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The near-infrared view of the BLR and the effect of 
obscuration in BLR characterisation of local hard X-ray 

selected AGN
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1. Understanding the structure (geometry/dynamics) 
of  the material in the proximity of the BH, 
eventually feeding the BH 

2. Measure the supermassive black hole masses up 
to the high redshift Universe

Why study BLR?



Weighting the SMBH inside an AGN

If the BLR is powered by photoionization, it is virialized and the 
motion is dominated by the gravity of the central compact object

Measure the time lag in response of BLR clouds to changing 
ionizing flux from the accretion disk
Substitute spatial resolution with time resolution!

Blandfor & McKee+82; Peterson+93, +04

Reverberation mapping: time-resolution 
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AGN are thought to follow the same scaling relations observed in quiescent galaxies with 
dynamically measured SMBHs. RM AGN seem to reproduce the scaling relation MBH - σ★ once BH 
masses are scaled for an average virial factor <f> 
(Onken+04; Woo+10; Graham+11; Park+12; Ho&Kim+14; Grier+13,+17, Batiste+17)
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BLR structure encoded in the virial factor: <f>

σ★ [ km s-1 ] Bulge Mass

• Do AGN follow the 
dynamical-based scaling 
relations? sphere of influence 
resolution-dependent bias 
(e.g., Bernardi +07; Gültekin 
+09; Batcheldor +10; 
Morabito & Dai +12; Shankar 
+16)  

• Are these relations valid for 
obscured AGN as well? bulk 
of AGN population 

• Is there a dependence on 
bulge morphology for active 
galaxies? 

BH
 M

as
s
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The virial factor f can be directly inferred only for a handful (~16) RM broad-line AGN 
having sufficiently detailed RM data available (Pancoast+14b, Grier+17, Williams+18, 
Li+18)

The Hβ emitting BLR is described by a thick disk BLR close to face on emitting 
preferentially from the far side of the BLR. 
Dynamically, the orbits are both inflowing and outflowing.   

The f-factor could depend on some AGN properties (Lbol, Edd ratio, MBH or the 
inclination angle) -> marginal evidence of MBH and inclination dependence

Direct f-factor measurements in RM AGN
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Statistical studies on f
Several works used f-independent Mbh 
estimates to infer the virial factor and found that 
there is an anti-correlation between f-FWHM of 
Hβ, Hα, MgII and CIV (Decarli+08, 
Shen&Ho+14, Mejia-Restrepo+18) which is 
explained by the fact that the observed FWHM 
gets broadened with increasing los inclination 
(e.g., Collin+06 )

(for a similar broadening effects on the 
EW[OIII] see also Risaliti+11, Bisogni+17)

Mejia-Restrepo+18

BUT! These works focused only on broad-line 
sources. What about the BLR in optical narrow line 
Seyfert 1.8-1.9-2?
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Hα in low mass BHs

Reines&Volonteri+15 found that local Seyfert with 41.5 < 
log (Lbol/erg s-1) < 44.4 are 1 dex undermassive than 
what expected from the MBH-Mstar relation of inactive 
galaxies

It is unclear whether the Hα is completely reliable, particularly in so-called Sy 1.9 (Osterbrock+81), where the 
level of extinction due to dust is more relevant than what is usually experienced in optical broad line Seyferts.

Sy 1.9 
Koss+17

Does this difference depend 
on intrinsic properties of 
AGN (different BH-host 
scaling relations than the 
dynamical inactive sample) 
or is it an effect of line 
suppression due to dust 
extinction/obscuration?
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In order to have a direct view of the BLR also in obscured systems, we need to 
penetrate the obscuring material → NIR Paschen lines 

1. NIR observations of high-R and high-S/N have revealed broad Paschen lines 
in type 2 AGN (Veilleux+97, Riffel+06, Cai+10, Smith+14, Onori+17) 

2. the dust absorption is less severe (~10 times) than in the optical 
(Veilleux+02) 

3. Paα and Paβ are the strongest hydrogen emission lines observed in the NIR, 
and are almost unblended (Riffel+06, Landt+08)

The need of a Near-infrared view
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0.5logL14-195 keV + 2logFWHMPaβ

NIR virial relations based on the Paβ FWHM (but also Hα, Paα, HeI1.083μm, see Greene&Ho+05; 
Landt+08; Shen&Liu+12; Mejia-Restrepo+16) and the hard-X L14-195 keV therefore able to work with 
low-L AGN1 and AGN2

L14-195keV
Hα
HeI 
Paβ
Paα

F. Ricci+17 
(see also Kim+10,+18; La Franca+15; Landt+13)

Goal: find the BLR in NIR in Sy 1 and Sy 2

A Mixed virial MBH calibration for AGN
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Goals:
1. compare NIR and optical (i.e. Hα) BLR measurements in Sy 1-1.9 to 

understand systematics/biases in BLR characterization and thus in Hα 
virial-based MBH estimates  

2. build a statistical obscuration unbiased (=X-ray selected ) sample of local 
Seyferts (Sy 1 and 2) with NIR broad lines to derive NIR+Lx virial based 
Mbh (using F. Ricci+17 calibration)  

                                                                                                                             

and thus estimate the virial factor 

f =
MBH,�?

Mvir,line
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• f0=6.3, <f> to put RM AGN on 
Kormendy&Ho+13 rel 

• FWHM(line) = FWHM HeI1.0830 
micron, Paβ, Paα or average NIR  

• Lx  2-10 keV or 14-195 keV (using the 
latter)

BASS NIR data

M(line) = f0FWHM(line)2L0.5
X
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Goals:
1. compare NIR and optical (i.e. Hα) BLR measurements in Sy 1-1.9 to 

understand systematics/biases in optical virial-based Mbh measurements  
2. build a statistical sample of intermediate (Sy 1.8-1.9-2) with NIR broad 

lines to derive NIR+Lx virial based Mbh (using Ricci+17 calibration)  

                                                                                                                             

and thus estimate the virial factor 

f =
MBH,�?

