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O U T L I N E

w h y  s h o u l d  y o u  c a r e  a b o u t  t h e  c o n n e c t i o n  b e t w e e n  S N R s  a n d  
c o s m i c  r a y s ?

w h a t  e v i d e n c e  i s  t h e r e  t h a t  S N R s  a c c e l e r a t e  c o s m i c  r a y s ?

w h a t  c a n  w e  l e a r n  f r o m  a  m u l t i y e a r  s t u d y  o f  c a s a  w i t h  c h a n d r a ?



W H Y ?

o r i g i n

ɣ - r a y  b a c k g r o u n d

p a r t i c l e  a c c e l e r a t i o n  

s n r  e v o l u t i o n

c r f e e d b a c k



E V I D E N C E

s h o c k  s t r u c t u r e

n o n - t h e r m a l  x - r a y s
- s y n c h r o t r o n  e m i s s i o n  
- m f a

ɣ - r a y  e m i s s i o n  
l e p t o n i c v s  h a d r o n i c

uchiyama+ 2007

cassam-chenaï+ 2008



m o t i v a t i o n  f o r  t h i s  w o r k

s t u d y  t h e  c o n n e c t i o n  b e t w e e n  s h o c k  c h a r a c t e r i s t i c s  a n d  p a r t i c l e  
a c c e l e r a t i o n
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m a g n e t i c  f i e l d  a m p l i f i c a t i o n  - e v i d e n c e

- r a p i d  v a r i a b i l i t y  o f  n o n t h e r m a l  x - r a y  e m i s s i o n  f r o m  b r i g h t  
f i l a m e n t s  i n  S N R s

- t h i n  X - r a y  f i l a m e n t s
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b a m b a e t  a l .  2 0 0 5
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ObsID Year Exposure [ks]
114 2000 50
1952 2002 50
4634

2004 165

4635
4636
4637
4638
4639
5196
5319
5320
9117 2007 509773
10935 2009 4612020
10936 2010 4913177
14229 2012 49
14480 2013 49
14481 2014 49
14482 2015 49
18344 2016 5019903
19604 2017 50
19605 2018 49

t h e  d a t a

2 0  y e a r s  o f  c h a n d r a
o b s e r v a t i o n s

l a r g e s t  t o t a l  e x p o s u r e  - >  2 0 0 4  
1 6 5  k s - p i  h w a n g
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rim width ["]
width 

uncertainty ["]
velocity ["/yr]

velocity 

uncertainty ["/yr]
velocity [km/s]

velocity uncertainty 

[km/s]

32 1.0 0.2 0.35 0.02 5600 300

45 1.4 0.2 0.29 0.02 4600 300

55 4.6 0.6 0.24 0.05 3900 900
105 1.5 0.4 0.37 0.03 6000 500

125 2.2 0.5 0.36 0.03 5900 500

130 4.3 0.4 0.3 0.1 6000 2000

135 2.4 0.6 0.37 0.03 6000 500

138 2.4 0.6 0.38 0.03 6100 500

205 1.7 0.2 0.33 0.02 5300 400

252 2.7 0.2 0.44 0.04 7100 700
262 2.2 0.2 0.39 0.04 6300 700

300 2.7 0.4 0.41 0.03 6700 500

315 5.1 0.5 0.42 0.05 6900 800

337 1.1 0.1 0.26 0.02 4200 300

337l 2.9 0.5 0.30 0.03 4800 500

t h e  r e s u l t s
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t h e  r e s u l t s

r i m  v e l o c i t i e s  r a n g e s  
b e t w e e n  ~ 4 0 0 0  a n d  7 0 0 0

s l o w e s t  r i m s  i n  t h e  N E

f a s t e s t  i n  t h e  W
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t h e  r e s u l t st h e  r e s u l t s

r i m  v e l o c i t i e s  r a n g e s  
b e t w e e n  ~ 4 0 0 0  a n d  7 0 0 0

s l o w e s t  r i m s  i n  t h e  N E

f a s t e s t  i n  t h e  W

w i d t h  s e e m s  t o  b e  
p r o p o r t i o n a l  t o  v e l o c i t y

f i l a m e n t  w i d t h  m i g h t  b e  
d e c r e a s i n g  i n  s o m e  r i m s
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t a k e a w a y s

- l a r g e  v a r i a t i o n s  i n  t h e  f o r w a r d  s h o c k  v e l o c i t y  o f  c a s a

- t h e  w i d t h  o f  t h e  s y n c h r o t r o n  f i l a m e n t s  i n  c a s a  s e e m s  t o  
b e  c o r r e l a t e d  t o  t h e  v e l o c i t y  o f  t h e  r i m s  - >  a d v e c t i o n ?

m o r e  c a v a l i e r  s t a t e m e n t

- s o m e  r i m s  m i g h t  s h o w  e v i d e n c e  o f  n a r r o w i n g  i n  w i d t h

C A S  A  – N O N T H E R M A L  R I M S





t h e  r e m n a n t s  o f  e x p l o d i n g  s t a r s …

D O I N G  A S T R O P H Y S I C S  W I T H  C H A N D R A



more info at cxc.cfa.harvard.edu
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