
Reverbera'on	mapping	of	the		
UV	Fe	III	λλ2039-2113		
feature	in	quasars	

		
Point	source	monitoring	with	IFS	



Outline	
•  SMBH	mass	measurements	–	virial	theorem	/	
gravita'onal	(and	transverse	Doppler)	redshiO	

•  UV	Fe	III	λλ2039-2113	–	prone	to	microlensing	and	
systema'cally	redshiOed	in	quasars	

	
•  Quasar	monitoring	–	infer	the	size	of	the	region	
emiSng	the	UV	Fe	III	λλ2039-2113	blend	

•  Long-slit	vs.	IFS	based	monitoring	of	a	point	source	–	
acquisi'on,	DAR,	spectral	resolu'on,	calibra'on	



Virial	vs.	gravita'onal	redshiO	
	mass	es'mates	
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Gravita'onal	redshiO	in	strong	BELs?	

– 1 –

MBH = f
(FWHM)2R

G
(1)

MBH =
2c2

3G

��

�
R (2)

��

�
=

3

2
f [FWHM/c]2. (3)

F = G
Mgmg

r2
(4)

F = k
Qq

r2
(5)

Er /
Q

r2
(6)

Et /
Qa

r
(7)

F2 = �F1 (8)

m2a2 = �m1a1 (9)

a2 = �m1

m2
a1 (10)

E1 / q1a1
r

(11)

E2 / q2a2
r

= �q2a1
r

m1

m2
(12)

E = E1 + E2 / m1a1
r

✓
q1
m1

� q2
m2

◆
(13)

Egrav / m1a1
r

✓
m⇤

1

m1
� m⇤

2

m2

◆
(14)

1	 ≈5000	km/s	

Δλ≈1Å	

4700 4800 4900 5000 5100 5200 5300

2.×10-17

4.×10-17

6.×10-17

8.×10-17

1.×10-16

1.2×10-16

1.4×10-16



Microlensing	of	BELs	–	UV	Fe	III	
20 FIAN ET AL.

Figure 9. Continuation of Figure 6.



UV	Fe	III	λλ2039-2113		–		Systema'c	redshiOs			



Average	es'mate	for	lens	galaxies	
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Susbtituting in Equation 3 the mean redshift of the iron lines and the microlensing based

size, we obtain for the average mass of the supermassive black holes, hMBHi ' (0.83 ±
0.47) ⇥ 109M�, where the uncertainty arises partly from the method and partly from the

intrinsic scatter between objects. This value is in good agreement, in mean and scatter,

with virial based estimates for lensed quasars (see, e.g., Figure 8 of Mosquera et al. 2013).

In fact, if we consider the 8 lensed quasars in our sample (HE 0047-1756, SDSS 0246-0285,

SDSS 0924+0219, FBQ 0951+2635, Q 0957+561, HE 1104-1805, SDSS 1335+0118 and HE

2149-2745) that have virial mass estimates by Peng et al. (2006) and Assef et al. (2011),

we obtain from Eq. 3, hMmicro
BH i ' (0.9 ± 0.5) ⇥ 109M�, in very good agreement with the

average of their virial masses, hM virial
BH i ' 0.93⇥ 109M�.

Because of the interesting implications of these results, and to exclude any systematic

issue in our sample of lensed quasars, we fit the Fe III��2039-2113 feature in the high S/N

composite SDSS spectrum (Vanden Berk et al. 2001), in which we also measure a strong

global redshift of the feature of ⇠ 7 Å (Figure 2). Looking for further confirmation, we fit

another two UV features of Fe III that, in spite of their lower intensity, can be modeled in

this high S/N composite spectrum: the Fe III�2419 line and the Fe III��1970-2039 blend.

The Fe III�2419 line (Figure 2) appears blended with a narrow line identified as Ne IV�2424

(Vanden Berk et al. 2001). Figure 2 shows that, while the Ne IV narrow line can be well

fitted at its nominal wavelength (Vanden Berk et al. 2001), the Fe III line has a clear redshift

with respect to it. Finally, the redshift is also observed in the (noisier) Fe III��1970-2039

blend. The best fit estimates of the redshift, z = ��/�, of these features are: 0.0034±0.0002

(Fe III��2039-2113), 0.0037±0.0001 (Fe III�2419) and 0.0034±0.0007 (Fe III��1970-2039).

For the widths, �/�, we obtain: 0.0057 ± 0.0003 (Fe III��2039-2113), 0.0059 ± 0.0002 (Fe

III�2419) and 0.0055± 0.0006 (Fe III��1970-2039). The good agreement between the fitted

parameters of the three Fe III features confirms that the redshift is intrinsic to the Fe III

emitters.

Going a step further, to study the incidence and meaning of the observed redshift

using high S/N spectra, we fit (see Figures 3 and 4) the Fe III��2039-2113 feature in the

27 composite spectra of the BOSS survey (Jensen et al. 2016). The fits are very good

with �2
red  2, although some of the spectra have a low S/N ratio. We can use BOSS

composites to discuss virialization. If the kinematics is virialized (Eq. 1), we

should have,
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using high S/N spectra, we fit (see Figures 3 and 4) the Fe III��2039-2113 feature in the

27 composite spectra of the BOSS survey (Jensen et al. 2016). The fits are very good

with �2
red  2, although some of the spectra have a low S/N ratio. We can use BOSS

composites to discuss virialization. If the kinematics is virialized (Eq. 1), we
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•  HE	0047-1756,	SDSS	0246-0285,	SDSS	0924+0219,	FBQ	0951+2635,	Q	0957+561,	
HE	1104-1805,	SDSS	1335+0118	and	HE	2149-2745	(Peng	et	al.	2006	and	Assef	et	
al.	2011)	

•  Rmicro	≈	13	light	days	
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Science	Case	-	Summary	

•  Systema'c	redshiOs	of	Fe	IIIλλ2039-2113	
•  match	the	expected	gravita'onal	redshiOs	if	
the	size	of	the	UV	Fe	III	emiSng	region	is	of	13	
lt-days,	as	es'mated	by	microlensing	

•  correlate	with	the	squared	widths	of	several	
BELs	used	as	virial	indicators	

•  predict	mass	es'mates	consistent	with	the	
virial	masses	



Quasar	Monitoring	
	
•  Reverbera'on	mapping	observa'ons	of		Fe	IIIλλ2039-2113	

are	needed	to	confirm	the	small	size	of	the	emiSng	region.	

	
NGC	5548	



Chroma'c	Atmospheric	Refrac'on	

•  Acquisi'on,	
Centering,	
Paralac'c	Angle	

•  Spectral	resolu'on	



Conclusion	

•  IFS	can	be	the	first	choice	technique	to	do	
spectroscopic	monitoring	of	point	sources	



IFS	based	monitoring	-	Improvements	

•  Calibra'on	star	in	the	FoV	of	the	IFU	

•  Flux	and	PSF	calibra'on	in	auxiliar	IFU	



Systema'c	redshiO	of	the		UV	Fe	III	lines	in	quasars:		
measuring	SMBH	masses		

under	the	gravita'onal	redshiO	hypothesis	
	

Mediavilla	et	al.,	2018,	ApJ,	862,	104	
	

Measuring	SMBH	masses:		correla'on		between	
	the	redshiOs	of	the	the		UV	Fe	III	lines	and		

the	widths	of	the	BEL	
	

Mediavilla	et	al.,	2019,	ApJ,	880,	96	
	


