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Hillas 
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Where are the Galactic PeVatrons?
(Piazzoli et al. 2022)
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γ-ray binaries
  NL DSA 

A. Dynamical reaction of accelerated particles 

Modifica?on$of$the$shock$structure$by$efficient$ion$accelera?on$=>$$modifica?on$of$the$spectrum$
1.!Curvature!of!the!par%cle!spectra!instead!of!a!perfect!power!law$
$(Ellison$&$Reynolds$91,$$Berezhko$et$al.$1994;$Berezhko$&$Völk$1997;$Berezhko$&$Ellison$1999;$Malkov$1999;$Blasi$2002).$
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c) Nova + WD 
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Types of γ-ray binaries:

a) massive star + pulsar 

b) micro quasar

Leptonic
IC on UV/OPT
up to ~GeV

Hadronic
pp —> π0

higher energies
OR

(Blasi 2005; 2013)

(Eichler & Usov 1993; Benaglia & Romero 2003; Pittard & Dougherty 2006; Reimer et al. 2006; De Becker  2007) 3
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η Carinae

Colliding Wind Binaries 
are predicted to be 
potential sites of HE γ-
ray emission through 
strong shocks due to 
colliding winds

Eichler & Usov (1993) ApJ 402, 271

Ṁ ⇠ 10�3.5 M�/yr Lwind ⇡ 2000 L�

Electron cooling
Acceleration

Proton targets

1014 cm 
1012 eV/cm3,    1 G,    109 cm-3
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η Carinae
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η Carinae vs. Solar system
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Image Credit:  
NASA/JPL/SDO/Earth Observatory 
Stefan Ohm

η Car A

• All distances, star sizes, and planet sizes to scale 
• Star-to-planet size not to scale 
• UV image of the Sun as template for η Car stars

Eta Car characteristics

• Two massive stars in 5.5 yr orbit

• Wind speeds of 500 – 3000 km/s

• ~Gauss B-fields

• Densities of ~108 – 1012 cm-3

Implications

• TeV particles cool on minute (electrons) to days
(protons) timescales

• >100 GeV gammas indicative of accelerated protons

VLTI-AMBER, Weigelt et al. (2016)

η Carinae vs. Solar system

Sun
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(HESS 2020)

(HESS 2020)η-Carinae @ High-Energy & Very-High-Energy

(HESS 2020)
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Magneto-Hydro-Dynamic simulations
plasma density

adiabatic

radiative

cooling

temperature magnetic field

(Falceta-Gonçalves & Abraham 2012)
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Magnetic energy distribution

(Kowal & Falceta-Gonçalves et al. 2021)
Magneto-Hydro-Dynamic simulations
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Magnetic energy distribution

(Kowal & Falceta-Gonçalves et al. 2021)
Magneto-Hydro-Dynamic simulations
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HE γ-rays: “paraboloid” approximation

β=1 β=2 β=4 β=8

β=16

β=32

(Canto et al. 1996)

(Falceta-Gonçalves et al. 2012)

(MB & Walter, submitted)

(MB & Walter, submitted)
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orbital
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orbital
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CLASSIC orientation OPPOSITE orientation
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Conclusions & Take home message
• γ-γ absorption with consequent e+/e- production in the Galaxy requires very large amount of seed 

photons;
• in order to pair-produce, HE γ-ray in the energy range of CTA should interact with optical/UV photons;
• periodically variable γ-ray obscuration occurs if one of the following conditions occur:

the density of soft photons varies;
the density of HE photons varies;
the collision angles (w.r.t. observer) vary;

• if Ecut-off of intrinsic γ-ray spectrum > E(τmax) , CTA observations performed during different orbital 
phases can provide useful indirect informations on:

location where HE γ-rays are produced
orbital orientation of the binary system
magnetic field
maximum energy at which particles can be accelerated

γ-ray binary systems
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{
the absorption model I am

developing could be an important
tool to interpret CTA data
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