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1: Cosmic Rays
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Dominated by Nuclel, there
are also electrons, positrons
and antiprotons

Age . ~ 10" Year
Energy density: ~ 1eV/cm?

Power: ~ 10" erg/s
~ 3e48 erg/year

e/lp ~ 1% at 1GeV

Leptonic Excess at ~ 500GeV
Spectral Knee at ~ 1e15eV
and Ankle at ~ 1e18eV

Maximum Energy: 3x10%°eV
~ 50 Joule
GZK Cutoff at ~ 1e20 eV



1: Modeling of Cosmic Ray Spectra
(7', p,t)
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2: Radio Supernova Remnants and
Galactic Cosmic rays
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2: Synchrotron X-rays

TYCHO’S SUPERNOVA REMNANT
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A joint spectro-imaging analysis of the XMM-Newton and HESS
observations of the supernova remnant RX J1713.7-3946

u E Acero!, J. Ballet!, A. Decourchelle!, M. Lemoine-Goumard®?, M. Onega4, E. Giacani®,
] G. Dubner?, and G. Cassam-Chenai®

-39:20:00.0 >
£
30:00.0 Ly
0
=
40:00.0 3
s ©
®
= 50:00.0
©
@ L
e -40:00:00.0 g
2
7]
10:00.0 g
i ; 2 | L L L
i g ; 1 2
20:00.0 : ‘ X-ray Energy (keV)
. S . 2 ¥ L T 17hl15m 17h|12m
16:00.0 14:00.0 12:00.0 17:10:00.0
o L
-39:10:00.0 g -
' 20 =
20:00.0 w
ey
30:00.0 | '@ E * =
§ : 5 5% T
E 40:00.0 [g < o = -
§ 22 I
50:00.0 E i g L
U
-40:00:00.0 & g SDUT(E‘ A 10 (H-I‘u i
A/ _—_w— Fermi LAT (24 months) \ 4
10:000 10*‘:— y /4 e HESS (Aharonian et al. 2007) \ |
S o =} 5 :f,/// — — FPorterelal 2006 ]I I'
16:00. 15:00. 14:00. 13:00. 12:00. 11:00. 17:10:00. .
Right ascension ~ B — — Ellison et al, 2010 {IC dominated) llll |I
1 4 G H Z b o, L - = Zirakashvill & Aharonian 2010 (IC dominateti),
L} ol 1l L1l Ll ol L
260.0 258.0 256.0
i _ 10° 10 10° 10° 107 10°
Right Ascension [J2000, deg] Energy [ MeV ]

Observations of the yvoung Supernova remnant RX J1713.7—3946
with the Fermi Large Area Telescope
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The X-ray emission of the supernova remnant W49B observed
with XMM-Newton

M. Miceli’23_ A. Decourchelle!, J. Ballet!, F. Bocchino®, J. P. Hughes4. U. Hwangiﬁ, and R. Petre®
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2: Hadronic Gamma-ray Emission

Detection of the Characteristic Pion-Decay Signature in Supernova
Remnants

M. Ackermann et al.
Science 339, 807 (2013);

AYAAAS DOI: 10.1126/science. 1231160
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2: Observations of SNRs

Radio vs GeV fluxes

Radio SNRs: 279 among them
Synchrotron X-Ray: 14
GeV SNRs: 30 among them
TeV SNRs: >10
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2: Observations of SNRs:

Spectral mdexes

Radio SNRs: 279 among them "
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2: Modeling of Cosmic Ray Spectra

Injection Power : q(p) ox { P DS P 6 GeV
D s P~ Pbr rC = €
Proton ~ 3e48 erglyear v

04 ETTTT] T T T T T T T TTTT T T T IERE _ _ =4
Electron ~ 4e46 erglyear | 1o = 180, e = 2.52
T'_a 10° proton(¢=650 MV) ap/e'
3 SNRs/100 yrs with (,4: GALPROP 1
1e50 erg protons and >
1e48 erg electrons (‘g' and Energy Loss
For each SNR. ”E‘ '
10% efficiency for type
la SNRs with a kinetic B (GeV)
energy of 1e51ergs F1c. 1.— The expected fluxes of CR protons and electrons at

the Earth, for the same spectral shape of the injected particles,
compared with the PAMELA observational data (Adriani et al.
2011a,b). We adopt two parameter settings to calculate the elec-
tron spectrum: for solid line the magnetic field is the canonical

one adopted in GALPROP and K.p ~ 1.3%; for dashed line the

magnetic field is two times larger and K.p ~ 1.9%.

