
Julien Dörner | Patrick Reichherzer | Lukas Merten | Julia Tjus | Horst Fichtner | 

M.J. Pueschel | Ellen Zweibel

IMPLICATIONS OF TURBULENCE
DEPENDENT DIFFUSION ON COSMIC
RAY SPECTRA

EPS-HEP 2021 – 27.07.2021



Galactic excess
• Observation by Fermi-LAT

• Radial gradient in CR-

density and spectral index

⇒ Diffusion can not be 

constant in the Galaxy
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Transport equation

• Most astrophysical environments are dominated by the diffusive 

motion

𝜕𝑛

𝜕𝑡
+ 𝑢 ⋅ ∇n = ∇ ⋅ Ƹ𝜅 ∇n + 𝑆(Ԧ𝑟, 𝑝, 𝑡)
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Spatial diffusion

𝑩 = 𝑩 𝒆𝒛 ⇒ ෝ𝜿 =

𝜿⊥ 𝟎 𝟎
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Turbulent dependent diffusion spectra
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• Turbulence level 𝜂 =
𝑏

𝐵

• Based on single particle Simulation
(Reichherzer, MNRAS, 498, 5051)

• spectral index depend on the 

turbulence level



Turbulence in the Milky Way
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Leaky Box approximation: 
𝑑𝑁

𝑑𝐸
∝ 𝐸−𝛼𝑆−𝛾𝑖 𝛼𝑆 = 2.0



timescale analysis
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Two main dependences 
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Energy and turbulence
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Field direction / galactic radius 

• Inner Galaxy (𝑟 ≤ 5 𝑘𝑝𝑐) 
mainly parallel escape 

• Outer Galaxy (𝑟 > 5 𝑘𝑝𝑐) 
mainly perpendicular escape

• Edge of Galaxy (𝑟 ~ 19.5 𝑘𝑝𝑐)
parallel escape 

𝜏𝑑𝑖𝑓𝑓 ∝ ൞

𝐸−𝛾∥ 𝑟𝑔𝑐 < 5 𝑘𝑝𝑐

𝐸−𝛾⊥ 𝑒𝑙𝑠𝑒𝑤ℎ𝑒𝑟𝑒
𝐸−𝛾∥ 𝑟𝑔𝑐 > 19 𝑘𝑝𝑐



Setup for numerical simulation
• Magnetic field: 

global model Kleimann+ (2019)

galactic center Guenduez+ (2020)

• Source position follows the SNR 

distribution

• Source energy

𝟓𝟎 𝑮𝒆𝑽 ≤ 𝑬 ≤ 𝟏𝟎𝟎 𝑻𝒆𝑽

• Hadronic Interaction p-p

turbulence dependent diffusion | julien.doerner@rub.de8



Testing different diffusion models
Quasi-Linear Theory 
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Full turbulence dependend:
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𝛾𝑖 = 𝛾𝑖(𝜂) (interpolated after Reichherzer et al. 2021)
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Simulation result
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Simulation result
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Conclusions

Summary

• QLT is not a good prediction for galactic turbulence levels

• Turbulent dependence changes the CR density

• Transition in the spectral index 

Outlook:

• Contribution by the galactic outflow for the GC needed
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