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Eta Carinae, the so-far only colliding wind binary detectedat high-energy gamma-rays, has been

observed over its first complete orbit since launch ofFermi Gamma-ray Space Telescope. Dif-

ferent emission scenarios were proposed to explain the temporal and spectro-temporal features,

by either postulating strong dominance of hadronic particle populations, a single emitting particle

population in combination with significant absorption byγ-γ pair production, or mixed emis-

sion scenarios. The interplay between different particle populations as function of energy, or-

bital phase, inclination etc. is best studied by hydrodynamical simulations in conjunction with

particle transport models. We demonstrate that transitions between hadron-dominated to lepton-

dominated high-energy emission are predicted in collidingwind binary scenarios depending on

orbital parameters. The complex picture emerging from suchsimulations will be discussed and

linked to proposed models forη Car.
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1. The case of colliding wind binaries in γ-ray astrophysics

Detectable gamma-ray emission from colliding wind binaries has been predicted decades ago,
and several systems were claimed to coincide with high-energy γ-ray sources observed by COS-B
and EGRET, respectively. By now it has became clear that we fail to detect colliding wind binary
systems as an object class in high-energyγ-ray astrophysics [1], with one truly remarkable excep-
tion, η Carinae. Eta Carinae is commonly known as a binary system consisting of two massive stars
(one being a member of the rare stellar class of luminous bluevariables (LBV), the other being an
O or WR star) with an orbital period of 5.54 yr. Both massive stars in theη Car system produce
powerful stellar winds. The respective mass-loss rates andterminal wind velocities are considered
to be sufficiently high to form a wind-wind collision zone of shocked, hot gas, wherein particle ac-
celeration in general [2] and subsequentγ-ray emission in particular can occur [3, 4, 5]. Conditions
in the wind-wind collision zone depend on the orbital phase of the binary system, consequently
one expectsγ-ray emission that is principally modulated on orbital timescales. Additional com-
plex dependencies, such as spectral cutoffs in the underlying particle spectrum due to excessive
energy losses, anisotropy in the Inverse Compton process, or types of particle transport may add to
the observational picture.
Since an unidentifiedγ-ray source was found in spatial coincidence of the enigmatic binary system
η Carinae [6, 7], and distinct spectro-temporal characteristics of this source became evident [8],
dedicated models explaining the emission in theγ-ray regime emerged [9, 10, 11]. Viable emis-
sion models are required to correspond to a plethora of observational features like the intensity
and structure of the high-energy spectrum, energy-dependent orbital flux modulation and spectral
cutoffs (Fig.1), an apparently asymmetric lightcurve overthe first complete orbit [12], and ideally
seek the connection to the rich phenomenology observed below the MeV range, e.g. most obvi-
ously regarding the presence of a nonthermal hard X-ray component [13, 14, 15].
With a full orbit of η Carinae available inFermi-LAT γ-ray data and better analysis performance
owing to an improved instrument response function and background models, it is now possible to
confront the observed phenomenology ofη Carinae at high energies with general as well as specific
model predictions.

2. Understanding the observed complex high-energy phenomenology

The complex interplay between particle populations as function of energy, orbital phase and in-
clination etc. is nowadays best studied by hydrodynamical simulations in conjunction with particle
transport models. To explain the observed phenomenology athigh-energyγ-rays, two principally
alternative scenarios able to account for the spectral variation observed forη Carinae in the con-
text of a colliding-wind binary interpretation were proposed. The spectral component emerging at
periastron could be due to an additional (possibly hadronic) γ-ray emission component. Whereas
the introduction of such component was driven to suit the purpose, such scenario appears never-
theless plausible in the light of systematic 3D-hydrodynamical studies that take into account the
dynamics of the WCR and simultaneously solve a transport equation for shock-accelerated parti-
cles [16, 17]. Although not yet applied to the specific parameters of theη Carinae binary system,
they demonstrate that considerable variations – even a transition from lepton to hadron dominated
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Figure 1: Spectral energy distribution ofη Carinae above 200 MeV. The line depicts the best fit spectral
model to theFermi-LAT data. On the left, the full orbit dataset is shown whereas on the right, 500 days
centered on the periastron passage (blue) and the apastron passage (red) were selected.
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Figure 2: Full orbit lightcurve ofη Carinae. One the left, the 2003-2008 RXTE X-ray lightcurve is shown
(black), subsequently integrated into the orbital intervals used in the Fermi-LAT analysis (red). On the right,
the RXTE 2-10 keV X-ray lightcurve is shown (black), superimposed by theFermi-LAT lightcurve above
50 GeV in identical orbital phase bins.

γ-ray emission – may occur with changing stellar separation in a typical colliding-wind binary sys-
tem. An alternative to a distinct second emission componentemerging around periastron is still to
be seen in a scenario of phase-modulated strong photon-photon absorption in the complex radiation
fields in the vicinity ofη Carinae. The observed spectral variation can then be explained by the
presence of the hot shocked gas in the WCR or by spatially extended X-ray emission components
surrounding the system and the ensuing photon-photon absorption. Finally, once the RXTE X-ray
lightcurve, integrated to the exact lightcurve bins as of [12], is compared with the Fermi GeV-
lightcurve, notable similarities as well as differences become apparent. Although models for the
high-energy emission forη Carinae have reached remarkable sophistication, one needsto conclude
that none of proposed models are presently able to fully account for the observed phenomenology
yet.
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