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The Gamma-ray Sky I: Ag-A-1 Simulation
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The Gamma-ray Sky II: 5 Years of Fermi Data
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The Gamma-ray Sky
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The Gamma-ray Sky

Origin of Gamma Rays
@ Sources
@ Unresolved sources
@ Diffuse emission
]

Dark matter
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The Gamma-ray Sky

Origin of Gamma Rays Connection to Propagation
@ Sources @ Production mechanism of
@ Unresolved sources gamma rays
e Diffuse emission @ Info on cosmic rays?
o Dark matter
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Reminder: Description of CR Transport

Transport Equation
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Transport Equation
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@ Spatial diffusion
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| Reminder: Description of CR Transport

Transport Equation
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Individual Terms
@ CR sources
@ Spatial diffusion

o Diffusive reacceleration
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| Reminder: Description of CR Transport

Transport Equation
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Individual Terms
o CR sources
@ Spatial diffusion
o Diffusive reacceleration

@ Spatial convection
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| Reminder: Description of CR Transport

Transport Equation
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Individual Terms
o CR sources
@ Spatial diffusion
o Diffusive reacceleration
@ Spatial convection

o (Adiabatic) energy changes
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| Reminder: Description of CR Transport

Transport Equation
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Individual Terms
o CR sources
@ Spatial diffusion
o Diffusive reacceleration
@ Spatial convection
o (Adiabatic) energy changes

@ Inter-species reactions
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| Reminder: Description of CR Transport

Transport Equation
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Individual Terms
@ CR sources
@ Spatial diffusion

Diffusive reacceleration

Spatial convection
(Adiabatic) energy changes

Inter-species reactions

e 6 o6 o

Catastrophic losses
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| Reminder: Description of CR Transport

Transport Equation

50 —ae Y 8pp e g oz i T o {pwl 3 v 1/)1} - Pi Twl
Individual Terms Result
o CR sources o CR-distribution ;

@ Spatial diffusion

Diffusive reacceleration

Spatial convection
(Adiabatic) energy changes

Inter-species reactions

Catastrophic losses
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| Reminder: Description of CR Transport

Transport Equation
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Individual Terms Result

@ CR sources o CR-distribution ;

@ Spatial diffusion — can compute gamma rays

Diffusive reacceleration

Spatial convection
(Adiabatic) energy changes

Inter-species reactions

Catastrophic losses
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| Reminder: Description of CR Transport

Transport Equation

8;; = q(ﬁp)+v-vvwi+%p2DW%p% rvﬁwra% {z‘nm - (- ﬁ)wi} *%d’i*%"ﬁi
Individual Terms Result

@ CR sources o CR-distribution ;

@ Spatial diffusion — can compute gamma rays

o Diffusive reacceleration

@ Spatial convection Solution

o (Adiabatic) energy changes o 3+1 dimensions

o Inter-species reactions o Entire Galaxy

o Catastrophic losses
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| Reminder: Description of CR Transport

Transport Equation

8;; = q(MHV-DWﬁ%wa%p% rV-v*wra% {1'7"1’7: - g(v : ﬁ)wi} *%d’i*%"ﬁi
Individual Terms Result

@ CR sources o CR-distribution ;

@ Spatial diffusion — can compute gamma rays

o Diffusive reacceleration

@ Spatial convection Solution

o (Adiabatic) energy changes o 3+1 dimensions

o Inter-species reactions o Entire Galaxy

o Catastrophic losses — Numerical solution
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Available Solution Approaches

I
Types of Solvers

o Particle-based

o Monte Carlo
o SDEs

o Grid-based
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Available Solution Approaches

I
Types of Solvers

o Particle-based

o Monte Carlo
o SDEs

o Grid-based

Pseudo Particle Propagation

y (kpc)

Particle Based Solvers
@ Monte Carlo

o Benyamin, Shaviv et al.

X (kpc)

(Effenberger et al. 2012 A&A 547,A120)
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Available Solution Approaches

I
Types of Solvers

o Particle-based

o Monte Carlo
o SDEs

o Grid-based

Particle Based Solvers
@ Monte Carlo

o Benyamin, Shaviv et al.

o SDEs

e Zhang, Farahat et al.,
Effenberger et al.

