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Introduc)on	

Figure	from	Janka	et	al.	(2012)	
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Models	

growing list !!!

As of 2013



Neutron	star	kicks	by	GravitaDonal	tug-boat	mechanism	

W15-6	

704	km/s	



Nickel	distribuDon	

Ni shows hemispheric asymmetry

observed??? Constrain kick mechanism???



Woosley&Weaver	
(1995)		
RSG,	W15	

Limongi+	(2000)	
RSG,	L15	

Shigeyama&Nomoto	(1990)	
BSG,	N20	

Woosley+	(1988)	BSG,	B15	

Nickel-rich	ejecta	at	shock	
breakout	

Long-)me	models	



shock	propagates	according	to	
blast	wave	soluDon	(Sedov,	1959)	

accelerates	when	ρr3	decreases,	
and	vice	versa	

Shock	dynamics	



RSG	model	

Shock	strongly	accelerates	-->	RTI	fingers	stretch	--
>	Reverse	shock	forms	-->	RTI	fingers	collide	with	

Reverse	shock			

at	He/H	interface	

meet	reverse	shock	



N20	model	

Shock	accelerates	briefly	-->	Reverse	shock	forms	-->	
Slow	nickel	bubbles	collide	with	reverse	shock	and	

fla`ened	

at	He/H	interface	

meet	reverse	shock	



B15	model	

at	C+O/He	interface	

at	He/H	interface	

Significant	growth	of	RTIs	-->	fragmentaDon	of	
nickel	bubbles	



B15	model	

Shock	accelerates	briefly	-->	Reverse	shock	forms	-->	
Fast	nickel	fingers	ahead	of	reverse	shock	!!!	

at	He/H	interface	

meet	reverse	shock	



B15	model	

Fast	nickel	fingers	stretch	-->	inner	part	of	ejecta	
trapped	by	reverse	shock	

meet	reverse	shock	

shock	breakout	



N20	BSG	model	
Nickel	too	slow	

at	He/H	interface	
meet	reverse	shock	

Shock	too	
fast	

RSG	model	



Explosion	vs.	late-Dme	
asymmetries	

clear	correlaDon	

not	so	clear??	

Early	vs.	late	morphology	



SN1987A	
Woosley	et	al.	(1988)	

Shigeyama	&	Nomoto	(1990)	

Woosley	(2007)	

Woosley		et	al.	(1997)	

~	3700	km/s	 <	2000	km/s	



Light	Curves	of	
SN1987A	

B15,	N20,	W20,	W18	

B15	model	reproduce	the	dome	of	light	curve	

Utrobin	et	al.	(2015)	



-  NS	kick	by	gravitaDonal	tug	boat	mechanism	can	explain	
observed	average	pulsar	space	velocity	

-  In	high	kick	cases,	hemispheric	asymmetries	of	heavy	elements	
are	produced	

-  evoluDon	of	asymmetries	associated	with	explosion	mechanism	
connects	to	the	density	structure	of	the	progenitor	star	

-  Density	structure	of	He	shell	and	He/H	interface	are	very	
important	in	determining	the	fate	of	heavy	clumps	

Conclusion	



Conclusion	II	
-  extending	simulaDons	to	later	phases,	connecDng	SN	--->	SNR	

(see	poster	by		
						Michael	Gabler)	

-  State-of-the-art	approach	for	CCSN	light	curves	using	
					3D	explosion	models	---	>	1D	radiaDon	hydro	
					taking	into	account	3D	mixing	

Beginning to 
connect SNe to 

SNRs !!!


