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The Galactic Diffuse Gamma-ray Emission
... the dominant feature of the gamma-ray sky and

a probe of the Galactic ISM and the CR distributions

Tangent points of the local arm

Galactic ridge High latitude (halo?)

Inter-arm region

S. Hunter, GLAST meeting, Oct.2004



Galactic matter distribution of
atomic, molecular, and ionized hydrogen

Galactic cosmic-ray distribution of 
electrons and nucleons (+ He, heavies)

Low-energy photon energy density
cosmic microwave background,
infra-red, visible, and ultraviolet

Gamma-ray production functions
electron bremsstrahlung, nucleon-
nucleon (πo), and inverse Compton
Synchrotron emission is not significant
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Straight forward integral over the line-of-sight:

The hard part: determining the 3-D matter, ISR, and CR distributions.

The Galactic Diffuse Emission
S. Hunter, GLAST meeting, Oct.2004



Composition of the ISM - Matter & Radiation

• Interstellar Clouds 0.011M /pc3, ~90% of ISM
– Bright Nebulae, e.g. Orion (M42) – Dark Nebulae, e.g. Ophiuchus
– HI 8 H-atoms/cm3, 0.01 elec/cm3 – H2 1 H-mol/cm3

– All other elements – HII ~8 elec/cm3

• Interstellar Gas
– Mean density between clouds 0.1 H-atoms/cm3, 0.035 elec/cm3

• Interstellar Grains 0.0015 M /pc3, ~10% of ISM
– Number density 0.5 x 10-12 cm-3 Mass density ~1g/cm3

• Stellar radiation 7×10-13 erg/cm3

– CMB (2.7°K) 4×10-13 erg/cm3

• Turbulent gas motion 5×10-13 erg/cm3

• Cosmic rays 16×10-13 erg/cm3

• Magnetic field 15×10-13 erg/cm3

• Should this list also include dark matter?

S. Hunter, GLAST meeting, Oct.2004



Gas Distribution

Sun

Molecular hydrogen H2
is traced using J=1-0 
transition of 12CO,
concentrated mostly 
in the plane          
(z~70 pc, R<10 kpc)
Molecular mass ratio:   

X=N(H2)/WCO

Atomic hydrogen H I
has a wider 
distribution            
(z~1 kpc, R~30 kpc)

Ionized hydrogen H II –
small proportion, but 
exists even in halo 
(z~1 kpc)

I. Moskalenko, GLAST meeting, Sep.2004



CR Distribution from Dynamic Balance

• Derive 3-D distributions of HI, H2, and HII

• Determine Galactic mater surface density, 
normalize total Solar density to unity,

ce = cn = c(l,ρ)
• CR density at l,ρ is then 

Solar CR density × c(l,ρ)
• The diffuse emission is 
∝ (Matter density)2

• CR scale height assumed 
to be large compared to 
matter scale height

S. Hunter, GLAST meeting, Oct.2004



Energy density

Energy density Sun

• Stellar
• Dust
• CMB

I. Moskalenko, GLAST meeting, Sep.2004

Interstellar radiation field



Comparison with EGRET data
S. Hunter, GLAST meeting, Oct.2004



Dark gas contribution

• Additional qdustIdust(l,b) term
• Possible dust intensity maps:

– E(B-V): reddening map
• I3000, IRAS 3000 GHz map, corrected to 18.2K with 

use of DIRBE 100-240μm ratios
– I94: intensity map at 94 GHz

• COBE DMR/FIRAS

Grenier, Casandjian & Terrier, Science 307, 1292 (2005)



Map of “excess dust reddening” = 
dark gas?

Grenier, Casandjian & Terrier, Science 307, 1292 (2005)



Best fits to diffuse gamma-ray data
Grenier, Casandjian & Terrier, Science 307, 1292 (2005)



Comparison with data
Grenier, Casandjian & Terrier, Science 307, 1292 (2005)



Dark gas distribution based on the fit
Grenier, Casandjian & Terrier, Science 307, 1292 (2005)

Clouds of dark gas (39σ)! 
with N(H) column-densities
comparable to N(HI) and 
2N(H2)



Latitude profile
Grenier, Casandjian & Terrier, Science 307, 1292 (2005)



Nearby dark gas clouds



H2 mass vs. dark mass: evolution?



Model comparison
Grenier & Casandjian, Paleisaeu workshop (April, 2005)

× exposure



New diffuse model
Casandjian, Grenier & Terrier, ICRC OG2.1 (2005)



Casandjian, Grenier & Terrier, ICRC OG2.1 (2005)



EGRET unID sources
Casandjian, Grenier & Terrier, ICRC OG2.1 (2005)



Grenier, XXIVth MORIOND Astrophysics (2004)



Grenier, XXIVth MORIOND Astrophysics (2004)



Grenier, XXIVth MORIOND Astrophysics (2004)



Model comparison
Grenier & Casandjian, GLAST meeting (Aug. 2005)



Summary

• New interstellar emission model that 
includes the local dark clouds were 
developed.

• Mass of local dark clouds is comparable to 
that of molecular clouds. 

• With the new interstellar background, only 
several new sources appeared and most 
of the persistent unidentified sources 
associated with the Gould Belt lost their 
significance.
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