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Introduction
Transients (bright month-long outbursts) vs 
Persistent: interesting!

Spectral states show component 
evolutions=hints on accretion/ejection 
processes & strong gravity role

Wide-band campaigns essential: INTEGRAL, 
Swift, RXTE, NTT, REM, VLA, VLBA, ATCA,...

Cygnus X-1: INTEGRAL+MAGIC long “flare” in hard state. Malzac et 
al. 08; Neronov, Cadolle Bel et al. 08. INTEGRAL KP data (Cadolle 
Bel et al. 10a in prep). XTE J1818-245, XTE J1817-330: INTEGRAL 
ToOs and Galactic Bulge monitoring program simultaneously to 
Swift, RXTE, NTT, REM and VLA/VLBA/ATCA. Cadolle Bel et al. 08; 
09; 10b (in prep). H 1743-322: 2008 outburst seen by INTEGRAL, 
RXTE, XMM and ATCA. Prat, Rodriguez, Cadolle Bel et al. 09.
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10 hours!

Fast-rise X-ray 
flux 5 min just 
before MAGIC 

detection, but no 
HR changes; 

decreases after.
Historical average (BATSE never saw this in 10 years; 

higher BAT flux since launch) around 1 Crab

HR2 stable but 
small var. (15%) 
anti-correlated 

with flux

The Cyg X-1 2006 Sept. flare
INTEGRAL Light Curve 18-200 keV



Cyg X-1 spectra up to TeV

Spectral parameters similar over ~3 
days despite strong flux oscillations, 
even when MAGIC detection occurs...

ASM/ISGRI/PICsIT/SPI

Luminosity~3% LEdd

ISGRI/PICsIT/SPI

 MAGIC

Malzac et al. 08

Gamma~1.4; Ecut~140 keV
compPS: HS, kTe~70 keV, tau~2.5, reflect~0.4

No robust evidence for presence of a non-thermal 
excess...



Events not extreme in luminosity but in duration. No special light curve/spectral 
feature when MAGIC detection occurs (puzzling):

TeV emission (Albert et al. 07) “could” explain high-E excess (IF REAL): 
matches extrapolation from SPI data if simple power law from < 1 MeV up to 
TeV (unlikely to happen!). Pair absorption/production? Shocks with ISM/wind 
(compact radio jet, e.g., Markoff/Corbel/Gallo or Zdziarski et al. 09)? ISSUE!

Radio/X-ray flares explained by ejection of e- bubbles emitting synchrotron 
radiation (Wilms et al. 07): is it the case in our recent observations? Other 
issues to study (Hanke et al. 09, Nowak et al. 08, Wilms et al. 06).

No correlation TeV/keV for Cyg X-1



KP Long term LCs and spectral parameters
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Other small hard flares?
Soft flaring period?

22 INTEGRAL revolutions (~3 days) on Cyg X-1: Hard State, 
except May 2009, simultaneous radio flare -> FST?
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No strong changes?

Soft flaring period, seen in 
radio by AMI
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Very bright HS, like during the September 06 flare, but no 
strong changes in LHS parameters 

Full moon unfortunately: no MAGIC nor HESS nor VERITAS

JEM-X ISGRI

kTe ~ 56 keV, tau~1

PICsIT

Very hard spectra-May 2008 
Cygnus X-1 reached 1 Crab (20-80 keV) then 2 Crabs during 8 hours 
on 18th. Seen by ASM. Increase by factor 2 of 3-10 keV flux!



Cyg X-1 variabilities-Nov. 2008?

More variability in LC than previously (May) with short flares on a several SCW scale

Optical flare: sudden increase of matter falling in the disc; more obvious in B band 
(shorter wavelength) NOT due to companion...

kTe~46 keV, tau~2.8

ISGRI spectrum similar to previous periods with a 
slightly smaller flux, probably a bit harder1

0
!

5
1

0
!

4
1

0
!

3
0

.0
1

0
.1

1
1

0

n
o

)m
a

liz
e

0
 c

o
u

n
ts

/s
e

c
/k

e
V

10 100
!

4
!

2
0

2
4

!

c:annel ene)gy (keV)

JEM-X
ISGRI

Cadolle Bel et al. 10a



Cyg X-1 spectra: comparisons
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Hard state 2007 December vs 
recent “flaring” May 2009:

Gamma: 1.37->1.45 (as in GX 339-4)
Ecut: 140->160 keV

but no 20-450 keV clear flux 
variations... FST

compTT kTe 46->48 keV, tau 1.3->1.2
(Wilms et al. 06, Cadolle Bel et al. 
06: pure thermal Compt. less good 

descriptions?)