Pseudo Particle Propagation

y (kpc)

X (kpc)

(Effenberger et al. 2012 A&A 547,A120)
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Available Solution Approaches

I
Types of Solvers

o Particle-based

o Monte Carlo
o SDEs

o Grid-based

Particle Based Solvers
@ Monte Carlo

o Benyamin, Shaviv et al.

o SDEs

e Zhang, Farahat et al.,

Effenberger et al.
o Heliosphere

Pseudo Particle Propagation
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(Effenberger et al. 2012 A&A 547,A120)

i !rucI

| Solution Approaches



Available Solution Approaches

I
Types of Solvers

o Particle-based

o Monte Carlo
o SDEs

o Grid-based

Particle Based Solvers
@ Monte Carlo

o Benyamin, Shaviv et al.

o SDEs

e Zhang, Farahat et al.,
Effenberger et al.
o Heliosphere

o Efficient for point-wise
results

Pseudo Particle Propagation

y (kpc)

X (kpc)

(Effenberger et al. 2012 A&A 547,A120)
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Available Solution Approaches

I
Types of Solvers

o Particle-based

o Monte Carlo
o SDEs

o Grid-based

Particle Based Solvers
@ Monte Carlo

o Benyamin, Shaviv et al.

o SDEs

e Zhang, Farahat et al.,

Effenberger et al.
o Heliosphere

o Efficient for point-wise
results
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| Finite Differences Approaches

Different Codes

o Semi-analytical:

o Usine

e Fully numerical:

o GALPROP
o DRAGON
o PICARD

Transport in ISM

(by Heinz & Sunyaev (2002))
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| Finite Differences Approaches

Different Codes
o Semi-analytical:
o Usine
e Fully numerical:

o GALPROP
o DRAGON
o PICARD

Other Approaches
o Green's functions
(Biisching et al.)
@ Fluid description
(Hanasz et al.)

Transport in ISM

(by Heinz & Sunyaev (2002))
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A Typical Numerical Galactic Transport Model

1
Transport Processes

@ Convection
o Diffusion

o Diffusive reacceleration
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A Typical Numerical Galactic Transport Model

1
Transport Processes Numerical Galaxy Model

@ Convection
o Diffusion

o Diffusive reacceleration

Glalaxy Model =
o Matter distribution
o ISRF
o Magpnetic field
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A Typical Numerical Galactic Transport Model

1
Transport Processes

@ Convection
o Diffusion

o Diffusive reacceleration

Glalaxy Model
o Matter distribution
o ISRF
o Magpnetic field

1
Interaction with ISM

@ Spallation cross sections
o Energy loss processes

@ Nuclear network

Numerical Galaxy Model

(Renaud et al (2013))
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A Typical Numerical Galactic Transport Model

1
Transport Processes

@ Convection
o Diffusion

o Diffusive reacceleration

Glalaxy Model
o Matter distribution
o ISRF
o Magpnetic field

1
Interaction with ISM

@ Spallation cross sections
@ Energy loss processes
@ Nuclear network

<> Galaxy model

Numerical Galaxy Model

(Renaud et al (2013))
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A Typical Numerical Galactic Transport Model

1
Transport Processes

@ Convection
o Diffusion

o Diffusive reacceleration

Secondaries
@ Secondary CRs
o Gamma rays

@ Neutrinos

Glalaxy Model
o Matter distribution
o ISRF
o Magpnetic field

1
Interaction with ISM

@ Spallation cross sections
@ Energy loss processes
@ Nuclear network

<> Galaxy model

L

I Numerical models

Status quo



A Typical Numerical Galactic Transport Model

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

|

Galaxy Model
o Matter distribution
o ISRF

o Magpnetic field

|
Interaction with ISM

@ Spallation cross sections

Solution Process
CR source distribution

@ Energy loss processes

@ Nuclear network

<> Galaxy model

I Numerical models Status quo



A Typical Numerical Galactic Transport Model

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

1
Galaxy Model

° Matter distribution CR source distribution
o ISRF il

o Magpnetic field Transport solver

Solution Process

|
Interaction with ISM

@ Spallation cross sections

@ Energy loss processes

@ Nuclear network

<> Galaxy model

I Numerical models Status quo



A Typical Numerical Galactic Transport Model

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

v

CR Distribution "
Solution Process

CR source distribution

4

Transport solver

(3
CR distribution
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A Typical Numerical Galactic Transport Model