Mvir,line
<latexit sha1_base64="olX4E8XLYEq/4dEBn9DZgn6dhBU=">AAACGXicbVDLSsNAFJ3UV62vqEs3g0VwUUoigm6EUjfdCBXsA5oSJtNJO3QyCTOTQgn5DTf+ihsXirjUlX/jJM1CWw8MnHvOvdy5x4sYlcqyvo3S2vrG5lZ5u7Kzu7d/YB4edWUYC0w6OGSh6HtIEkY56SiqGOlHgqDAY6TnTW8zvzcjQtKQP6h5RIYBGnPqU4yUllzT8uENdHyBcALv3KTZqjmSjgPkOlIhkcI0l2dU1LINunbNqlW3csBVYhekCgq0XfPTGYU4DghXmCEpB7YVqWGChKKYkbTixJJECE/RmAw05Sggcpjkl6XwTCsj6IdCP65grv6eSFAg5TzwdGeA1EQue5n4nzeIlX89TCiPYkU4XizyYwZVCLOY4IgKghWba4KwoPqvEE+QjknpMCs6BHv55FXSvajbVt2+v6w2mkUcZXACTsE5sMEVaIAWaIMOwOARPINX8GY8GS/Gu/GxaC0Zxcwx+APj6wc/NJ/b</latexit><latexit sha1_base64="olX4E8XLYEq/4dEBn9DZgn6dhBU=">AAACGXicbVDLSsNAFJ3UV62vqEs3g0VwUUoigm6EUjfdCBXsA5oSJtNJO3QyCTOTQgn5DTf+ihsXirjUlX/jJM1CWw8MnHvOvdy5x4sYlcqyvo3S2vrG5lZ5u7Kzu7d/YB4edWUYC0w6OGSh6HtIEkY56SiqGOlHgqDAY6TnTW8zvzcjQtKQP6h5RIYBGnPqU4yUllzT8uENdHyBcALv3KTZqjmSjgPkOlIhkcI0l2dU1LINunbNqlW3csBVYhekCgq0XfPTGYU4DghXmCEpB7YVqWGChKKYkbTixJJECE/RmAw05Sggcpjkl6XwTCsj6IdCP65grv6eSFAg5TzwdGeA1EQue5n4nzeIlX89TCiPYkU4XizyYwZVCLOY4IgKghWba4KwoPqvEE+QjknpMCs6BHv55FXSvajbVt2+v6w2mkUcZXACTsE5sMEVaIAWaIMOwOARPINX8GY8GS/Gu/GxaC0Zxcwx+APj6wc/NJ/b</latexit><latexit sha1_base64="olX4E8XLYEq/4dEBn9DZgn6dhBU=">AAACGXicbVDLSsNAFJ3UV62vqEs3g0VwUUoigm6EUjfdCBXsA5oSJtNJO3QyCTOTQgn5DTf+ihsXirjUlX/jJM1CWw8MnHvOvdy5x4sYlcqyvo3S2vrG5lZ5u7Kzu7d/YB4edWUYC0w6OGSh6HtIEkY56SiqGOlHgqDAY6TnTW8zvzcjQtKQP6h5RIYBGnPqU4yUllzT8uENdHyBcALv3KTZqjmSjgPkOlIhkcI0l2dU1LINunbNqlW3csBVYhekCgq0XfPTGYU4DghXmCEpB7YVqWGChKKYkbTixJJECE/RmAw05Sggcpjkl6XwTCsj6IdCP65grv6eSFAg5TzwdGeA1EQue5n4nzeIlX89TCiPYkU4XizyYwZVCLOY4IgKghWba4KwoPqvEE+QjknpMCs6BHv55FXSvajbVt2+v6w2mkUcZXACTsE5sMEVaIAWaIMOwOARPINX8GY8GS/Gu/GxaC0Zxcwx+APj6wc/NJ/b</latexit><latexit sha1_base64="olX4E8XLYEq/4dEBn9DZgn6dhBU=">AAACGXicbVDLSsNAFJ3UV62vqEs3g0VwUUoigm6EUjfdCBXsA5oSJtNJO3QyCTOTQgn5DTf+ihsXirjUlX/jJM1CWw8MnHvOvdy5x4sYlcqyvo3S2vrG5lZ5u7Kzu7d/YB4edWUYC0w6OGSh6HtIEkY56SiqGOlHgqDAY6TnTW8zvzcjQtKQP6h5RIYBGnPqU4yUllzT8uENdHyBcALv3KTZqjmSjgPkOlIhkcI0l2dU1LINunbNqlW3csBVYhekCgq0XfPTGYU4DghXmCEpB7YVqWGChKKYkbTixJJECE/RmAw05Sggcpjkl6XwTCsj6IdCP65grv6eSFAg5TzwdGeA1EQue5n4nzeIlX89TCiPYkU4XizyYwZVCLOY4IgKghWba4KwoPqvEE+QjknpMCs6BHv55FXSvajbVt2+v6w2mkUcZXACTsE5sMEVaIAWaIMOwOARPINX8GY8GS/Gu/GxaC0Zxcwx+APj6wc/NJ/b</latexit>

Mline = f0 FWHM(line)2 L0.5
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f =
MBH,�?

