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. why should you care about SNRs?

lopez+ 2013



. why should you care about SNRs”

* Supernovae
* pulsars + pwn
e feedback

shocks
chemistry
Crs

« SN -GRB
* dust production

lopez+ 2013



. what are snrs”

» explosive end of a star
* {wO types:
- core-collapse
- thermonuclear
* material ejected with
~10°1 erg kinetic energy
* shock wave forms &
sweeps up ISM/CSM




1. types

type la

X-RAY: NASA/CXC/SAQO, INFRARED - NASA/JPL-
CALTECH; OPTICAL: MPIA, CALAR ALTO,
O.KRAUSE ET AL.

* glecta mass ~ 1.4 solar masses
» expands into approx uniform ISM



1. types

core-collapse

. NASA/CXC/SAQ/D.Patnaude et al.
e progenitor mass > 8 solar masses

o expands into modified CSM



1. types



types (surrounding media)

— Uniform

D
=
o

2
Pn

‘w0
C
O

A

=

V)

O

10
Radius (pc)




1. determining type



1. morphology & type



1. morphology & type

ellipticity / elongation

Mirror asymmetry



I. Structure

X-ray: nasa/cxc/sao,
infrared: nasa/|pl-caltech;
optical: mpia, calar alto,
o.krause et al.



I. Structure

« free expansion: dynamics
and emission dominated by
ejecta, R o« t

 adiabatic/sedov-taylor:
swept up material
dominates, R o t?/°

 radiative/snow-plow,
radiative losses become
significant



I. Structure



. Structure
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. Structure (caveats

why should you care?

- puppis A is interacting with
a dense cloud at BEK
hwang+ 2005

- detected with Fermi-LAT
hewitt+ 2012

- katsuda+ (2012) found
enhanced f/r ratios in xmm-

newton RGS x-ray spectra
of BEK




1. structure (caveats)

why should you care?

- puppis A is interacting with
a dense cloud at BEK

( )

- detected with Fermi-LAT
( )

found
enhanced f/r ratios in xmm-
newton RGS x-ray spectra
of BEK



1. structure (caveats)

Shocked Cloud

Materi al

why should you care?

- puppis A is interacting with
a dense cloud at BEK

( )

- detected with Fermi-LAT
( )

found
enhanced f/r ratios in xmm-
newton RGS x-ray spectra
of BEK

SNR Shock




X-rays: rcw 86

X-ray: nasa/cxc/sao & esa; infared: nasa/jpl-caltech/b. williams (ncsu)

red: spitzer 24 microns
(wise 22 microns)

chandra and xmm
green:0.5-1.95 keV
blue: 1.95-6.8 keV



X-rays: rcw 86

chandra and xmm

0.5 -1 keV
1.5 -2keV
2 - 8 keV



X-rays: rcw 80

10°

magenta 0.3 -0.75 keV
. blue 1.5-7.0 keV



I. eMISSIon

mememememe Inverse Comptopn (CMB)

-------------- Non-thermal Brgmsstrahlung
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X-rays: rcw 86




. thermal x-rays

o

Wavelength, A (A)
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1. thermal x-rays + progenitor??
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. thermal x-rays

— O v/ Fe xvir*

— Fe xviII*

Counts 3'1 keV'1
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1. thermal x-rays - sedov

e sedov expansion

« Rankine-Hugoniot
jump conditions




1. thermal x-rays - sedov
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. balmer-dominated shocks

what are ? why are
they important to SNR science”?




. balmer-dominated shocks

impact excitation of neutral hydrogen

two components: narrow and broad

narrow — cold pre-shock gas

broad — thermal broadening of shocked protons

weak presence of forbidden lines



. balmer-dominated shocks
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. balmer-dominated shocks



end of part |
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part Il: particle acceleration



outline

why should you care about SNRs-CRs?

what evidence is there that SNRs accelerate
COSMIC rays?

how has the fermi-lat contributed?

what are the open questions?



. why?

should we care about the connection
between SNRs and cosmic rays”?




. why?
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. why?

* [-ray background



» particle acceleration



* SN

why?

R evolution



I. evidence

what IS there that SNRs accelerate
COSMIC rays”?



I. evidence

* non-thermal X-rays



keV TeV
. evidence

velajr.

rx j1713.7-3936

* [Pl-ray emission

rcw 86
hinton & hofmann 2009
uchiyama+ 2002
aschenbach 1998 sn 1006

vink+ 2006
aharonian+ 2006, 2007,2008
naumann-godo+ 2006



. evidence

* dynamical properties
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I. evidence

age = 1000 yr

e Structure
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I. evidence

e Structure



I. evidence

e Structure



I. evidence

* non-thermal X-rays



. fermi-lat

how has the contributed?



keV TeV
. evidence

velajr.

rx j1713.7-3936

* [Pl-ray emission

rcw 86
hinton & hofmann 2009
uchiyama+ 2002
aschenbach 1998 sn 1006

vink+ 2006
aharonian+ 2006, 2007,2008
naumann-godo+ 2006



. fermi-lat

* many snrs (>25)
e MOSt are snr-mc
e Structure



. fermi-lat

* many snrs (>25)
e MOSt are snr-mc
e Structure



. fermi-lat

* many snrs (>25)
e MOSt are snr-mc
e Structure
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fermi-lat

mememememe Inverse Comptopn (CMB)
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. fermi-lat

ackermann et al. 2013 (Funk, Tanaka, Uchiyama)



V. open gquestions

what are the being addressed
today?



V. hadronic or leptonic

what mechanism produces the y-ray emission
from SNRs”




V. hadronic or leptonic



V. hadronic or leptonic




v.  magnetic field amplification

now does the magnetic field get amplified by
particle acceleration and escape in SNRs”




\V2

.NO

magnetic field amplification

I's non-resonant insta

N-resonant long-wave

.others...

Ol

€

resonant cosmic ray streaming Instability e.. zrakasmii 2000
e

Ity bell 2004

’Wgth Ins’[ability bykov & toptygin 2005



v.  magnetic field amplification

rapid variabllity of nonthermal X-ray emission
from bright filaments in SNRs
.Sharp X-ray edges




v.  magnetic field amplification

rapid variability of nonthermal X-ray emission
from bright filaments in SNRs




v.  magnetic field amplification



V.  magnetic field amplification

10°

magenta 0.3 -0.75 keV
blue 1.5-7.0 keV



v.  magnetic field amplification




V. escape and diffusion

what Is the spectrum of accelerated particles
which escape the SNR shock?

how do these particles diffuse through the ISM
and CSM?

can we observe signatures of escape in y-ray
emission near SNRs?




V. escape and diffusion



V. molecular clouds

what happens w
dense clouds of

nen SN

material’:

R shocks interact with
2




V. molecular clouds

Shocked Cloud
Material

- w30 + ctb 37a + g349.7-0.5 + 3¢c391
- w41 + ctb 33 + msh 17-39
- X-ray density << P-ray density

see also:
— reacceleration

o Reliiiviifelg
— lonization

SNR Shock




end of part |i