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

Gamma-Ray Emission ,
Solution Process

CR source distribution

4

Transport solver

U
CR distribution

4
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| Issues in Previous Approaches

Transport Equation
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Physics Issues

@ Physics as parameters
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| Issues in Previous Approaches

1
Transport Equation
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Physics Issues Transport Parameters

@ Physics as parameters @ Source distribution ¢(7, p)

@ Diffusion tensor D

@ Momentum diffusion D,,,

@ Spatial convection ¥

o Energy losses p

@ Spallation 7
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| Issues in Previous Approaches

1
Transport Equation

Z—f =q(7,p) + V - (DVE — 59) + a%pszpa%p%w - 6% {zaw - ﬁw} - %w - %w
Physics Issues Transport Parameters
@ Physics as parameters @ Source distribution ¢(7, p)
o Constant in time o Diffusion tensor D
o Constant in space @ Momentum diffusion D,,,
— Parameter tuning @ Spatial convection ¢
o Energy losses p
@ Spallation 7
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| Issues in Previous Approaches

1
Transport Equation
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Tr

Physics Issues
@ Physics as parameters
o Constant in time
o Constant in space

— Parameter tuning

Simplified Parameters
o Diffusion, halo height
o Galaxy model

@ Convection

Transport Parameters
@ Source distribution ¢(7, p)
o Diffusion tensor D
@ Momentum diffusion D,,,
@ Spatial convection ¥

o Energy losses p

e Spallation 7
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| Issues in Previous Approaches

1
Transport Equation

o - . 9 o5 9 1 o (. P = 1 1
T = A+ T (DY = T0) + o Dy s = = (VD v
Physics Issues Technical Issues
@ Physics as parameters o Solver
o Constant in time @ Local structure < spatial
resolution

o Constant in space

— Parameter tuning o Consistency

— See discussion in Kissmann
et al. (2012)

Simplified Parameters

o Diffusion, halo height
o Galaxy model

@ Convection

| |
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| Issues in Previous Approaches

1
Transport Equation

o - . 9 o5 9 1 o (. P = 1 1
T = A+ T (DY = T0) + o Dy s = = (VD v
Physics Issues Technical Issues
@ Physics as parameters @ Solver
o Constant in time @ Local structure < spatial
resolution

o Constant in space

— Parameter tuning o Consistency

— See discussion in Kissmann
et al. (2012)

Simplified Parameters

o Diffusion, halo height
o Galaxy model

@ Convection
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Gamma-ray Example: Simple Galaxy Model

Gas for Propagation

Hydrogen distribution

0 2 4 6 8 10 12 14 16 18 20
R, kpc
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| Gamma-ray Example: Simple Galaxy Model

Propagation
o Axially symmetric J

Gas for Propagation

Hydrogen distribution

0 2 4 6 8 10 12 14 16 18 20

R, kpc
niversitit
innsbrud
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| Gamma-ray Example: Simple Galaxy Model

Propagation

o Axially symmetric

J

Gamma-ray Computation
o Gas, ISRF

Gas for Propagation

Hydrogen distribution

0 2 4 6 8 10 12 14 16 18 20
R, kpc
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| Gamma-ray Example: Simple Galaxy Model

Propagation Gamma-ray Computation
@ Axially symmetric J o Gas, ISRF J
Gas for Propagation Gamma Ray Map

Hydrogen distribution

Hij PR
0 2 4 6 8 10 12 14 16 18 20
R, kpc
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| Gamma-ray Example: Simple Galaxy Model

Propagation Gamma-ray Computation
@ Axially symmetric J o Gas, ISRF J
But: CR distribution Gamma Ray Map

=20
-20 -15 -10 -5 0 20
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| Development: Transport parameters

Idea
@ Statistical investigation of
propagation

o Fast, simplified simulation
models
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| Development: Transport parameters

Idea Galaxy Model
o Statistical investigation of
propagation e et . b oo
o Fast, simplified simulation : v e ’
models

(From Putze et al. (2010) A&A 516, A66)

Examples
@ Usine (semi-analytical)

o Galprop (very low
resolution)
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| Development: Transport parameters

Idea
o Statistical investigation of
propagation
o Fast, simplified simulation
models

