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outline	
what	evidence	is	there	that	SNRs	accelerate	cosmic	
rays?	
	
how	does	the	magne6c	field	get	amplified?	and	
how	do	we	know	it	does?	
	
what	have	we	learnt	studying	rcw	86	with	chandra?	
	
	



i.  evidence	
	
	
what	evidence	is	there	that	SNRs	accelerate	cosmic	
rays?	



•  dynamical	proper6es	
•  structure	

•  ɣ-ray	emission		
•  non-thermal	X-rays	

o  synchrotron	spectra	
o  magne6c	field	

heliosphere	-	Chevalier	(1977)	

uchiyama+	2007	

i.  evidence	



ii.  magne6c	field	amplifica6on	

	
	
how	does	the	magne6c	field	get	amplified?	and	
how	do	we	know	it	does?	




how	
	
.resonant	cosmic	ray	streaming	instability	e.g.	zirakashvili		2000	
.bell’s	non-resonant	instability		bell	2004	
.non-resonant	long-wavelength	instability	bykov	&	toptygin	2005	
.others…		

ii.  magne6c	field	amplifica6on	



evidence	
	
.broad-band	fits	of	leptonic	emission	
.rapid	variability	of	nonthermal	X-ray	emission	
from	bright	filaments	in	SNRs	
.sharp	x-ray	edges		

ii.  magne6c	field	amplifica6on	



.sharp	x-ray	edges		

bamba	et	al.	2005		

ii.  magne6c	field	amplifica6on	



.sharp	x-ray	edges		

ii.  magne6c	field	amplifica6on	

vink	2006		



iii.  rcw	86	

what	have	we	learnt	studying	rcw	86	with	chandra?	



williams+	2011	

iii.  rcw	86	



iii.  rcw	86	
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red:	0.5	-	1	keV	
green:	1.5	-	2	keV	
blue:	2	-	8	keV	



chandra	
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iii.  rcw	86	
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shock	velocity	3000	km/s	
from	X-ray	proper	
mo6on	studies	of	the	
non-thermal	rim	
	
yamaguchi+	2016	

shock	velocity	650	km/s	
from	H-alpha	studies	
	
ghavamian	1999	

Satoru	Katsuda	is	
currently	working	on	
X-ray	proper	mo6on	
studies	here		



magenta  0.3 - 0.75  keV 
blue  1.5 - 7.0  keV 

10´ 

iii.  rcw	86	
castro+	2013	



magenta  0.3 - 0.75  keV 
blue  1.5 - 7.0  keV 

10´ 

iii.  rcw	86	
castro+	2013	

credit	to	Joe	DePasquale	at	CXC	



from	Bamba+	2003	

iii.  rcw	86	

castro+	2013	



from	Bamba+	2003	

iii.  rcw	86	
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castro+	in	prep	(previously	studied	by	vink+	2006)	



iii.  rcw	86	
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chandra	
	
red:	0.5	-	1	keV	
green:	1.5	-	2	keV	
blue:	2	-	8	keV	

iii.  rcw	86	
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iii.  rcw	86	
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chandra	
	
red:	0.5	-	1	keV	
green:	1.5	-	2	keV	
blue:	2	-	8	keV	
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iii.  rcw	86	



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

small blob

blob

NW1

NW2

NE

NE NW1 NW2
Ambient Density cm−3 < 1.4 < 1.5 < 0.1
Cut-off Energy keV 6.4 1.9 4
Width arcsec 40-80 22 14
Mag Field Strength μG 40-30 80 110

iii.  rcw	86	



iii.  rcw	86	



the	end	

.thin	nonthermal	x-ray	rims	observed	in	the	nw	
and	ne	of	rcw	86	
	
.high	magne6c	fields	derived	using	filament	
widths	
	
.densi6es	connected	to	filament	width?	


