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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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tion and thus widens the layer. However, comparing the
This raises questions about the fate of the expanding
shell in each simulation. As its outwards acceleration
snapshots at φ = 1.1 we see that at an equivalent disgamma
gamma
tance from the stars the density of the unshocked winds
is decreased by an increasing amount of swept up mass
is slightly higher in model Orbit-RD, which means the
its Mach number will decrease and as the shocks dissimass in the swept-up shell is greater. The inertia of the
pate it will gradually mix with the bubble of companion
periastron
(phase
0.39-0.59;
and atluminosity
apastron (phase
right).
The
Fig.
8: Electrons
andleft)
photons
spectra0.92-1.05;
at periastron
(phase
0.39-0.59;
left)
and
at
apastron
(phase
right). this
Theonly
Fig.appears
8: Electrons
and
photons
luminosity
spectra at periastron
(phase
0.39-0.59;
& RW,
2017,
thermal simulations
from Parkin
et al,
2011)
swept-up mass is therefore greater in model Orbit-RD,
wind
which0.92-1.05;
it encases. However,
to(Balbo
be

smooth IC spectrum

lef

η Car γ-ray light-curves
10

E. R. Parkin, J. M. Pittard, M. F. Corcoran, & K. Hamaguchi

M. Balbo and R. Walter: Fermi acceleration under control: ⌘ Carinae

binned simulations
Fermi data

10 - 300 GeV

X-rays

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

which accounts for the smaller distance that the spiral
has travelled to by φ = 1.1 in this model compared to
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
RD when compared to model Orbit-IA. Interestingly, at
NTSI, whereas in model Orbit-RD the additional thickphases
close
to
periastron
when
this
gas
resides
close
to
ness to the layer renders it stable. This is unsurprisFig. 8.— Snapshots of the gas density (left column) and temFig. 9.— Same as Fig. 8 except model Orbit-RD is shown.
stars,
itsy)thermal
pressure
ing as the stability of an expanding shell depends on
perature (right column) in thethe
orbital
(x −
plane from
model is lower than the radiapressure,
which
the shock thickness (Vishniac 1983; Wünsch et al. 2010).
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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
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Energetics
Thermal X-rays:
Synchrotron:
Electron acceleration:
π0 emission:
neutrino:
0.1-1 TeV e+-e–:

25 L⊙
< 0.1 L⊙
50 L⊙
10 L⊙
~ 10-9 GeV s-1 cm-2 (above 10 TeV)
~ 3 1034 s-1

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 ~ 1-3%
With this efficiency, a massive star could accelerate ~ 1049 ergs of cosmic-rays,
as much as an average SNR.

Conclusions

η Carinae is a wonderful laboratory to study shock acceleration because of the high
luminosity, photon and gas density
η Carinae accelerates e– up to γ~104 and likely hadrons to γ>103 (106 at periastron ?)

•
•
•
•
•

Maximum e- energy corresponds to the expectation
Pion disintegration matches amplitude of variability
Zillion-cells model are necessary, few zones models too simplistic
Variability is essential to deconvolve the spectral energy distribution
CTA is needed to confirm hadronic acceleration and photo-absorption

η Carinae could accelerate as much cosmic-rays as a SNR

•

If OB associations are relevant remains to be seen