Application
o Statistical analysis

o Estimate on transport
parameters

o Effect of cross sections

Galaxy Model

L) Convective
L | Diffeivehalo Ve consant wind
] "
w5 R
* v ¢ Ve
(From Putze et al. (2010) A&A 516, A66)
Examples

@ Usine (semi-analytical)
o Galprop (very low
resolution)
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| Development: Transport parameters

Idea
o Statistical investigation of
propagation
o Fast, simplified simulation
models

Application
o Statistical analysis

o Estimate on transport
parameters

o Effect of cross sections
o But: CRs only

Galaxy Model

L) Convective
L | Diffeivehalo Ve consant wind
] "
w5 R
* v ¢ Ve
(From Putze et al. (2010) A&A 516, A66)
Examples

@ Usine (semi-analytical)
o Galprop (very low
resolution)
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Transport Physics

Development
@ Localised sources

@ Spatial diffusion:

o Spatial variation
o Anisotropy
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Transport Physics

Development
@ Localised sources
@ Spatial diffusion:

o Spatial variation
o Anisotropy

Examples:
@ Spiral-arm source
distribution
o Diffusion tensor
@ Related codes:

o DRAGON

o PICARD

o Effenberger et al.

o Kopp, Bisching et al. m

| Numerical models Development



Transport Physics

Development
@ Localised sources

@ Spatial diffusion:

o Spatial variation
o Anisotropy

Examples:
@ Spiral-arm source
distribution
o Diffusion tensor
@ Related codes:

e DRAGON

o PICARD

o Effenberger et al.
o

Kopp, Biisching et al.

Gamma-ray Emissivity

w

0, E > 200 MeV

Emissivity (1072 ™' sr™'], z

L
0 5

10 15
R [Kpc]
(From Evoli et al. (2012) PRL 108

20

, 211102)
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Transport Physics

Development

@ Localised sources
@ Spatial diffusion:

o Spatial variation
o Anisotropy

Examples:

@ Spiral-arm source
distribution

o Diffusion tensor

@ Related codes:

e DRAGON

o PICARD

o Effenberger et al.
o

Kopp, Biisching et al.

Local CR Anisotropy

Ein/nuc [GeV]

(From RK et al. (2015) APh 70, 39)
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The Galprop Solution Approach

Solution Approach
o Start with empty Galaxy

@ Advance in time until
convergence
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The Galprop Solution Approach

Solution Approach
e Start with empty Galaxy

@ Advance in time until
convergence

Problem |
@ Characteristic timescales

o Convergence timescales

Time Evolution of Spectrum

steady state
200000 000a
60000 000a
10000 000a
6 000000a
1000000 a

o> o m e

(RK (2014))
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The Galprop Solution Approach

Solution Approach
e Start with empty Galaxy

@ Advance in time until

convergence

Problem |
@ Characteristic timescales

o Convergence timescales

Time Evolution of Spectrum

steady state
200000 000a
60000 000a
10000 000a
6 000000a
1000000 a

o> o m e

(RK (2014))
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The Galprop Solution Approach

Solution Approach

Time Evolution Parameters
- 2,
o Start with empty Galaxy 5, i
. . . X »  timestep_repeat=80
@ Advance in time until = e _ umese repen-a0o}
convergence s e ’
5 3
o x +
2 < «*%
Problem | k- x
o Characteristic timescales N x N
o Convergence timescales T T i
E [GeV]
(RK et al. (2014))
Problem II
@ Check for convergence?
@ Timestep control
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The Galprop Solution Approach
|

Solution Approach Time Evolution Parameters

2,

e Start with empty Galaxy

% X timestep_repeat=20
««««««««« 5.9 +  timestep_repeat=40
. . . By »  timestep_repeat=80
@ Advance in time until S A timesep_repeat=200f
convergence 5 '
R A
H R —
o° X+
2 < #%
Problem | ks e
o Characteristic timescales b x N
: W
o Convergence timescales T U T T e 78
E [GeV]

Problem |1

(RK et al. (2014))

@ Check for convergence?

@ Timestep control

@ Problem dependent?

i
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The Galprop Solution Approach

Solution Approach
e Start with empty Galaxy

@ Advance in time until
convergence

Problem |
@ Characteristic timescales

o Convergence timescales

Problem II
@ Check for convergence?
@ Timestep control

@ Problem dependent?

