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BH-NS

Mass-Gap

GW	triggers:	10’s	-1000’s	square	degrees	per	event

Swift	Follow-up	of	Gravitational	Wave	alerts

Evans	et	al	2016

XRT	FoV	23”

UVOT	FoV	17’

• UVOT	observes	in	u-band	(most	sensitive	+	
bluer	than	most	ground	telescopes)


• 80s	exposures	

• 500s	exposures	

• max	of	800	fields	per	event


• UVOT	1600-8000A

• 4	UV	filters

• w2,m2,w1,u

Page	et	al	2020



▪ Each UVOT image is searched to identify new transient sources 
that might be the counterpart to the GW event:

▪ Source detection (uvotdetect -> sextractor)

▪ Series of checks to determine if sources are known sources, 

extended sources, or sources due to image artefacts

▪ Quality Flag assigned, Q0 is best

▪ Small thumbnail images created for manual inspection

Swift/UVOT	GW	Pipeline

▪ Limited archival coverage (15.3% of the 
sky, 8.4% in u-band) 

▪ Swift Gravitational Wave Galaxy 

Survey (SGWGS; Tohuvavohu et al., in prep):

▪ 13000 galaxies in 4773 fields

▪ per 60−100 deg2, the brightest 

~ten galaxies in will have 
archival images



Swift	Follow-up	of	during	O3

Oates	et	al	2021	submitted	

18	events	passed	Swift	follow-up	criteria:

• 5	BBH	mergers

• 6	BNS	mergers,	

• 3	BH-NS


• 2	Mass	Gap	triggers

• 2	unmodelled/burst	triggers

Total:	5644	unique	observations,	18459	thumbnails



Swift/UVOT	Sources	of	Interest
27	sources	detected	by	UVOT:


• 3sigma	brighter	than	
archival	u	(UVOT	or	other)	
or	g	band	magnitude	


• 424	deg2	observed	in	O3

• surface	density	of	UV	

transient	sources	<21.2	
magAB	in	u

‣ 0.064	deg-2


13	external	sources	followed


Total:	40	sources	followed-up


Preliminary	Classification:

• 11 candidate AGN/QSOs 

• 3 CVs

• 9 SNe 

• 11 unidentified sources

• 6 uncatalogued sources



Properties	of	the	sources	of	interest	
Oates	et	al	2021	submitted	



Archival	light	curves

Oates	et	al	2021	submitted	



Archival	colours

Oates	et	al	2021	submitted	

stars

quasars

blue	galaxies

red	galaxies



Sources	of	interest	summary
• no	evidence	to	identify	any	of	the	transients	observed	by	UVOT	in	O3	as	

counterparts	to	the	GW	events,	consistent	with	others	(e.g.	Goldstein	et	al.	
2019;	Antier	et	al.	2020;		Gompertz	et	al.	2020;	Kasliwal	2020;	Ohgami	et	al.	2021).	


Preliminary	Classification:	11	candidate	AGN/QSOs,	3	CVs,	9	SNe,	11	
unidentified	sources,	6	uncatalogued	sources


• Candidate	AGN:	observations	support	AGN	origin.	

• a	few	of	the	candidate	AGN	in	our	sample	display	larger	changes	in	

magnitude	>1	mag	over	a	10	years	or	more	->	may	be	
`hypervariable'	AGN	(Lawrence	et	al.,	2016).		


• Unidentified	sources:		3	clusters

1)	likely	AGN.

2)	Two	have	fast	decay	rates	(1.2	and	>0.6	mag	per	day)	and	red	archival	
colours		-a	class	of	fast-evolving	transient	(such	as	GRBs,	KNe,	fast-
evolving	CVs	and	novae,	flare	stars),	the	third	may	be	a	TDE.

3)	Red	archival	colours.	May	also	be	a	class	of	fast-evolving	transient.


• Uncatalogued	sources:

• ZTF20aamvmzj	is	most	likely	a	Type	II	SN	at	a	distance	~350	Mpc.

• Cand-A09	(Subaru;	Ohgami	et	al.,	2021)	likely	that	this	source	is	a	CV.

• No	strong	conclusions	for	the	4	UVOT	detected	sources



Conclusions
Advantages	of	UVOT	in	GW	followup:


• UV	observations	-	important	for	understanding	the	properties	of	the	kilonova

• Fast	response	by	Swift	(~1-2hrs)

• Less	observing	constraints	compared	to	ground	based	facilities

• Simultaneous	X-ray	measurements	of	all	sources

UVOT	is	performing	a	UV	transient	survey	during	GW	follow-up

• finds	0.064	transient	sources	per	deg2		brighter	than	21.2	magAB	in	u

• no	strong	evidence	for	EM	counterpart	of	GW	event

• u-band	transients	are	a	mix	of	AGN,	fast	evolving	transients,	CVs

• one	of	the	best	ways	to	find	rare	classes	of	blue	transients

Oates	et	al	2021,	MNRAS,	507,	1296

Planned	Improvements	for	O4	(planned	start	late	2022)


