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The Broadband Variability of the Black Hole Cygnus X-1 Introduction

Cyg X-1 / HDE 226868 System

HMXB
(High Mass X-ray
Binary)

companion:
HDE 226868,
O-type supergi-
ant, close to filling
its Roche lobe

strong stellar winds⇒ accretion via focused wind
orbital period ∼ 5.6 days; distance ∼ 2 kpc
jets resolved in radio observations

c©ESA
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The Broadband Variability of the Black Hole Cygnus X-1 Introduction

X-ray States of Cyg X-1

256 J. Wilms et al.: Long term variability of Cygnus X-1. IV.
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Fig. 11. Relationship between �h/�s and the shape of the X-ray spectrum above 10 keV as found from the broken power law fits. a) Correlation
between �h/�s and the photon index, Γ2, b) correlation between �h/�s and the folding energy, Efold.
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Fig. 12. Unfolded spectra and residuals for the
eqpair fits of the Cyg X-1 observations of 2003
January 10 (P60090/23.14off; hard spectrum) and
2003 July 29 (P60090/35.14off; soft spectrum),
illustrating the typical spectral variability of the
source.

Zhang et al. (1997) claimed that the difference in bolometric
luminosity of Cyg X-1 between the 1996 hard and soft states
was <∼50%–70%, a statement later revisited by Zdziarski et al.
(2002). Based on a small number of observations, these authors
found that the bolometric flux of the source was higher by a fac-
tor of 3–4 in the soft state. The availability of our broad band
fits allows us to confirm Zdziarski et al. (2002)’s earlier results:
During the RXTE campaign, the mean bolometric unabsorbed
flux of Cyg X-1 was 4.3 × 10−8 erg cm−2 s−1, with a minimum
flux of 2.4 × 10−8 erg cm−2 s−1 measured on 2003 January 10
(observation P60090/23.14off), and a maximum flux of 9.1 ×
10−8 erg cm−2 s−1 measured on 2002 March 25 (observation
P60090/02.14off). Assuming a distance of 2 kpc, these values

correspond to a mean source luminosity of 2.1 × 1037 erg s−1,
varying between 1.2×1037 erg s−1 and 4.4×1037 erg s−1. These
luminosity values are extremes; in general we find the lumi-
nosity of Cyg X-1 during the soft states to be approximately
twice that of the hard state phases. Cyg X-1 thus has a long-
term average luminosity of (0.01–0.02) LEdd, assuming a black
hole mass between 10 and 15 solar masses (Ziółkowski 2005;
Herrero et al. 1995). Figure 12 shows unfolded spectra for two
of the more extreme observations of Cyg X-1, illustrating the
strong spectral variability of the source.

Finally, we discuss the variability of the reprocessing fea-
tures, i.e., the covering factor of the reflecting medium, Ω/2π,
and the Fe Kα line. Figure 13 shows that Ω/2π ∼ 0.15 for

1

from: Wilms et al., 2006, Fig. 12

source always bright in X-rays
⇒ persistent source

two distinct regimes:
1 low/hard state

lower flux at soft
X-rays, higher
flux at hard
X-rays

2 high/soft state
higher flux at
soft X-rays,
lower flux at
hard X-rays

radio emission is cor-
related with X-rays
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The Broadband Variability of the Black Hole Cygnus X-1 Introduction

The q-Track

same kind of be-
haviour for different
accreting objects

⇒
one unified sche-
me for state transi-
tions: q-Track

Credit: International Space
Science Institute (ISSI),

http://www.sternwarte.
uni-erlangen.de/

proaccretion/
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The Broadband Variability of the Black Hole Cygnus X-1 Spectral Variablity

Long-Term Behaviour of Cyg X-1
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The Cyg X-1 Key Programme
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the Cyg X-1 Key Pro-
gramme covers:

a long,
exceptionally
hard state
a radio flare
a soft state
transition
a long soft state

⇒ analysis of parame-
ter ranges for different
states
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Spectral Modelling

two basic spectral models employed to describe the ISGRI data:
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cutoff power law
purely empirical model
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unfolded spectrum
model: comptt
χ2

red = 1.0  (DOF = 54)

simple Comptonization model
(comptt)

⇒ both generally describe data equally well
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Spectral Parameters

growing χ2
red due to calibration un-

certainities ⇒ awaiting new OSA
version

results:
clearly defined parameter
ranges for states
no notable spectral changes
in the 20–500 keV range
during the radio flare
(∼ revolution 800)
clearly changing parameters
already during the very start
of the transition to the soft
state in summer 2010
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The Broadband Variability of the Black Hole Cygnus X-1 Polarization

Compton Mode of INTEGRAL/IBIS

θsca

θsou

θ
com

ISGRI

PICsIT

A

B
C

Scattered photon

Source photon

Compton mode of IBIS instrument on INTE-

GRAL: Compton scattering in IBIS layer, ab-

sorption in PICsIT layer.

(Forot et al., 2007, 2008; Dean et al., 2008):

Detection of both events allows

• to reconstruct position to 12′ precision

• to measure Compton scattering angle:

cos θcom = 1−
mec

2

E2
+

mec
2

E1 + E2

(Forot et al., 2007, Fig. 1)

• to measure Polarization:

N (Ψ) = S(1 + a0 cos(2Ψ− 2Ψ0))

where

– a0/a100: deg. of polarization (a100: normalization, from GEANT simulations)

– polarization angle: PA = Ψ0 −
π
2 + nπ

after: Forot et al., 2007, Fig. 1

Compton mode of IBIS: Comp-
ton scattering in ISGRI layer,
absorption in PICsIT layer
detection of both events allows
to:

reconstruct the position to
12’ precision
measure the Compton
scattering angle
measure polarization
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The Broadband Variability of the Black Hole Cygnus X-1 Polarization

Spectral Shape

P. Laurent et al.,
2011, Science 332,
438

INTEGRAL moni-
toring of Cyg X-1:
∼5Ms of data bet-
ween 2003 and
2009

two spectral com-
ponents: Cyg X-1 spectrum >20 keV: two components:

1. curved component <400 keV =⇒ Comptonization/Reflection

2. hard tail >400 keV =⇒ “nonthermal”

Tail usually transient, mainly seen during hard state of black holes out to MeV en-

ergies e.g., McConnell et al. (2000)

I . 400 keV: curved component⇒ Comptonization/reflection
I & 400 keV: nonthermal component, hard tail
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The Broadband Variability of the Black Hole Cygnus X-1 Polarization

Polarization of Comptonization/Reflection Component

Compton mode for <400 keV data: polarization <20% (90% conf.)

Compton mode for < 400 keV data:
polarization < 20% (90% conf.)
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The Broadband Variability of the Black Hole Cygnus X-1 Polarization

Polarization of Nonthermal Hard Tail Component

Compton mode for 400–2000 keV data: polarization 67± 30%

Compton mode for 400–2000 keV data:
polarization 67±30%
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The Broadband Variability of the Black Hole Cygnus X-1 Summary & Outlook

Summary & Outlook

Summary:
good coverage of different source states with INTEGRAL Key
Programme: hard state, radio flaring episode, state transition, soft
state
spectral analysis confirms expected behaviour, with the exception
of the peculiar radio flaring episode
Cyg X-1 is, after Crab, the second galactic source for which
polarization has been measured in X-rays⇒ support for the
notion that Gamma-rays are produced in jets

Outlook:
broadband coverage of the Key Programme with JEM-X & SPI
analysis of simultaneous RXTE observations
polarization measurements for different source states
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