Mvir,line
<latexit sha1_base64="olX4E8XLYEq/4dEBn9DZgn6dhBU=">AAACGXicbVDLSsNAFJ3UV62vqEs3g0VwUUoigm6EUjfdCBXsA5oSJtNJO3QyCTOTQgn5DTf+ihsXirjUlX/jJM1CWw8MnHvOvdy5x4sYlcqyvo3S2vrG5lZ5u7Kzu7d/YB4edWUYC0w6OGSh6HtIEkY56SiqGOlHgqDAY6TnTW8zvzcjQtKQP6h5RIYBGnPqU4yUllzT8uENdHyBcALv3KTZqjmSjgPkOlIhkcI0l2dU1LINunbNqlW3csBVYhekCgq0XfPTGYU4DghXmCEpB7YVqWGChKKYkbTixJJECE/RmAw05Sggcpjkl6XwTCsj6IdCP65grv6eSFAg5TzwdGeA1EQue5n4nzeIlX89TCiPYkU4XizyYwZVCLOY4IgKghWba4KwoPqvEE+QjknpMCs6BHv55FXSvajbVt2+v6w2mkUcZXACTsE5sMEVaIAWaIMOwOARPINX8GY8GS/Gu/GxaC0Zxcwx+APj6wc/NJ/b</latexit><latexit sha1_base64="olX4E8XLYEq/4dEBn9DZgn6dhBU=">AAACGXicbVDLSsNAFJ3UV62vqEs3g0VwUUoigm6EUjfdCBXsA5oSJtNJO3QyCTOTQgn5DTf+ihsXirjUlX/jJM1CWw8MnHvOvdy5x4sYlcqyvo3S2vrG5lZ5u7Kzu7d/YB4edWUYC0w6OGSh6HtIEkY56SiqGOlHgqDAY6TnTW8zvzcjQtKQP6h5RIYBGnPqU4yUllzT8uENdHyBcALv3KTZqjmSjgPkOlIhkcI0l2dU1LINunbNqlW3csBVYhekCgq0XfPTGYU4DghXmCEpB7YVqWGChKKYkbTixJJECE/RmAw05Sggcpjkl6XwTCsj6IdCP65grv6eSFAg5TzwdGeA1EQue5n4nzeIlX89TCiPYkU4XizyYwZVCLOY4IgKghWba4KwoPqvEE+QjknpMCs6BHv55FXSvajbVt2+v6w2mkUcZXACTsE5sMEVaIAWaIMOwOARPINX8GY8GS/Gu/GxaC0Zxcwx+APj6wc/NJ/b</latexit><latexit sha1_base64="olX4E8XLYEq/4dEBn9DZgn6dhBU=">AAACGXicbVDLSsNAFJ3UV62vqEs3g0VwUUoigm6EUjfdCBXsA5oSJtNJO3QyCTOTQgn5DTf+ihsXirjUlX/jJM1CWw8MnHvOvdy5x4sYlcqyvo3S2vrG5lZ5u7Kzu7d/YB4edWUYC0w6OGSh6HtIEkY56SiqGOlHgqDAY6TnTW8zvzcjQtKQP6h5RIYBGnPqU4yUllzT8uENdHyBcALv3KTZqjmSjgPkOlIhkcI0l2dU1LINunbNqlW3csBVYhekCgq0XfPTGYU4DghXmCEpB7YVqWGChKKYkbTixJJECE/RmAw05Sggcpjkl6XwTCsj6IdCP65grv6eSFAg5TzwdGeA1EQue5n4nzeIlX89TCiPYkU4XizyYwZVCLOY4IgKghWba4KwoPqvEE+QjknpMCs6BHv55FXSvajbVt2+v6w2mkUcZXACTsE5sMEVaIAWaIMOwOARPINX8GY8GS/Gu/GxaC0Zxcwx+APj6wc/NJ/b</latexit><latexit sha1_base64="olX4E8XLYEq/4dEBn9DZgn6dhBU=">AAACGXicbVDLSsNAFJ3UV62vqEs3g0VwUUoigm6EUjfdCBXsA5oSJtNJO3QyCTOTQgn5DTf+ihsXirjUlX/jJM1CWw8MnHvOvdy5x4sYlcqyvo3S2vrG5lZ5u7Kzu7d/YB4edWUYC0w6OGSh6HtIEkY56SiqGOlHgqDAY6TnTW8zvzcjQtKQP6h5RIYBGnPqU4yUllzT8uENdHyBcALv3KTZqjmSjgPkOlIhkcI0l2dU1LINunbNqlW3csBVYhekCgq0XfPTGYU4DghXmCEpB7YVqWGChKKYkbTixJJECE/RmAw05Sggcpjkl6XwTCsj6IdCP65grv6eSFAg5TzwdGeA1EQue5n4nzeIlX89TCiPYkU4XizyYwZVCLOY4IgKghWba4KwoPqvEE+QjknpMCs6BHv55FXSvajbVt2+v6w2mkUcZXACTsE5sMEVaIAWaIMOwOARPINX8GY8GS/Gu/GxaC0Zxcwx+APj6wc/NJ/b</latexit>

• f0=6.3, <f> to put RM AGN on 
Kormendy+ rel 

• FWHM(line) = FWHM HeI or Paβ or Paα 
or average NIR  

• Lx  2-10 keV or 14-195 keV (using the 
latter)

BASS NIR FIRE data + BASS database!
‣ Magellan/FIRE (52 Sy 1.8-1.9-2 + 13 Sy 1-1.2-1.5) 
  
★ 2 nights (PI ET, CNTAC 18A+B, 21 targets) 
★ 1 night (PI FR, CNTAC 19A, 17 targets) 
★ 1.5 nights (PI MB, CfA time 19A, 27 targets) 
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Combining the three NIR datasets, we have 314 unique NIR 
spectra, the largest NIR database so far of local hard X-ray 
selected AGN!

