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Fig. 8.— Snapshots of the gas density (left column) and temperature (right column) in the orbital (x − y) plane from model
Orbit-IA at φ = 0.5 (top row), 0.9 (upper middle row), 1.0 (lower
middle row), and 1.1 (bottom row). The orbital motion of the stars
is calculated in the centre of mass frame. At apastron (φ = 0.5)
the primary star is to the right, and the companion star is to the
left, of the image centre. The motion of the stars proceeds in an
anti-clockwise direction. All plots show a region of ±2 × 1015 cm large axis tick marks correspond to a distance of 1 × 1015 cm.

Fig. 9.— Same as Fig. 8 except model Orbit-RD is shown.
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Fig. 8.— Snapshots of the gas density (left column) and temperature (right column) in the orbital (x − y) plane from model
Orbit-IA at φ = 0.5 (top row), 0.9 (upper middle row), 1.0 (lower
middle row), and 1.1 (bottom row). The orbital motion of the stars
is calculated in the centre of mass frame. At apastron (φ = 0.5)
the primary star is to the right, and the companion star is to the
left, of the image centre. The motion of the stars proceeds in an
anti-clockwise direction. All plots show a region of ±2 × 1015 cm large axis tick marks correspond to a distance of 1 × 1015 cm.

Fig. 9.— Same as Fig. 8 except model Orbit-RD is shown.

Parkin et al, 2011

which accounts for the smaller distance that the spiral
e- spectrum
has travelled to by φ = 1.1 in this model compared to

RD when compared to model Orbit-IA. Interestingly, at
phases close to periastron when this gas resides close to
the stars, its thermal pressure is lower than the radiation pressure, which provides resistance against contraction and thus widens the layer. However, comparing the
snapshots at φ = 1.1 we see that at an equivalent distance from the stars the density of the unshocked winds
is slightly higher in model Orbit-RD, which means the
mass in the swept-up shell is greater. The inertia of the
swept-up mass is therefore greater in model Orbit-RD,

model Orbit-IA.
The width of the dense layer clearly aﬀects the growth
of instabilities in the expanding spiral-shaped shell - in
model Orbit-IA the shell appears to be subject to the
NTSI, whereas in model Orbit-RD the additional thickness to the layer renders it stable. This is unsurprising as the stability of an expanding shell depends on
the shock thickness (Vishniac 1983; Wünsch et al. 2010).
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Fig. 6: Simulated and observed X-ray and -ray lightcurves of ⌘
Carinae. The black and purple lines and bins show the predicted
inverse-Compton and neutral pion decay lightcurves. The green
and red points show the observed Fermi-LAT lightcurves at low
(0.3-10 GeV) and high (10-300 GeV) energies. The dim grey
lightcurves show the observed (continuous) and predicted (dash,
without obscuration) thermal X-ray lightcurves. Error bars are
1 and upper limits 95%.
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Fig. 8.— Snapshots of the gas density (left column) and temperature (right column) in the orbital (x − y) plane from model
Orbit-IA at φ = 0.5 (top row), 0.9 (upper middle row), 1.0 (lower
middle row), and 1.1 (bottom row). The orbital motion of the stars
is calculated in the centre of mass frame. At apastron (φ = 0.5)
the primary star is to the right, and the companion star is to the
left, of the image centre. The motion of the stars proceeds in an
anti-clockwise direction. All plots show a region of ±2 × 1015 cm large axis tick marks correspond to a distance of 1 × 1015 cm.
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is calculated in the centre of mass frame. At apastron (φ = 0.5)
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left, of the image centre. The motion of the stars proceeds in an
anti-clockwise direction. All plots show a region of ±2 × 1015 cm large axis tick marks correspond to a distance of 1 × 1015 cm.
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Energetics
Thermal X-rays:
Synchrotron:
Electron acceleration:
π0 emission:
neutrino:

25 L⊙ (~ 2% Lshock)
< 0.1 L⊙
50 L⊙ (~ 6% Lmec)
10 L⊙ (~ 1% Lmec)
~ 10-9 GeV s-1 cm-2 (above 10 TeV)

η Carinae shows evidences for electronic and hadronic acceleration
Electron spectral index is compatible with 2.25
Proton cutoff energy ≳1013 eV, higher than measured in middle aged SNR
Efficiency of particle acceleration ~ 5% (Spitkovsky’s simulations: 10%)

With this efficiency, a massive star
could accelerate ~1049 ergs of CR,
as much as an average SNR
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Lepto-hadronic or Hadronic ?
The first results
H.E.S.S. PRELIMINARY
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(MB and R. Walter, 2017 A&A)
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Lepto-hadronic or Hadronic ?

CTA will probe γ-γabsorption, wind
structure and high-energy cutoff
variability expected at periastron
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will tell us…

(MB and R. Walter, 2017 A&A)
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Conclusion
Some consensus for hadronic acceleration occurring in ηCarinae
CWB could accelerate as much cosmic-rays as an average SNR
ηCarinae and other galactic accelerators are prominent target for e-Astrogam

e-Astrogam is at the sweetest point to disentangle the
signatures of leptonic or hadronic acceleration in many types
of galactic accelerators (GC, SNR, CWB, shocks,…)
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