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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
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621 events
E > 50 MeV
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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
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E > 360 MeV

E > 50 MeVE > 50 MeV

E > 50 MeV

1972 1975

1991 2008

Wednesday, July 11, 2012



Gamma 2012 Jean-Marc Casandjian4

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
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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
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Hadronic Interaction Bremsstrahlung Inverse Compton

E2 x Ncr x sigma E2 x Ncr x sigma E2 x Ncr x sigma

The diffuse interstellar emission probes a wide range of the electron and proton spectrum
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Hadronic Interaction Bremsstrahlung Inverse Compton

E2 x Ncr x sigma E2 x Ncr x sigma E2 x Ncr x sigma

The diffuse interstellar emission probes a wide range of the electron and proton spectrum

Bremsstrahlung

Inverse Compton
PI0 decay
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Template fitting:  correlate Fermi counts 
with other wavelength maps or with predictions 

counts per 0.25 degree pixel
sqrt color scaling
E>360MeV

 LAT counts correlated with atomic hydrogen

 Predicted LAT counts derived from LAB radio survey.
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log color scaling

Interaction between Galactic CR and nucleons/photons 

Fermi skyLarge scale
structures

Isotropic x exposure
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Template fitting:  correlate Fermi counts 
with other wavelength maps or with predictions 

counts per 0.25 degree pixel
sqrt color scaling
E>360MeV

 LAT counts correlated with atomic hydrogen

 Predicted LAT counts derived from LAB radio survey.

7

log color scaling
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Template fitting:  correlate Fermi counts 
with other wavelength maps or with predictions 

counts per 0.25 degree pixel
sqrt color scaling
E>360MeV

 LAT counts correlated with atomic hydrogen

 Predicted LAT counts derived from LAB radio survey.

7

log color scaling

COS-B Strong et al. 1988

Local HI emissivity  
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Template fitting:  correlate Fermi counts 
with other wavelength maps or with predictions 

counts per 0.25 degree pixel
sqrt color scaling
E>360MeV

 LAT counts correlated with atomic hydrogen

 Predicted LAT counts derived from LAB radio survey.

7

log color scaling

EGRET Strong, Mattox 1996

Local HI emissivity  
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Template fitting:  correlate Fermi counts 
with other wavelength maps or with predictions 

counts per 0.25 degree pixel
sqrt color scaling
E>360MeV

 LAT counts correlated with atomic hydrogen

 Predicted LAT counts derived from LAB radio survey.

7

log color scaling

FERMI 6 months  Abdo  et al. 2009

Local HI emissivity  
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Template fitting:  correlate Fermi counts 
with other wavelength maps or with predictions 

counts per 0.25 degree pixel
sqrt color scaling
E>360MeV

 LAT counts correlated with atomic hydrogen

 Predicted LAT counts derived from LAB radio survey.

7

log color scaling

FERMI 3 years PRELIMINARY

Local HI emissivity  
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Template fitting:  correlate Fermi counts 
with other wavelength maps or with predictions 

counts per 0.25 degree pixel
sqrt color scaling
E>360MeV

 LAT counts correlated with atomic hydrogen

 Predicted LAT counts derived from LAB radio survey.

7

log color scaling

Local HI emissivity  
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Synchrotron studies are needed to disentangle contributions from 
bremsstrahlung and hadronic interactions at low energies. 
(see poster by Andy Strong)

p and >alpha+ISM

alpha+ISM
e+He

e+H

total

Comparison between LAT emissivities and emissivities calculated from computed local interstellar spectrum (LIS)

Galprop LIS from a diffusive - reacceleration model.
 (Yusifov CR source distribution, zh = 6kpc, Rh = 30kpc, TS = 150K, 
andE(B−V) magnitude cut of 2 mag)
Ackermann et al. 2012, ApJ, 750, 3

p LIS e LIS He LIS

AMS

p LIS e LIS He LIS

AMS

Diffusion model with diffusion coefficient 
rigidity dependence derived from 
synchrotron. 
Webber & Higbie 2008, JGR, 113, 11106
Webber & Higbie, 2009, JGR, 114, 02103

p and >alpha+ISM

alpha+ISM e+He

e+H
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Large scale in diffuse emission

counts per 0.5 degree pixel
14 months

 “ A excess with harder spectrum possibly 
associated with Loop I in the northern and 
southern central region is also observed. ”
Casandjian, Grenier for the Fermi LAT Collaboration
2009 Fermi Symposium, eConf Proceedings C091122

Full description of the Fermi bubbles: 
Su, Slatyer, Finkbeiner, 2010, ApJ, 724, 1044

Fermi LAT counts not correlated with 
gas, Galactic inverse-Compton, 

isotropic or sources.
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Large scale in diffuse emission

counts per 0.5 degree pixel
3 years

 “ A excess with harder spectrum possibly 
associated with Loop I in the northern and 
southern central region is also observed. ”
Casandjian, Grenier for the Fermi LAT Collaboration
2009 Fermi Symposium, eConf Proceedings C091122

Full description of the Fermi bubbles: 
Su, Slatyer, Finkbeiner, 2010, ApJ, 724, 1044

Fermi LAT counts not correlated with 
gas, Galactic inverse-Compton, 

isotropic or sources.
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Large scale in diffuse emission

counts per 0.5 degree pixel
3 years

 “ A excess with harder spectrum possibly 
associated with Loop I in the northern and 
southern central region is also observed. ”
Casandjian, Grenier for the Fermi LAT Collaboration
2009 Fermi Symposium, eConf Proceedings C091122

