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q1 q2 q3

Template method :
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Fermi collaboration:
~600 papers

~30k citations for cat 1
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The LAT detectorEnergy range: 30 MeV- 300 GeV
large FOV: 2.4 sr
Aeff:~8000 cm2 at 1 GeV
PSF: θ68%~0.8° at 1 GeV
altitude: 565 km
inclination: 25.6°
orbital period: 91 min
whole sky covered in 2 orbits
in survey mode (rocking angle 50°)
public data, available within 12 h
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Kraushaar et al., ApJ, 1972,177,341

OSO-3 (Third Orbiting Solar Observatory, launched on 1967)

621 events
E > 50 MeV

First evidence of interstellar emission
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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
E > 360 MeV

E > 50 MeVE > 50 MeV

E > 50 MeV

1972 1975

1991 2008
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point sources

counts per 0.25 degree pixel
linear color scaling
E>600 MeV

LAT with 8 years of data
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3 and 4FGL Catalog: the list of point 
sources

3FGL

4FGL
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isotropic diffuse  
-ray backgroundγ

Interstellar emission ?
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flat-spectrum radio quasars

BL Lacertae

AGN with 
jet misaligned

Star Forming Galaxies

Di Mauro 2017

IGRB:   -ray emission from unresolved extragalactic sourcesγ
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Interstellar emission !
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 Predicted LAT counts derived from LAB radio survey. Interstellar emission: case of the interaction 
between CR protons and atomic hydrogen
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Correlation between gammas and H column density
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Kamae et al., 2006 
Mori et al., 2009

Bremsstrahlung hadronic interaction

Protons Helium

AMS  
PAMELA 
ATIC-2

AMS  
PAMELA 
ATIC-2
CREAM

Electron spectrum from 
synchrotron:

Emissivity calculated from heliospheric fluxes

Webber & Higbie 2008, JGR, 113, 11106
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Kamae et al., 2006 
Mori et al., 2009

Bremsstrahlung hadronic interaction

preliminary

Solar 
modulation !

Protons Helium

AMS  
PAMELA 
ATIC-2

AMS  
PAMELA 
ATIC-2
CREAM

Electron spectrum from 
synchrotron:

Webber & Higbie 2008, JGR, 113, 11106

Force field approximation
Gleeson, Axford, 1968

Emissivity calculated from heliospheric fluxes
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casandjian 2015

Emissivity: a way to derive the CR fluxes
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p and He flux from a fit to the LAT and PAMELA

Galactocentric distance (kpc)casandjian 2015

Emissivity: a way to derive the CR fluxes

Power-law, as predicted by the diffusive shock acceleration
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Emissivity prediction for different cross-sections
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Proton
Helium

e+ e-

Corti et al., ApJ, 829:8, 2016
Corti et al., ApJ, 829:8, 2016

Boschini  et al., ApJ, 854:94, 2018

Here cross-section with heavy nuclei was scaled from p-p cross-section.
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Production of secondary particles and nuclei in cosmic rays 
collisions with the interstellar gas using the FLUKA code
Mazziotta et al. , 2016
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Proton

Helium

Carbon and Boron

e+ e-
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molecular hydrogen
and 
atomic hydrogen

Interstellar emission: case of the interaction 
between CR protons and atomic hydrogen
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Interstellar emission: case of the interaction 
between CR protons and molecular hydrogen

no permanent dipole moment
not have rotation spectrum (radio)

Electronic transition and transition between vibrational states: absorbed  
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Interstellar emission: case of the interaction 
between CR protons and molecular hydrogen
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casandjian 2015

We can derive XCO with LAT !
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Interstellar emission: case of the interaction 
between CR protons and molecular hydrogen

IC
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Inverse Compton
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Inverse Compton
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Inverse Compton

H+

When template method stops working

Prediction of counts per pixels 

for Fermi at Eγ > 9 GeV
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Galprop IC renormalization factor

Acero 2015

IC probe the Galaxy bulge and halo
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Synchrotron electrons
408 MHz
Haslam

Loop I

Helga Dénes

DNM

Dark Gas

What is left ?

(interesting stuff ..)
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Conclusions

We need the XSCR to model the 
emissivity when the template 
method does not work and when 
the emissivity is different from the 
local one (H+).

We are / will be able to measure the 
local emissivity q with a precision of 
~5%.
We need the same precision on the 
XSCR with the ISM to learn about 
the CR density outside the Local 
Bubble.

if we can measure q .. … if not


