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Every second week for fourteen years: RXTE observations of Cyg X-1

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 wind⇒ accretion via focused wind
orbital period ∼ 5.6 days; distance ∼ 1.86+0.12

−0.11 kpc (VLBA
parallax, Reid et al., 2011)
persistent source, showing often state transitions

c©ESA
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Every second week for fourteen years: RXTE observations of Cyg X-1

Jets

position angle from the core ð218–248Þ in all 3 epochs, whereas the

inner jet (, 7mas) is at 178 during epoch A. The apparent change

in direction of the jet suggests that the position angle of ejection is

varying, perhaps either jet precession or jitter, both of which are

observed in SS433 (Margon & Anderson 1989). It is also possible

that the kinks observed in the extended emission are consistent

with a bending jet flow, rather than a ballistic motion, although

apparently unrelated to the direction of the proper motion of

Cygnus X-1 as would be expected from ram pressure

considerations. Projection effects will enhance the appearance of

a jet bend (as with apparent 908 bends in blazar jets). The higher

resolution image in Fig. 3 shows that the bend occurs in a minimum

of surface brightness. This is consistent with an underlying helical

magnetic field in which the magnetic field pitch angle reverses sign

at the bend in radio structure, e.g. Laing (1981); Papageorgiou

(private communication). Measurements of any linear polarization

could confirm this model.

The bend is no longer apparent in epochs B and C, suggesting

that the feature disappears on a time scale of # 2 d. This could be

due to rapid motion and decay via adiabatic expansion, or

synchrotron losses. In the latter case the magnetic field in the

component would need to be greater than 16 G, rather higher than

is commonly deduced for microquasar jets.

It is also apparent in Fig. 3 that the jet is not resolved

perpendicular to the flow. Using a beam size of 1mas across the jet

and a maximum distance from the core of 15mas on the plane of

the sky, the opening semi-angle of the radio-emitting material is

constrained to # 28.

The flat radio spectrum in Cygnus X-1 has specifically been

modelled as slowed expansion in a continuous jet (Hjellming &

Johnston 1988). The predicted spectrum for this geometry is flat

until a turnover at around 10GHz for an inclination of 408.

However, the self-absorption in a slowed expanding jet model

cannot explain the observed flat spectrum to mm wavelengths

(Fender et al. 2000). In comparison, jet components from GRS

19151105 are observed to become optically thin less than a few

minutes after ejection at mm wavelengths (Mirabel et al. 1998).

Possibly another inverted spectrum component (such as the disc or

stellar wind), as well as the partially self-absorbed conical jet, is

required to explain the wavelength dependence up to mm

wavelengths of the integrated spectrum.

4 CONCLUS IONS

Cygnus X-1 has been detected with the VLBA at 15.4GHz, giving

a 13-year time base for proper motion measurements. Subsequent

imaging at 8.4GHz shows that a relativistic jet with either a

bending flow or a variable ejection angle exists in Cygnus X-1. The

jet appears to be narrow (, 28 opening angle). The source was

known to be in a low/hard X-ray state at the times of all our

observations. Given the documented X-ray/radio correlations, and

our three separate images of extended radio emission, it is likely

that a jet always exists in the ‘quiescent’ low/hard X-ray state

thought to harbour a central ADAF. It is unclear how the low-level

radio flaring of the low/hard X-ray state fits into the picture of a

steady-state accretion disc input/output system.

Further VLBI observations with a global VLBI array were

undertaken in 2001May. A sequence of images within a day should

show whether the radio jet is continuous or consists of moving

discrete components.
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Figure 3. A high-resolution (robust 0) image of Cygnus X-1 at 8.4GHz;

lowest contour 0.157mJy beam21, convolved with a Gaussian beam 2:25 �

0:86mas2 in PA 2128: 4.
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Every second week for fourteen years: RXTE observations of Cyg X-1

The RXTE Campaign
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Every second week for fourteen years: RXTE observations of Cyg X-1

Cyg X-1 on the q-Track
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Every second week for fourteen years: RXTE observations of Cyg X-1

Spectral Modelling

two basic spectral models employed to describe the RXTE data:
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Every second week for fourteen years: RXTE observations of Cyg X-1

Hard and Soft Spectra
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Every second week for fourteen years: RXTE observations of Cyg X-1

ASM Mapping

idea: define states
using ASM data⇒
state definitions
where no PCA data
available

simple solutions
(using either only
countrate or only the
hardness) do not
clearly distinguish
between states
solution: use a
function of both
countrate and
hardness
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State Transitions
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hard to soft state
transition observed to
occur in under 2.5
hours
similar behaviour on
short and long
timescales

radio flux and X-ray
spectral shape
correlated
tight correlations
between spectral and
timing parameters
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State Transitions

this work

all RXTE data

3.532.52

30

25

20

15

10

5

0

Photon Index Γ1

S
1
5
G

H
z
[m

J
y
]
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Orbital Coverage
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Orbital Modulation of NH
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Summary/Outlook

Summary
Unique long term dataset covering different states and numerous
state transitions
Flux and hardness both important for state definitions in ASM
Quick transitions, tight parameter correlations
Orbital variations of NH

Outlook
consistent empirical description of all the orbit-wise RXTE spectra
timing analysis of bi-weekly campaign data
BAT- & MAXI Mapping

Thank you for your attention!
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