Summary of the lesson

Cosmic Rays
CRs in Galaxies -
The MilkyWay in Yy Rays
Diffuse emission
Molecular Clouds
¥ Rays from other galaxies

Supernova Remnants

Evolution
MC associations
Gamma-ray from SNR

Others possible CRs sources =~



Radio emission of the Galaxy

Radio surveys & WMAP

820 MH=z

Radio Ground-based Surveys: 22 MHz — 5 GH=z
WMAP: 23 - 94 GHz .... Planck: 30 - 800 GH=z




Radio emission of the Galaxy
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Radio emission of the Galaxy

Synchrotron spectral index measurements ..
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Gamma-Ray Spectrum

Electron Bremsstrahlung
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Inverse Compton
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Gamma rays /| CR connections

CR distribution Targets distribution

Integrating
along the
line of sight

Gamma Ray model










Model vs. Observations
(Il quadrant)
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Model vs. Observations
(Il guadrant)
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Results from EGRET

0 bump in the inner Milky Way
(Hunter et al. 1997)
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Results from EGRET

Spatial correlation between gaz and vy-rays
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Observations (E&ERET):

- large scale spatial distribution well medelled by combination of TSM phases {assuming I = p©)
- fraction of unresolved point sources is small (unless distributed like the interstellar gas)

- spectrum does not wary (within relatively small uncertainties) in the Galaeoy

- deviations from perfect fit

Implications:
+ Gamma-Rays probe galactic CR and ISM distributions
+ CR electron-to-preton ratie roughly constant throughout Gabaoy
+ assumption of dynamic balence (I « p°) between ISM and CR is reasonably correct
(large matter density implies larger magnetic fields, allowing for larger CR energy density)



Galactic diffuse gamma rays

EGRET E > 100MeV
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Fig. 6.10. A comparison between the yray emissivity gradient (solid histogram)
to the distribution of SNR as possible acceleration sites (dotted line). The statis-
tical uncertainties of the gradient are typically below 109%. The obvious discrepancy
implies that either SNR are not accelerating the bulk of GeV cosmic rays, or diffu-
sive re-acceleration is operative, or galactic cosmic rays are confined on a scale of
many kpe's. Note that locally derived emissivities (dashed histogram) can differ
significantly from the global trend. From Strong and Mattox (1996 |528])
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Galactic diffuse gamma rays
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Ferm:—LAT Observations of the Diffuse y-ray Emission:
Rays and the Interstellar ZWMedium
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Implications for Cosmic
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Molecular Clouds in gamma rays
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Molecular Clouds in gamma rays
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Molecular Clouds in gamma rays
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CRs In Molecular Clouds

Yang et al.: Giant Molecular Clouds as observed with TAT
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Fig. 5. Energy spectra of CR protons in different clouds derived from the ~-ray data. It is assumed that the interactions
of CR with the ambient gas are fully responsible for the observed ~y-ray Huxes. The shaded regions represent 1o fits for
the proton spectra. For comparison, the measurements of CR protons by PAMELA are also shown (black crosses).




CRs In Molecular Clouds

Yang et al.: Giant Molecular Clouds as observed with LAT

Table 2. Spectral characteristics and statistic test (TS) value of the GMC listed in Table 1 obtained from the LAT
data. The individual y?/d.o.f. of the spectral representation tested are also quoted with the corresponding probabhilities
in brackets (see text for more details).
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Cosmic Rays in other galaxies






LMC diffuse gamma rays

30 Doradus Large

Magellanic Cloud (LMC)



Outline of
Large Magellanic Cloud



LMC diffuse gamma rays

LMC: counts MapS 800MeV-8GeV and 8-80GeV (smoothing with gaussian of 0.2°)
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PKS0601-70 » A bright region, 30 Dor : what lies behind ?

+ Extended emission not filling the galaxy or following the gas
« A few hard sources



LMC diffuse gamma rays

LMC: cosmic-ray population

An inhomogeneous distribution

* CR sea has 1/3 the local CR density . Average e“'IiSSiVity SpECtrum

* CR enhancements by factors 2-8 10 | T
* No CR enhancement in 30 Dor...
* ... but >0.5° offset from it -
* Correlation with cavities and shells E
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SMC diffuse gamma rays

Spitzer

Small
Magellanic Cloud (SMC)
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SMC diffuse gamma rays

SMC CcOou ntS maps 800MeV-8GeV and 8-80GeV (smoothing with gaussian of 0.2°)
PKS 0026-710 47 Tuc globular cluster
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* Extended emission following the bar of the SMC
* No hard sources within SMC boundaries

Counts



SMC diffuse gamma rays

SMC: cosmic-ray population

Global picture differs from LMC

* No point-like source in SMC

* CR sea has ~5% the local CR density

* CR enhancement in the bar by ~4

* No obvious correlation with cavities
...or star forming regions 72°00'§
(but geometry is different)
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CR In other galaxies
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