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Hard X-ray and !-ray emission 
from colliding-wind binaries

• Colliding-wind binaries
! Hydrodynamical shock
! Acceleration of particles
! Relativistic electrons

• Early-type stars
! Huge UV radiation field

• Inverse Compton scattering
! Hard X-rays and soft gamma-rays

Bell 1978, Pittard & Dougherty 2006



• Known for its eruption in 1843 (Viotti 1995)

• Mass-loss rate of 

• Period of 5.5 years in!:

optical observations (Damineli et al. 2000)

infrared observations (Whitelock et al. 2004)

X-ray observations (Corcoran 2005)

10−3 − 10−4 M"/year

NASA, ESA, UCB, STScI/AURA 2007
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Fig. 1. Lightcurve of η Car observed with the RXTE satellite and phased to the 5.5 yr orbital period. Plotted are counts detected
in layer 1 of the second proportional counter unit (PCU2) and a predicted lightcurve (Pittard et al. 1998) from a numerical
model of the wind-wind collision. The two agree well, particularly the duration of the minimum. The rise from minimum is not
in good agreement, but this is thought to be due to the limitations of modelling the wind collision in 2D. The rapid change in
position angle of the stars through periastron passage skews the shock cone which causes the line of sight in fully 3D models to
remain in the denser wind of the primary until later phases, increasing the absorption at these times (Pittard 2000).

regarded as a key phase in the evolution of massive stars,
during which a transition into a Wolf-Rayet star occurs
(e.g. Langer et al. 1994; Maeder & Meynet 2001). Due
to their rarity and complex nature however, we unfortu-
nately still have no definitive theory for mass-loss dur-
ing the LBV stage. The majority of proposed mechanisms
to drive LBV instabilities, the onset of higher mass-loss
rates and underlying eruptions, are concerned with the
importance of radiation pressure within the outer enve-
lope of the LBV, and for example utilize pulsational in-
stabilities (e.g. Guzik et al. 1999), dynamical instabilities
(e.g. Stothers & Chin 1993), or presuppose Eddington-
like instabilities. The latter could arise from an enhance-
ment in opacity as the star moves to lower temperatures
(e.g. Lamers 1997), or from the influence of rotation (e.g.
Langer 1997; Zethson et al. 1999). Alternatively, the possi-
bility that binarity plays a fundamental role in explaining
observed LBV outburst properties has also been consid-
ered (Gallagher 1989), though most LBVs are not known
binaries. Clearly, determining the wind and stellar prop-
erties of LBV stars is paramount (see, for example, the
discussions in Leitherer et al. 1994; Nota et al. 1996).

An important question is the degree to which binarity
influences the properties of LBVs (i.e. do LBVs in bina-
ries evolve differently than single LBVs?). So while the
presence of a companion can be exploited to help mea-
sure the mass of such stars, we must bear in mind that
binary LBVs and single LBVs may be quite distinct ob-
jects. Therefore, in order to use η Car to understand some
of the defining LBV characteristics such as their extremely
high mass-loss rates, we first need to determine beyond all

doubt that η Car is in fact a binary, and then to determine
the influence of the companion on the system.

Investigations over the last few years have already
helped to form a basic picture of η Car. The orbital
parameters, although uncertain, indicate the presence of
an early-type companion star, which will also have a pow-
erful stellar wind. In such binaries, a region of hot shocked
gas with temperatures in excess of 10 million K is created
where the stellar winds collide (Prilutskii & Usov 1976;
Cherepashchuk 1976). The wind-wind collision (WWC)
region is expected to contribute to the observed emission
from this system, particularly at X-ray and radio wave-
lengths. Previous X-ray observations revealed extended
soft emission from the nebula and strong, hard, highly ab-
sorbed, and variable emission closest to the star (Corcoran
et al. 1995; Weis et al. 2001), in contrast to the emission
characteristics from single stars, which are typically softer,
much less absorbed, substantially weaker and relatively
constant in intensity. Since 1996 Feb η Car has been con-
tinuously monitored by RXTE in the 2–10 keV band (e.g.
Corcoran et al. 2001a). The lightcurve (Fig. 1) contains re-
markable detail showing a slow, almost linear, rise to max-
imum over a period of ≈1 yr, followed by a rapid drop to
approximately 1/6 of the peak intensity for≈3 months, an
almost as sharp rise to approximately 1/2 of the peak in-
tensity level, and then almost constant intensity for≈3/4
of the proposed 5.5 yr orbital period. The drop to min-
imum was successfully predicted from numerical models
of the WWC (Pittard et al. 1998) before being actually
observed.

Small scale quasi-periodic outbursts in the X-ray
lightcurve have also been detected (Corcoran et al. 1997).

Pittard & Corcoran 2005



Eta Carinae as a
colliding-wind binary

• Binary system made of :

a Luminous Blue Variable

a less extreme (O or WR) star (Iping et al. 2005)

• High eccentricity (0.9) (Corcoran et al. 2001)

• X-ray spectrum ! Colliding-wind binary 
(Corcoran 2005)



BeppoSAX observations

4 observations with PDS (Viotti et al. 2004) :

• High-energy excess (13-20 keV)
at " = 0.83, 1.37, 1.46

• No excess at " = 1.05

... but this needs confirmation...