Full description of the Fermi bubbles: 
Su, Slatyer, Finkbeiner, 2010, ApJ, 724, 1044

23 GHz polarized WMAP

Fermi LAT counts not correlated with 
gas, Galactic inverse-Compton, 

isotropic or sources.
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23 GHz polarized WMAP
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Large scale in diffuse emission

 “ A excess with harder spectrum possibly 
associated with Loop I in the northern and 
southern central region is also observed. ”
Casandjian, Grenier for the Fermi LAT Collaboration
2009 Fermi Symposium, eConf Proceedings C091122

Full description of the Fermi bubbles: 
Su, Slatyer, Finkbeiner, 2010, ApJ, 724, 1044

Fermi LAT counts not correlated with 
gas, Galactic inverse-Compton, 

isotropic or sources.

counts per 0.5 degree pixel
3 years
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23 GHz polarized WMAP
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Large scale in diffuse emission

 “ A excess with harder spectrum possibly 
associated with Loop I in the northern and 
southern central region is also observed. ”
Casandjian, Grenier for the Fermi LAT Collaboration
2009 Fermi Symposium, eConf Proceedings C091122

Full description of the Fermi bubbles: 
Su, Slatyer, Finkbeiner, 2010, ApJ, 724, 1044

Fermi LAT counts not correlated with 
gas, Galactic inverse-Compton, 

isotropic or sources.

counts per 0.5 degree pixel
3 years
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Large scale in diffuse emission

counts per 0.5 degree pixel
3 years

 “ A excess with harder spectrum possibly 
associated with Loop I in the northern and 
southern central region is also observed. ”
Casandjian, Grenier for the Fermi LAT Collaboration
2009 Fermi Symposium, eConf Proceedings C091122

Full description of the Fermi bubbles: 
Su, Slatyer, Finkbeiner, 2010, ApJ, 724, 1044

23 GHz polarized WMAP

Fermi LAT counts not correlated with 
gas, Galactic inverse-Compton, 

isotropic or sources.
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Comptel

9

Large scale in diffuse emission

counts per 0.5 degree pixel
3 years

 “ A excess with harder spectrum possibly 
associated with Loop I in the northern and 
southern central region is also observed. ”
Casandjian, Grenier for the Fermi LAT Collaboration
2009 Fermi Symposium, eConf Proceedings C091122

Full description of the Fermi bubbles: 
Su, Slatyer, Finkbeiner, 2010, ApJ, 724, 1044

Fermi LAT counts not correlated with 
gas, Galactic inverse-Compton, 

isotropic or sources.

“l=18” source
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Fermi bubble

Large scale in diffuse emission

 “ A excess with harder spectrum possibly 
associated with Loop I in the northern and 
southern central region is also observed. ”
Casandjian, Grenier for the Fermi LAT Collaboration
2009 Fermi Symposium, eConf Proceedings C091122

23 GHz polarized WMAP

Fermi LAT counts not correlated with 
gas, Galactic inverse-Compton, 

isotropic or sources.

counts per 0.5 degree pixel
3 years

Full description of the Fermi bubbles: 
Su, Slatyer, Finkbeiner, 2010, ApJ, 724, 1044
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          =
Fermi peanut 

Fermi bubble

Large scale in diffuse emission

 “ A excess with harder spectrum possibly 
associated with Loop I in the northern and 
southern central region is also observed. ”
Casandjian, Grenier for the Fermi LAT Collaboration
2009 Fermi Symposium, eConf Proceedings C091122

23 GHz polarized WMAP

Fermi LAT counts not correlated with 
gas, Galactic inverse-Compton, 

isotropic or sources.

counts per 0.5 degree pixel
3 years

Full description of the Fermi bubbles: 
Su, Slatyer, Finkbeiner, 2010, ApJ, 724, 1044
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          =
Fermi peanut 

or
Fermi acorn ? 

Fermi bubble

Large scale in diffuse emission

 “ A excess with harder spectrum possibly 
associated with Loop I in the northern and 
southern central region is also observed. ”
Casandjian, Grenier for the Fermi LAT Collaboration
2009 Fermi Symposium, eConf Proceedings C091122

23 GHz polarized WMAP

Fermi LAT counts not correlated with 
gas, Galactic inverse-Compton, 

isotropic or sources.

counts per 0.5 degree pixel
3 years

Full description of the Fermi bubbles: 
Su, Slatyer, Finkbeiner, 2010, ApJ, 724, 1044
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Conclusion

11

The Galactic interstellar gamma-ray emission first observed at the end of the sixties is now studied from the 
keV to the TeV.

Fermi-LAT with its large effective area, good angular resolution, energy range and survey scanning mode is an 
ideal instrument for precise diffuse studies like the HI emissivity. 

This emissivity agrees with recent diffusive propagation based electron and proton LIS calculation.

Multi-wavelength studies are needed to support the interpretation of diffuse emission in term of interaction 
between cosmic-ray and interstellar medium (IR, Integral, Comptel, synchrotron).

New exciting large scale structures were observed, careful foreground and background modeling are still 
required in the plane to help their interpretation.

CTA will also detect the diffuse emission..
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