q < 2MIEIR

3 4R
3.1 TRk

K 1ER T MAXI J1535—5717E20174E9 H k&
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MR 2k, B dryE THE. MERILESR 2%
it E R MBI A, LER 405 s T 46
MJD 58002 /K AL B 2818 L FF, SR E/EMID
58017 A B I ~2697 cts/s, it Ja (R FF A4 e 41X
—IKFAL B T MEPTHECRE MMID 580028 [
~250 cts/s LT EIMID 580148 fi1~539 cts/s, SR )5
FIMJID 58015 B Bf £ ~288 cts/s, A 1R A& PRk
N E RS, a2 BT JLIR E T 3sh HER
THECRAE R TR — NI B, B S AR 10 3
AEGMERFE B 245 AR & 3 8 BI04 b (] 25,
LEFIMER) T30 8k 2 — A~ EAMF B, MHE
A AR I, HHERITHECR AR 2R R .

3.2 INEREBEE

BATWF 7T T BIAXUEMAXIT J1535—5711F 7
R CERHR TR IR, JE R T EAT
D22 FE . W F0R I, D2 P it vl A 5 ¢ P
Kb R R B AT 0%, AR R — BRI VE A T (1) Th 2 %5
TS R ZE AN K, AN AR AR RS S TN Y Dh 2 % B 1
ZERER. T T RIRAERR R A T 2 R 1
A DL, BABEICT FEAF R ISAS T BEARE
PR Z AT S T, «<EIR” TR E20174E9H 1
LI o e T2 B0 R IR R R, b m s
IR, EI245 B T IRTEARAEAS, i o RS f R
Vi) 745 P 1 2 2 Pl (AR 2 T M 7 ).

M2 REE H, MRHE S B 80h A& Th &
SRR, BAREENQPOM A A 2 1R 1
B, AT AR BRI PR RS B AR R ASBR T QPO BL
Ab, AL E A AN AR PR T S R, R )
AR )% RS EQPOR /T W AT TH A — MR &3
AL, B T RS AR AR

3.3  HHESE

R4 3. 275 e 45 1) T 6 85 P8 i A o, AT AT LA
i Z MR LR BN A D)% . A R
A, R ) AS 1 T R AR AR B
(AR T I 5. DRI L, 688 A () 265 11 D 2 2 % R (| A
B 5 B 7 B 23 T DASK FH H 0BT MO 7848 2% BR 2L
LA R BelloniZE U 2 X, & HLor IR E AT
Vmax = Vo2 + A2, Hygg PO, Ag¥m
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Fig.1 Light curve of MAXI J1535—571 outburst in September 2017, where LE: 1-10 keV, ME: 10-30 keV, HE: 30-120 keV,

each point represents one observation.
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Fig.2 Power density spectrum for each outburst state. A, B and C correspond to LHS, HIMS, SIMS, respectively, and the
corresponding observation ID are P011453500101, P011453500145, P011453500901.
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Fig.3 Energy dependence of the characteristic frequency of low frequency band-limited noise

3.4 QPOSR®HMEFHIRMSIE

U327 Frad, 4 A el A ) A o U o
F] 25 B, Ty 28 % P i v 20 K AR B R 1 o, T
B E L1 Ha i — AN I8 A4S 26 S0 10 A B,
Perm OGN E B, 15 Th % i A A RMSHY
I BRIk, FRATT AR rh sk i Ty 28 % R vl 4R B BT )
7y, B10.1-0.5 Hz 0 & [X 8] Py BR 77 g 75 - RMS
WAL, DU I Ih 28 8% 4 o At 2 X PR A R
LI A BT R S, 25 8 B 5 RMSH) 5T,
MRMSHIH 5 AR RMS = VP(S + B)/S. H
T SHIB A AR SR VR A0 5P 3 i B e, Pt
B 2R BAE S E BB sy SRR, FRAT B
B UE SR 7 R RS IRMS. 44 BT ORR Al e
RMSHE fie & ¥ 70 A0 1% 0. K98 & b ) 4R AE A4S
EReE tH, VR AR o R 2SO B R &
(W 5901. 902F1903) B, By i FFRMSTE 2 I
AR S (VAL S URALE R (] 25, PR g S RMSTE
1E6 ke VT A7 B R A 84, 7E/NT°6 ke VIS [ G2
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IR BT, 7E6-30 ke VI IR HT T %, RMSTE
T e AL PRI AR S R . s S NP R A, BR
iy g A RMSTE R 5691 2%, RMSUEAE HH6 ke ViU
F10 keV.

HuangZ5945 t TMAXI J1535—5714E20174F
1R CTIQPOMIRMSIE. 25 I AT A CEIQPO
RMS i 72 75 i o [i) 25 A H ) 245 AR R — S HL Bl R
®EUW EFWES, R E Rt R R R e, IRATF
FELAH T — 845 R, B5 £ CHRIQPOKIRMSIE, 45
A PR AT g FERMSTE 7] DUA Y, R 5 1 75 IURMS 1
EQPOMRMSHE 3 7Y £7 75 B & 22 57, FLBR iy e
P TRMSHEAFE — 72 B3 A B4R B 50005
ECIEEIE

Fosh  TMAXI J1535—5710% K& I fCHY
QPOMIZH. &HRFPMEETLEH, JIHEM
il rp A 25 L9 B BCh ) Z8, CRIQPOMI R Ol AT
BN 7 30119031 AN LIS, H.
B A QPOMIRMS ¥ ik Lt 4bF-AiF Hh 8] 25 FIRMS .
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Fig.4 RMS spectrum of band-limited noise. The green, red and black points represent LE, ME, and HE data, respectively.
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#F2 MAXI J1535-571 CRIQPOMIEH
Table 2 Parameters of MAXI J1535—571 type-C

