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QUASARS/AGN: CURRENT PARADIGM

• Accretion disk, broad line region
• Accretion disk size: microarcseconds

Figure 1. Schematic

view of the central

structure of an LLAGN.

The red arrows indicate

the MIR emission of

the various components

and its nature.

VLT/VISIR and Gemini/Michelle imaging in narrow-band filters to probe the 12µmcontinuum

and polycyclic aromatic hydrocarbon (PAH) at 11.3µm for two samples of nearby LLAGN. These

were selected to have absorption-corrected X-ray fluxes F2−10keV > 10
−12

erg/s/cm
2
, taken from

the literature, mainly [15] and [16]. The X-ray flux limit corresponds to an estimated 12µmflux

of 10mJy, assuming the MIR–X-ray correlation from [13], and represents roughly the lowest

detectable flux with the ground-based MIR instruments that we used. The sample consists

of LLAGN with a mean X-ray luminosity �logL2−10keV/erg s−1� = 40.4 at a mean redshift of

�z� = 0.005, corresponding to a distance of �D� = 19Mpc and a resolved physical scale of

�r0� = 40pc. The southern sample of 18 LLAGN was observed in 2009, between April and

September, with VLT/VISIR in the PAH2 (11.25 ± 0.59µm) and NeIIref1 (12.27 ± 0.18µm)

filters, and is described in more detail in [14]. These LLAGN have mixed properties, e.g.,

optical classification and are not complete in any sense. The northern sample consists of 10

low-luminosity Seyferts drawn from the Palomar LLAGN survey [17] and were observed with

Gemini/Michelle in February 2010 in the Si-5 (11.6± 0.55µm) and Si-6 (12.5± 0.6µm) filters.

All observations were performed in the standard chopping and nodding mode. The data were

reduced with the observatory delivered pipeline packages and photometric fluxes were measured

with custom IDL routines [9].

3. Results
We detected 7 out of 18 southern and all 10 northern LLAGN with all detected objects being

visible in both filters. The high number of non-detected LLAGN can be explained by the high

uncertainties in the X-ray luminosities that were used for the sample selection. Indeed, many

of these have been revised to much lower values in more recent X-ray observations (further

discussed in [14]). Therefore we included 9 additional LLAGN with VISIR observations taken

from the literature. All detected LLAGN appear point-like in the MIR at an angular resolution

of ∼ 0.4�� , and no extended or off-nuclear emission is visible in the central 4
��
around these nuclei,

similar to the findings for most of the brighter AGN [18]. The corresponding VISIR images can

be found in [14] and a detailed analysis of the Michelle data will be presented in a future work.

3.1. Comparison to Spitzer – star formation contribution
Because Spitzer/IRS spectra (angular resolution ∼ 4

��
) are widely used throughout the literature

to infer AGN properties, a comparison with the Michelle and VISIR photometry is of great
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Kelly+ 2009

Optical Quasar Variability

• rms ∼ 0.2 mag over ∼1 year

• Aperiodic, stochastic

• Likely contains reprocessed 
UV emission (e.g., Edelson+ 2015)

Continuum:
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BELs:
• Less variable, lagged (tlt,BLR)

• Enables RM (e.g. Pancoast+2014)

(z = 0.016, MBH=6.5×107 Mʘ)



CHANGING-LOOK QUASARS (CLQS)
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• Serendipitous discovery (LaMassa et al 2015)
• Has two archival X-ray observations, one in each state
• No evidence of variable obscuration
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CLQ at z = 0.31
8 MacLeod et al.

Figure 5. Quasars with disappearing BELs. The top panels show J0159+0033, which was discovered in LaMassa et al. (2015). The
cyan and purple spectra in the second (right) panel show additional BOSS epochs at MJD= 55209 and 56267, respectively.

Seyfert galaxies such as NGC 7603 (Tohline & Osterbrock
1976) and Mkn 110 (Bischo! & Kollatschny 1999). In the
Mg ii BEL profile shown in the lower left panel, the red
wing diminishes faster than the blue wing which is broadly
consistent with infalling gas. Such profile changes may

provide a tool to study the structure of the BLR and
warrants a future detailed study.

Here, we are interested in the response of the Mg ii line
to the underlying NUV continuum in comparison to what
is typically observed, since atypical behavior may indicate a

MNRAS 000, 1–17 (2015)
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• Serendipitous discovery (LaMassa et al 2015)
• Has two archival X-ray observations, one in each state
• No evidence of variable obscuration
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CLQ at z = 0.31



Systematic Search for CLQs

MacLeod, Ross et al. (2016)
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blue), and span a greater wavelength range, than the original
SDSS instruments.

