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Fig.1 Light curves and hardness evolution diagram. Panel A: light curve from the PCA/ASM detector
with time resolution of one day. Panel B: light curve from RXTE/PCU2. Panel C: hardness evolution
diagram in which hardness is the photon flux ratio between 6.3-8.4 keV and 2.1-5.8 keV. Each point
corresponds to one observation in 3 panels. The outburst of the transient show 4 states, namely low-hard
state (LHS), hard intermediate state (HIMS), soft intermediate state (SIMS), and high-soft state (HSS).
QPOs mainly appear in HIMS. The observation was paused for the sake of protecting the satellite from

the sun in the observational later stage.
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Fig.2 Hardness-intensity diagram. Hardness is the photon flux ratio between the 6.3-8.4 keV and
2.1-5.8 keV energy band. The intensity is the photon count rate in the 2.1-8.4 keV energy band. The

accretion states can be distinguished from the HID.
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Fig.3 Typical PDS (Power Density Spectrum) for each accretion state. Panels (A), (B), (C), and (D)
correspond to LHS, HIMS, SIMS, and HHS, respectively, and the corresponding observation IDs are
60113-01-04-00, 60113-01-10-01, 60113-01-19-06, and 60113-01-33-00.

MAREE 25 B v B2, 2 BLURAE B0 BUK T BT B3y, SRR sy, Ik
RO e v ) 8 v D D A8 ) 5 R e P X B e T 285 5 R 7 DAL TR 2 17 48 5
(R4 Hy, XL ARG R IR H B TT REL W AR (R AR A AT O, R AEAS, i A 25 S b vl 2
LRI LI LS. QPOILG T ELAENE A R 4O I 2. oy A (1 D A I AL A



58 4 B BN IEXTE J1650-5007E2001—20024F 15 A& 39 I8 A8 I 5 1

W R BN 2 58 PRI R 40 S R QPO

h T WG BLIRAE SRS R AEIE (2.1-5.8 ke V) M i1 (6.3-8.4 ke V) A% i 2k
i) A P, A% 1 T R VR A AR A, Bl b ) AR, B IR A R A TR A T e
TEARAE 25 R o () 25, 3 DR P A6 38 1006 A% il 2 70 AR o (/1N T-2 Hz) JE I HA 4 vy (1) AH
Tk (AR RBURT0.7); KT im0 (2-10 Hz), AHT 2 BOBE SR (138 Kk, 78K
110 Hz ) 5 @i, vl A ARG X T-QPOSZTE I, AHT R EH — & R MK,
LR BRI, X T Hoh AR R s, Bdhgs %ﬁﬂﬁﬁmﬁﬁﬂﬂfﬁf%ﬁ
B ICEHR AT AR, AT A B (A 2E IR 43 #T E%Kalemmf—r 'ghie .

(A) ObsID: 60113-01-04-00 (B) ObsID: 60113-01-10-01

*oete SUN +

0.8¢ " 1 + +++ ++*++*+’*m
) ++++ R
0.6} y 1 { A

0.4} " T ¢

Coherence function

0.2} ‘o T %

0.8t

0.6

0.4r¢

Coherence function

0.2t

| ﬁ
lH | Hﬂﬂ#ﬁ++¢++++++..+m , nn Ahﬂﬂw

0.1 1 10 0.1 1 10
Frequency/Hz Frequency/Hz

K 4 GRS RBUS TR T IS ke 53— B BEAE S IR RS A, &R B OC R B AR,

Fig.4 Typical coherence function for each accretion state. The observations are selected the same as in
Fig.3. With the energy spectrum getting softer, the coherence coefficient gets lower in each frequency

range.
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Fig.5 Typical time lag spectrum for each accretion state. The observation IDs and energy bands are the

same as in Fig.4.
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Fig.6 The coherence coeflficient evolution diagram in the frequency range of band limited noise (0.03-0.8
Hz)
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Fig.7 The mean coherence coefficient and phase lag in BLN frequency range as the function of photon

flux and hardness of transient in the LHS and HIMS
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Fig.8 The coherence coefficient evolution diagram in the frequency range of red noise (7.5-10 Hz)
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Fig.9 The mean coherence coefficient and phase lag in the red noise frequency range (7.5-10 Hz) as the

function of photon flux and hardness of transient in the LHS and HIMS. The energy bands are the same
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Fig.10 The coherence coefficient evolution diagram in the frequency range of QPOs
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Fig.11 The mean coherence coefficient and phase lag of QPO frequency range as the function of photon

flux and hardness of transient. The filled circles are the phase lag between 8.2-14.76 keV and 2-5.7 keV,
while the bifurcate points are the phase lag between 5.7-8.2 keV and 2-5.7 keV.
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Fig.12 The phase lag and time lag in the QPO frequency range as the function of the central frequency
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The Temporal Phenomena of Black Hole Transient
XTE J1650-500 in Its 2001—2002 Outburst

XIAO Guang-cheng! LI Zi-jian® YAN Lin-li* LU Yu! CHEN Li?
QU Jin-lut

(1 Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049)
(2 Department of Astronomy, Betjing Normal University, Beijing 100875)

AsstracTt Using the data observed by Rossi X-ray Timing Ezxplorer, a systematic
study of temporal phenomena of the black-hole transient XTE J1650-500 in its 2001—
2002 outburst is presented. By using the time lag in the Fourier frequency domain, three
characteristic frequency ranges are analysed, namely the band limited noise, red noise,
and QPOs (Quasi-Periodic Oscillations). The properties and evolution behaviour in
these frequency ranges may be dominated by different accretion regions. It is commonly
believed that the smaller timescale corresponds to the more inner region. The low-hard
state and hard intermediate state are especially highlighted. Data analysed results are
discussed in the framework of Lense-Thirring precession. Results are in favor of the
perturbation propagation regime for explaining the observed time lags. Although the
timing analysis in the frequency range of band limited noise and red noise is carried
out, and a possibly existing break point is found, the model to explain them is still not
established. More work is needed to understand the innermost accretion region.

Key words X-rays: binaries, accretion, accretion disks: quasi-periodic oscillations,
time lags
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