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Propagation: Interaction with Gas

Energy Losses

Ionisation losses

Coulomb losses

Bremsstrahlung

→ gamma-rays

Inelastic reactions

Spallation of particles

Creation of secondary CRs

X + p→ X + p+ π0

⇒ π0 → gamma rays

Bremsstrahlung Losses
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Propagation: Further Interactions

Interaction with Mag. Field

Energy losses

Field parallel motion

Scattering

Resulting CR Motion

Scattering → diffusion

Gas motion → convection

Interaction with Radiation

Electrons only

IC losses

→ gamma-rays

Transport in ISM

(by Heinz & Sunyaev (2002))
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Mathematical Model & Parameters

Transport Equation

∂ψ
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Source distribution q(~r, p)

Diffusion tensor D
Convection ~v

Momentum diffusion Dpp

Energy losses ṗ

Spallation τf

Radioactive decay τr

Usual Parameters

Diffusion coefficient D0

Rigidity exponent δ

Alfvén speed vA

Halo height zH

Injection index ν

Convection v0,
dv
dz

Radial / vertical scaleheights
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→ Here: focus on sources



I. Spiral-Arm CR-Source Models

CR Data

CR Fluxes X
Secondary / Primary ratios

10Be/9Be Ratio

X

B/C Ratio

X

Spiral-Arm Models

1 Adapted parameters

Change of D and vA
Relative change ∼ 20%

2 Shift of source pattern

Fit possible

Spatial variation

Axially Symmetric Model

y
z

x

(Kissmann et al. (2015))
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II. Anisotropic Diffusion

X-shape Magnetic Field
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Anisotropic Diffusion & Gamma Rays

Gamma-ray Emission

(Picard (2017))
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The GeV Gamma-Ray Sky. . .

5 Years of Fermi Data
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. . . vs. The TeV Gamma-Ray Sky

H.E.S.S. Galactic Plane Survey
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III. Beyond Continuous Source Modeling

H.E.S.S. Galactic Plane Survey and Spiral Arms
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III. Beyond Continuous Source Modeling

Active CR Sources

Use observations

Here: Hgps

Number of Hgps Sources

(H. E. S. S. Collaboration et al. (2018))

Hgps Sensitivity Limits

(H. E. S. S. Collaboration et al. (2018))
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Implemented Source Model

Observed Sources

Hgps catalog (relative fluxes)

Identified source (distance)

Distinction: leptonic ↔
hadronic

Simulated Source Population

Model by Steppa and Egberts
(2020)

Distribution from
Steiman-Cameron et al.
(2010)

Replace simulated sources by
observed ones.

Use measured logN − logS
→ only high-energy sources
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Preliminary: Cosmic-Ray Distribution

Electrons in Galactic Plane

(Thaler et al. (2021))

Carbon in Galactic Plane

(Thaler et al. (2021))
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Preliminary: Gamma Rays

Inverse-Compton Emission at 1.6 TeV

(Thaler et al. (2021))
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Preliminary: Gamma Rays

Pion-Decay Emission at 1.6 TeV

(Thaler et al. (2021))

EPS-HEP 2021 Discrete Sources



Preliminary: Gamma Rays

Total Gamma-Ray Emission at 1.6 TeV

(Thaler et al. (2021))
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Resolution Limit
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Typical Resolution (130 pc)
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Resolution Limit
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High Resolution (65 pc)
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Conclusion

Outlook: Galactic CR Transport

3D Structure

Galactic Center

Dynamical Evolution

Anisotropic Transport
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Picard

Accuracy of solver

Energies up to the knee

(Locally) high resolution

Locally changing diffusion

Neutrino messenger?

Individual Sources

Here: >TeV energies

Diffuse Emission for CTA?

To Do:

Normalization
logN − logS
Near-Source Transport
Anisotropic Diffusion
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(López-Coto and Giacinti (2018))

Transport Near Geminga

(Hooper et al. (2017))
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