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Galactic Propagation Codes

Major Codes

semi-analytical:

Usine

fully numerical

Galprop

Dragon

Other Approaches

Büsching et al.

Effenberger et al.

Hanasz et al. (Piernik)

Transport in ISM

(by Heinz & Sunyaev (2002))

Propagation Codes
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Physics in Numerical Propagation Codes

Transport Processes

Convection

Diffusion

Momentum diffusion

Propagation Modelling
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Issues in Galprop
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Example I: Diffusion

Diffusion in Galprop

Isotropic

No spatial variation

Alternatives:

Dragon, Picard
Effenberger et al.

CRs Inside the Heliosphere

(From Ulysses website)
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Ralf Kissmann CRISM 2014



Example I: Diffusion

Diffusion in Galprop

Isotropic

No spatial variation

Alternatives:

Dragon, Picard
Effenberger et al.

CRs Inside the Heliosphere

(From Ulysses website)

Propagation Issues

Ralf Kissmann CRISM 2014



Example I: Diffusion

Diffusion in Galprop

Isotropic

No spatial variation

Alternatives:

Dragon, Picard
Effenberger et al.

Field Aligned Diffusion

DB =

 D‖ 0 0

0 D⊥,1 0
0 0 D⊥,2



CRs Inside the Heliosphere

(From Ulysses website)

Propagation Issues

Ralf Kissmann CRISM 2014



Example I: Diffusion

Diffusion in Galprop

Isotropic

No spatial variation

Alternatives:

Dragon, Picard
Effenberger et al.

CRs Inside the Heliosphere

(From Ulysses website)

Diffusion in Cartesian Coordinates

D =


D‖ cos2 ψ +D⊥ sin2 ψ

(
D‖ −D⊥

)
sinψ cosψ 0(

D‖ −D⊥
)

sinψ cosψ D‖ sin2 ψ +D⊥ cos2 ψ 0

0 0 D⊥



Propagation Issues

Ralf Kissmann CRISM 2014



Example I: Diffusion

Diffusion in Galprop

Isotropic

No spatial variation

Alternatives:

Dragon, Picard
Effenberger et al.

Boundary conditions?

Diffusion ↔ advection

Energy dependence

Galprop:

Restricted to box
ψ = 0 at boundary

The Galaxy

(artist sketch by NASA)

Propagation Issues
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Example II: Consistency

Propagation

Azimuthally symmetric

Gamma Ray Computation

Ring-distribution for gas

Gas for Propagation

(From Galprop website)

Gamma Ray Emission

(Picard results for 100GeV gamma rays)

Propagation Issues
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Propagation
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Standard Approach via Time-Integration

Possible Solvers

SDEs / Monte Carlo

(Pseudo-) particles

Grid-based

Explicit
Implicit

Solution Approach

Start with empty Galaxy

Integrate until convergence

Problem

Characteristic timescales

Convergence timescales

Propagation Steady State
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How to do better

A Different Approach
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