# of good quality reliable (i.e. flags =1,2 and errFW < 10% ) 
detections of broad lines (either He I, Paβ or Paα) in intermediate 
Sy (Sy 1.8-1.9-2.0):

FIRE: 22/52, ~42%
NIR DR1: 10/52, ~19%
NIR DR2: 38/144, ~26%

tot # detection in intermediate 
BASS sample: 64/235, ~27%

•  (~30%, Veilleux+97, Riffel+06, Cai+10, 
• Smith+14,Onori+17) 
•
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Mejia-Restrepo +in prep 

In Sy 1.9 FWHM(Hα)-NH is almost constant up 
to log Nh~23 cm-2  
The Hα BLR velocities are not 
underestimated until log NH <~23 cm-2.

The Hα broad line flux is biased, as the 
Lb(Hα)/LhardX decreases in Sy 1.9 at 
increasing columns, log NH >~ 21-22 cm-2

 Optical and NIR view of the BLR in Sy 1-1.9

 What does the NIR say?
★ FWHM(Hα) consistent 

with FWHM from broad 
NIR lines 

(see also, Landt+08, 
F.Ricci+17, Lamperti+17, 
Onori+17) 

✓NIR BASS DR1+DR2+FIRE -> FWHM(line), Lx(14-195keV), M(line) 
✓OPT DR2 -> FWHM(Hα), Lb(Hα), Mbh(Hα)  

F. Ricci +in prep
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 Optical and NIR view of the BLR in Sy 1-1.9

The FWHM measurements are not affected by 
extinction nor obscuration once  

the broad Hα line is securely detected (in Sy 1-1.9) 
at least  when log NH <~ 23 cm-2

X-ray OBSCURATION

dust EXTINCTION BLR

F. Ricci +in prep

14/21

log(y/y0) = ↵+ � log(x/x0)
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Also in the NIR, the FWHM measurements 
are not affected by obscuration at least  up 

to log NH <~23 cm-2

F. Ricci +in prep
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The Hα broad line intensity, i.e. the flux, is the quantity 
that gets suppressed with increasing obscuration, log NH 

>21 cm-2 (consistent with optical results from BASS DR2)

When estimating MBH using Hα, in case of Sy 1.9 or with log NH >21 cm-2, it 
is better to NOT use OPTICAL BROAD LINE luminosity (i.e. no 
Greene&Ho+05), choose a more unbiased proxy for the BLR radius (like 
Lx).  

The IR broad line luminosities are suppressed at slightly higher NH levels, as 
expected by dust extinction that becomes less relevant at longer 
wavelengths  

F. Ricci +in prep 16/21



 NIR view of the BLR: f

✓The measurements are evenly distributed around the 
1:1 relation with some scatter (~0.5-0.65 dex) 

✓Some of the scatter is driven by FWHM(line): smaller 
(light color) FWHMs are located above the 1:1 locus 
while broader lines (darker color) are below  

✓ if FWHM gets broadened with inclination, it is 
expected an anti correlation between f and FWHM 
(see e.g. Collin+06, Decarli+08, Shen&Ho+14, 
Mejia-Restrepo+18, Mediavilla+19, 
Marculewicz+20) 

Does the BH mass difference (i.e. f 
factor) depend on additional 

parameters?

✓NIR BASS DR1+DR2+FIRE -> FWHM(line), Lx(14-195keV), M(line) 
✓σ★ OPT DR2 -> Mbh,σ★   

f =
MBH,�?

