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the Haifa Center for Theoretical 
Physics & Astrophysics (HCTPA) in 
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Astronomy is probably the first scientific discipline that arose when  
our ancestors gazed into the sky. Nowadays, Astronomy is a subfield 
of physics, exploring the last frontier for humankind: space. It also 
offers a means to communicate science to the public, and draw the 
younger generation to science. This is, in fact, why many of us 
embarked on a career in science. 

At its core, Astronomy is basic science driven by the desire to shed 
light on the constituents of the universe, the birth and death of stars, 
like our sun, the evolution of galaxies, like the milky way, and the 
processes conducive of life. That Astronomy is at the forefront of 
science is evident from the list of recent Nobel Prizes awarded to 
astronomers for their contributions to understanding the geometry of 
the Universe (2011), the direct detection of gravitational waves (2016), 
and the realisation that supermassive black holes exist (2020). The 
latter topic is the focus of astronomical research at the university.  

Last but not least, Astronomy is a central promoter of technology 
which affect our everyday life, from the development of satellites, to 
imaging techniques and advanced data analysis methods.

Why Astronomy?
We are currently in the design phase of the 
second largest telescope in Israel, which 
would be dedicated to the study of the 
environs of supermassive blackholes in 
galaxy centers. Using a unique imagery 
system, which was developed in house, the 
telescope will be able to compete with the 
largest telescopes in the world. 

Telescope construction is to commence 
soon, and we are seeking support to 
purchase and manufacture state-of-the-art 
components of our imaging system, 
notably a high-quality camera, custom-
made set of filters, and a high-fidelity 
polarimeter. 

The telesope will be installed near Mitpze 
-Ramon, which is at the Negev dessert, 
where the observing conditions are among 
the best in Israel. 

Telescope Design and Construction 

The telescope will also serve as part of a network of telescopes, which 
is devoted to the study of the transient sky. As such, it will be 
completely robotic, and able to autonomously monitor the sky. Data 
will be transmitted to our computers on campus on a daily basis, 
where they will be further analyzed.

Probing the environs of supermassive black holes

Our group
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*
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Black holes are fundamental entities in Einstein’s theory of general relatively. 
Their existence has recently been confirmed via novel astronomical observations. 
Specifically, supermassive black holes (SMBH), whose mass can be millions to 
billions times larger than our Sun, are known to exist at the centers of most if not 
all galaxies.  

During their “active” phase, SMBH can devour mass from their vicinity, in which 
case their immediate environs light up, which can outshine entire galaxies. These 
extreme environments are so powerful that they can alter the evolutionary course 
of their host galaxies with implications for the birth of new stars and planets, and 
the existence of life. The study of such environments, which cannot be recreated 
on Earth is essential for understanding how our galaxy, the solar system, and our 
planet, with us on it, came to be. 

As the environs of far away SMBHs are minuscule as they appear in the sky, 
standard imaging techniques are insufficient to study them even with the best 
telescopes. Our group uses a technique, which is akin to radar, in which light 
echoes are traced as they propagate from very near black hole out to its 
immediate environs. Our group is one of very few groups worldwide that possess 
the expertise and equipment to study those regions. Our new telescope and 
imaging system will place the University of Haifa at the forefront of the field. 

LETTER
Direct Evidence of Non-disk Optical Continuum
Emission Around an Active Black Hole
Doron Chelouche1, Francisco Pozo Nuñez1, Shai Kaspi2

1Haifa Research Center for Theoretical Physics and Astrophysics, University
of Haifa, 199 Aba Khoushy Ave. Mount Carmel, Haifa 3498838, Israel 2School
of Physics and Astronomy and Wise Observatory, The Raymond and Beverly
Sackler Faculty of Exact Sciences, Tel Aviv University, Tel Aviv 6997801, Is-
rael.

Accretion onto black holes is key to their growth over cosmic time1,
especially during the active galactic nuclei phase when the in-
flowing material forms a radiatively efficient accretion disk2. To
probe the disk, indirect imaging methods, such as reverberation
mapping3–6 and microlensing7, 8, are required, with recent findings
suggesting that it may be larger than theoretical predictions by a
factor of a few4, 6, 9 thus casting doubt on our understanding of ac-
cretion in the general astrophysical context. Whether new physics
is implied10–12 or poorly understood biases are in effect5, 6, 13, 14 is
a longstanding question. Here we report new reverberation data
based on a narrowband-imaging design15, which mitigates mani-
fested biases, and argue that time-delays between adjacent optical
bands are primarily associated with the reprocessing of light by
a farther away under-appreciated non-disk component. We asso-
ciate this component with high-density photoionized material that
is uplifted from the outer accretion disk, likely by radiation pres-
sure force on dust, and identify it with the long-sought origin of
the broad line region16. Our findings imply that the optical phe-
nomenology of active galactic nuclei may be substantially affected
by non-disk continuum emission with implications for measuring
the fundamental properties of black holes and their active environs
over cosmic time.

