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1. Cosmic Rays
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Discovered in 1912 by Victor Hess (1936 Nobel prize)
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Dominated by Nuclei,
there are also electrons,
positrons and antiprotons

Age: 107 Year
Energy density: leV/cm?®
Power: ~ 104 erg/s

Maximum Energy: 3X1020eV ~
50 Joule

Spectral Knee at = lel5eV
and Ankle at  1el8eV

GZK Cutoff at =~ 1e20 eV



A joint spectro-imaging analysis of the XMM-Newton and HESS
observations of the supernova remnant RX J1713.7-3946
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COSMIC RAYS FROM SUPER-NOVAE
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MoUNT WILSON OBSERVATORY, CARNEGIE INSTITUTION OF WASHINGTON AND CALI-
FORNIA INSTITUTE OF TECHNOLOGY, PASADENA

0.0 0.5

DECLINATION (B1950)

1:Most Supernova Remnants Were
Observed Iin Radio-Evidence for GeV

Communicated March 19, 1934

| | |

15

2.0

Electrons

10

2srs Gev)™
o
]

o I

Flux (

SNR Spectral Indices
(Green 2009)
|

T T T T T

00 23 00 22 45 30 15
RIGHT ASCENSION (B1950)

Magnetic fields in supernova

nebulae

Stephen P. Reynolds -

B. M. Gaensler -

00

Fabrizio Bocchino

Fig. 1 Histogram of shell SNRs wit
spectral indices, from Green 2009. P

remnants and puls

—1

10
-13
10

~2.0

T T % L T JE R R

0.!

Fluxes of Cosmic Rays

(1 particle per m*—second)

2.1

Knee
A (1 particle per m*~year)

%

121 R=-0662, P=274x10"
Y=(3.30140.418)~(0.40140.113)log, X
1.0 L

Ankle '\V

. ‘.'
(1 porticle per km’—year) %

)

10" 10" 10" 10" 10" 10" 10 10*
Energy (eV)

10 10° 10*

Age [year]

o 1912



Sidereal time anisotropy in two hemisphere
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1:AMS Observations of Cosmic Rays:

Propagation
0.4 | ll| I-I-I'Iul
03 ++|.*+*H’H+++ +
S 11 million nuclei
0-2 B "'H+
& N
O /cee‘_hﬁ'&&“
o 01} s
A d\‘*.. Ful\}
i 05
I 33“3‘0 H
0.06 | 4
0.05 %s |
0.04 |
0.03 b—m—raaul . —— S ——
10 102 10°
Momentum/Charge [GV]

M. Aguilar et al., Phys. Rev. Lett. 117, 231101 (2016)




1: Varieties of y—ray Spectra
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2. A Unified Model for y—ray emission in
SNRs

Modeling of Cosmic Ray Spectra
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2. Modeling of Gamma-ray Spectra
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E2dN/dE (GeV em?s™)

n = 100 cm—3

E2dN/dE (GeV em?s™)

2. Modeling of Gamma-ray Spectra
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2: Modeling of Gamma-ray Spectra
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2. A Unified Model for y—ray emission in
SNRs

Modeling of Cosmic Ray Spectra
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3:AMS Observations of Cosmic Rays:

Propagation
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3:AMS observations of cosmic rays: anomalies
1) spectral hardening above 200GV

2) helium spectrum harder than proton
spectrum
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3:Time-Dependent Particle Acceleration
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3:Two Stages of Time-Dependent
Particle Distribution in SNRs
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A new SNR with TeV shell-type morphology: HESS J1731-347
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2. Cosmic Rays
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~v-rays from molecular clouds illuminated by accumulated
diffusive protons. II: interacting supernova remnants

Hui Li' and Yang Chen!?*
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GAMMA-RAY EMISSION FROM SUPERNOVA REMNANT INTERACTIONS WITH MOLECULAR CLUMPS

XIAPING TANG AND RoOGER A. CHEVALIER
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4.2 Multi-wavelength
spectral fit

GAMMA RAYS FROM THE TYCHO SUPERNOVA REMNANT.:
MULTI-ZONE VERSUS SINGLE-ZONE MODELING

ARMEN AToYAN! AND CHARLES D. DERMER?
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Figure 1. Synchrotron fluxes from radio through X-rays in the two-zone model.
Dashed and dot-dashed lines show the fluxes from zone | and zone 2, respec-
tively, and the total flux is shown by the solid line. Calculations assume density
Ry = 3cm_3 atdtp,: = 2.3, n) == R, B| = IDUJLLG and B;;_l = 34#6, = 0.21
o = 231, and E,y = 40TeV. Also shown are the lower-energy {E,GEV}
bremsstrahlung fluxes produced by relativistic electrons in zones 1 and 2.
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Figure 2. y-ray fluxes in the two-zone model with parameters described in
Figure 1. The heavy solid line shows the total flux of leptonic origin. The total
bremsstrahlung and Compton radiation fluxes are shown by dashed and solid
(thin) lines, respectively. For comparison, the Compton flux contribution from
zone | is also shown {dot-dashed line). The open dotted curve shows the flux of
hadronic origin calculated for protons with total energy Ep =3 x 104 erg.