Mvir,line
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M(line) = fMvir,line =) f0Mvir,line
<latexit sha1_base64="M6dcjy0v2ip3GLUnn4MgUZ9/j0w=">AAACI3icbVBLSwMxGMz6rPVV9eglWIQKUnZFUASh6MWDhQr2Ae2yZNPsNjSbLEm2Upb+Fy/+FS8elOLFg//FbNuDtg4EJjPfkHzjx4wqbdtf1tLyyuraem4jv7m1vbNb2NtvKJFITOpYMCFbPlKEUU7qmmpGWrEkKPIZafr928xvDohUVPBHPYyJG6GQ04BipI3kFa6qpSx6ch3AqpcOqDyF2X0EO/eCh5KGPY2kFE8w8Oy5Ca9QtMv2BHCRODNSBDPUvMK40xU4iQjXmCGl2o4dazdFUlPMyCjfSRSJEe6jkLQN5Sgiyk0nO47gsVG6MBDSHK7hRP2dSFGk1DDyzWSEdE/Ne5n4n9dOdHDpppTHiSYcTx8KEga1gFlhsEslwZoNDUFYUvNXiHtIIqxNrXlTgjO/8iJpnJUdu+w8nBcrN7M6cuAQHIEScMAFqIA7UAN1gMEzeAXv4MN6sd6ssfU5HV2yZpkD8AfW9w9OuKN0</latexit><latexit sha1_base64="M6dcjy0v2ip3GLUnn4MgUZ9/j0w=">AAACI3icbVBLSwMxGMz6rPVV9eglWIQKUnZFUASh6MWDhQr2Ae2yZNPsNjSbLEm2Upb+Fy/+FS8elOLFg//FbNuDtg4EJjPfkHzjx4wqbdtf1tLyyuraem4jv7m1vbNb2NtvKJFITOpYMCFbPlKEUU7qmmpGWrEkKPIZafr928xvDohUVPBHPYyJG6GQ04BipI3kFa6qpSx6ch3AqpcOqDyF2X0EO/eCh5KGPY2kFE8w8Oy5Ca9QtMv2BHCRODNSBDPUvMK40xU4iQjXmCGl2o4dazdFUlPMyCjfSRSJEe6jkLQN5Sgiyk0nO47gsVG6MBDSHK7hRP2dSFGk1DDyzWSEdE/Ne5n4n9dOdHDpppTHiSYcTx8KEga1gFlhsEslwZoNDUFYUvNXiHtIIqxNrXlTgjO/8iJpnJUdu+w8nBcrN7M6cuAQHIEScMAFqIA7UAN1gMEzeAXv4MN6sd6ssfU5HV2yZpkD8AfW9w9OuKN0</latexit><latexit sha1_base64="M6dcjy0v2ip3GLUnn4MgUZ9/j0w=">AAACI3icbVBLSwMxGMz6rPVV9eglWIQKUnZFUASh6MWDhQr2Ae2yZNPsNjSbLEm2Upb+Fy/+FS8elOLFg//FbNuDtg4EJjPfkHzjx4wqbdtf1tLyyuraem4jv7m1vbNb2NtvKJFITOpYMCFbPlKEUU7qmmpGWrEkKPIZafr928xvDohUVPBHPYyJG6GQ04BipI3kFa6qpSx6ch3AqpcOqDyF2X0EO/eCh5KGPY2kFE8w8Oy5Ca9QtMv2BHCRODNSBDPUvMK40xU4iQjXmCGl2o4dazdFUlPMyCjfSRSJEe6jkLQN5Sgiyk0nO47gsVG6MBDSHK7hRP2dSFGk1DDyzWSEdE/Ne5n4n9dOdHDpppTHiSYcTx8KEga1gFlhsEslwZoNDUFYUvNXiHtIIqxNrXlTgjO/8iJpnJUdu+w8nBcrN7M6cuAQHIEScMAFqIA7UAN1gMEzeAXv4MN6sd6ssfU5HV2yZpkD8AfW9w9OuKN0</latexit><latexit sha1_base64="M6dcjy0v2ip3GLUnn4MgUZ9/j0w=">AAACI3icbVBLSwMxGMz6rPVV9eglWIQKUnZFUASh6MWDhQr2Ae2yZNPsNjSbLEm2Upb+Fy/+FS8elOLFg//FbNuDtg4EJjPfkHzjx4wqbdtf1tLyyuraem4jv7m1vbNb2NtvKJFITOpYMCFbPlKEUU7qmmpGWrEkKPIZafr928xvDohUVPBHPYyJG6GQ04BipI3kFa6qpSx6ch3AqpcOqDyF2X0EO/eCh5KGPY2kFE8w8Oy5Ca9QtMv2BHCRODNSBDPUvMK40xU4iQjXmCGl2o4dazdFUlPMyCjfSRSJEe6jkLQN5Sgiyk0nO47gsVG6MBDSHK7hRP2dSFGk1DDyzWSEdE/Ne5n4n9dOdHDpppTHiSYcTx8KEga1gFlhsEslwZoNDUFYUvNXiHtIIqxNrXlTgjO/8iJpnJUdu+w8nBcrN7M6cuAQHIEScMAFqIA7UAN1gMEzeAXv4MN6sd6ssfU5HV2yZpkD8AfW9w9OuKN0</latexit>