QPO
ObsID* Type” QPO v°(Hz) Q°  RMS(%)
44 C 257G 9.657550 1131700
145 C  263%00 614703 1208753
301 C 207550 884705, 11.2710R
401 C 2767500 1156797 11.937038
500 C 334700 10.06%03 13147055
601 C 334500 981703 128310%
901 C 90700 1102038 1452705
902 C  928T008 100705 1471405
903  C 8397000 6.18%005 1522703

2 P011453500XXX;

P Following Huang et al.);

¢ QPO frequency, @, and RMS were computed from
ME detector in the energy band 10-30 keV.

g
CEIRT TREMERER. mRBUEMRA, 47T
TATHL 2 20 50 BRI XS XU R4 AP = )
AR HFAE. T-20174F, XTMAXI J1535—571 ) Uil
W ATHIZE oG T R R S AR R RIS Y B, SR A
B TAMQPOMIAFEAE. fEA S H, FR-AT T ELE R
FLCHIQPO) T 2 % FE WAL

FETFXIR AR kT QPO A 1 i 5
— HAFIE G L. IngramZ5 20145 T — & B R A5
BT AU A R A R R AR RS TR
T, WA BT T B N AR BUIE DAAh. T
FRRUNNAAAEE VTR, A NR(R),
T HA B R AN B A AR AE — e ML, AR XUAH
X G P F A SRS e, AN TSR R [
& A Lense-Thirringi#k 2, = AR S A6, b=
47T QPO. QPORZ 5 W -12H %, &N
BB ETRD, QPOMIR IR . WA 13 3l
TE RPN b 10 A% 36 2 FH K At Rk 1) 2 % 5 ol v i 75
ALY 26) . Th 2R 580 P 3t vl (AU W A0 2 5 8 i
P 242 R T AT ) A, AR EG T s A 7 IR A0

4
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AT RE SR H T AT SEANG X 8, BRI A A
QPO SR ARE 75 14 N M AFE R 2 7, A
AR IEAN ], T LR A P22 1 X 3 2

O, IATHIT 7 D28 B RE . AR
L, FE A — R RIEE T, D2 B it ol B R KF —
B, A AL R 7 Wk 75 ) R AR A0 R A AE B B AR AL
AR B i T 7 ) SRR IR A 2R B o e B B TR A A
I A = AR A ), i EIBHTR. StieleZE 27
I A B B EL R R B, 6 TS E TR, B
B0 R AIE A 26 /N T B g B IR REAE AR FRATT X
FEMAXI J1535—571125 3, it — ks 71X —
FURCR, R KIS T W BE B, RRAIE AR [ e
(SRR AL, AR R I R R B R A R R A T AT
SEMIRE.

T <RI TR RE B R L, RATNG T T R B
TE L R0.1-0.5 HzA0 % X [i] P Ry Mg A RMIS 1 1) 45
F AR RS, R R TR MSAR X T IR (R,
b B o (R A X A R A R, XS5 R
4 BASUEXTE J1650—500 9 RMS 3 5 AL 45 100
I A REIE S H, GierlinskiZE BIE J& A [E] 1 245
NRMSHE AR, BF FE R B, X TR S il /A e )
A, RMSIE R 2 M7 6 7 Rz oK, It RMS i
FE RS T R, (H 0 T30 /R Rl A, i i)
i) R WAk 1Y) 28 T, TR AE v R i A AN
FIRMS.

EAFVER I, 7R RS R B A i A RMS 1
I IR 25 8, H PR g A RMSTE (1 6 5
YERFTE6 ke VI T, il 25 0k U8 B B RIS B, FR
T A RMSTE (I (A2 3 310 keVEL E, HAE R GE
i 24 5 2 R FORMES. 38 3 % E K ong 25 2814045 1 B
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The Temporal Phenomena during the Outburst of the Black
Hole Candidate MAXI J1535—-571

LI Chao! WANG Peng-ju?

LI Xiao-bo?

YANG Xue-juan!

XIAO Hua-ping?

(1 School of Physics and Optoelectronics, Xiangtan University, Xiangtan 411105)
(2 Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049)

AsstracT Using the observations of the black hole candidate MAXI J1535—571 by the Hard X-ray
Modulation Telescope (Insight-HXMT) in September 2017, the temporal phenomena of the source during
the outburst period are studied. There are significant differences in the power density spectra when the
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source is in different outburst states. And in the hard intermediate state, there are obvious band-limited
noise components and QPO (Quasi-Periodic Oscillation) components. The analysis results show that the
characteristic frequency of low frequency band-limited noise is positively correlated with the energy, i.e.
the characteristic frequency of photons in soft energy band is less than that in hard energy band. The
band-limited noise RMS (Root Mean Square) spectra in the 0.1-0.5 Hz show peaks in both the hard and
soft intermediate states, and there are differences at the high energy, probably due to the ratio of the energy
spectrum components of the dominant noise RMS is different. The type-C QPO RMS spectrum maintains
a similar trend when the spectral state is from the hard intermediate state to the soft intermediate state.
But there is a spectral state dependence in the band-limited noise RMS spectrum, implying that the noise
and QPO have different mechanisms of origin.

Key words X-rays: binaries, accretion disk: quasi-periodic oscillation (QPO), noise
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