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The AGN central engine 
Open questions

• How does accretion work on parsec scale?	


• How is the inflowing gas distributed?	



• Is AGN feedback relevant?	


!

• What geometry does the Broad Line Region have?	


• Is it in a rotating (thin) disk? Or an outflowing wind?	


• Is it aligned with the obscuring structure?	



• Are reverberation-based Black Hole masses biased?

The central engines of AGNs are ideally suited for 
optical/IR interferometric studies due to their 

compact sizes and very high surface brightnesses



A simple BLR model

max v ~ 5000 km/s	


delta v ~ 70 km/s	
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100 µas
produced with DYSMAL 

(see Davies+ 2011)
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Broad line region studies
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Figure 12. Velocity-delay maps for all three emission lines seen in
PG 2130+099. The dotted lines show the “virial envelope,” V 2τc/G = 8.3 ×
106 M⊙, measured from the mean time lag (Grier et al. 2012).

PG 2130+099 has long been a curiosity. Early on, Kaspi et al.
(2000) measured a time lag of ∼180 days in this object, placing it
well above the RBLR–L relationship. Later studies by Grier et al.
(2008) and Grier et al. (2012) found much shorter lags on the
order of tens of days: Most recently, Grier et al. (2012) reported
a mean Hβ time delay of 12.8+1.2

−0.9 days. These studies attributed
the discrepancies to undersampled light curves combined with
long-term secular changes in the Hβ equivalent width in the
data from Kaspi et al. (2000). However, even with the new,
shorter lag measurements, PG 2130+099 is still a major outlier
from the RBLR–L relation, as it is now positioned far below the
relation (Grier et al. 2012). Despite the higher sampling rate of
the more recent campaigns, ambiguities remain as to whether
the measured Hβ lags represent the true mean BLR radius, as
the light curves were missing data at key points in time. We see
in our velocity-delay map that the majority of the response in
the Hβ emission seems to be centered on a delay of ∼30 days
(Figures 12 and 13).

To investigate this, we ran a one-dimensional delay map
analysis of PG2130 +099 in MEMECHO to look for an
indication of where the true lag lies. Figure 15 shows the
model continuum light curve envelope in the bottom panel,
and the Hβ light curve from Grier et al. (2012) in the top
right panel; the top left panel shows the delay map recovered
by MEMECHO. The MEMECHO model fits the data fairly
well in this case, and there are two clear peaks in the delay
map. The stronger peak is centered around 12.5 days, and the
slightly weaker peak is centered at 31 days. We compare this
with the two-dimensional velocity-delay map (Figures 8, 12,
and 13), which shows a large signal on the blue side of the
emission concentrated at around 30 days and a fainter signal to
the redward side that stretches down to shorter lags. A plausible

Figure 13. False-color velocity-delay maps for Mrk 335, Mrk 1501, 3C 120, and PG 2130+099. The dotted lines in each panel correspond to virial envelopes for each
object as listed in Figures 9–12. The Hβ emission is shown in red, Hγ emission in green, and He ii λ4686 emission in blue.
(A color version of this figure is available in the online journal.)
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Grier+ 2013

„velocity-resolved delay 
maps“ show how the 

broad line region reacts 
to continuum variations
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(a) (b)

(c) (d)

Figure 14. Velocity-delay maps for simple BLR models of Hβ emission around a 1 × 107 M⊙ black hole. Panel (a) shows highly beamed emission (typical for Hβ,
see Ferland et al. 1992) from gas in free-fall motion. The infalling gas is distributed in a spherical shell with inner and outer radii of 15 and 20 light-days, inclined
at an angle of 45 deg. Panel (b) shows the same infall model but with a more-extended BLR with inner and outer radii of 5 and 20 light-days, respectively. Panel (c)
shows a map for an edge-on Keplerian disk with inner and outer radii of 5 and 20 light-days, and panel (d) shows a map for a fully illuminated thick spherical shell of
Keplerian circular orbits, with inner and outer BLR radii of 5 and 20 light-days, respectively.

Figure 15. One-dimensional delay map for PG 2130+099. The bottom panel shows the simulated continuum light curve used in the MEMECHO analysis, with the
errors shown as the black envelope. The top right panel shows the light curve for the entire Hβ emission line from Grier et al. (2012). The top left panel shows the
one-dimensional delay map from MEMECHO.

model reproducing these results is a nearly face-on disk with the
emitting gas located at around 30 light-days, combined with a
strong inflowing gas component not necessarily within the plane
of the disk. Including an inflow signature when we measure the
flux of the entire Hβ emission line could cause our result to
be skewed toward shorter mean lags, when the true distance
of the virialized gas is closer to ∼30 days. Because of the

lower quality and coarser sampling of the light curves for this
object, we will likely be unable to model this structure in much
more detail. However, it is clear from the delay map that the
majority of the Hβ signal comes from a radius of ∼31 light-
days. This radius puts PG2130+099 much closer to the RBLR–L
relation. This also increases the black hole mass estimate for
PG 2130+099 by a factor of about 2.4, putting it at about 108 M⊙.
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recent observations 
indicate a variety of 

geometries from 
infall to disks

vBLR = f · FWHM

f ~ 0.7 - 5



Inclination = 14°	


(almost face-on)

Thin disk (H/R < 0.1)

Thick disk (H/R = 1/3)



Thin disk sample
H/R < 0.1

Inclination	


distribution 

(random uniform, 0 
≤ i ≤ 50° for type 

1 AGNs)



Thick disk sample 
with same inclination distribution as before

H/R = 1/3



Another thick disk sample 
with different inclination distribution

H/R = 1/3



Broad line region studies 
open questions accessible with GRAVITY

MBH ⇠ RBLR · v2BLR

G

• How reliable are rev. based BH masses? 
This is currently the only method to 
access SMBH masses at all redshifts!	



• measure RBLR along multiple position 
angles to determine the geometry of 
the BLR in a statistical study of many 
objects	



• if BLRs are actually disk-like: derive 
inclination and calibrate 
reverberation mapping „fudge factor“

vBLR = f · FWHM

McConnell+2013



How many sources?

Veron-Cetty & Veron 2010	



167566 AGNs + QSOs

2“	
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K < 10.5, dist < 2“, DEC < +30, Sy 1X

24 candidates to be 
checked with high-res 

imaging
=
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Fraction of sky accessible 
for fringe tracking	



K < 10.5, dist < 2“

4.5e-5	


➔ a few candidates=


