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. Fermi measurements of diffuse gamma-ray emission
Ve .
In the outer Galaxy:
@, MM Cassiopelia, Cepheus and the Perseus arm
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Summary: We report on the gradient of cosmic-ray densities and of X__ =N(H)/W__ toward the outer Galaxy in the second Galactic
quadrant, derived from measurements of diffuse gamma-ray emission by the Fermi Large Area Telescope.

Abstract
We present the analysis of the interstellar gamma-ray emission measured by the Fermi Large Area Telescope (LAT) in the second Galactic quadrant at 100° < | < 145°,
-15° < b < +30°. This region encompasses the prominent Gould-Belt clouds of Cassiopeia, Cepheus and the Polaris flare, as well as conspicuous clouds at larger
distances in the local and Perseus spiral arms, suitable to probe the cosmic-ray densities and interstellar masses beyond the solar circle. We find that the gamma-ray
emissivity spectrum of the local gas Is consistent with expectations based on the cosmic-ray spectra measured at Earth. The emissivity decreases from the Gould Belt to
the Perseus arm, but the measured gradient is flatter than expectations based on diffusion of cosmic rays from supernova remnant sources with a distribution peaked In
the inner Galaxy as suggested by pulsars. The X__ =N(H_)/W__ conversion factor moderately increases by a factor 2 from the Gould Belt to the Perseus arm. The

presence of additional gas not properly traced by H 1 and CO in the Gould Belt is suggested by the correlation between gamma-ray data and dust detected through its
thermal emission.

SCIENTIFIC CASE

 High energy interstellar gamma-ray emission is produced by interactions of cosmic rays (CRs) with the gas in the
Interstellar medium (pion production and Bremmstrahlung) and the interstellar radiation field (Inverse Compton, IC,
scattering).
» Often interpreted in term of radio/microwave ISM tracers:

> the 21 cm line of atomic hydrogen (H 1) gives the densities of atomic gas;

> the 2.6 mm line of carbon monoxide (CO) indirectly traces the molecular gas.
« X, =N(H )/W__ s thought to increase in the outer Galaxy; this need to be verified in gamma rays.

 The origin of CRs is still mysterious; supernova remnants are thought to be CR sources in our Galaxy but their
distribution is highly uncertain; the gradient of gamma-ray emissivities can provide useful constraints.

*The region of Cassiopeia and Cepheus, at 100° <1< 145° and -15° < b < +30°, Is well suited to probe CRs and the ISM
beyond the solar circle because of the good kinematic separation and the presence of conspicuous gas complexes.
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