Time Evolution Parameters

X timestep_repeat=20
+ timestep_repeat=40
> timestep_repeat=80
< timestep_repeat=200{

relative deviation [%]

E [GeV]

(RK et al. (2014))
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Cosmic Particle Transport:
THE MEXT GENERATION

Astroparticle Physics

APh Vol.55 (2014)




| Features of PICARD

Solver

Steady-state solution
Explicit time integrator
MPI-parallel

Improved nuclear network

Speed
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| Features of PICARD

Solver
o Steady-state solution
o Explicit time integrator
o MPI-parallel
@ Improved nuclear network
@ Speed
E!(ample Resolution

o Standard CR simulation
(e.g., Fermi Diffuse Paper)
e 2D (1 kpc x 100 pc)
o PICARD

o 3D (up to ~75 pc?)

Example Simulation Results

6.4
56
48
4.0
32
24
1.6
0.8
0.0

=20 -15 -10 -5 0

[kPC]

y [kpc]

| Picard




| Features of PICARD

Solver
o Steady-state solution
o Explicit time integrator
o MPI-parallel
@ Improved nuclear network
@ Speed
E!(ample Resolution

o Standard CR simulation
(e.g., Fermi Diffuse Paper)
e 2D (1 kpc x 100 pc)
o PICARD

o 3D (up to ~75 pc?)

Example Simulation Results

6.4
56
48
4.0
32
24
1.6
0.8
0.0

=20 -15 -10 -5 0

[kPC]

y [kpc]

Example results:
Milkyway as spiral galaxy

| Picard



Spiral-Arm Cosmic Ray Sources

CR Source Candidates
@ Supernova remnants
@ Pulsars

o Gamma-ray binaries

L
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Spiral-Arm Cosmic Ray Sources

CR Source Candidates
@ Supernova remnants
o Pulsars
o Gamma-ray binaries

— young objects
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Spiral-Arm Cosmic Ray Sources

CR Source Candidates
@ Supernova remnants

o Pulsars

o Gamma-ray binaries
— young objects

— star formation regions
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Spiral-Arm Cosmic Ray Sources

I
CR Source Candidates

@ Supernova remnants
@ Pulsars

o Gamma-ray binaries
— young objects

— star formation regions

Source Distribution
o Spiral galaxy

— Spiral arms

— Galactic bar

Spiral Galaxy NGC1232

| Picard

Spiral Arms



Spiral-Arm Cosmic Ray Sources

CR Source Candidates
@ Supernova remnants
@ Pulsars
o Gamma-ray binaries
— young objects
— star formation regions

Source Distribution
o Spiral galaxy
— Spiral arms
— Galactic bar
@ Tracers of spiral structure

— Variety of models

Spiral Galaxy NGC1232

| Picard

Spiral Arms




| Confrontation with CR Data

CR Data CR Proton Flux
@ CR Fluxes v o’

@ Secondary / Primary ratios

o 1°Be/?Be Ratio
e B/C Ratio

— Axisymm z4R20
— Steiman z4R20

— n
fH BESS93(1993/07)
FH PAMELA(2006/07-2007/12)
wH AMS01(1998/06)

15 CAPRICE94(1994/08)

E}in/nuc [GeV]

(RK et al. (2014))
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| Confrontation with CR Data

CR Data Be-Ratio
@ CR Fluxes v

@ Secondary / Primary ratios
o °Be/?Be Ratio v/ 8
o B/C Ratio 5o

txe'.s nan, iz‘%%%o

»}4 ‘scMAxusss/osv
HH ACE-CRIS(1997/08-1999/07)
i Ulysses-HET(1990/10-1997/12)

10" 10° 10! 10° 10°

Ejin /nuc [GeV]

(RK et al. (2014))
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| Confrontation with CR Data

CR Data B/C Ratio
o CR Fluxes v/ °

7131Xésymm
— rm
. . 035 —2
@ Secondary / Primary ratios .

i ACE-CRIS(1998/01-1999/01)
i ACE-CRIS(2009-2010)
FH_ CREAM-I(2004/12-2005/01)

o °Be/?Be Ratio v/
e B/C Ratio

B/C

E}in /nuc [GeV]

(RK et al. (2014))

M
nsbrud

| Picard Spiral Arms



| Confrontation with CR Data

CR Data
@ CR Fluxes v/

e Secondary / Primary ratios

o °Be/?Be Ratio v/
e B/C Ratio

Distribution of Carbon

y [kpc]

