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High energy variability in η Carinae
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Abstract. One of the most outstanding stellar object in our Galaxy, η Carinae, a colliding
wind binary (CWB) with the largest mass loss rate observed, presents a hard X-ray emission
and is therefore a primary candidate to search for particle acceleration by probing its γ-ray
emission. The gamma-ray spectral energy distribution of η Carinae features two distinct
components. The first one can be understood by inverse Compton scattering of ultraviolet
photons by electrons accelerated up to γ ∼ 104. The second component is a hard gamma-
ray tail detected above 20 GeV and displaying a variability along the orbit. We report on
the latest Fermi/LAT results demonstrating that the hard gamma-ray component is indeed
emitted by the binary system and that π0-decay is the most likely source of that emission.

Key words. Cosmic-ray acceleration; colliding winds; η Carinae; Fermi/LAT; γ-rays; vari-
ability

1. Introduction

One century after the discovery of the cosmic-
rays by V. Hess, their galactic origin is still
unknown. Their sources must accelerate par-
ticles up to few PeV and account for a pro-
ton luminosity of few 1040erg/s. Contrary
to the primary charged galactic cosmic-rays
which, deflected by magnetic fields, cannot be
used to determine the nature of their sources,
secondary produced γ-rays give insight on
their site and mechanism of production. The
Fermi/LAT telescope is currently the most sen-
sitive observatory to conduct such research in
the 0.1 to 100 GeV energy range.

Detections of cosmic-ray fluxes show high
metallicities and feature abundances charac-
teristic of OB associations with a mixing of
ejecta from Solar (80%) and Wolf-Rayet (20%)
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type stars (Binns et al., 2008; Rauch et al.,
2009), suggesting that their acceleration is re-
lated to stellar formation and massive stars.
About 30 early-type stellar systems feature
synchrotron radiation in the radio domain, a
signature of electron acceleration (De Becker,
2007). Diffusive shock acceleration in stellar
wind collisions (Benaglia & Romero, 2003),
either in colliding wind binaries or OB asso-
ciations, is the most likely acceleration pro-
cess and a candidate for cosmic ray accel-
eration (Axford, 1981; Casse & Paul, 1982).
Emission of γ-rays by hadrons accelerated in
stellar wind collisions have however not yet
been firmly identified. In this article, we report
on the detection of a high energy γ-ray emis-
sion in Fermi/LAT data, in coincidence with the
η Carinae CWB system, and on the confirma-
tion of its association thanks to a variability at
the highest energies.
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2. η Carinae binary system

η Carinae is one of the brightest and most
massive stars of the Galaxy (Davidson &
Humphreys, 1997; Hillier et al., 2001). Since
few years now, it is widely believed that
η Carinae is a binary system composed by a lu-
minous blue variable (LBV) primary star, with
the highest mass loss rate of the Galaxy, and
an O or WR companion star. The system thus
holds a powerful wind colliding region, which
makes it a primary candidate to search for γ-
ray detection. Some parameters of the two in-
dividual stars, as well as of the binary system
are reported in Tab. 1.

Table 1. η Carinae binary system parameters

Parameter Primary Secondary
Star type LBV O or WR
M(M�) 80-120 30
Ṁ(M�yr−1) 10−4 − 10−3 10−5

v∞(km s−1) 500 3000
R (R�) 100 20
Binary system Value
Distance (kpc) 2.3
Eccentricity 0.9
Period (yr) 5.54
Semi-major axis (1012m) 2.4
Periastron distance (1012m) 0.25
Last periastron 2009/01/11

3. Study of the γ-ray emission with
Fermi/LAT

The analysis of the 21 first months of
Fermi/LAT data was previously reported in
Farnier et al. (2011). A more accurate mod-
eling of the surrounding γ-ray environment
of η Carinae, including exponentially cut off
power-law shape for pulsars, than the one used
in the first year catalog of Fermi/LAT (1FGL,
Abdo et al., 2010), was introduced. In this
case, the γ-ray signal detected in Fermi/LAT
data, from 0.2 to 100 GeV, was found to be
fully consistent with the location of the bi-
nary system, in contrast with the 1FGL con-
clusion. The presence of the source is indis-

putable in Fermi/LAT data, with a significance
of ∼ 53σ. The spectral analysis, performed in
a binned likelihood mode, clearly establishes
a double component for η Carinae γ-ray emis-
sion. It can be modeled by the sum of an expo-
nentially cut off power-law for the low energy
component (LEC) (from 0.2 to 8 GeV) and a
pure power-law for the high energy component
(HEC) (from 10 to 100 GeV). The spectral pa-
rameters derived from the analysis are reported
in Tab. 2.

