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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?



what evidence is there that SNRs accelerate cosmic
rays?



beorich ™ 1.5 (B/mG) ™ (g/keV) ™% years

e dynamical properties
e structure

e y-ray emission
e non-thermal X-rays
o Synchrotron spectra

O

heliosphere - Chevalier (1977)

uchiyama+ 2007



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



how

resonant cosmic ray streaming instability e.. zirakashvii 2000
.bell’s non-resonant instability ueizoos

.non-resonant long-wavelength instability oyov & toptygin 2005
.others...



evidence

.broad-band fits of leptonic emission

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

.sharp x-ray edges



maghnetic field amplification

.sharp x-ray edges
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maghnetic field amplification

.sharp x-ray edges
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what have we learnt studying rcw 86 with chandra?



15 arcmin

williams+ 2011
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shock velocity 650 km/s
from H-alpha studies

ghavamian 1999

05:00

10:00

shock velocity 3000 km/s
from X-ray proper 15:00
motion studies of the
non-thermal rim

-62:20:00
yamaguchi+ 2016

Satoru Katsuda is
currently working on
X-ray proper motion
studies here
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magenta 0.3-0.75 keV
blue 1.5-7.0 keV

castro+ 2013




credit to Joe DePasquale at CXC

castro+ 2013

magenta 0.3-0.75 keV
blue 1.5-7.0 keV




Declination

from Bamba+ 2003
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from Bamba+ 2003
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NW

PROFILE FIT PARAMETERS AND MAGNETIC FIELD ESTIMATES

laown hup 32 /(dof) Laown lup Vs? B.tv® Baigd®  Baittn®  Bioint’
(arcsec)  (arcsec) (pc) (pc) kms™!) | G (G WG  (uG)

NE Arc 1412 103 60/(59) | 0.17£0.03 0.13£0.04 8104150 27 300 140 110
NW Arc 102 31 94/(74) | 0.12+0.02 0.03+0.02 810150 33 370 360 140
Main Rim | 2242 Sl 75/(65) | 0.274+£0.03 0.06£0.01 650+ 120 17 250 280 80

Region

Profile Fit Parameters and Magnetic Field Estimates
: laown Lup 2 Bagy Bt Biiffu Bijoint
Region | (aresec)  (arcsec) X /99T | (uG)  (uG) (uG)  (uG)

A 46 £ 8 d=3 60/59 | 2845 50+10 10050 3944
B 76 £6 3+ 1 94/74 | 2042 40=L5 10020 28=x2
. C 12+3  23+4 75/65 | 70£20 130+30 354+6 90+10

Note. — Both angular lengths, /4own and lyp, are converted to physical length using the
estimated distance, d = 2.5 keV. The shock velocity used to calculate the magnetic field
strengths is presumed to be 3000 &= 300 km/s, from Yamaguchi et al. (2016).




chandra

red: 0.5 - 1 keV
green: 1.5 - 2 keV
blue: 2 - 8 keV
NW?2
NW1

blob

*amall blob

3



Flux [counts s’ keV"']

)
—_

0.01

0.001

Energy [keV]

5

‘ _J ]
kit

Il

Flux [counts s' keV]

Flux [counts s' keV]

0.01F
0.001E

1x107%E

0.1

0.01

0.001

1x1074E

i

Energy [keV]




small blob

chandra

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

Results of Spectral Fitting of RCW 86 Northern Synchrotron Rims

| NE NW1

Absorbing Column Ny 107 cin 2 | omsion:  GEEELE

Temperature keV 0.1 0.1
Ionization Timescale net 10" scm—3 350 450
Ambient Density no cm—3 <l4 <15

+0.9 +0.3
Roll-off Energy hv 6475 1.9,
Flux Density at 1 GHz ~ Fj g Ty 1545 B :
Fit Statistic x*/dof 306.3/323 212.6/183 204.0/187

Spectral Index E 2.70*_’82% 3.2ng%
Flux Density at 1 keV ~ Fiey 107*keV~lem=2s~! | 361 e
Fit Statistic x*/dof 321.9/323  200.7/183

Note. — Absorption model and solar abundance values obtained from Wilms et al. (2000).

2 Ambient density, ng, derived from the normalization of the NEI thermal plasma component, using a
distance of d = 2.5 kpc. a ratio of electron to hydrogen number density n,/ng = 1.23, and emitting
volume as discussed in the text.



chandra

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

NW?2

NW1

blob
s}nau blob NE NW1 NW?2
Ambient Density cm <14 <15 <01
Cut-off Energy keV 6.4 1.9 4

Width arcsec  40-80 22 14
Mag Field Strength  uG 40-30 80 110
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.thin nonthermal x-ray rims observed in the nw
and ne of rcw 86

.high magnetic fields derived using filament
widths

.densities connected to filament width?