The BOSS spectra presented in this work all have
LAMBDA EFF=5400Å (Dawson et al. 2013), i.e., the SDSS
plate holes were drilled to maximize the signal-to-noise at
5400Å, and therefore do not need the spectrophotometric
corrections from Margala et al. (2015). Also, the BOSS spec-
tra presented here do not have the PROGRAM=APBIAS tar-
get flag, which would indicate an o!set in the fiber position
with respect to the earlier SDSS spectrum.

2.3 Multi-wavelength Coverage

We cross-matched our superset of quasars with various ra-
dio and X-ray catalogs. We use the combined radio catalog
of Kimball & Ivezić (2014), which includes sources from five
radio catalogs (FIRST, NVSS, GB6, WENSS, and VLSSr),
to help identify blazar contaminants in S82 during the se-
lection process. We check the latest release of the XMM-
Newton serendipitous source catalog (Rosen et al. 2015) and
the Chandra Source Catalog (CSC; Evans et al. 2010) for
archival X-ray observations of any interesting objects from
our search.

3 SAMPLE SELECTION

Our superset is any object listed in the DR7Q catalog of
spectroscopically confirmed quasars, which includes both
point-sources and resolved objects with Mi < !22. To select
quasars that may have varying spectral features, we quan-
tify the photometric properties of this spectroscopic quasar
dataset and assume that significant BEL changes will be
associated with a significant change in flux. We use the g-
band SDSS photometry and extend the time baseline from
10 to 15 years by including g-band PS1 photometry in our
analysis4. Since our aim is to find changing-look quasars, we
search for quasars that, along with the earlier spectrum in
SDSS DR7, have a later spectrum in BOSS.

Initially, we limit our sample to the S82 region, so that a
well-sampled light curve exists for each object, making it eas-
ier to identify true large-amplitude photometric variability.
There are 9474 quasars in S82, including extended sources
which are not in the point source catalog of MacLeod et al.
(2012). Motivated by the light curve for J0159+0033, we
search for quasars that show at least a 1.0 mag dimming
or brightening in the g-band among any observations in the
combined SDSS and PS1 light curve5. For objects with at
least ten photometric data points, light curve outliers are
flagged as being 0.5 mag away in g from the light curve
running median ("30% of the sample). Since our aim is
to find large, gradual changes in flux without a significant

4 The SDSS g filter is close enough to the gP1 filter in overall
response that we can ignore any color terms.
5 For a similar search but for large-amplitude (1.5 mag)
nuclear brightening in resolved SDSS galaxies, see
Lawrence et al. (2012), which utilizes results from
the PS1 Faint Galaxy Supernova Survey available at
http://star.pst.qub.ac.uk/sne/ps1fgss/psdb/.

Selection Total # In S82

SDSS Quasars in DR7Q 105783 9474
with BOSS spectra 25484 2304

and |!g| > 1 mag and !g < 0.15 mag 1011 287
and that show variable BELs 10 7

Table 1. Selection of spectroscopically variable quasars.

amount of contamination due to poor photometry, we re-
ject these light curve outliers during the variability selec-
tion. This selects 1692 objects with |"g| > 1 mag and pho-
tometric uncertainties !g < 0.15 mag. Approximately 15%
of these were observed again with the BOSS spectrograph;
we focus on these 287 objects. Thirty-six objects in this sub-
sample are detected in the radio, and of these, three were
clearly blazars, as they were radio sources and exhibited fast
and large-amplitude variability (2–3 mag within months; e.g.
Ruan et al. 2012). We do not consider these three objects in
our further analysis, as we are interested in BEL changes un-
related to blazar activity. After visually searching through
all SDSS/BOSS spectra for BELs that are clearly present in
one epoch but not another, we identify seven quasars from
S82 in which at least some BELs satisfy this criterion.

We then extend our search to the entire SDSS footprint,
which contains 105783 quasars in DR7Q. Of the 105746
quasars (> 99%) which have PS1 detections, 6348 have
shown at least a 1.0 mag change in their g-band light curves.
Of these, 1011 have BOSS spectra, which includes the 287
quasars from S82. After visually inspecting each spectrum,
we find three additional quasars with disappearing BELs.
The final yield is higher for the S82 sample due to the im-
proved cadence; we are able to more e#ciently identify high-
amplitude variability as well as more reliably identify spu-
rious data points6. The distributions of the time scales and
magnitude changes involved are shown in Fig. 1. This se-
lection algorithm skews our search to those objects showing
BEL changes over roughly ten years, since this is the times-
pan between SDSS and BOSS spectra, although the rest-
frame timescales probe down to shorter timescales (bottom
panel). The improved time coverage of the S82 regions can
also be seen from the contours in the panels; the S82 sample
(in white) fills in gaps in |"t| while reaching to larger |"g|.