4.2 Multi-wavelength spectral fit

PRIMARY VERSUS SECONDARY LEPTONS IN THE EGRET SUPERNOVA REMNANTS

Marco Fatuzzo' anp Furvio MEeLia®
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RADIO TO GAMMA-RAY EMISSION FROM SHELL-TYPE SUPERNOVA REMNANTS: PREDICTIONS |
FROM NONLINEAR SHOCK ACCELERATION MODELS

MATTHEW G. BARING'
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4.4 Thermal Emission
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Fig.2. Color composite Chandra X-ray image (in E ?2 :; B ’:5 h 3 EET = 2 e
2.12 pm molecular hydrogen (in red), and 1.64 ¢ :} Mw‘ T R LWL et
green) images of W49B (from http://chandra ° ﬁ s 7z 2 ﬂ‘
press/04_releases/press_060204 .html). + E5 4 h ?

Unveiling the spatial structure of the overionized plasma in
the supernova remnant W49B

Xin Zhou'?, Marco Miceli*2, Fabrizio Bocchino?, Salvatore Orlando?, and Yang Chen!+



1: Two emission models for SNR RX

Leptonic

J1/713.7-3946

F.(E) x B exp [-(E/E¢)%]
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3: Future Studies
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Detection of the Characteristic Pion-Decay Signature in Supernova
Remnants

M. Ackermann et al.

Science 339, 807 (2013);
DOI: 10.1126/science. 1231160
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2:Gamma-ray Observations of Particle
Acceleration in Supernova Remnants

http://www.physics.umanitoba.ca/snr/SNRcat/

A census of high-energy observations of Galactic supernova remnants

Authors and credits: This database is maintained by Gilles
Ferrand, under the supervision of Samar Safi-Harb, inthe SNR
aroup of the Department of Physics and Astronomy at the
University of Manitoba.

The list of SNRs with their basic physical properties was based
on the radio Catalogue of Galactic Supernova Remnants by
Dave Green, including the 2014 update, and aims to be
complete for Galactic SNRs (but it does not include any
extragalactic object). This work also builds on the List of
Galactic SNRs Interacting with Molecular Clouds maintained by
Bing Jiang, and on the census of the voungest Galactic SNRs
by Matthieu Renaud. Entries have also been cross-checked with
the Pulsar Wind Nebula Catalog and the SGR/IAXP Catalog
from the McGill Pulsar Group.

More detailed information on this work (motivation, usage,
statistics, future extensions) can be found in a companion
paper. Ferrand, G., Safi-Harb, 5., A Census of High-Energy
Observations of Galactic Supernova Remnants, AdSpR, 49, 9,
1313-1319 (get it on ScienceDirect, ADS, arXiv). When making
use of this catalogue for your own research, we kindly ask you to
cite this article and the URL of this page in all your related
publications.

This catalogue is updated regularly, with typically weekly

updates (see date at the bottom of any page). You can get
recent statistics here (updated several times a year). You can
send us feedback with this form (the link is also available on
each page, pre-filled with the SNR name). You can use this form
o suggest corrections to existing SNRs, or to let us know about
new SNRs or candidates.

Description: The table on this page is the list of all the identified SNRs. Each row Manipulation: You can re-order the instrumental columns by dragging-and-
corresponds to a single object. Click anywhere on the row to open the full record in a new  dropping the header of one column (reload the page to reset the order). You
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1:Radio Observations of Supernova
Remnants-Evidence for GeV Electrons

https://www.mrao.cam.ac.uk/surveys/snrs/ D. A. Green:“This, the 2014 May version of

the catalogue, contains 294 SNRs (which is
20 more than in the previous version; 21
remnants have been added, and one object
removed), with over fifteen hundred
references in the detailed listings, plus notes
on many possible or probable remnants. For
each remnant in the catalogue the following
parameters are given.”
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1:Young Supernova Remnants
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