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Black	Holes	in	Nearby	Universe

• Previous	X-ray	observations	find	
~20	candidates	of	BH	binaries
• Recent	detections	of	stellar-mass	
BH	mergers	by	LIGO-Virgo
•Questions:
ØWhat	are	their	properties?
ØHow	did	they	form?	

Raithel,	Sukhbold,Ozel 2017	



What	are	their	properties?

DT,	Kawanaka,	Totani 18	(1801.04667)
(See	also	Matsumoto,	Teraki,	Ioka 17)

• Estimates	predict	10$ BHs	in	
MW,	but	we	know	only	~20

• Detecting	Isolated	BHs in	the	
MW	can	give	hints	on

Ø How	many	are	they?
Ø BH	Distribution?
Ø BH	Mass	Function?

• Several	tens	may	be	found	by	
future	observations

%	 = (accretion	rate)	/	(Bondi	rate)



How	did	they	form?

• Simplest	scenario:	Some	stars	cannot	explode	and	collapse	as	
failed	supernovae

• Core	compactness	may	be	the	key
(e.g.	O’	Connor	&	Ott 2011)

• But	the	link	between	massive	star	evolution	and	subsequent	
BH	formation	is	yet	highly	uncertain



Failed	SNe may	leave	us	some	clues	

Neutrino	emission	during	protoneutron star	phase	can	make	a	fraction	
of	the	outer	envelope	gravitationally	unbound	(Nadyozhin 1980)
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Red	Supergiants

• Ejected	envelope	will	radiate
Ø ~	few	day	transient	upon	
shock	breakout	(Piro 2013)

Ø ~	year-long	plateau	
(Lovegrove &	Woosley 2017)

• It	may	have	been	observed
(Gerke+	2016,	Adams+	2017)

Lovegrove &	Woosley 2013
Piro 2013



Blue	Supergiants and	Wolf-Rayet Stars

Fernandez,	Quataert,	Kashiyama,	Coughlin	(2018)

• BSGs	and	WRs	have	strongly	bounded	envelopes

• Similar	ejecta	energy	w/	RSGs	but	lighter,	thus	larger	ejecta	velocity	



Observation	strategies?
BSGs
ØHigh-cadence	optical	Surveys	(Tomo-e	Gozen,	LSST)	can	be	helpful
WRs
ØToo	fast	and	too	faint
ØRadio	surveys	may	be	better	strategies

Fernandez,	Quataert,	Kashiyama,	Coughlin	(2018)



This	work

•Calculate	emission	from	mass	ejection	of	failed	SNe

•Are	Failed	BSGs	detectable	by	high-cadence	surveys?

•Are	Failed	WRs	detectable	by	blind	radio	surveys?	
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Initial	Conditions
• Pre-collapse	structure:	assume	
polytropic envelope	w/	n=3
• Simulation	inner	boundary	set	
where	the	above	approx.	holds
• Inject	energy	at	inner	boundary
(injection	energy	calibrated	using	
results	by	Fernandez+	18)	

BSG	Density	Profile
(From	MESA	Code)

ZAMS	Mass	(M⊙) Final	Mass	(M⊙) Final	Radius	(cm) Simulation Inner	Boundary	(cm)

BSG	model 25 11.7 7×104D 1×104D

WR	model 40 10.3 3×1049 3×108

Computation	Region



Shock	Evolution
• 1D	Lagrangian code	by	Ishii+	(arXiv:	1805.04909)	around	shock	breakout	
• After	kinetic	energy	is	stable,	expand	ejecta	homologously

Before	Shock	Breakout	(BSG	model) After	Shock	Breakout	(BSG	model)

Homologous!
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Final	ejecta	property

Roughly	EFGH > J ∝ JLM

Consistent	with	analytical	expectations	(Matzner	&	McKee	99,	Tan	et	al.	01)
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Luminosity
:NO = P/J• Photons	can	diffuse	out	from	the	radius	where	

scattering	optical	depth :NO = ∫RS
�

�
TU =	c/v	

Ø R = 0.34	cmD/g (Thomson	opacity)
Ø S :	electron	density
Ø v	:	velocity	of	the	fluid

• At	this	radius, Y = 4ZUD[\]/:NO

• This	is	observed	with	a	delay	of		~:NO(Û _−UaG;;)/P

b

b

b



Temperature

:NO = P/J

:∗ = 1

• Diffused	photons	experience	scattering/absorption,	
and	escape	where	thermalization optical	depth	
:∗ = ∫ d;;(d;; + dNO)

��

�
TU ≈ 1

Ø d;; ∶ free-free	absorption	coefficient
Ø d;; ≈ 1.7×10LDM	cmL4	\L5.MhihG

• We	define	here	as	the	photosphere,	and	assume	
the	temperature	here	as	the	color	temperature

Ø Obtain	AB	magnitude

b



BSG	light	curve
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AB	magnitude
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WR	radio	emission
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• Fast	(	≿ 0.1P)	ejecta	colliding	wind	medium
Ø collisionless shock,	magnetic	amplification
Ø kL acceleration	&	synchrotron	emission?
• But	the	mass	of	fast	ejecta

,il ∼
10]DL]5	erg

3×108		cm	sL4 D ∼ 10D5LD]g

is	very	small,	and	will	be	stopped	at	distance	

JilpNqr^ ∼
,ilJs

,̇s

∼ 1044L4Dcm	
,̇/Js

104Dg	cmL4

L4

• Energy	budget	already	very	small,	and	with	
serious	free-free	absorption	at	this	region	
radio	emission	is	probably	dim.	

1

2
u^v

DPDwi ∼ 2uiP
D

wi ∼ 0.4: kL acc.	efficiency
(Park	et	al.	2015)



Summary

• Estimated	the	detectability	of	emission	of	mass	ejection	
of	failed	BSGs	and	WRs

•Breakout	and	plateau	emission	from	BSGs	can	be	
interesting	targets	for	present/future	surveys

•Radio	emission	from	failed	WRs	is	probably	difficult	to	
detect	unless	favorable	conditions	(e.g.	weak	explosion?)


