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1: Modeling of Cosmic Ray Spectra
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2: Radio Supernova Remnants and
Galactic Cosmic rays
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2: Synchrotron X-rays
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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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The X-ray emission of the supernova remnant W49B observed
with XMM-Newton
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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);

DOI: 10.1126/science. 1231160

E2 dN/dE (ergem™s™)

CTB 37A

URARL) s AL
Fermi —=

HESS —

. b
PR RN TETT| B SIS HTT] R

A B
B IC 443 i W44
1070 10710
o R
E E &
w
1011 E 101
= w =
C - r
& = C
L BHest-i Droken power 15w b L ------- Besti broken power Bw 3
2 u 0 R
oo | 3 M 0z fExEe i
E 1':"': 'ﬁuiﬂlﬂﬁgwmg‘w}r | TE - |:- mmﬁm Brala; \I" :
10 10° 10" 1™ 102 10° 10* 100 10" 10*?
Energy (eV) Energy (eV)
IC 443
107 g—rrrrmm—rrrr ey i WS R A PR~ 10 p—r—rrremr—r—rrrom
E IG ——-— Fermi —=— 3 F G e
-~ 10% [ brem MAGIC —— ] ~ 10% [ brem
‘n E o pion ------- VERITAS —o— 3 ‘o E°pion ----e--
o o 4 QI; I F
§ 107 - total . E 107 - total
> L ] >
8 10°F 1 8 1
o : b ] w
3 10° ¢ o %ﬁ 2 T 10°
2 s 2
’l!vu 1010 o op I T T iy Fu 10710
e S
1[]_1'1 _1I IIIIIIIIDI IIIIIIII1-I IIIIIIII 1 IIIIIIII 1 IIIIIIII4I L L1l 5 10'11 _1I IJ.uIl'rﬂl_F _’-IIIIIII|1
10 10 10 102 10° 10 10 10 10° 10
E (GeV)

10?
E (GeV)

102 10*



1-100 Ge' Pheten Index [
=)

2: Observations of SNRs

Radio SNRs: 279 among them

Synchrotron X-Ray: >14
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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
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2: Modeling of Cosmic Ray Spectra
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2: Emission Processes of Gamma-rays
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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 the 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
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3: Evolution of Model Parameters
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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
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4: Conclusion

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: Conclusion

By carrying out detailed modeling of multi-
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



2: Gamma-ray Observations of SNRs
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DEEF MORPHOLOGICAL AND SPECTRAL STUDY OF THE SNR RCW 86 WITH FERMI-LAT

M. AseLLo?, L. Baroma™, G. BareieLust™®, D. Bastiert’®, R. BeLLazzing®, E. Bissaiot'’, E. D. Broon®,



For region 1 (NW quadrant) nyg ~ 1.5 em™%; for re-

gion 2 (NE quadrant) nyg ~ 1 ¢m—3; for region 3 (SE -
quadrant) ng ~ 1 em ™ and for region 4 (SW quadrant) -
ng = 1.2 em2. In all cases the intrinsic error of the

mrnmdod rasrnbhans an aF ahasd W faleines fndbn asnmonds dha

| RCW 86 (One-zone model) |

- — — — Synchrotron

= = = = Inverse Compton (CMB)
~ - — — Bremsstrahlung

- = = = Plon decay

TOTAL

—
al
=

620 g

Dec. (J2000) (deg)
EZ dN/dE [erg cm? 5]
—_
(=]

10712

-—

.

L : - 10" =
222.0 221.0 220.0 219.0 §
R.A. (J2000) (deg) ey
Fiz. 8.— Neutral hydrogen distribution around RCW 86 at B - ” ! "
LSR radial '\"Q']D{Tit.!f' of -34 km s— |_ The green annulus delimits .Iu—Ilﬂ- = | | |4 | 1 |-2 | L a1l 1 |2 Pl P il |‘ | b = | 1 JB | 1 |":l ol |1-2 | 1 |1‘ I i
regions where the atomic density was estimated. 10 10 10 1 10 10 10 10 10 10 Energl;? [ew
y WL
P, Parametors
~2000 ~1000 0 1000 2000 : . One-rone
1.2 f
1.0F ! ] - 3
< 08} | ] i Density {cm™ ") 0.1
"1 _ &' B (1Q) 10.2 + 0.5
2 ] | - Piip 237 +0.03
.mj \‘“m . - §. Ermax (TeV) 5+ 5
n | e 1 e
y e R e (% of Esn) | 3.84:+£05
9 _uh o o | ”‘m‘ " ¥ a - B
-2000 -1000 O 1000 2000 IIP l:"{' of ES%’H ) 2 =
v [km/s] hEE' (x 10—=) 11.1 + 1.5