• High-energy tail up to 50 keV (June 2000)



INTEGRAL observations : 
image

• 1131 pointings, i.e. 3.3 Ms
! Effective exposure time of 1.1 Ms 

• 3 sources in the PDS field

• Eta Carinae (22-100 keV) :
significance = 7.3
luminosity = 7E33 erg/s

• Anomalous X-ray Pulsar 1E 1048.1-5937

• IGR J10447-6027

Leyder,  Walter & Rauw 2008



INTEGRAL observations : 
spectrum

• Up to 100 keV 

• wabs*mekal (kT = 5.1 keV, NH = 4.3E22)

• powerlaw ! photon index of  1 ± 0.4
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• wabs*mekal (kT = 5.1 keV, NH = 4.3E22)

• powerlaw ! photon index gamma of  1 ± 0.4



INTEGRAL observations : 
mechanism

• High-energy non-thermal emission from a 
colliding-wind binary

• Inverse Compton scattering of UV or optical 
photons by high-energy electrons accelerated 
in the collision zone (Benaglia & Romero 2003)

• Total power in stellar wind interactions
                                               (Pittard & Stevens 2002)

L1 + L2 ! 1037erg/s

L =
1
2
ΘṀv2



• 3 major periods of observations!:

" = 1.99-2.01; 122 ks; significance = ---

" = 2.16-2.19; 717 ks; significance = 6.2

" = 2.35-2.37; 180 ks; significance = 3.3

• X-ray lightcurve

INTEGRAL observations : 
variability?
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variability?

Colliding-wind binary
! Increase in column density
! Decrease in plasma emission measure

J. M. Pittard and M. F. Corcoran: In hot pursuit of the hidden companion of η Carinae 637
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position angle of the stars through periastron passage skews the shock cone which causes the line of sight in fully 3D models to
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regarded as a key phase in the evolution of massive stars,
during which a transition into a Wolf-Rayet star occurs
(e.g. Langer et al. 1994; Maeder & Meynet 2001). Due
to their rarity and complex nature however, we unfortu-
nately still have no definitive theory for mass-loss dur-
ing the LBV stage. The majority of proposed mechanisms
to drive LBV instabilities, the onset of higher mass-loss
rates and underlying eruptions, are concerned with the
importance of radiation pressure within the outer enve-
lope of the LBV, and for example utilize pulsational in-
stabilities (e.g. Guzik et al. 1999), dynamical instabilities
(e.g. Stothers & Chin 1993), or presuppose Eddington-
like instabilities. The latter could arise from an enhance-
ment in opacity as the star moves to lower temperatures
(e.g. Lamers 1997), or from the influence of rotation (e.g.
Langer 1997; Zethson et al. 1999). Alternatively, the possi-
bility that binarity plays a fundamental role in explaining
observed LBV outburst properties has also been consid-
ered (Gallagher 1989), though most LBVs are not known
binaries. Clearly, determining the wind and stellar prop-
erties of LBV stars is paramount (see, for example, the
discussions in Leitherer et al. 1994; Nota et al. 1996).
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ries evolve differently than single LBVs?). So while the
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sure the mass of such stars, we must bear in mind that
binary LBVs and single LBVs may be quite distinct ob-
jects. Therefore, in order to use η Car to understand some
of the defining LBV characteristics such as their extremely
high mass-loss rates, we first need to determine beyond all

doubt that η Car is in fact a binary, and then to determine
the influence of the companion on the system.

Investigations over the last few years have already
helped to form a basic picture of η Car. The orbital
parameters, although uncertain, indicate the presence of
an early-type companion star, which will also have a pow-
erful stellar wind. In such binaries, a region of hot shocked
gas with temperatures in excess of 10 million K is created
where the stellar winds collide (Prilutskii & Usov 1976;
Cherepashchuk 1976). The wind-wind collision (WWC)
region is expected to contribute to the observed emission
from this system, particularly at X-ray and radio wave-
lengths. Previous X-ray observations revealed extended
soft emission from the nebula and strong, hard, highly ab-
sorbed, and variable emission closest to the star (Corcoran
et al. 1995; Weis et al. 2001), in contrast to the emission
characteristics from single stars, which are typically softer,
much less absorbed, substantially weaker and relatively
constant in intensity. Since 1996 Feb η Car has been con-
tinuously monitored by RXTE in the 2–10 keV band (e.g.
Corcoran et al. 2001a). The lightcurve (Fig. 1) contains re-
markable detail showing a slow, almost linear, rise to max-
imum over a period of ≈1 yr, followed by a rapid drop to
approximately 1/6 of the peak intensity for≈3 months, an
almost as sharp rise to approximately 1/2 of the peak in-
tensity level, and then almost constant intensity for≈3/4
of the proposed 5.5 yr orbital period. The drop to min-
imum was successfully predicted from numerical models
of the WWC (Pittard et al. 1998) before being actually
observed.

Small scale quasi-periodic outbursts in the X-ray
lightcurve have also been detected (Corcoran et al. 1997).

Pittard & Corcoran 2005



Future prospects

• Systematic search for :

Wolf-Rayet stars

non-thermal radio emitting early-type stars

O-type stars (magnitude V < 8)

• Variability?