Table 2. γ-ray spectral parameters of η Carinae
CWB. (All energies are in GeV. F100

0.2 corresponds
to the integrated flux from 0.2 to 100 GeV.)

Parameter LEC HEC
(0.2<E<8) (10<E<100)

Significance (σ) 47 8.5
Spectral index 1.69 ± 0.12 1.85 ± 0.25
Cut off energy 1.8 ± 0.5 -
F100

0.2 1.52 0.41
(10−7ph cm−2s−1)

4. Temporal variability

η Carinae displays a strong variability near
periastron at different wavelengths: radio
(Duncan & White, 2003), millimetre (mm;
Abraham et al. 2005), optical (Damineli, 1996;
Damineli et al., 2000), near-infrared (near-IR;
Whitelock et al. 1994, 2004; Damineli 1996),
and X-ray (Corcoran, 2005). In the hard X-
ray domain however, the emission is consistent
with a steady source (Leyder et al., 2010).

In γ-rays, a two days flaring episode was
reported by AGILE1 (Tavani et al., 2009)
but was not confirmed by the analysis of
Fermi/LAT data. Moreover, the γ-ray flux ob-
served from the CWB region is consistent with
a steady emission for the energy range between
0.2-8 GeV.

At higher energies however, there is a
strong indication of variability of the γ-ray

1 With an integrated flux reaching F0.1 = (270 ±
65) × 10−8ph cm−2s−1 above 0.1 GeV.
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Fig. 1. From left to right and top to bottom: TS
(significance2) maps corresponding to the intervals
defined in the left image. (NB: the same color scale
is used for all significance maps.)

emissivity, correlated with the orbital sepa-
ration of the two stars. Fig. 1 displays, for
the four phase intervals described in Tab. 3,
the Test Statistic (TS) maps, equivalent to the
square of the significance, obtained for ener-
gies above 10 GeV. The complete data set cor-
responds to the 30 first months of Fermi/LAT
observations. The duration of the first three in-
tervals is identical (44 weeks) and was cho-
sen so that the first one symmetrically encom-
passes the periastron passage. From these im-
ages, it is clear that the hard γ-ray tail is fad-
ing when the distance between the two stars
increases.

The integrated fluxes, extrapolated over the
entire energy range (0.2-100 GeV), obtained
for the four different intervals are reported in
Tab. 3, for both γ-ray components. For this
time binning, the emissivity of the LEC is,
within the statistical uncertainties, compatible
with a steady emission. The HEC fluxes on the
other hand vary significantly. As the flux of the
HEC decreases with time and the latest inter-
val is shorter, we were only able to derive a
95%C.L. upper-limit.

Table 3. γ-ray emissivity. (* corresponds to a
95%C.L. upper-limit.)

F100
0.2 (10−7ph cm−2s−1)

Orbital phase LEC HEC
0.92-1.07 1.63 ± 0.10 0.31 ± 0.05
1.07-1.23 1.69 ± 0.09 0.19 ± 0.04
1.23-1.38 1.66 ± 0.08 0.14 ± 0.04
1.38-1.42 1.71 ± 0.16 0.1∗