We report results from a campaign dedicated to the reverberation
mapping (RM) of the accretion disk (AD) in active galactic nuclei
(AGN) using a unique set of narrow-to-intermediate band filters15 (Sup-
plementary Fig. .5), which mitigates emission line contamination of
the signal by the broad line region (BLR), and is characterized by high-
cadence, high-accuracy ground-based optical photometry. We focus
on Mrk 279, a typical Seyfert 1 galaxy, and show the multiband light
curves in Fig. 1, where the redder bands are manifestly lagging the
bluer ones. Measured time-delays with respect to a pivot at 4300Å,
⌧(�), are shown in Fig. 2 (supplementary Table 1), and exhibit a steep
rise with wavelength, reaching up to ⇠ 2.5 days at 7000Å. The supra-
linear trend does not match the predictions of irradiated Shakura &
Sunyaev (SS73) AD models2, neither in terms of shape (�2

⌫ ' 10 is
obtained) nor in amplitude. Specifically, for an optical luminosity of
3 ⇥ 1043 erg s�1 (see the Methods section), the predicted delays are
. 0.5 days unless extreme inclination angles or substantial extinction
corrections are involved4, 17, 18. While this might be taken as evidence
against SS73 ADs in AGN, below we argue for a different interpreta-
tion.

Attempting to shed light on the origin of the time-delays and the
nature of the optical emission in AGN, we consider a bivariate RM
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Figure 1 | Intermediate band light curves for Mrk 279. Normalized light
curves for the 2017 campaign obtained at the Wise Observatory using filters that
are not contaminated by broad emission line features. The typical rms variability
is of order a few per cent, while the one standard-deviation (1�) uncertainties are
at the '0.5% level. Significant flux variations occur over ⇠5 day timescales, and
interband time-delays are discernible by eye (guiding continuous lines are spline
descriptions for individual light-curves, and are not used in the analysis); note
the clear shift between the main features observed in the red and in the blue light
curves in solid red and dotted blue splines, respectively (note that the latter is an
arbitrarily scaled down version of the solid blue spline).

scheme, which can distinguish between different emission components
based on their variability patterns rather than their spectral signatures17.
Here, a primary continuum component is assumed to simultaneously
vary across the optical range (as per the predicted AD time-delays and
the cadence employed), as traced by the light curve at 4300Å, and an
additional delayed component, which partly contributes to the bands,
and is modeled as a time-shifted version of the former. The analy-
sis (see the Methods section) implies that the 7000Å data are consis-
tent with the delayed component contributing nearly exclusively to the
varying component thus recovering ⌧ ' 2.5 days. Nevertheless, the
delayed component contributes progressively less (30%–70%) to the
signal at shorter wavelengths, with consistent time-delays found across
the optical band (Fig. 2). In particular, delayed components that con-
tribute > 90% to the varying flux at 6200Å are rejected at > 95%
confidence. Therefore, the aforementioned trend in ⌧(�) is likely an
artifact caused by a wavelength dependent contribution of the delayed
component to the flux. This implies very different physics than irradi-
ated ADs.

The spectra of the primary and delayed emission components may
be assessed by their relative contributions to the bands since the host-
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radiation pressure, and its structure is largely independent of the initial
conditions25. Using CLOUDY photoionization code26, the cloud’s struc-
ture is self-consistently calculated, and the predicted reflected spectrum
qualitatively agrees with the delayed continuum data (Fig. 3). Interest-
ingly, strong Balmer-line emission is collisionally suppressed at the im-
plied densities25, which hinders the spectroscopic identification of this
dense inner-BLR component, and is consistent with the longer Balmer-
line delays observed20. A quantitative investigation of the effects as-
sociated with the finite contribution of non-disk emission to the signal
below 5700Å is model-dependent and unwarranted by the current data.

A physical scenario wherein dense BLR clouds are evaporated off a
disk annulus, perhaps marking a dust related phase transition, is there-
fore consistent with our findings and resolves some of the puzzles asso-
ciated with the longer-than-predicted continuum time-delays11. Specif-
ically, the evaporated gas may take the form of a rising optically thick
radiatively compressed ”wall”, which shields gas farther out thereby
forming an effective funnel (Fig. 4). Assessing the covering fraction
of this component over the AGN sky requires an estimate for its total
emission during the campaign. Noting that the varying emission con-
tributes & 50% to the total flux and does not lead to discernible color
variations (supplementary Figs. .6, .8), strongly suggests that the con-
tribution of the delayed component to the rms and the mean spectra is
comparable and hence about 50% at 6200Å (supplementary Table 1 and
Fig. 3). This is larger than predicted by emission-line–calibrated BLR
models13 (see Methods section). Given our photoionization model
calculations, this implies a covering fraction over the source’s sky of
⇠ 40% (see Methods section), which translates to a ratio of the fun-
nel height to launching-radius of ⇠ 0.5, and in agreement with some
recent model predictions27. Strong optical line emission is associated,
in this picture, not with the inner-BLR component discussed here, but
rather with additional non-shielded material farther out25. Additional
diffuse continuum emission is therefore expected13, which should show
up as an extended25 time-delay tail in transfer function reconstructions
of appropriate datasets (Methods section). Our results hint on a signif-
icant total coverage of the ionizing source in Mrk 279 by the BLR with
implications for larger scale reprocessing (e.g., by the torus).

