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[Fernandez	and	Metzger,	1512.05435,	and	references	therein]	

Two	types	of	ouHlows	⇒	Plethora	of		

EM	counterparts

[see	also	Tsang	et	al.	2011,	Metzger	et	al.,	Siegel	et	al.	2016,17,	GoNlieb	et	al.,	2017]



How	well	can	we	localise	the	source	on	the	sky?

[LVC,	arXiv:1606.04856,	PRX	6,	041015,	2016]

[Image	credit:	LIGO/L.	Singer/A.	Messinger]
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2015:	EM	follow-up	by	24	observatories	
for	GW150914

19	orders	of	magnitude	in	frequency	space	
Also,	high-energy	neutrino	search	with	IceCube/Antares	(+/-	500s)
[LVC+EM	observers,	APJL,	826,	1,	L13,	2016;		
Antares+Icecube+LVC,	Phys	Rev	D	93,	122010,	2016,	Phys.	Rev.	D	96,	022005,	2017]

e.g.,	100%	to	10-7	ergs	cm-2s-1



+ Redshihed	Masses	(several	to	tens	%)	

+ Redshihed	Spins	(tens	of	%)	

+ NS	radii	

+ Geometric	proper$es:	(tens	of	%)	
-	Inclina$on	angle	
-	Source	Posi$on	
-	Luminosity	distance	

Fƛ(t):	5-10	parameters

Next	step:	combine	&	interpret	GW	+	EM	

+ Energe$cs	and	beaming	
+ R-process	nucleosynthesis	
+ Mass	ejecta	and	velocity	
+ Environment	
+ Redshih,	Accurate	Posi$on	(1”)	
+ Stellar	popula$ons		
+ Magne$c	field	strength	
+ Previous	binary	evolu$on	&	mass	loss	

(tens	of	%)

h(t):	9-16	parameters



Discussion	Points
1)	What	do	GW	sources	look	like	in	EM	radia$on?	What	is	the	best	
strategy	to	find	them?	

2)	Can	EM	signals	help	to	dis$nguish	source	classes	

3)	Do	EM	detec$ons	help	to	determine	source	popula$on	proper$es	
	(rela$ve	occurrences,	mass	distribu$ons,	redshih	dependence	of	
	rates/distribu$ons	etc)?		

4)	How	complete	can	EM	follow-up	be	and	how	does	incompleteness	
	influence	the	previous	points?



Discussion	Points	II
5) Can	any	thing	more	be	done	from	GW	side	to	help	EM	prospects?	

6)	Do	we	want	to	get	in	to	issues	such	as	"what	would	
it	take	to	make	a	good	candidate	counterpart?",	"what	would	take	
to	make	a	compelling/convincing	counterpart?"	

7)similarly,	what	are	prospects	for	joint	sta$s$cs	e.g.	
sub-threshold	detec$ons	in	either	EM	or	GW	or	both?	

8)	Can	we	iden$fy	possible	EM	signal	precursors	to	a	GW	merger?	
what	do	the	$mescales	prior	to	merger	would	be?		Could	we	use	
them	to	plan	an	observa$onal	campaign	?	


