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Urry	&	Padovani	2002	
	
Seminal	image,	close	to		
the	mark	
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Elvis	2000	updated	in	2004	(and	various	iteraKons	on	this	theme)	
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Some	observaKons	to	get	started	

•  There	have	been	over	20k	papers	published	
with	quasar	in	the	Ktle	and	a	further	30k	
referring	to	quasars	in	the	abstract,	but…	

•  we	sKll	have	a	poor	understanding	of	what	we	
are	observing	ie	model	for	the	inner	region,	

•  due	to	the	small	scales,	~	micro-arcseconds	
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Why	lensing?	

7	Webster	1994	



The	microlensing	approach	
•  OpKcal	depth	to	microlensing	~1	à	causKc	
network	

•  PotenKal	approaches	(incomplete!):	
–  Single	epoch	+	macro-imaged	spectral	
–  Lightcurves,	mulK-band	
–  Target-of-opportunity:	causKc-crossings	
–  StaKsKcal	populaKons:	uniform	angle-of-viewing	

•  Disk-wind	model	+	opaque	torus	
•  Opaque	accreKon	disk	à	only	view	the	forward	
side	of	the	wind/disk	

•  KISS	
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The	microlensing	approach	
•  OpKcal	depth	to	microlensing	~1	à	causKc	
network	

•  PotenKal	approaches:	
–  Single	epoch	+	macro-imaged	spectral	
–  Lightcurves,	mulK-band	
–  Target-of-opportunity:	causKc-crossings	
–  StaKsKcal	populaKons:	uniform	angle-of-viewing	

•  Disk-wind	model	+	opaque	torus	
•  Opaque	accreKon	disk	à	only	view	the	forward	
side	of	the	wind/disk	

•  KISS	(Keep	it	simple	stupid)	
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Peeling	the	onion	

•  Special	classes	of	
quasars	provide	
insights:	

•  BALs,	Anomalous….	
•  Axi-symmetric	à	
direcKon	maBers	

•  Need	all	elements	to	
resolve	the	structure	
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Gerlumph:	microlensing	simulaKons	
Fluke&Vernardos	

Lightcurves	show	variaKon	on		
observable	Kmescales	

Different	image	scales	
show	different	magnificaKon	

lightcurves		

Key	Elements	
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Gerlumph:	microlensing	simulaKons	
Fluke&Vernardos	

Lightcurves	show	variaKon	on		
observable	Kmescales	

Different	image	scales	
show	different	magnificaKon	

lightcurves		

Key	Elements	

+	quasar	models	
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BALs:	unique	probes	

Two	experiments:			
•  H1413+117	using	high	resoluKon	IFU	spectra	
(O’Dowd+:2015)	

•  StaKsKcal	study	using	SDSS	sample		
	(Yong+:	2017)	

•  (Extended	staKsKcal	follow-up)	
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BAL	H1413	+117:	very	high	quality	Gemini	
GMOS	IFU	data		
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Deconvolve	into	conKnuum	and		
line	with	different	microlensing		
configuraKons	

conKnuum	

BELR	
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Blowup	of	CIV	line	and	absorpKon	trough	–	note	the	offset	of	absorpKon	
from	the	peak	of	emission	and	the	rapid	onset	of	that	absorpKon	
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AbsorpKon	associated	with	
lines	of	different	ionisaKon	
and	their	relaKve	offsets	
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BALs:	what	did	we	learn?	

•  The	offset	for	CIV	and	NV	is	~1500km/sec:	this	
shows	where	the	line-of-sight	to	the	UV	
conKnuum	intersects	with	the	ounlowing	
wind	

•  The	strong	absorpKon	suggests	a	high	
covering	factor	at	high	velociKes,	ie	large	radii	
and	wide	spaKal	region	

•  The	BAL	absorpKon	is	clumpy	
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Modelling		

•  Yong	MSc,	2015	
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A	dynamical	model	with	MBH,	rotaKonal	and	poloidal	wind	components,	
but	no	photoionisaKon.		Emission	~	gas	density.	



Velocity	offsets	àangle	of	viewing	
FWHM	à	angle	of	viewing		
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A	complete	SDSS	sample	of	high	S/N	quasars	in	the	redshio	range	1.4<z<2.6		
to	include	CIV	and	MgII	-	~12%	and	~0.5%	absorpKon	respecKvely.	
-	Note	the	similariKes	in	distribuKons	of	different	line	parameters	
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Closer	inspecKon	reveals	some		
trends;	with	less	obvious	
interpretaKon	
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BALs:	what	did	we	learn?	-	2	
•  Strong	evidence	for	the	disk-wind	model	
•  We	do	not	observe	BALs	along	(very)	different	lines-of-
sight	ie	they	can	be	observed	along		any	line-of-sight	

•  But	not	all	lines-of-sight	give	a	BAL	
•  Indeed	different	lines-of-sight	give	different	sorts	of	
BALs	

•  Velocity	offsets	measure	the	projected	poloidal	
velocity	ie	ounlow	for	a	parKcular	line	

•  A	‘narrow’	wind	would	give	constrained	FWHM,	
velocity	offsets	etc	
	à	the	wind	has	a	large	opening	angle,	and	variable	

opKcal	depth	
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AccreKon	disk	profile	

•  Do	we	see	an	Shakua-Sunyaev	disk	profile?	
•  Size	affects	magnificaKon	(Bate+:	2007)	
•  Can	we	use	single	epoch	
•  Images	to	obtain	profiles?	
•  Single	epoch	results	all		
	over	the	place	

•  New	HST	images	à	
	galaxy	rings	+	new	data	
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•  New	HST	imaging	–	~7	bandpasses	
•  4	sources	test	‘single	epoch	imaging’	
•  (others	show	Einstein	rings	)	
•  p=4/3	à	SS	disk	
•  Single	epoch	observaKons	only	valid	if		
Δm	is	large	 input	

profile	
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Disk	profiles:	what	we	learned	

•  Ensembles	with	low	Δm	don’t	return	valid	
measurements	

•  But	high	Δm’s	are	valid	
•  One	strong	measurement,	p>	4/3	à	shallower	
temperature	profile,	

•  and	a	larger	accreKon	disk	
•  à	we	do	not	see	an	SS	accreKon	disk	with	the	
conKnuum	emission	
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Finally,	angle-of	viewing	

Simple	modeling	suggests	that	
angle-of-viewing	affects	
-	Velocity	offsets,	+	
-	FWHM	
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•  Can	we	use	these	correlaKons	to	measure	
angle-of-viewing?	

•  BLR	velociKes	scale	with	MBH,	angle-of-
viewing,	geometry	

•  Simple	model:	predicts	obscuraKon	by	torus	
of	~40o	

•  Difficult	to	test	
•  But	sensible	and	consistent	
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Summary	

•  Data:	high	image,	spectral	and	angular	resoluKon		
•  (high	cadence	temporal	datasets	coming)	
•  Modeling	sophisKcaKon	–	dynamics&	kinemaKcs	
+	photoionisaKon	

•  Breaking	degeneracies	with	lensing:	microlensing	
networks	now		‘available’	

•  Much,	much	more	to	be	done	
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