MBH,�? () M(line)
<latexit sha1_base64="ddO0fczKJPnp+GLcwJW7gG92U9M=">AAACGHicbVBNS8NAEN34bf2qevSyWIQKUhMR9Fj00oMFBVuFpoTNdpMubnbD7kQpoT/Di3/FiwdFvHrz37hpe9Dqg4HHezPMzAtTwQ247pczMzs3v7C4tFxaWV1b3yhvbrWNyjRlLaqE0rchMUxwyVrAQbDbVDOShILdhHfnhX9zz7ThSl7DIGXdhMSSR5wSsFJQPmwG+VnjwDc8TkjgGyB6iP0LJWPBItA87ltFqwfcrBYr9oNyxa25I+C/xJuQCprgMih/+j1Fs4RJoIIY0/HcFLo50cCpYMOSnxmWEnpHYtaxVJKEmW4+emyI96zSw5HStiTgkfpzIieJMYMktJ0Jgb6Z9grxP6+TQXTazblMM2CSjhdFmcCgcJES7nHNKIiBJYRqbm/FtE80oWCzLNkQvOmX/5L2Uc1za97VcaV+NoljCe2gXVRFHjpBddRAl6iFKHpEz+gVvTlPzovz7nyMW2ecycw2+gXn8xump6Aj</latexit><latexit sha1_base64="ddO0fczKJPnp+GLcwJW7gG92U9M=">AAACGHicbVBNS8NAEN34bf2qevSyWIQKUhMR9Fj00oMFBVuFpoTNdpMubnbD7kQpoT/Di3/FiwdFvHrz37hpe9Dqg4HHezPMzAtTwQ247pczMzs3v7C4tFxaWV1b3yhvbrWNyjRlLaqE0rchMUxwyVrAQbDbVDOShILdhHfnhX9zz7ThSl7DIGXdhMSSR5wSsFJQPmwG+VnjwDc8TkjgGyB6iP0LJWPBItA87ltFqwfcrBYr9oNyxa25I+C/xJuQCprgMih/+j1Fs4RJoIIY0/HcFLo50cCpYMOSnxmWEnpHYtaxVJKEmW4+emyI96zSw5HStiTgkfpzIieJMYMktJ0Jgb6Z9grxP6+TQXTazblMM2CSjhdFmcCgcJES7nHNKIiBJYRqbm/FtE80oWCzLNkQvOmX/5L2Uc1za97VcaV+NoljCe2gXVRFHjpBddRAl6iFKHpEz+gVvTlPzovz7nyMW2ecycw2+gXn8xump6Aj</latexit><latexit sha1_base64="ddO0fczKJPnp+GLcwJW7gG92U9M=">AAACGHicbVBNS8NAEN34bf2qevSyWIQKUhMR9Fj00oMFBVuFpoTNdpMubnbD7kQpoT/Di3/FiwdFvHrz37hpe9Dqg4HHezPMzAtTwQ247pczMzs3v7C4tFxaWV1b3yhvbrWNyjRlLaqE0rchMUxwyVrAQbDbVDOShILdhHfnhX9zz7ThSl7DIGXdhMSSR5wSsFJQPmwG+VnjwDc8TkjgGyB6iP0LJWPBItA87ltFqwfcrBYr9oNyxa25I+C/xJuQCprgMih/+j1Fs4RJoIIY0/HcFLo50cCpYMOSnxmWEnpHYtaxVJKEmW4+emyI96zSw5HStiTgkfpzIieJMYMktJ0Jgb6Z9grxP6+TQXTazblMM2CSjhdFmcCgcJES7nHNKIiBJYRqbm/FtE80oWCzLNkQvOmX/5L2Uc1za97VcaV+NoljCe2gXVRFHjpBddRAl6iFKHpEz+gVvTlPzovz7nyMW2ecycw2+gXn8xump6Aj</latexit><latexit sha1_base64="ddO0fczKJPnp+GLcwJW7gG92U9M=">AAACGHicbVBNS8NAEN34bf2qevSyWIQKUhMR9Fj00oMFBVuFpoTNdpMubnbD7kQpoT/Di3/FiwdFvHrz37hpe9Dqg4HHezPMzAtTwQ247pczMzs3v7C4tFxaWV1b3yhvbrWNyjRlLaqE0rchMUxwyVrAQbDbVDOShILdhHfnhX9zz7ThSl7DIGXdhMSSR5wSsFJQPmwG+VnjwDc8TkjgGyB6iP0LJWPBItA87ltFqwfcrBYr9oNyxa25I+C/xJuQCprgMih/+j1Fs4RJoIIY0/HcFLo50cCpYMOSnxmWEnpHYtaxVJKEmW4+emyI96zSw5HStiTgkfpzIieJMYMktJ0Jgb6Z9grxP6+TQXTazblMM2CSjhdFmcCgcJES7nHNKIiBJYRqbm/FtE80oWCzLNkQvOmX/5L2Uc1za97VcaV+NoljCe2gXVRFHjpBddRAl6iFKHpEz+gVvTlPzovz7nyMW2ecycw2+gXn8xump6Aj</latexit>

log f/f0 = log
MBH,�?

M(line)
= � logMBH

<latexit sha1_base64="qtb/mYBRDXs4ogeuY050inQ79Pg="></latexit><latexit sha1_base64="qtb/mYBRDXs4ogeuY050inQ79Pg="></latexit><latexit sha1_base64="qtb/mYBRDXs4ogeuY050inQ79Pg="></latexit><latexit sha1_base64="qtb/mYBRDXs4ogeuY050inQ79Pg="></latexit>

F. Ricci +in prep
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 NIR view of the BLR: f/f0 vs z

At fixed aperture, with increasing redshift a bigger part 
of the host bulge is sampled in 1D spectra, possibly 
producing an increase on the measured stellar velocity 
dispersion and therefore an enhancement of Mbh,σ★   

✓no strong gradient of Mbh,σ★ along 
the x-axis,  

✓some gradient along the y-axis, 
meaning that at each redshift there is 
a range of Mbh,σ★ 

✓weak redshift dependence, thus 
aperture effects should be negligible  

F. Ricci +in prep
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<latexit sha1_base64="qtb/mYBRDXs4ogeuY050inQ79Pg="></latexit><latexit sha1_base64="qtb/mYBRDXs4ogeuY050inQ79Pg="></latexit><latexit sha1_base64="qtb/mYBRDXs4ogeuY050inQ79Pg="></latexit><latexit sha1_base64="qtb/mYBRDXs4ogeuY050inQ79Pg="></latexit>
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F. Ricci +in prep



 NIR view of the BLR: f/f0 vs Nh
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<latexit sha1_base64="qtb/mYBRDXs4ogeuY050inQ79Pg="></latexit><latexit sha1_base64="qtb/mYBRDXs4ogeuY050inQ79Pg="></latexit><latexit sha1_base64="qtb/mYBRDXs4ogeuY050inQ79Pg="></latexit><latexit sha1_base64="qtb/mYBRDXs4ogeuY050inQ79Pg="></latexit>

The offset f/f0 might depend on obscuration, such 
that, at fixed Mbh,σ★, the NIR virial-based estimate 
is biased low.  

If that were the case 
✓ the sample should exhibit a 

gradient with M(line) as a function 
of the X-ray column (lighter the 
higher the Nh)-> NOT SEEN 

✓positive correlation between the f/f0 
and the column density -> NOT 
SEEN 
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F. Ricci +in prep



 NIR view of the BLR: f/f0 vs M(line)

The offset f/f0 might depend on Mline. Expected an 
anti correlation by definition.  

