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Diffuse g-rays: a fundamental tool to study CRs origin  
and propagation in the Galaxy 

 
ÅThe knowledge of the CRs flux and spectra in the whole Galaxy is 

fundamental to study the origin and propagation  of cosmic rays 
 

ÅCosmic ray spectra are only  measured locally 
 

ÅHow the CR flux changes at different distances from the Galactic 
center ? 
 

Å Is the CR spectral shape equal in all the Galaxy ?  
 
ÅDiffuse gamma rays are the most poweful  method to answer these 

questions 
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Diffuse g-rays: a fundamental tool to study CRs origin and 
propagation in the Galaxy 

Å CR propagating in the Galaxy interact with with gas and radiation 
producing a diffuse flux of g-rays and neutrinos, that arrive at Earth 
encoding the space and energy distribution of CR in the whole Galaxy 

  
Å We built two models for the diffuse g-ray flux up to 10 PeV based on  

simple assumptions on the CR spectral behaviour in the Galaxy 
 

ÅThe two models predict very different gamma spectra at high energy, in 
particular above 30 TeV 

 

Å Existing measurements of diffuse g-rays: Fermi, Milagro, ARGO.  
     Above 30 TeV: only upper limits by CASA-MIA and KASCADE-GRANDE 
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Fermi diffuse gamma ray flux at 12 GeV 

Fermi made a template of diffuse Galactic gamma ray flux to be used as a background 
for the search of point sources. 
The maps are given for 30 energies, from ~60 MeV to ~ 500 GeV  
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Fermi diffuse g-ray 
flux at 12 GeV 

Galactic longitude 
distribution 
 
Latitude |b| < 3 ° 

Galactic latitude distribution 
(integrated over the longitude) 
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Half of the flux 
is in the band  
|b| < 5 ° 



Ingredients for the calculation  
of the diffuse gamma ray flux 

 Gamma ray production in every point of the Galaxy 
 
ÅCosmic ray spectrum  (p,He,nuclei,e-)  
ÅTarget density: 
         Interstellar matter (H, He, heavy nuclei) 
         Radiation fields (CMB, Dust & star emission)  
ÅCross sections   pp, p-nuclei, nuclei-nuclei -> g    

 
    Gamma ray propagation 
 
ÅIntegration of the flux along the line of sight 
ÅCalculation of the absorption of gamma ray by pair production 

in the Galaxy radiation field 
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Steps in the calculation of the diffuse g-ray flux 

Taking into account the available data, we developed: 
 
ÅA model for the spatial distribution of the interstellar matter 

 
ÅA model for the radiation field in the Galaxy to evaluate the 

absorption of gamma ray by pair production 
 
ÅA model for the cosmic ray spectra in all the Galaxy 
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The interstellar matter 

 

Gas ~99%              Dust ~ 1% 
Local gas composition: ~ 90% Hydrogen,  ~ 9% Helium,  ~ 1% other 
 
Hydrogen components in the Galaxy: 
 
ÅAtomic        H      - 21 cm line -> H column density 
                                   - Doppler shift -> radial velocity -> distance from GC 
                                   - need to know the Galaxy rotation curve v(r) 
ÅMolecular   H2     - carbon monoxide 12CO and 13CO emission -> H2 column density 
                                  - need to know the ratio CO/H2 and the Galaxy rotation curve 

Å Ionized        H+    - H-a line at 6563 A (absorbed by dust) 
 
They are spatially distributed in different ways 
Structures are present at all scales: spiral arms, spurs, clouds, filaments... 
A bar is observed in the center 
The disk is warped and asymmetric 
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Interstellar matter  
in M31 

Visible light 

Atomic H 
(21 cm line) 

Ionized H 
(H-a line) 

Dust emission 
(IR 250 mm) 

Chemin et al., 2007 

Molecolar H2 

(12CO line) 

Nieten et al., 2005 

HERSHEL data 
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Atomic Hydrogen in our Galaxy 

H emission (21 cm) integrated over the 
velocity range  -400 < v < +400 km s-1  
(LAB dataset, Kalberla et al., 2005) 

H surface density 
Spiral arms fit  
(LAB dataset, Levine et al, 2006) 
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