With the 3 following LMXBs: “luckier” in our multiwavelength campaigns, better 
constraints on BH physics and ejection events



XTE J1818-245

Spectral Energy 
Distributions (SEDs)
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Spectral energy distributions of XTE J1818-245

20-21 Aug.
Average Swift/XRT, RXTE/PCA+HEXTE and 

INTEGRAL/JEM-X+ISGRI spectra

kTin~0.6 keV
Gamma~2.2

Radio VLA flux (6cm):
x4 in less than one day!

Flat VLA spectrum, -1
(1.4, 4.8, 8.4 GHz)

kTin~0.6 keV
Gamma~2.4

22-23 Aug.
Average RXTE/PCA+HEXTE and 
INTEGRAL/JEM-X+ISGRI spectra

NTT, -2

Classical spectral parameter evolutions (disc, hot media) 
BUT radio behaviour puzzling...

Cadolle Bel et al. 09



H 1743-322
2008 outburst seen in very early phase

10 mCrab (3-10 keV), 17 mCrab (18-40 
keV), and 31 mCrab (40-100 keV). No 
emission 3 days before!

1/2 day(s) later fluxes increased+power 
law~1.3 with cut-off 151 keV;1 day later, 
no cut-off. Pho index~1.6

Radio: compact jet. XMM: no clear 
relativistic broad Fe K-alpha line. RXTE: 
flux increasing, LFQPO, state change LHS 
to HIMS. Seen by INTEGRAL: 20-200 keV 
flux decreased by ~45% within 2 days 
simultaneously to spectral softening (Pho 
index ~2.2).

(Will the disc be empty soon...?)
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Spectral parameters

LHS during 28 days, then HIMS. Slow spectral and timing 
characteristics evolutions. Previous 2003 outburst: 12 
days only in LHS. Spectral indexes and flux comparable.

Total rms power~25-30%. QPOs detected at 0.5 and 1 Hz 
(ratio~2); rms amplitude of 5 and 10% respectively, while 
in 2003 only 0.1 Hz QPO detected at 3-14% rms.

PCA

HEXTEXRT
ISGRI

10
!4

10
!3

0.
01

0.
1

1
10

no
rm

al
ize

d 
co

un
ts

/s
ec

/k
eV

10 100

!2
0

2

!

channel energy (keV)

Gamma-rays

X-rays

Pho index

y

rms

QPO frequency

QPO rms

LHS to HIMS

kTin

H 1743-322

Prat, Rodriguez, Cadolle Bel et al. 09



H 1743-422: correlation pho index/QPO

4 L. Prat et al.: An early-phase hard state outburst of H1743−322...

The RMS of the continuum stays around ∼30% during the
LHS (Fig. 3, panel g). The RMS fraction of the lower frequency
QPO remains stable around 15%. The RMS fraction of the first
harmonic QPO decreases during the first 3 RXTE observations,
and is not strong enough to be measured afterwards.

Fig. 4. Photon index of the power law component as a fonction of the
frequency of the main QPO. The left part of the diagram corresponds to
the LHS, while the right part corresponds to the HIMS.

4. Discussion

The spectral and temporal parameters of H1743-322 from MJD
54732 to 54759 show that the source was in a typical Low-Hard
State (LHS) of a Black-Hole Binary (Prat et al. 2008a). This
is further supported by the observation of radio emission with a
flat or slightly inverted spectrum (Corbel et al. 2008). After MJD
54761, the drop of the RMS variability and the sudden increase
of the QPO frequency in the timing domain, which are seen si-
multaneously with the sudden increase in photon index and de-
crease of hard X-ray flux, indicate that the source has changed
state. We identify the new state has a Hard Intermediate State
(HIMS, Belloni et al. 2008; Prat et al. 2008b).

We can compare this behaviour to the 2003 outburst, and
see whether H1743−322 reproduces its past behaviour or not.
During the beginning of the 2003 outburst, H1743−322 stayed
in a LHS during only ∼12 days, compared to ∼ 28 days for the
current outburst. The spectral indexes and total fluxes are com-
parable: it was then in the range 2.5–3× 10−9 erg cm−2 s−1 in the
20–100 keV band (McClintock et al. 2007), compared to 0.5–3.3
× 10−9 erg cm−2 s−1 during the current outburst. The total RMS
power are also in the same range, i.e. ∼25% in 2003, compared
to ∼30%. The RMS power and spectral index are also very sim-
ilar to the ones displayed during the 2003 outburst decay, when
the source reentered the LHS (Kalemci et al. 2006). We detect
two QPOs, with frequencies of ∼0.5 and ∼1 Hz, and RMS am-
plitude of ∼5 and ∼10% respectively. During the beginning of
the 2003 outburst, only one QPO was detected, with a ∼0.1 Hz
frequency, and ∼3–14% RMS amplitude.