✓ there is indeed an anti correlation, 
but the slope is flatter than -1 

✓ in all cases the slope is 
statistically ≠ -1 (p<1E-7) and ≠ 0 
(p<4E-3) only for HeI and NIR 
samples 

This anti-correlation might be driven by 
a more fundamental relation with the 
FWHM, sincelo
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<latexit sha1_base64="qtb/mYBRDXs4ogeuY050inQ79Pg="></latexit><latexit sha1_base64="qtb/mYBRDXs4ogeuY050inQ79Pg="></latexit><latexit sha1_base64="qtb/mYBRDXs4ogeuY050inQ79Pg="></latexit><latexit sha1_base64="qtb/mYBRDXs4ogeuY050inQ79Pg="></latexit>
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f / M(line)�1
<latexit sha1_base64="kypweTTaW7BVtPZEMWvsAxQB38Y=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2AR6sIyI4Iui27cCBXsA9qxZNJMG5pJQpIRytiFv+LGhSJu/Q13/o2ZdhZaPRA4nHPvzb0nlIxq43lfTmFhcWl5pbhaWlvf2Nxyt3eaWiQKkwYWTKh2iDRhlJOGoYaRtlQExSEjrXB0mfmte6I0FfzWjCUJYjTgNKIYGSv13L0IdqUS0gh4XcmGHN2lx/6k55a9qjcF/Ev8nJRBjnrP/ez2BU5iwg1mSOuO70kTpEgZihmZlLqJJhLhERqQjqUcxUQH6XT/CTy0Sh9GQtnHDZyqPztSFGs9jkNbGSMz1PNeJv7ndRITnQcp5TIxhOPZR1HCoL02CwP2qSLYsLElCCtqd4V4iBTCxkZWsiH48yf/Jc2Tqu9V/ZvTcu0ij6MI9sEBqAAfnIEauAJ10AAYPIAn8AJenUfn2Xlz3melBSfv2QW/4Hx8A5JTlSc=</latexit><latexit sha1_base64="kypweTTaW7BVtPZEMWvsAxQB38Y=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2AR6sIyI4Iui27cCBXsA9qxZNJMG5pJQpIRytiFv+LGhSJu/Q13/o2ZdhZaPRA4nHPvzb0nlIxq43lfTmFhcWl5pbhaWlvf2Nxyt3eaWiQKkwYWTKh2iDRhlJOGoYaRtlQExSEjrXB0mfmte6I0FfzWjCUJYjTgNKIYGSv13L0IdqUS0gh4XcmGHN2lx/6k55a9qjcF/Ev8nJRBjnrP/ez2BU5iwg1mSOuO70kTpEgZihmZlLqJJhLhERqQjqUcxUQH6XT/CTy0Sh9GQtnHDZyqPztSFGs9jkNbGSMz1PNeJv7ndRITnQcp5TIxhOPZR1HCoL02CwP2qSLYsLElCCtqd4V4iBTCxkZWsiH48yf/Jc2Tqu9V/ZvTcu0ij6MI9sEBqAAfnIEauAJ10AAYPIAn8AJenUfn2Xlz3melBSfv2QW/4Hx8A5JTlSc=</latexit><latexit sha1_base64="kypweTTaW7BVtPZEMWvsAxQB38Y=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2AR6sIyI4Iui27cCBXsA9qxZNJMG5pJQpIRytiFv+LGhSJu/Q13/o2ZdhZaPRA4nHPvzb0nlIxq43lfTmFhcWl5pbhaWlvf2Nxyt3eaWiQKkwYWTKh2iDRhlJOGoYaRtlQExSEjrXB0mfmte6I0FfzWjCUJYjTgNKIYGSv13L0IdqUS0gh4XcmGHN2lx/6k55a9qjcF/Ev8nJRBjnrP/ez2BU5iwg1mSOuO70kTpEgZihmZlLqJJhLhERqQjqUcxUQH6XT/CTy0Sh9GQtnHDZyqPztSFGs9jkNbGSMz1PNeJv7ndRITnQcp5TIxhOPZR1HCoL02CwP2qSLYsLElCCtqd4V4iBTCxkZWsiH48yf/Jc2Tqu9V/ZvTcu0ij6MI9sEBqAAfnIEauAJ10AAYPIAn8AJenUfn2Xlz3melBSfv2QW/4Hx8A5JTlSc=</latexit><latexit sha1_base64="kypweTTaW7BVtPZEMWvsAxQB38Y=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2AR6sIyI4Iui27cCBXsA9qxZNJMG5pJQpIRytiFv+LGhSJu/Q13/o2ZdhZaPRA4nHPvzb0nlIxq43lfTmFhcWl5pbhaWlvf2Nxyt3eaWiQKkwYWTKh2iDRhlJOGoYaRtlQExSEjrXB0mfmte6I0FfzWjCUJYjTgNKIYGSv13L0IdqUS0gh4XcmGHN2lx/6k55a9qjcF/Ev8nJRBjnrP/ez2BU5iwg1mSOuO70kTpEgZihmZlLqJJhLhERqQjqUcxUQH6XT/CTy0Sh9GQtnHDZyqPztSFGs9jkNbGSMz1PNeJv7ndRITnQcp5TIxhOPZR1HCoL02CwP2qSLYsLElCCtqd4V4iBTCxkZWsiH48yf/Jc2Tqu9V/ZvTcu0ij6MI9sEBqAAfnIEauAJ10AAYPIAn8AJenUfn2Xlz3melBSfv2QW/4Hx8A5JTlSc=</latexit>