2: Observations of SNRs:

Size vs Flux
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2: Observations of SNRs:
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2: Modeling of Gamma-ray Spectra

—
=|
=]
LU

Fermi —=—

VERITAS —o—

MAGIC ——

10° £ -
f%%
1010 L o T T S W
N A o
1[]—11 i 1 IIIIIIII 1 IIIIIIII 1 IIIIIIII 1 IIIIIIII 1 IIIIIIII 1 IIIII‘II_
w* w w w oW 1w
E (GeV)
G8.7-0.1
5
1u E T T TTITTT T T TTTTm T TTTTI] T T T 1T T T TTITIT T IIIIIE
- e e ! ' Fermi —=— 3
106 E brem HESS —— _:
S R
107 - total .
1010 & e ST
E E—— ~ 3
= e
10-11 1 IIIIIIII 1 IIIIIIII 1 IIIIIIII 1 IIIIIIII 1 IIIIIIII 1 I'II\?'III
w' w w w 1w w

E (GeV)

E%dN/dE (GeV em?s™)

E%dN/dE (GeV em?s™)

CTB 37A
105 o= i e e L (T G AL R g
F M === Fermi —=— 3
108 L brfam HESS —— 3
pion ------- 3
107 . total -
10° ¢ -
10° L -
10710 _ .
10_11 i 1 IJ.IH'ﬂl_F d-ll_'l-ll_li_'_l_'l_l_llllll 1 IIIIIII| 1 IIIIII.I| \I"-hIIIII:I
w! 10 w w 1w 1t 10
E (GeV)
G359.105
1(}5 E T IIIIIII| T IIIIIII| T IIIIIIII T IIIIIII| T III!IIIl T IIIIII:E!
——— Fermi —=— 3
108 L brem - - - HESS +—— ]
pion -------
107 total -
108 -
10° -
1010 W
10-11 1 |_|..||-rn|"_ -_II-TII_Iﬁ -_I-I- I_IIIIII 1 IIIIIII| 1 IIIIII.Il-H-.\I\thIIII:I

w! 1w w 1w w 1w W

E (GeV)



THE ASTROPHYSICAL JOURNAL LETTERS, 740:L51 (5pp), 2011 October 20 doi: 10.1088/204 1 -8205/7:
52011, The American Astronomical Society. All rights reserved. Primted in the U.S.A_

GAMMA-RAY OBSERVATIONS OF THE SUPERNOVA REMNANT RX J0852.0—4622
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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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~v-rays from molecular clouds illuminated by accumulated
diffusive protons. II: interacting supernova remnants

Hui Li' and Yang Chen!?*

! Department of A stronemy, Nanjing University, Nanjing 210085, P. B. China
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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 11713.7-3946
VIA A SPECTRAL INVERSION METHOD
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Figure 2. Comparison of the observed radio (Acero et al. 2009), X-ray (Tanaka
et 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.



2: Energy Partition
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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

2
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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
ny == 3(:[!1_3 at dl'.pc =28 ny R Ay, B| — 100].(.(] and Bg = 34}..!.(3, n =|].:!.1
o = 231, and Eoy = 40TeV. Also shown are the lower-energy (5&:'\"}
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 £, =3 x 10* erg.



4.2 Multi-wavelength spectral fit

PRIMARY VERSUS SECONDARY LEPTONS IN THE EGRET SUPERNOVA REMNANTS

1 2
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RADIO TO GAMMA-RAY EMISSION FROM SHELL-TYPE SUPERNOVA REMNANTS: PREDICTIONS |
FROM NONLINEAR SHOCK ACCELERATION MODELS
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4.4 Thermal Emission
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Unveiling the spatial structure of the overionized plasma in
the supernova remnant W49B
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1: Two emission models for SNR RX
J1713.7-3946
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4.3 Time Evolution

Declination
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