The evolution of the different parameters follows two distinct
paths. The overall evolution is characterised by a slowly decreas-
ing hard X-ray flux and a slowly increasing QPO frequency. At
the same time, faster changes occur: we see a quick increase of
the flux at the onset of the outburst, and a quick softening of
the spectra simultaneous with a drastic increase of the QPO fre-
quency at the state transition. These two distinct behaviours re-
mind of the interpretation of Smith et al. (2002), which involves
two different media. One medium evolves with a long viscous

timescale (the accretion disk), and one which evolves faster (a
corona and/or a jet). The properties of the LFQPOs are also com-
parable to what is seen in other BH in outbursts. In particular, the
frequency increases with the photon index (Fig. 4, Vignarca et al.
2003). This indicates that, although the disc properties probably
set the frequency, the corona plays a crucial role in the genera-
tion and/or amplification of the QPO power.

The behaviour of the QPO and its first harmonic is quite in-
teresting: while the fundamental has a roughly constant RMS
over the LHS, the RMS of the first harmonic decreases. It may
be correlated to the hard X-ray flux (Fig. 3). This different be-
haviour is quite important as it could be indicative of the physi-
cal origin of the QPOs. If we consider a model of an instability
propagating in the disc, as e.g. the Accretion-Ejection Instability
(AEI, Tagger et al. 2004), which rely on an instability at the
corotation radius powered by spiral waves coming from the in-
ner edge of the disk, the disappearance of the harmonic QPO
could be a consequence of a two-armed wave merging into a
one-armed wave. More generally, with the only assumption that
the QPO is generated by something rotating within the accre-
tion disk, we see that its azimuthal modes with more than two
nodes fade during the LHS, while the fundamental mode re-
mains stable. Note that after the transition to the HIMS, the QPO
frequency increases dramatically: this is indicative of a quick
and drastic change in the corona, since the accretion disk cannot
evolves in such a short time.

The early phases of BH outbursts show rapid changes in the
interplay between the components of the system, which in turn
determine the characteristics of the outburst to come. The study
of these poorly observed phases is therefore crucial for our un-
derstanding of the accretion processes occurring in BH Binaries.
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LFQPO
frequency increases with 
pho index: although disc 
properties probably set 

the frequency, the 
“corona”/hot medium plays 

a crucial role in the 
generation and/or 

amplification of the QPO 
power

See also Prat & Rodriguez (ArXiv: 0902.1226)

Prat, Rodriguez, Cadolle Bel et al. 09



XTE J1817-330
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Average RXTE/PCA+HEXTE and 
INTEGRAL/JEM-X+ISGRI spectra

ATCA flat spectrum: compact jet

Excess over diskbb: more X-ray reprocessing 
(irradiated disk) than synchrotron emission?

REM/UVOT

kTin~0.7 keV
Gamma~2.2PCA

HEXTE ISGRI
see Gierlinksi et al. 08 vs Rykoff et al. 07 & 

Sala et al. 07
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Conclusions
Cyg X-1: hard state with weak variability+FST. Spectra well described by thermal 
CompTT/exp. cutoff. Next steps: search for non-thermal component (Cadolle Bel et 
al. 06)+include radio data in modelling (Markoff et al. 05).

LMXBs: Classical evolutions of disc temperatures, Fe lines and power law hard 
component of BHs, 3 components in SED BUT slight deviations from “standard 
picture” (see, e.g., Cadolle Bel et al. 07, Gallo et al. 08). 

XTE 1817-330: Clear optical/IR excess over viscous disc model: reprocessing of 
X-rays (irradiated disc) instead of synchrotron emission?

Radio flares in XTE J1818-245: compact jet/discrete ejections (bubbles)? But 
sometimes flare seen 5 days after transition to soft state!

H 1743-322: 2 distinct trends=2 physical media. Viscous timescale vs faster 
jet/corona: Prat & Rodriguez (ArXiv: 0902.1226).

See also poster A03 on broad Fe lines in bright NS LMXBs

Still a lot to learn on media in strong gravity to have coherent picture!

! ! ! ! ! ! ->ASTRO-H, IXO, VLBI, LOHFAR,...


