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B eratgt Modelling the Stellar Winds of LS 5039
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B eratgt Modelling the Stellar Winds of LS 5039

Stellar Wind
o Stellar gas outflow

o Mass-loss rate ~ 2 x 1078 Mgyr—
— 2.5 x 102"W

@ Wind speed 2000 km/s
— 3D hydrodynamics

1

A Stellar-Wind Bow Shock
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Stellar Wind The Crab Pulsar
o Stellar gas outflow

@ Mass-loss rate ~ 2 x 1078 Myyr—!

— 2.5 x 102"W
@ Wind speed 2000 km/s

— 3D hydrodynamics

Pulsar Wind
@ Pair-plasma outflow
@ Spin-down luminosity:
7.55 x 10%BW
@ Wind speed: 99% c

— 3D relativistic(!) hydrodynamics

o




B iversitat Relativistic Stellar Winds

Stellar Winds Relativistic Hydrodyamics
@ Relativistic HD oD 1V. <1Du> —0
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Stellar Winds
o Relativistic HD
@ Conserved Quantities

o Density D =~p
e Momentum

m? = yphw! = v2phv’
o Energy density 7 = v2ph —p — D

Equation of state
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Relativistic Stellar Winds

Relativistic Hydrodyamics
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B iversitat Relativistic Stellar Winds

Stellar Winds Relativistic Hydrodyamics
@ Relativistic HD oD 1V. <1Du> —0
ot ~

@ Conserved Quantities
o Density D = yp
e Momentum
m? = yphw! = v2phv’
o Energy density 7 = v2ph —p — D

@ Solver: CRONOS MHD / RHD code

Equation of state

' p

Implementation




B issrace Modelling Particle Transport

Transport Equation

b /
Vﬂ (U'U“N,) + 87’}// { <—7V“u"“ +".}/,/ﬂad> N/} =0

Physical Processes

@ Inject spectrum at shocks

o Maxwellian
o Power law

@ Transport with fluid flow

o Soatialdiffusi

@ Energy losses
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B issrace Modelling Particle Transport

Transport Equation

0 ! .
Vﬂ( Nl) + 87/{<—’;qu“ +"}/,/ﬂad> N/} =0

Physical Processes

@ Inject spectrum at shocks

o Maxwellian
o Power law

o Soatialdiffusi

@ Energy losses
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B issrace Modelling Particle Transport
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Transport Equation

Energy loss processes Physical Processes

o Adiabatic losses @ Inject spectrum at shocks

o Maxwellian

@ Synchrotron
o Power law

@ Inverse Compton ) )
@ Transport with fluid flow

o Soatialdiffusi




B issrace Modelling Particle Transport

Transport Equation

/ 8 ’Y/ o/ !
Vi (WN') + — 4 [ == Vuuk + Fraq | N p =0

v

Energy loss processes Physical Processes

o Adiabatic losses @ Inject spectrum at shocks

o Maxwellian

@ Synchrotron
o Power law

@ Inverse Compton

/ @ Transport with fluid flow
Soatialdiffusi
Results °
@ Position- & energy-dependent O 1Bmey osees y

particle flux — 4D problem

— Can compute non-thermal emission
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B iversitat Numerical Model v 2022

Oribital configuration Simulation Setup

. @ Numerical domain:
Periastron
$=0 25%x2x1 AU

Spatial resolution:
640x512x256 cells

50 logarithmic energy bins
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innsbruck
Gas Density
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B niversitat Wind Interaction

@ Turbulence

@ Unshocked pulsar wind
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& innsbruck

Lower Energies (E = 1.6 GeV)
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Results on local infrastructure
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B iiErigt Energetic Particles

Lower Energies (E = 1.6 GeV) Injection Spectrum
0 0 Mp=aanam g w <> particle density
[ ee— =

<> internal energy

+» magnetic field

Higher Energies (E = 5.4 TeV)
NMy=1.05x107) /m~?

106 10-° 1074 1072 1072

Wr/

—
~ $=0.393 (2) SUPC | $=0.489 (3) INFC

Yy A

/

-1.0 -0.5 0.0
x [AU]

—
/ -
$=0.896 (7) INFC $=0.993 (8) SUPC $=0.089 (9) SUPC

-1.0 -05 00 05 10 -10 -05 00 05 10 -10 -05 00 05 10 -10 -05 00 05 10 -10 -05 00 05 1.0
x [AU] x [AU] x [AU] x [AU] x [AU]

(]
—
>3
=
O
>3
e
+—
(2]
]
—
G
c
"
O
©
c
o
%]
=
3
0
(]
o




B et Gamma-Ray Emission

Phase-Averaged Emission Spectra
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Phase-Averaged Emission Spectra
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Phase-Averaged Emission Spectra
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B et Gamma-Ray Emission

Phase-Averaged Emission Spectra Inclination Dependence
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B et Gamma-Ray Emission

Inclination Dependence

Phase-Averaged Emission Spectra
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B iniveriat Preliminary: New Simulations (PRACE)

innsbruck

Stellar-Wind Interaction
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B mrg Preliminary: New Simulations (PRACE)

Stellar-Wind Interaction
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@ Spatial resolution: 2048x1536x1024
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B mrg Preliminary: New Simulations (PRACE)

Stellar-Wind Interaction

. - plkg m’:E - -
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B univeritat Dynamics of Stellar Winds (Corotating Frame) v 2022

Gas Density
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Preliminary Results




§ pniversitat Dynamics of Stellar Winds (Corotating Frame) v 2022

Observation

Gas Density

25 o Sufficiently large domain v/

@ Strong turbulence

Preliminary: Four-Velocity Power Spectrum 2
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B bnsri Conclusion
Current Status Energetic Particles |
@ Coupled RHD plus transport 25
@ Pulsar-wind scenario 20
@ Currently: higher-resolution model s T
o Post processing B mé
o Analysis of RHD winds 2 10 §
o Future: Magnetic field! 0s :
5
Emission Projections
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