200 =15 -10 -5

z [kpc]

| Picard

Spiral Arms




| Confrontation with CR Data

CR Data Distribution of Boron
o CR Fluxes v/ *
0.032
@ Secondary / Primary ratios .
) 1OBe/gBe Ratio v 0.024
4] B/C Ratio g 0.020
:}‘ 0.016
0.012
-9 0.008
g 0.004
2% =15 -10 -5 0 20 0-000
z [kpc]
y

| Picard Spiral Arms



| Confrontation with CR Data

CR Data B/C Ratio
o CR Fluxes v :
@ Secondary / Primary ratios

o °Be/?Be Ratio v/
e B/C Ratio

I 0.15]

Four-Arm Model
o Adapt parameters

— axisymm
— 4 arm

—2 arm

W AMS01(1998/06)

& Pamela(2006/07-2008/03)
i ACE-CRIS(1998/01-1999/01)
4 ACE-CRIS(2009-2010)

i CREAM-I(2004/12-2005/01)

B/C

E}in /nuc [GeV]

(RK et al. (2014))
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| Confrontation with CR Data

CR Data Modified Parameters
@ CR Fluxes v °

@ Secondary / Primary ratios

o °Be/?Be Ratio v/
e B/C Ratio v/

B/C

Four-Arm Model
o Adapt parameters o

o Fit possible Epin/nuc [GeV]
(RK et al. (2014))
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| Confrontation with CR Data

CR Data
@ CR Fluxes v/

e Secondary / Primary ratios

o °Be/?Be Ratio v/
e B/C Ratio v/

Four-Arm Model
o Adapt parameters

o Fit possible

@ Spatial variation

Axially Symmetric Model

| Picard

Spiral Arms




| Confrontation with CR Data

CR Data
@ CR Fluxes v/

e Secondary / Primary ratios

o °Be/?Be Ratio v/
e B/C Ratio v/

Four-Arm Model
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| Confrontation with CR Data

CR Data Modified Four-Arm Model
@ CR Fluxes v/

e Secondary / Primary ratios

o °Be/?Be Ratio v/
e B/C Ratio v/

Four-Arm Model
o Adapt parameters

o Fit possible

@ Spatial variation

Impact on gamma rays?
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Impact on Gamma Rays — Preliminary

Axi-Symmetric Configuration
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Impact on Gamma Rays — Preliminary

Two-Arm Configuration (IC only)

| N ]
6.4786e-16 6.32456e-12 y
Preliminary Conclusion Gamma-Ray Data
@ Imprint of IC component o ~200 MeV
@ Two-arm model excluded? o ~1GeV
o Galactic centre? o ~100 GeV
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| Gamma-Ray Spectra at Galactic Centre

Preliminary Results Axi-Symmetric Model

o At Galactic centre
o Different source models

o No ISRF scaling yet (see
Fermi Diffuse Paper)
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Observation

@ Change in total flux
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| Gamma-Ray Spectra at Galactic Centre

Preliminary Results
o At Galactic centre
o Different source models

o No ISRF scaling yet (see
Fermi Diffuse Paper)

Conclusion

@ Dependence on source
model

@ Other transport parameters

@ Numerics?

Two Arm Model

Observation

@ Change in total flux
@ Impact of electrons

@ Inverse compton
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Effect of Convergence

Residuum for bremsstrahlung

Setup

o Different GALPROP
time-integration parameters
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Effect of Convergence

Residuum for bremsstrahlung

Setup Result

o Different GALPROP o Global shift
time-integration parameters o Local structure
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| Conclusion

Transport Modelling

@ Range of available codes
@ Change 2D — 3D
@ Resolution

@ Improved Transport Physics
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Gamma Rays
o Local & global flux variation

@ Impact of different
components

mns!ru!!

| Picard Spiral Arms



| Conclusion

Transport Modelling

Galactic Centre

@ Here: localised sources
o Possibilities:
o Anisotropic diffusion

@ Range of available codes
Change 2D — 3D
Resolution

. o Re-acceleration
Improved Transport Physics o Unresolved sources
» o Matter / Radiation
Gamma Rays o Galactic Wind
@ Problems:

o Local & global flux variation o 9D models insufficient

@ Impact of different o Spatial resolution

components
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