M universitat

Simulation of Galactic Propagation innsbrack

R. Kissmann

| Three Elephants in the Gamma-ray Sky Garmisch Partenkrichen, Oct 2017



B universitat

Numerical Galactic Transport Models & innsbrack

1
Transport Processes

@ Convection
@ Spatial Diffusion

o Diffusive reacceleration

| Introduction



B universitat

Numerical Galactic Transport Models & innsbrack

1
Transport Processes

@ Convection
@ Spatial Diffusion

@ Diffusive reacceleration
1
Interaction with ISM

@ Spallation cross sections

o Energy loss processes
@ Nuclear network

+» Galaxy model

| Introduction



Numerical Galactic Transport Models

M universitat
innsbruck

1
Transport Processes

@ Convection
@ Spatial Diffusion

o Diffusive reacceleration

v

|
Interaction with ISM

@ Spallation cross sections
o Energy loss processes
o Nuclear network

&~

I
Galaxy Model

o Matter distribution
o ISRF
o Magnetic field

Spiral-Galaxy Model

I Introduction



B universitat

Numerical Galactic Transport Models & innsbrack

1
Transport Processes

@ Convection
@ Spatial Diffusion

o Diffusive reacceleration

Secondaries
@ Secondary CRs
o Gamma rays

@ Neutrinos

1
Interaction with ISM

@ Spallation cross sections
o Energy loss processes
@ Nuclear network

+» Galaxy model

Glalaxy Model
o Matter distribution
o ISRF
o Magnetic field

I Introduction



B universitat

Numerical Galactic Transport Models & innsbrack

Transport Processes Secondaries
o Convection @ Secondary CRs
@ Spatial Diffusion o Gamma rays
o Diffusive reacceleration o Neutrinos

1
Interaction with ISM

: ) Solution Process
@ Spallation cross sections

CR source distribution
o Energy loss processes

@ Nuclear network

+» Galaxy model

Glalaxy Model
o Matter distribution
o ISRF
o Magnetic field

I Introduction



B universitat

Numerical Galactic Transport Models & innsbrack

Transport Processes Secondaries
o Convection @ Secondary CRs
@ Spatial Diffusion o Gamma rays
o Diffusive reacceleration o Neutrinos

1
Interaction with ISM

: ) Solution Process
@ Spallation cross sections

CR source distribution
o Energy loss processes il

o Nuclear network Transport solver

+» Galaxy model

Glalaxy Model
o Matter distribution
o ISRF
o Magnetic field

I Introduction



B universitat

Numerical Galactic Transport Models & innsbrack

Transport Processes Secondaries
o Convection @ Secondary CRs
@ Spatial Diffusion o Gamma rays
o Diffusive reacceleration ) o Neutrinos

CR Distribution "
Solution Process

CR source distribution

4

Transport solver

4

| Introduction



B universitat

Numerical Galactic Transport Models & innsbrack

1
Transport Processes

@ Convection

@ Spatial Diffusion

o Diffusive reacceleration

Secondaries
@ Secondary CRs
o Gamma rays

@ Neutrinos

Gamma-Ray Emission

50

Solution Process
CR source distribution

4

Transport solver

(3
CR distribution

4

Gamma ray emission

| Introduction



Cosmic Particle Transport:
THE MEXT GENERATION

Astroparticle Physics

APh Vol.55 (2014)




Features of PICARD o ersieat

L]
Solver

Steady-state solution
Explicit time integrator
MPI-parallel

Improved nuclear network
Speed

Kissmann (2014)

| Picard



Features of PICARD o ersieat

L]
Solver

o Steady-state solution

o Explicit time integrator

@ MPI-parallel

@ Improved nuclear network
@ Speed

o Kissmann (2014)

Numerical Grid
@ 3+1D

@ up to ~75 pc? in space

| Picard



Features of PICARD o ersieat

]
Solver Example Simulation Results
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Explicit time integrator
MPI-parallel

Improved nuclear network
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Kissmann (2014)

Propagation Physics
o New Radiation Field
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New Radiation Field

(see Popescu et al. (2017))
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X-shape Magnetic Field Observation
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X-shape Magnetic Field Observation

@ No change for spiral-arm
diffusion

o Fit possible for X-shape
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Gamma rays in Galactic Centre
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All-Sky Gamma-Ray Emission
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All-Sky Gamma-Ray Emission
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Inverse Compton Component
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Spiral-arm Spectra
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Spiral-arm Spectra = innsbruck
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Preliminary: Anisotropic Diffusion innsbrack

Gamma-ray Emission
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Impact
@ Enhanced local structure

@ Analysis ongoing
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