Yuan et al. 2012



2: Emission Processes of Gamma-rays

RX J1713.7-3946 RX J0852.0-4622
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E%dN/dE (GeV em?s™)

n = 100 em—3
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2: Modeling of Gamma-ray Spectra
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2: Summary

The spectra of SNRs show significant variations from source to
source, which may be attributed to the evolution of shocks of
SNRs and/or complexity of the environment.
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3: Multi-wavelength Observations of

Supernova Remnants

Pulsars are not energetically as important as shocks
and may dominate the position excess at ~500GeV




3: Supernova Remnants with
Synchrotron X-ray and TeV

<C> With a compact object at the center: Core Collapse SN
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3: Three Supernova Remnants
with compact central sources
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3: Spectral Evolution
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3: Model Parameters
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3: Evolution of Model Parameters

<(>> With a compact object at the center: Core Collapse SN
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3: Future Studies

Expand the sample; Improve the spectral fit; Spatial
structure of SNRs
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4: Conclusions

A century after the discovery of cosmic rays
(1912), recent achievements in Gamma-ray
astronomy strengthen the scenario that

SNRs are important sources of Galactic cosmic
rays and

The radio to gamma-ray spectra vary significantly
from source to source

Environment plays an important role in determining
the emission characteristics of SNRs.



4: Conclusions

By carrying out detailed modeling of muilti-
wavelength observations, we can study the
details of the physics relevant to shocks of SNRs:

1) Radio spectrum hardens with time

2) B field decreases with time in the Sedov Phase(<2K
year),_then starts to increase gradually

3) When interacting with molecular clouds, B field increases
dramatically and a spectral break appears.

4) Type la remnant shows continuous increase in the energy
contents of electrons and magnetic field with time



3: Evolution of Model Parameters
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2: Gamma-ray Observations of SNRs

The 1* Fermi LAT Supernova Remnant Catalog
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2: Cosmic Rays
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For region 1 (NW quadrant) nyg ~ 1.5 cm™; for re-
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2: Observations of SNRs:

Size vs Flux
Radio SNRs: 279 among them "
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2: Observations of SNRs:

Spectral Index vs Fqu
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3: Shock interaction with partially ionised
gas: the origin of broken power-laws
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2: Modeling of Gamma-ray
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GAMMA-RAY OBSERVATIONS OF THE SUPERNOVA REMNANT RX J0852.0—4622
WITH THE FERMI LARGE AREA TELESCOPE
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A new SNR with TeV shell-type morphology: HESS J1731-347
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DISCOVERY OF TEV GAMMA RAY EMISSION FROM TYCHO'S SUPERNOVA REMNANT
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FERMI-LAT DISCOVERY OF GeV GAMMA-RAY EMISSION FROM THE YOUNG SUPERNOVA REMNANT
CASSIOPEIA A
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1: Modeling of Gamma-ray Spectra
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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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A joint spectro-imaging analysis of the XMM-Newton and HESS
observations of the supernova remnant RX J1713.7-3946
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DERIVATION OF THE ELECTRON DISTRIBUTION IN SUPERNOVA REMNANT RX J1713.7-3946
VIA A SPECTRAL INVERSION METHOD
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Figure 2. Comparison of the observed radio (Acero et al. 2009), X-ray (Tanaka

al. 2008), and y-ray fluxes with the synchrotron (solid) and IC (dashed)
spectra of the derived electron distributions using our inversion method. The
blue lines are for the analytical distribution, whose parameters are described
in Section 3. The red lines are the inter- and extrapolated electron distribution,
where the dotted and dot-dashed lines are for the IC of IR and CMB photons,

respectively.
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1: Energy Partition between Magnetic Field and
Energetic Electrons
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1 Radial Brightness Profiles
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1 Multi-wavelength overall spectral fit
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3: Future Studies

1: 3D MHD Simulations to Study Source structure
2: Multi-wavelength spectral fit

3: Evolution of SNRs

4: Incorporating the thermal component
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MAGNETIC FIELD AMPLIFICATION BY SHOCKS IN TURBULENT FLUIDS
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4.2 Multi-wavelength
spectral fit

GAMMA RAYS FROM THE TYCHO SUPERNOVA REMNANT:
MULTI-ZONE VERSUS SINGLE-ZONE MODELING
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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
np = 3CITI_3 atd'tw =28,n) = ny, By = 100G and B2 = 34 uG, n= 0.2,
a = 231, and Eyy = 40TeV. Also shown are the lower-energy {EC'EV}
bremsstrahlung fluxes produced by relativistic electrons in zones | 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 0% erg.



4.2 Multi-wavelength spectral fit
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4.4 Thermal Emission
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1: Two emission models for SNR RX
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Declination

4.3 Time Evolution
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