Our sample selection is given in Table 1.

4 THE CHANGING-LOOK QUASARS

Our initial search through the S82 quasars yielded the fol-
lowing results: (i) significant BEL changes are seen on long
timescales ("2000 to 3000 days in the rest frame) in the se-
lected sample; (ii) these changes are associated with large
(|"g| " 1) amplitude changes in the photometry, and (iii)
emerging (disappearing) BEL features correspond to con-
tinuum brightening (dimming). Given the extra temporal

6 Without having a well-sampled light curve, outliers due to poor
photometry are more di"cult to identify by our algorithm and
therefore can cause the object to pass the |!g| > 1 mag criterion.

MNRAS 000, 1–17 (2015)

Other discoveries:

Ruan et al 2016

Runnoe et al 2016 
(SDSS-IV TDSS) 



Changing-look Quasars in SDSS/BOSS

“Turn-off” CLQ from systematic archival search. 
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MacLeod, Ross et al (2016)
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“Turn-on” CLQ from systematic archival search. 

Changing-look Quasars in SDSS/BOSS

MacLeod, Ross et al (2016)



Followup Spectra of 
CLQ Candidates 
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MgII
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Re-dimming!



RESULTS FROM SPECTROSCOPIC 
FOLLOW-UP

★ Out of highly variable, |Δg| > 1 mag, quasars:

• Predicted CLQ fraction: >15% 

• Fraction from follow-up: ~20% (30% for >1.3mag)

★ Out of the new CLQs:

• 90% turn-off, 10% turn-on (selection bias)

★ Changes occur over (RF) timescales of several years
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PHYSICAL TIMESCALES IN AGN

• viscous (“radial drift”) timescale  
Optical: ~10,000 yrs
UV: ~days
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Changing-Look Quasars in SDSS 11

Figure 7. Probability, p, of BEL (dis)appearance as a function of
rest-frame time lag, based on our sample (see text). The errors in p
are computed as p/

!
Nbin, where Nbin (shown as the normalized,

dotted histogram) is the number of highly variable quasars with
repeat spectra (red open data points in Fig. 1) which fall in each
time bin. None of our 10 objects have |!t| < 1000 days, so for
this bin we only show an upper limit corresponding to < 1 object.
The ratio of changing-look objects to Nbin is listed in each bin.

highly variable sample with repeat spectra, i.e., the ratio of
blue crosses to red open circles in each of the four time bins
shown in the bottom panel of Fig. 1. Out of the highly vari-
able objects with repeat spectra, we find the highest proba-
bility for changing-look behavior on rest-frame timescales of
2000–3000 days and 3000–4000 days (p = 0.076± 0.009 and
p = 0.15±0.03, respectively). When restricted to the redshift
range 0.2 < z < 0.63, p increases to p = 0.113 ± 0.016 and
p = 0.18 ± 0.04, respectively. Note that p will be higher for
the subsample with spectroscopic epochs spanning a> 1 mag
change (i.e., those showing a > 1 mag change from one spec-
tral epoch to the next, shown by the red open circles above
the dashed line in Fig. 1) – this subsample is more repre-
sentative of the objects in which we could have observed
changing-look behavior. However, the size of this subsample
is too small to make any statistical conclusions. Along with
being biased by the sparse sampling of spectroscopic epochs,
we are also likely biased toward long rest-frame timescales
given that H! is only visible at z < 0.8. Fig. 7 suggests
that the fraction of changing-look quasars rises to 0.2 at
!t ! 10 yr; therefore, future surveys are needed to deter-
mine if the fraction of changing-look quasars continues to
rise on even longer timescales.

While the timescales for BEL changes explored in Fig. 7
are limited to the timing of spectroscopic observations, seven
of our objects have S82 light curves, which provide more in-
formation on the timescales over which the transitions may
have occurred. In general, the light curves show strong in-
creases in flux over 1000 days in the observed frame (or
roughly two years in the quasar rest frame; Fig. 4), but
strong decreases in flux over considerably longer timescales
(several years in the observed frame; top two panels of
Fig. 5). The light curve for J0225+0030 (Fig. 6) shows a
rise over less than a year in the quasar rest frame following
a slow decline over 5 years in the rest frame.

5.2 A Change in the Central Engine?

To explore a physical scenario where the amount of avail-
able ionizing flux from the central engine has changed,
we must consider both the timescale for BEL response
as well as the timescale for the continuum variability. In
the first case, since BELs result from photoionization (e.g.,
Peterson 1993), they should respond on the light cross-
ing timescale tlt = RBLR/c days, where RBLR is the ra-
dius of the BLR. Using the R " L relation calibrated
by Bentz et al. (2013), the BLR size is estimated to be
RBLR = 2954RSM

!1
8 L0.533

44 , where M8 = MBH/(10
8M")

is the mass of the central super-massive black hole in units
of 108M", L44 = "L!(5100)/(10

44 erg s!1), and RS is the
Schwarszchild radius RS = 2GMBH/c

2. This gives tlt =
34L0.533

44 days, similar to the observed BEL lags in reverber-
ation mapping (RM), although the lags are typically shorter
since the majority of the !50 AGN studied through RM
have lower luminosities.