Bearing in mind the limitations of single-source findings, the con-
tamination of the optical-UV6 signal by a time-lagging non-AD com-
ponent suggests that AD time-delays, if present, are higher order ef-
fects, and that RM is not (yet) a reliable tool for probing the AD. Fur-
ther, inferences about the half-light radius of the continuum emitting
region in AGN using, e.g., microlensing data, may be over-estimated.
In addition, with biased optical AD luminosities (perhaps by a factor
of ⇠ 2 for low-luminosity sources) the celebrated size-luminosity rela-
tion for the BLR might be affected with potentially far-reaching impli-
cations for SMBH mass estimations28. Likewise, the implied spectral
energy distribution (SED) of AGN’s inner engines may be distorted by
non-AD emission and too simplistic an interpretation could lead to er-
roneously inferred AD properties, such as the mass accretion rate, as
well as to biased SMBH spins29. Conversely, revised bolometric cor-
rections may be obtained by quantifying the flux of the delayed inner
BLR component, which is sensitive to the shape of the SED in the hid-
den extreme UV; this may lead, in turn, to more reliable estimates for
the fraction of obscured sources30. Lastly, this study implies that con-
tinuum time-delays in AGN may be useful probes of the elusive inner
BLR, thereby shedding light on the BLR origin with implications for
the AD-BLR-torus connection, SMBH mass measurements, and AGN
phenomenology at large.

Methods
Observations and Data Reduction. Observations of Mrk 279, a low-
luminosity AGN (Seyfert 1 galaxy) at z ' 0.031 were carried out between
April 26 and July 18, 2017 using the 46cm (C18) telescope at the Wise Obser-
vatory, as part of an ongoing photometric monitoring campaign of quasars15.
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Figure 4 | A qualitative geometry for the central engines of AGN that is con-
sistent with the reverberation mapping findings for Mrk 279. The BLR origi-
nates from the AD at a distance, r, where a phase transition occurs, which is likely
associated with the sublimation radius for dust in the disk.27 From this location gas
is efficiently launched to significant heights, h, above the disk (h/r . 0.5), and
forms a relatively geometrically thin, optically thick funnel base. UV shielded gas
farther out may be pushed to greater heights above the disk before substantial heat-
ing and dust sublimation occur and further contribute to optical-to-X-ray shielding
of farther away components. In this scenario, the base of the funnel leads to sig-
nificant optical continuum emission (but to weak optical line emission), and leads
to the short continuum time-delays observed, and to the narrow transfer function
implied; the observer’s direction is qualitatively noted. Strong optical line emis-
sion emanates from unshielded clouds farther out along the funnel that lead to the
longer Balmer line delays observed20, 25. This picture is presented here purely
on phenomenological grounds, with its dimensions not to scale, and does not at-
tempt to account for all components of AGN. In this depiction the black, blue,
and red photon symbols correspond to X-ray, UV, and IR emission, respectively.
BLR clouds are drawn as tracers of BLR gas, and no inference should be made
regarding their true physical shape, density, distribution, or dynamics.

Data were collected in four intermediate-band filters at 4300Å, 5700Å, 6200Å,
and 7000 Å which avoid spectral regions with major broad emission lines (see
supplementary Fig. .5). The observations span a total period of ' 40 days with
a mean cadence of ' 0.7 days.

Images were reduced using our custom-made automatic pipeline, including
standard IRAF and Astromatic routines31, 32 running in IDL R� and Matlab R�
environments15. Photometry was performed using a 6.0 arcsec aperture and the
light curves were calculated relative to nearby non-variables reference stars lo-
cated on the same field with similar brightness as the AGN15.

Photometric uncertainties are often over-estimated and various methods are
used to rectify them, among which the sigma-clipping approach is widespread.
Here we take a different approach and note that AGN light curves are of the red
noise type while (uncorrelated) noise is manifested as a high-frequency power
excess. Specifically, the mean square successive difference of a light curve of
length n is defined as33,
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which is the typical factor by which the measurement uncertainties need to be
rescaled to maintain the regularity of the observed AGN light curve. For the
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Light echoes as measured in several bands 
across the electromagnetic spectrum from 
the immediate environs of an active black 
hole. Colors of the different curves roughly 
correspond to the light intensity variation 
as would be perceived  by the human eye. 
The position of the peaks occurs at 
different times for different colours (MJD is 
the t ime measured in days) , thus 
demonstrating the effect of light echoes. 

A depiction of the structure of the material 
in the vicinity of a black hole, which is 
consistent with our data. Specifically, the 
data collected by our group proved that, 
contrary to the common conception in the 
field, whereby much of the emission near 
the SMBH comes from a flattened 
configuration of material in the form of a 
disk, there is substantial material at great 
heights above the disk. This has major 
implications for the rate at which black hole 
grow over cosmic time. 

From Chelouche et a l . in Nature 
Astronomy (2019)
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