M(line) / FWHM(line)2
<latexit sha1_base64="sRL/frPTXAalrBcLgBjmonRHZ2I=">AAACBXicbVDLSgMxFM34rPU16lIXwSLUTZkpgi6LgnQjVLAPaMeSSTNtaCYJSUYopRs3/oobF4q49R/c+Tdm2llo64HA4Zx7uLknlIxq43nfztLyyuraem4jv7m1vbPr7u03tEgUJnUsmFCtEGnCKCd1Qw0jLakIikNGmuHwKvWbD0RpKvidGUkSxKjPaUQxMlbqukc3xTR6CjtSCWkEvG5WM+m+3HULXsmbAi4SPyMFkKHWdb86PYGTmHCDGdK67XvSBGOkDMWMTPKdRBOJ8BD1SdtSjmKig/H0igk8sUoPRkLZxw2cqr8TYxRrPYpDOxkjM9DzXir+57UTE10EY8plYgjHs0VRwqC9Nq0E9qgi2LCRJQgrav8K8QAphI0tLm9L8OdPXiSNcsn3Sv7tWaFymdWRA4fgGBSBD85BBVRBDdQBBo/gGbyCN+fJeXHenY/Z6JKTZQ7AHzifPxbplwQ=</latexit><latexit sha1_base64="sRL/frPTXAalrBcLgBjmonRHZ2I=">AAACBXicbVDLSgMxFM34rPU16lIXwSLUTZkpgi6LgnQjVLAPaMeSSTNtaCYJSUYopRs3/oobF4q49R/c+Tdm2llo64HA4Zx7uLknlIxq43nfztLyyuraem4jv7m1vbPr7u03tEgUJnUsmFCtEGnCKCd1Qw0jLakIikNGmuHwKvWbD0RpKvidGUkSxKjPaUQxMlbqukc3xTR6CjtSCWkEvG5WM+m+3HULXsmbAi4SPyMFkKHWdb86PYGTmHCDGdK67XvSBGOkDMWMTPKdRBOJ8BD1SdtSjmKig/H0igk8sUoPRkLZxw2cqr8TYxRrPYpDOxkjM9DzXir+57UTE10EY8plYgjHs0VRwqC9Nq0E9qgi2LCRJQgrav8K8QAphI0tLm9L8OdPXiSNcsn3Sv7tWaFymdWRA4fgGBSBD85BBVRBDdQBBo/gGbyCN+fJeXHenY/Z6JKTZQ7AHzifPxbplwQ=</latexit><latexit sha1_base64="sRL/frPTXAalrBcLgBjmonRHZ2I=">AAACBXicbVDLSgMxFM34rPU16lIXwSLUTZkpgi6LgnQjVLAPaMeSSTNtaCYJSUYopRs3/oobF4q49R/c+Tdm2llo64HA4Zx7uLknlIxq43nfztLyyuraem4jv7m1vbPr7u03tEgUJnUsmFCtEGnCKCd1Qw0jLakIikNGmuHwKvWbD0RpKvidGUkSxKjPaUQxMlbqukc3xTR6CjtSCWkEvG5WM+m+3HULXsmbAi4SPyMFkKHWdb86PYGTmHCDGdK67XvSBGOkDMWMTPKdRBOJ8BD1SdtSjmKig/H0igk8sUoPRkLZxw2cqr8TYxRrPYpDOxkjM9DzXir+57UTE10EY8plYgjHs0VRwqC9Nq0E9qgi2LCRJQgrav8K8QAphI0tLm9L8OdPXiSNcsn3Sv7tWaFymdWRA4fgGBSBD85BBVRBDdQBBo/gGbyCN+fJeXHenY/Z6JKTZQ7AHzifPxbplwQ=</latexit><latexit sha1_base64="sRL/frPTXAalrBcLgBjmonRHZ2I=">AAACBXicbVDLSgMxFM34rPU16lIXwSLUTZkpgi6LgnQjVLAPaMeSSTNtaCYJSUYopRs3/oobF4q49R/c+Tdm2llo64HA4Zx7uLknlIxq43nfztLyyuraem4jv7m1vbPr7u03tEgUJnUsmFCtEGnCKCd1Qw0jLakIikNGmuHwKvWbD0RpKvidGUkSxKjPaUQxMlbqukc3xTR6CjtSCWkEvG5WM+m+3HULXsmbAi4SPyMFkKHWdb86PYGTmHCDGdK67XvSBGOkDMWMTPKdRBOJ8BD1SdtSjmKig/H0igk8sUoPRkLZxw2cqr8TYxRrPYpDOxkjM9DzXir+57UTE10EY8plYgjHs0VRwqC9Nq0E9qgi2LCRJQgrav8K8QAphI0tLm9L8OdPXiSNcsn3Sv7tWaFymdWRA4fgGBSBD85BBVRBDdQBBo/gGbyCN+fJeXHenY/Z6JKTZQ7AHzifPxbplwQ=</latexit>

F. Ricci +in prep



1. FWHM measured from Hα and near-infrared lines are consistent 
in Sy 1 up to Sy 1.9

2. FWHM measures do not depend on gas absorption or dust extinction

3. The broad line intensity gets suppressed:
• Hα broad line luminosity is biased when log NH >~ 21 cm-2-> bias in the Mbh 

estimates based on the broad Hα line luminosity when log NH >~ 21 cm-2

• NIR broad line luminosities gets suppressed but at slightly higher NH, log NH >~ 
22 cm-2

• SOLUTION: use an obscuration unbiased proxy for the BLR radius (=Lx)

4. The Mbh based on stellar velocity dispersions and those based on a mixed Lx+NIR 
virial estimate are in general agreement, with a scatter of ~0.5-0.65 dex

5. The normalized virial factor f/f0 is not biased with redshift, X-ray absorption but 
does mildly depend on M(line)

Take home messages
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