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LS 5039 is one of the best-observed gamma-ray binaries with non-thermal
emission ranging from soft X-rays to VHE gamma-rays. Explaining the ob-
served anti-correlation between the X-ray/VHE and the HE gamma-ray bands,
while accounting for its complex spectral features, has become a challenge for
current modelling efforts.
Here we present the application of a novel numerical model to LS 5039. We
treat the particle acceleration and transport simultaneously to the pulsar- and
wind interaction, which enables the consistent incorporation of a multitude
of effects. With this, we were able to simulate LS 5039 with unprecedented
complexity and provide first insights into turbulent phenomena in this source.

Abstract

– Compact orbit: 3.9 d, e = 0.35 | O-type star + Compact object [3]

– Anticorrelated emission bands: X-ray, LE, VHE vs. HE

– Multiple emission components: keV-MeV, GeV, TeV
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Fig 1: The LS 5039 orbit. [2]
Fig 2: Compilation of the LS 5039 emission for
different orbital-phase ranges. Credit: [4]

LS 5039

EMISSION SCENARIOS

– Accretion driven microquasar [5]

– Pulsar wind driven [6] - favoured
for most systems [7]

→ Wind interaction → Shocks

→ Acceleration of electrons from the
pulsar wind

→ Emission of gamma-rays

RADIATIVE PROCESSES

– Synchrotron emission

– Anisotropic inverse Compton
scattering on stellar photons

MODULATION

– Relativistic boosting

– Gamma-gamma absorption

CURRENT MODELS

– Simplified wind interaction
and/or analytic estimations for
accelerator locations

– Particle transport treated as post-
processing, neglecting dynamics
of the wind interaction
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Fig 3: Geometry of the binary. Credit: [8]

High-Mass Gamma-Ray Binary Models

Space: Semi-discrete, finite-volume Godunov scheme using CRONOS [9].
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Fig 4: Left: Schematic representation of a finite volume scheme. Right: Godunov’s idea -
local Riemann problems at each cell-interface.

Energy: Semi-Lagrangian, conservative scheme [1]
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Fig 5: Schematic representation of a semi-Lagrangian solver; particles are transported along
characteristic curves.

Numerical Treatment
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RELATIVISTIC HYDRODYNAMICS

– Pulsar launches relativistic wind (here v = 0.99 c)

– Fully 3D numerical simulation of the wind inter-
action in corotating, Cartesian coordinates [2]
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EXTENDED WIND-COLLISION REGION

– Formation of shocks: bow, Coriolis, and sec-
ondary shocks

– Instabilities strongly affect the shock structure
and trigger turbulent mixing

Fig 6: Fluid density of the wind collision region for differ-
ent orbital phases. [2]
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Wind Interaction

PARTICLE INJECTION

– Electron acceleration at shocks ∇µu
µ < δsh

– Depending on local fluid conditions [1]

– Maxwellian (MW) ∝ γ2 exp (−γ/γt)

– Powerlaw (PL) ∝ γ−s for γmin < γ < γmax

Fig 7: Electron density for different orbital phases at
γ = 3× 103 (top) and γ = 107 (bottom). [2]

TRANSPORT

– Simulateneous treatment with the hydrodynamics

– Synchrotron losses → assumption: wmag ∝ einternal

– Inverse Compton losses wrad ∝ d−2
⋆
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Particle Transport

SPECTRUM

Main spectral features reproduced:

– PL + Synchrotron → keV-MeV

– MW + IC → GeV

– PL + IC + γγ absorption → TeV

– Missing GeV contribution

→ Pulsar magnetosphere [10]

→ Cold pulsar wind [11]

LIGHTCURVES

– Reproducing HE/VHE anticorrelation

– Wrong behaviour for keV-MeV

→ Assumptions on magnetic field too
simple

→ RMHD needed

– Turbulence induced variability up to
∼ 20%

Fig 8: Simulated LS 5039 spectrum for a
system inclination of i = 60◦. [2]

Fig 9: Simulated LS 5039 lightcurves for
different bands and inclinations. [2]
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Emission Predictions
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Emission Projections
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