One assumption in RM studies is that the structure
of the BLR remains stable over the duration of the exper-
iment. For Seyferts, the optical continuum variations are
typically a factor 1.3 over rest-frame timescales of !months
(e.g., Edelson et al. 2015). The photometric variability pre-
sented here is more dramatic in comparison: on average
by a factor 4 in g-band flux over seven years in the rest
frame. Furthermore, we observe a stronger Mg ii response in
J0225+0030 over 4.5 years in the rest frame (Section 4.3)
than typical in RM studies (e.g., Cackett et al. 2015), which
might be expected if the source of ionizing photons has
significantly diminished. In this case, the BLR may have
time to adjust its overall structure in response to such large
changes in ionizing flux, and BEL changes might be ex-
pected on the dynamical timescale of the BLR. For typical
Seyfert galaxies, tdyn # RBLR/!V # 3 to 5 years (Peterson
2006), where !V is a typical cloud velocity. This timescale
will be slightly longer for higher-luminosity quasars, since
tdyn $ L3/4M!1/2

BH , assuming Keplerian rotation and that
RBLR $ L1/2 for photoionized lines. The time between SDSS
and BOSS spectra is long enough so that a dynamical re-
sponse of the BLR cannot generally be ruled out for our
sample.

Regardless of what is happening in the broad line re-
gion, it is clear that the BELs track a large change in con-
tinuum level flux. The timescale that might be associated
with an accretion rate change is the viscous, or “radial in-
flow” timescale (see e.g., Krolik 1999). Indeed, Elitzur et al.
(2014) provide a scenario where AGN evolve naturally from
Type 1 to 1.2/1.5 to 1.8/1.9 as the accretion rate diminishes.
Using Equation 5 in LaMassa et al. (2015) and scaling the
Eddington parameter "Edd and MBH to the measured values
for J1021+4645 from Shen et al. (2011), we obtain:

tinfl = 5%104
! #
0.1

"!1
#

"Edd

0.05

$!2
! $
0.1

"2
#

r
50RS

$7/2 #
M8

2.1

$

yr.

(1)

Here, # is the disk viscosity parameter, $ is the accretion
e"ciency, and r is the accretion disk radius (assumed to be
50RS for optical disk emission). The value of tinfl may be
a several times shorter based on magneto-hydrodynamical
simulations (e.g., Krolik et al. 2005), but this is still too long
to explain the continuum variability of all sources presented

MNRAS 000, 1–17 (2015)



PHYSICAL TIMESCALES IN AGN

• viscous (“radial drift”) timescale (~10,000 yrs)
• light travel timescale tlt = R/c (~hrs; days for BLR)
• dynamical timescale tdyn (~days; yrs for BLR)
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H

free-fall:  tff ~ (R/g)1/2

sound crossing: ts ~ H/cs

orbital: torb ~ 2π tff 



PHYSICAL TIMESCALES IN AGN

• viscous (“radial drift”) timescale (~10,000 yrs)
• light travel timescale tlt = R/c (~hrs; days for BLR)
• dynamical timescale tdyn (~days; yrs for BLR)
• thermal timescale tth (days-yrs)
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PHYSICAL INTERPRETATIONS OF CLQS

• UV viscous timescale seen in reprocessed light (e.g. 
NGC 2617, Shappee et al 2014)

• Thermal timescale for global temperature change (e.g. 
Mkn 1018, Husemann et al 2016)

• Something other than an accretion rate change 

• variable obscuration
• tidal disruption event (e.g. Merloni et al 2015)
• jet-related

17



FUTURE: X-RAY FOLLOWUP

• Chandra ToO program (P-I: Green)
• Test obscuration hypothesis (e.g., J0159, Mkn1018)
• Γ → L/LEdd (à la XRBs, e.g., Dong et al. 2014)
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SDSS IV Time Domain Spectroscopic Survey: 

★ Unbiased spectral survey for ~200,000 celestial variables
   (Morganson et al 2015)

★ Repeat spectra for: 

• 15K Quasars
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• Dwarf carbon stars, Active Dwarfs
• BALQSOs, Double peaked emitters
• Hypervariable QSOs and Stars
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FIN
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Large MgII variability

MacLeod et al. (2016)

 

• tdyn ∼ 3 years
• Profile changes

Over long timescales
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