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outline

what evidence Is there that SNRs accelerate
cosmic rays?

how does the magnetic field get amplified? and
how do we know it does?

what have we learnt studying rcw 86 with
chandra?



» explosive end of a star

* two types:
. core-collapse
- thermonuclear

* material ejected with
~10°1 erg kinetic
energy

* shock wave forms &
sweeps up ISM/CSM

warren+ 2005
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0. primer: what are snrs?
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. evidence

what evidence Is there that SNRs accelerate
cosmic rays?



. evidence

* non-thermal X-rays

koyama+ 1995




evidence

y-ray emission

hinton & hofmann 2009
uchiyama+ 2002
aschenbach 1998
vink+ 2006
aharonian+ 2006, 2007,2008
naumann-godo+ 2006

rx j1713.7-3936

rcw 86

. sn 1006




evidence

y-ray emission

Table 1

SNRs Observed with the Fermi-LAT

b (°)
0.1
0.1
03

0.0
0.1
0.4
02
0.7
-85
2.1
4.7
-10
2.1
14
-17
3.0

4In preparation
Interacting with MCs

Name

W28
W30
W41

3C 391
Kes 79
Wid4
W49b
WsSI1C
Cygnus Loop
~v-Cygni SNR
HB 21
CTB 109
Cas A
Tycho
S147
IC443
Puppis A
Vela Jr.
Kes 17
CTB 33
Kes 41

RX J1713.7 3946

CTB 37A
G349.7-0.5
MSH 17-39

Reference

Abdo et al. (2010a)
Castro & Slane (2010)
Castro et al. (2013a)
Castro & Slane (2010)
Auchett] et al. (2013)@
Abdo et al. (2010c¢)
Abdo et al. (2009)
Abdo et al. (2009)
Katagiri et al. (2011)
Lande et al. (2012)
Reichardt et al. (2012)
Castro et al. (2012)
Abdo et al. (2010b)
Giordano et al. (2012)
Katsuta et al. (2012)
Abdo et al. (2010d)
Hewitt et al. (2012)
Tanaka et al. (2011)
Wu et al. (2011)
Castro et al. (2013a)
Castro et al. (2013b)?
Abdo et al. (2011)
Castro & Slane (2010)
Castro & Slane (2010)
Castro et al. (2013a)




. evidence
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. evidence

age = 1000 yr

* Structure
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. evidence

* Structure

warren+ 2005 B



. evidence

* Structure




. evidence

* non-thermal X-rays



. magnetic field amplification

how does the magnetic field get amplified? and
how do we know it does?



. magnetic field amplification

resonant cosmic ray streaming instability ..

zirakashvili 2000

bell's non-resonant instablility bei o0
.non-resonant long-wavelength instablility syova wptygin

2005

.others...



. magnetic field amplification

.spectral curvature in radio emission

broad-band fits of synchrotron emission
between radio and non-thermal X-rays
rapid variability of nonthermal X-ray
emission from bright filaments in SNRs
.Sharp X-ray edges



. magnetic field amplification

.spectral curvature in radio emission

broad-band fits of synchrotron emission
between radio and non-thermal X-rays
rapid variability of nonthermal X-ray
emission from bright filaments in SNRs
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magnetic field amplification

. RCW 86 (Northeast)
o width Bioss j Chandra ACIS
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magnetic field amplification

. RCW 86 (Northeast)
o width Bioss j Chandra ACIS
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I1l. rcw 86

what have we learnt studying rcw 86 with
chandra?



15 arcmin . A vt ?

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



chandra and xmm

0.5-1keV
1.5-2keV
blue: 2 - 8 keV



magenta 0.3-0.75 keV
blue 1.5-7.0 keV
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Region

hvpol-off
(keV)

rcw 86

SRCUT

a a
Fsrcut F nei

(10~ 1B ergem—2s—1)

y2/dof

108.2/106
57.4/55
47.1/54

190.8/166
63.8/53

173.9/162

167.7/143
134.9/87

149.2/125

Power-Law

a .a
F; powerlaw Fei

(10~ ergecm—2s—1)

110.3/106
58.6/55
47.1/54

190.5/166
64.4/53

171.5/162

167.8/143
131.1/87

150.4/125




. rcw 86
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advection diffusion

laigr = D /vaigr

lady = Vaay Tsyn
! 3 Vi 23 Bitr,a ~ (700 uG) Lita P Vs /3
a ) ( S ) i 0.01 pe 1000 km 5!

Buay ~ (83 1G) (0.01 pe 1000 km s !
L —2/3 Ve —2/3
joint Baitry =~ (280 uG
J aita ~ (280 p )(0.0lpc) (1000kms—1)

lagy =~ Lgifr

L —2/3

PROFILE FIT PARAMETERS AND MAGNETIC FIELD ESTIMATES

d

. Iy [ l l Vs? Bog®  Bgitrd® Bt Bio
Region own up 2 /tdo down up s adv diff,d diff,u joint
8 (arcsec) (arcsec) X"/ (dof) (pc) (pc) (km s~ 1) (nG) (nG) (nG) (uG)
300 140 110

NE Arc 14+2 103 60/(59) | 0.174+0.03 0.134+:0.04 810%150 27
NW Arc 10+£2 3+1 94/(74) | 0.12+0.02 0.03+£0.02 810+£150 33 370 360 140

Main Rim | 2242 5+1 757(@65) | 0.27x=0.03 0.06x0.01 650=L120 17 250 280 80




. rcw 86

PROFILE FIT PARAMETERS AND MAGNETIC FIELD ESTIMATES

Region

laown  lup 22 /(doﬁ‘ Ldown bup B Bag” Baifra®  Baiftu®
(arcsec)  (arcsec) (pc) (pc) kms™ ) | G (WG  (uG)

NE Arc 14+2 103 60/(59) | 0.174+0.03 0.134+:0.04 810%150 27 300 140
NW Arc 10+£2 3+1 94/(74) | 0.12+0.02 0.03+£0.02 810+£150 33 370 360
Main Rim | 2242 5+1 757(@65) | 0.27x=0.03 0.06x0.01 650=L120 17 250 280




. 'cw 86: next step

chandra obs

chandra obs I
W

-

10'

chandra obs



thin nonthermal x-ray rims observed In the
nw of rcw 86

high magnetic fields derived using filament
widths

.shock velocity derived from balmer line
profiles (optical observations) appears too
low



