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Both cases require precise distances
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constraints on the mass-to-light ratio (ϒ). However, we do not
include the SAURON data in our modeling, relying instead
on the long-slit kinematics obtained from MMT and KPNO
to provide the constraints on ϒ at large radii. This is partly a
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Precise geometric distances to AGN
via “Dust (and Quasar) Parallaxes”

Dust Parallaxes: Idea (1/2)
•
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Figure 1 | Geometric distances. a, The distance to a star (D ) from Earth
can beNature
measured
by solving
an
M. Elvis,
News
& Views

Dust Parallaxes: Idea (2/2)
•

Geometric distance:
IR survey telescope

geometric distance =

physical size
angular size

VLTI
•

As reference, one may use:
•

broad line region of AGN (Elvis & Karovska 02)
→ difficult for VLTI, but potentially possible (Rakshit+15, Petrov+15)
→ have to work out gas physics (models)

•

the hot dusty ring at the inner edge of the torus (Hoenig 2014)
→ successfully shown! (Hoenig+14, Nature, 515, 528)

Dust Parallaxes: Angular Size
•

(Instrinsic) angular size from near-IR interferometry

Weigelt+12, Hoenig+13
•

Important: De-projection using geometric constraints from…
… well-covered uv-plane
… gas dynamics on 10+pc scales → E-ELT, ALMA
… (spectro-)polarimety → E-ELT
… radio jet

•

Dust distribution from multi-band interferometry… or see next slide

Dust Parallaxes: Physical Size
•

(Instrinsic) physical size from optical/near-IR photometric monitoring

•

Idea: dust reprocesses UV-optical emission → optical-IR time-lag = physical size
near-IR
optical

↝↝↝↝↝↝

↝↝

↝↝↝↝
P. Lira, priv. comm.
•

Dust distribution from near-IR transfer function
→ in principle also useable for inclination (high cadence, photometric quality)

•

NB: In favour of a near-IR photometric survey telescope

LETTER RESEARCH
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How to connect to LSST?
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Table 1
Relative Contributions of Hot Dust to Wavebands at Different Redshifts

Hoenig 2014

AB magnitude

•

Redshift

i band
z band
y band (y3)
y band (y4)

z=0
0.019
0.073
0.206
0.168

z = 0.05
0.012
0.052
0.158
0.126

z = 0.1
0.007
0.031
0.109
0.085

z = 0.2
0.003
0.014
0.053
0.041

z = 0.3
...
0.004
0.020
0.015

illustrated in the following. It can be easily translated to other
surveys.
3.1. Simulation of Observed Light Curves and
Construction of a Mock Survey
The Astrophysical Journal Letters, 784:L4 (5pp), 2014 March 20

Figure 1. AGN template SED for a redshift of z = 0.03 in the wavelength H
range
önig
from 2500–20000 Å. The dotted line is the BBB component and the dashed
line represents a blackbody with temperature
Table 1 T = 1500 K. The solid line is
theRelative
combination
of
both
emission
components.
The colored
solid lines
illustrate
Contributions of Hot Dust to Wavebands
at Different
Redshifts
the transmission of the LSST u, g, r, i, z, and y3 wavebands (violet to red),
Redshift
=0
zline
= 0.05
z = 0.1 y4 zfilter.
= 0.2
z = 0.3
respectively. The zdashed-red
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color version of
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Dust and candles (1/2)

Dust and candles (2/2)
Dust is also standard candle!!! (e.g. Oknyanskij & Horne 01; Yoshi+04,14)

•
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4. DISCUSSION
4.1. Time Delays in a Real Survey

-1

distance (Mpc)

-1

Hönig

developed to recover time lags of the BLR from photometric
filters was not successful. This failure originates from the fact
that the target signal does not vary with the same amplitude as0
the reference band and is significantly smeared, and may require
the refinement presented in Chelouche & Zucker (2013).

log (radius [pc])

near-IR time lag

log (radius [pc])

0

Koshida et al.

The quality of lag recovery critically depends on the cadence
as well as the continuity of observations. Typically, objects will
not be observable year-round. In order to simulate this effect,
annual gaps of two, four, and six months were introduced for
one-sixth, one-third, and one-half of the catalog, respectively.-2
-2
Due to strong noise features for lags longer than ∼350 days, the
CCF was analyzed only for lags <300 days. In general, lags are
detected for about 70% or more of all AGNs, independent of gap
length. Of these lags, about 80% are consistent within error bars
with the sublimation radius of Koshida+14
the input model. This is arguably
Hoenig 2014
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The broad-line region
•

Similar combination possible for BLR!!! (Elvis & Karovska 01; Watson+11; Haas+11)
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Figure 2. AGN Hubble diagram. The luminosity distance indicator τ/ F is plotted as a function of redshift for 38 AGNs with Hβ lag measurements. On the right
axis the luminosity distance and distance modulus (m − M) are shown using the SBF distance to NGC 3227 as a calibrator. The current best cosmology (Komatsu et al.
2011) is plotted as a solid line. The line is not fit to the data but clearly follows the data well. Cosmologies with no dark energy components are plotted as dashed and
dotted lines. The lower panel shows the logarithm of the ratio of the data compared to the current cosmology on the left axis, with the same values but in magnitudes
on the right. The red arrow indicates the correction for internal extinction for NGC 3516. The green arrow shows where NGC 7469 would lie using the revised lag
estimate from Zu et al. (2011). NGC 7469 is our largest outlier and is believed to be an example of an object with a misidentified lag (Peterson 2010).
(A color version of this figure is available in the online journal.)

Courtesy of Romain Petrov (OCA)

•

Again: the BLR monitoring by LSST (Chellouche+14)

•

alternatively: spectroscopic
survey
relative to this object
that matters.telescope
Currently, we assume that

4.1.2. Extinction

calibrated to the distance to NGC 3227, it is the extinction

Another likely source of scatter is due to extinction associated
with the AGN and its
√ host galaxy. As an example, in Figure 2 we
plot the shift in τ/ F resulting from the extinction correction
for NGC 3516 (Denney et al. 2010). This shift moves NGC 3516
very close to the best-fit line. Currently, few reliable extinction

the extinction of NGC 3227 is reasonably close to the mean
extinction of the sample. The fact that the distances are not
noticeably offset from the distances based on current best
estimates of H0 (Figure 1) suggests that this is a reasonable
assumption.

Summary: AGN Cosmology
•

VLTI can be used to measure …
accurate geometric distances to extragalactic objects from 10 Mpc to ~1000 Mpc
→ high-precision H0 in the local universe
→ testing “universality” of cosmological parameters
→ establishment of AGN as independent branch of distance ladder
→ precise dynamical black hole mass measurements
→ constrain peculiar velocities

•

Useful for:

•

Complementary approach to BAO

•

Direct connection to LSST (dust reverberation mapping), E-ELT (black hole masses)

•

Wishlist: (1) sensitivity, (2) simple IR imaging instrument, (3) near-IR survey
→ not necessarily longer baselines
→ well-performing Fringe Tracker inevitable

•

(4) add optical and spectral resolution
→ VLTI a one-stop shop of cosmology and BH masses

Summary: AGN Cosmology
“This opens up the prospect of extending AGN size and
distance measurements out to the earliest cosmic times, and
thus of measuring cosmological properties at distances far
beyond where supernovae can take us. […]
[W]e may now have to consider whether some of our
resources should soon be put into building a next
generation of optical interferometers.”
— Martin Elvis, Harvard CfA, Nature News & Views, 2014

Dust parallax Hubble diagram 2015-2020
based on 1st gen. instruments

