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diffuse emission = interstellar emission
                            = emission coming from the Galaxy not associated
                                with point or small-extended sources
                            = not only a background !

E=1 GeV
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Kraushaar et al., ApJ, 1972,177,341

OSO-3 (Third Orbiting Solar Observatory, launched on 1967)
First clear experimental evidence of Galactic diffuse emission

621 events
E > 50 MeV



NASA High Energy Astrophysics Science Archive Research Center (HEASARC)

198,327 events
E > 50 MeV

11,762 events
E > 50 MeV

1,151,662 events
E > 50 MeV

x19

43,109,003 events
E > 50 MeV
diffuse ~60%

counts per 0.25 degree pixel
sqrt color scaling

x17

x37x6
E > 360 MeV

E > 50 MeVE > 50 MeV

E > 50 MeV
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Revnivtsev et al., 2004, A&A 418, 927-936

L. Bouchet et al., ApJ. 2011, 739,29

Unresolved sources, not interstellar emission !

INTEGRAL-SPI E=27-600 keV

RXTE-PCA E=3-20 keV DIRBE, 1.25, 2.2, 3.5 μm

SPI

unresolved sources

positronium

diffuse emission

diffuse continuum

27-49 keV 49-90 keV

100-200 keV 200-600 keV



http://www.mpe.mpg.de/~aws/comptel/aws/skymos/skymos.html

Aharonian et al., 2006, Nature 439, 695 

Abdo et al., 2007, ApJ, 658:L33–L36

Comptel 1- 30 MeV

Fermi-LAT E>360 MeV

HESS E>380 GeV

Milagro E>12 TeV

pi0

IC

bremsstrahlung

Fermi-LAT

Comptel
SPI

total diffuse

A. Strong, Cosmic Rays for Particle and Astroparticle 2011
Physics. arXiv:1101.1381

http://www.mpe.mpg.de/~aws/comptel/aws/skymos/skymos.html
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Processes for HE γ production



FERMI 100-200 MeV

GAS: 44%

ISO: 23%

IC: 15%

point sources: 15%



FERMI    |b|>10 deg

Casandjian 2015
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effect of solar modulation



Study of emissivities with LIS from 
Dragon 

and production cross-section from 
FLUKA

Incompatibility with Voyager :

We need lower energy gamma-ray to 
constrain e- from bremsstrahlung

Fermi



E2 x Ncr x sigma

Hadronic Interaction cross-section

 HARPO range

proton
 range

E2 x Ncr x sigma

Bremsstrahlung cross-section

 HARPO range

electron
 range

IC cross-section

electron
 range

 HARPO range

At MeV energies



Fermi

pi0

bremss

Bremsstrahlung  makes the real pi0 bump very challenging 
to observe (see presentation from Martina Cardillo)

not a fit, just a comparison



                  Joined IC and bremsstrahlung 
analysis at low gamma-ray energy

Galprop IC renormalization factor

Acero 2015

•  Wrong electron density ?
•  Incorrect ISRF ? 
•  DM signal (see talk by Marco Cirelli) ?

IC probe the Galaxy bulge and halo



Nuclear lines
H  : cosmic-ray ionization rate 

The cosmic-ray ionization rate (ζ2) is about one order of magnitude 
larger than previously thought.

Indriolo 2012

3
+

Low-energy extra 
component of the 
proton spectra.

Benhabiles-Mezhoud 2013

deexcitation of the first levels in 12C, 16O, 20Ne, 24Mg, 28Si, 56Fe

Benhabiles-Mezhoud 2013

standard CR

extra low E CR
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Fermi and ROSAT
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Fermi GC emission

                  Joined IC and bremsstrahlung 
analysis at low gamma-ray energy

Acero 2015

http://arxiv.org/abs/1502.07210
http://arxiv.org/abs/1502.07210


“un-modeled” Fermi emission

complicates faint point 
source studies 

Energy

Acero 2015



http://www.mpe.mpg.de/~aws/comptel/aws/skymos/skymos.html

Comptel 1- 30 MeV, linear scaling

Fermi-LAT counts, E=30-50 MeV, sqrt scaling

PSF versus Aeff

Fermi-LAT counts minus sources
E=30-50 MeV, sqrt scaling

PSF

http://www.mpe.mpg.de/~aws/comptel/aws/skymos/skymos.html
http://www.mpe.mpg.de/~aws/comptel/aws/skymos/skymos.html


Tentative of diffuse model at ~40 MeV: 
large IC contribution 

Extragalactic Gamma-ray Background

It will be very challenging to disentangle  EGB and IC at high latitude !

(see talk by Nachiketa Chakraborty)



Conclusions

Lot’s of astrophysics can be done at low energy gamma-ray

We did learn a lot about ISM and CRs with Fermi.

MeV will give us access to the electrons and positions density 
in the local and outer Galaxy and clouds. 

IC has a smooth spatial structure, it is difficult to model, it should 
be ok for point sources but a problematic background for 
extended sources.

It should be possible to model the diffuse emission for 
point-source extraction.

From Fermi we know a good PSF helps a lot to study the 
interstellar emission.


