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Cosmic Ray Propagation Codes

Purpose SNR Cas A
@ Explain CR spectra
@ Explain secondaries
@ Propagation physics

Approach

o Input
o CR source models v :
o CR propagation physics —
o Output

o CR spectra
o Gamma sky-maps

o Statistical Analysis

o Probability dist.
o Refined phys. models kit
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Available CR propagation codes

Transport Equation
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Selection Criteria
@ Multiple Particles
o Particle spectra

o Galactic CRs only
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Available CR propagation codes

Transport Equation
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Propagation Codes Selection Criteria
e Dragon (Desy Hamburg) o Multiple Particles
e Galprop (MPE Garching, @ Particle spectra
Stanford University) o Galactic CRs only
@ Usine (LPSC Grenoble)




Different Approaches

Galprop & Dragon Usine
o General setup o Simplified setup

@ Numerical, slower @ Semi-analytical, faster
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o Full spatial variation o Stat. analysis (CRs only)
o CR distribution o Geometrical parameters:
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o Gamma-ray maps @ Transport parameters:
@ Neutrinos Do, 0, Ve, v4
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Numerical Approach: Physics or Parameters?

CR Particle Physics Galactic Model
o Full decay chains
o Different cross sections

o Different loss processes

Tlhe Galaxy
o Gas distribution
o ISRF
o Magpnetic field

1
Transport Processes

@ Convection

o Diffusion
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@ Momentum diffusion
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Numerical Approach: Physics or Parameters?

Standard Parameters Solution Process
o Diffusion coefficient Dg Source distribution &
o Rigidity exponent ¢ Parameters
o Alfvén speed vg U
) Transport step
o Halo height zg U
o Injection index v CR distribution
o Convection vy, % a8

Gamma-ray emission




Numerical Approach: Physics or Parameters?

Standard Parameters Solution Process
o Diffusion coefficient Dg Source distribution &
o Rigidity exponent ¢ Parameters
o Alfvén speed vg U
) Transport step
o Halo height zg U
@ Injection index v CR distribution
o Convection vy, % a8
Gamma-ray emission

\
Properties
@ No spatial variation
@ No temporal variation

@ Only parameter tuning




Example: The Alfvén Speed

Gas Distribution Magnetic Field Model
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Example: The Alfvén Speed

But

vA = const.

Gas Distribution Magnetic Field Model
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Example: The Alfvén Speed

But
v = const. = B? x p

Gas Distribution Magnetic Field Model
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Example: Convection Velocity

Standard Implementation
® Veony = (UO + %Z) €
@ vy = const

dv __
° o = const
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Example: Convection Velocity

Standard Implementation Wind Toy Model
@ Veonw = (UO + %2) €
@ vy = const

° Zg = const ] -
A Toy Model

@ Outflow from gal. centre

@ Radial expansion

r[kpc]
y
v
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Example: Convection Velocity

Standard Implementation

d
® Veony = (UO + CTZZ) €
@ vy = const

dv __
°o = const

A Toy Model
@ Outflow from gal. centre
o Radial expansion

@ Not possible in standard
codes

o First toy results

Wind Toy Model
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y
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Toy Results: Wind <> No Wind

Electrons at 2.5 GeV

Standard Model Wind Model
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Toy Results:

Wind < No Wind

Standard Model

Protons at 10 GeV
Wind Model
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Toy Results: Gamma-Rays

Gamma Sky-map at 1 GeV
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Toy Results: Gamma-Rays

Residual Map (Wind to No-Wind Model) at 1 GeV

0.000

-0.033

50
[0}
el
2lo
S
(0]
—l

50

-100 0 100
Longitude
Comparison

Universitat Innsbruck



Toy Results: Gamma-Rays

Residual Map at 10 GeV
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Toy Results: Gamma-Rays

Residual Map at 10 GeV
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Toy Results: Gamma-Rays

Residual Map at 10 GeV

0.0064
-0.0079

— Relative gamma decrease in wind region

Latitude

— Applicability for Fermi bubbles?
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Conclusion

Propagation Models

@ Useful codes available, but:
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Conclusion

Propagation Models

@ Useful codes available, but:

@ Here: two problems
@ In general:

o Missing physics

o Self-consistency

o Validity for specific
applications?
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Conclusion

Propagation Models

@ Useful codes available, but:

@ Here: two problems
@ In general:
o Missing physics
o Self-consistency
o Validity for specific
applications?

Convection, diffusion
Galactic model

Solver
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