5. Modeling of the system

Colliding wind binaries, such as η Carinae, are
likely to produce high energy electrons and
protons through diffusive shock acceleration.
In such a system, the main cooling mechanism
is inverse Compton scattering on the intense
UV radiation field of the stars for electrons and
interaction with the dense wind material for the
accelerated protons. In both cases, energetic γ-
rays are produced. The power law distribution
of the γ-rays resulting from the high energy
electrons cooling is expected to have an expo-
nential cut off at γmax ∼ 1 GeV, fairly indepen-
dent of the orbital position in the dipole ap-
proximation (Farnier et al., 2011), for a mag-
netic field of ∼50 G at the surface of the pri-
mary star. Proportional to the mechanical en-
ergy arriving in the shock fronts, the γ-ray in-
tensity of such a component is not expected to
vary strongly along the orbit. On the contrary,
the intensity of the high energy γ-ray compo-
nent arising from proton-proton interactions is
linked to the matter density in the post-shock
region, were the particles are trapped by the
magnetic field. Far from the stars, the inter-
action time scale of the protons remains sig-
nificant when compared to the diffusion time
scale whereas close and at periastron passage,
the wind becomes very dense and the pro-
tons interact before diffusing and produce γ-
rays through decay of neutral pions. The γ-
ray emissivity of this component is therefore
expected to vary with the density, similarly to
the thermal X-ray emission. The double spec-
tral component observed in Fermi/LAT energy
range and the difference of behaviour of these
two components with time, suggest that the γ-
ray emission observed in η Carinae arises from
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two different origins. The non-thermal spectral
energy distribution (SED) observed in direc-
tion of the system, displayed on Fig. 2, can
be reproduced by a model consisting of two
cut-off power law distributions for the elec-
trons and the interacting protons. The mag-
netic field and the electron energy distribu-
tion were adjusted to match the upper limit on
the radio synchrotron emission, derived from
the minimal thermal emission detected with
ATCA (Duncan & White, 2003), and to match
the inverse Compton continuum determined by
INTEGRAL and Fermi. The slope and cutoff
energy of the interacting proton energy distri-
bution were fixed to 2.25 and 104, respectively,
the same values as found for electrons. and
its normalization was fitted to match the high-
energy gamma-ray tail using π0-decay (Kelner
et al., 2006).
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Fig. 2. η Carinae SED including ATCA up-
per limit (green), BeppoSAX/MECS (blue),
INTEGRAL/ISGRI (red) and Fermi/LAT (pur-
ple) data. From low to high energies are shown the
synchrotron, stellar emission, inverse Compton and
π0-decay spectral components.

6. Conclusion

The detection of the variation of the hard γ-
ray tail of η Carinae, correlated with the or-
bital separation of the two stars, confirms our
previous association of the γ-ray signal with
the colliding wind zone. The variation of this

component alone, coupled with γ-ray spectrum
features also strengthen our hypothesis of two
population particles accelerated within the col-
liding wind zone. In case Fermi/LAT contin-
ues to operate in 2014, a new rise of the high
energy component is expected to be observed
during a few weeks around periastron passage,
allowing a deeper understanding of this com-
plex object.
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Dominici, T. P., et al. 2005, A&A, 437, 977

Axford, W. I. 1981, Annals of the New York
Academy of Sciences, 375, 297

Benaglia, P. & Romero, G. E. 2003, A&A, 399,
1121

Binns, W. R., Wiedenbeck, M. E., Arnould, M.,
et al. 2008, New A Rev., 52, 427

Casse, M. & Paul, J. A. 1982, ApJ, 258, 860
Corcoran, M. F. 2005, AJ, 129, 2018
Damineli, A. 1996, ApJ, 460, L49
Damineli, A., Kaufer, A., Wolf, B., et al. 2000,

ApJ, 528, L101
Davidson, K. & Humphreys, R. M. 1997,

ARA&A, 35, 1
De Becker, M. 2007, A&A Rev., 14, 171
Duncan, R. A. & White, S. M. 2003, MNRAS,

338, 425
Farnier, C., Walter, R., & Leyder, J.-C. 2011,

A&A, 526, A57+
Hillier, D. J., Davidson, K., Ishibashi, K., &

Gull, T. 2001, ApJ, 553, 837
Kelner, S. R., Aharonian, F. A., & Bugayov,

V. V. 2006, Phys. Rev. D, 74, 034018
Leyder, J.-C., Walter, R., & Rauw, G. 2010,

A&A, 524, A59+
Rauch, B. F., Link, J. T., Lodders, K., et al.

2009, ApJ, 697, 2083
Tavani, M., Sabatini, S., Pian, E., et al. 2009,

ApJ, 698, L142
Whitelock, P. A., Feast, M. W., Koen, C.,

Roberts, G., & Carter, B. S. 1994, MNRAS,
270, 364

Whitelock, P. A., Feast, M. W., Marang, F., &
Breedt, E. 2004, MNRAS, 352, 447


	Introduction
	 Carinae binary system
	Study of the -ray emission with Fermi/LAT
	Temporal variability
	Modeling of the system
	Conclusion

