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TYPICAL QUASAR VARIABILITY
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Optical Continuum:

• rms ~ 0.2 mag over ~yr

• Likely driven by reprocessing of 
UV or X-ray light (e.g., Collier et 
al. 1998; Peterson et al. 1998; 
Shappee et al. 2014).

Broad Emission Lines (BELS):

• Enables Reverberation Mapping
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Left: Light curve for J142232 showing SDSS, Catalina, PS1, and Liverpool Telescope data (the
epochs of WHT spectra are indicated with vertical dotted lines). The extra variability on top of
the long-term brightening and decay is likely regular intrinsic AGN variability. Right: Spectra
for J081916 showing the emergence of the MgII BEL at 4000Å. Blue: smoothed SDSS 20/02/2002;
Green: WHT 10/02/13; Red: WHT 07/02/2014. The final stage of flux calibration involves matching
to our quasi-simultaneous photometry data.

Left: Flux ratios for target J142232 relative to the first epoch. The red dashed line corresponds to the
continuum flux at the location of MgII; the red and blue solid lines correspond to the MgII and CIII]
integrated line fluxes, respectively. There are five epochs in total covering a period of approximately
1.5 years. The spectra were scaled as per J081916. Right: The bottom panel shows the H! feature
for J133004 at two di!erent epochs after continuum subtraction. Blue: WHT 09/06/2013; Red:
WHT 26/06/14. The top panel is simply a ratio of the two with a trend line added for clarity. The
spectra were scaled as per J081916.

REFERENCES Kochanek, C. S., 2004, ApJ, 605, 58; Lawrence et al 2012, in “Tidal Disruption
events and AGN outbursts”, ed R.Saxton, ESA conf series; Lawrence et al 2014, MNRAS submitted;
Richards, G. T., Keeton, C. R., Pindor, B., et al. 2004, ApJ, 610, 679; Sluse, D., Hutsemékers, D.,
Courbin, F., Meylan, G., & Wambsganss, J. 2012, A&A, 544, A62

Key papers including others in preparation will be available privately to the panel at
http://www.roe.ac.uk/ al/patt-temp.htm

PS1-J081916

!g = 
1.8 mag

Also: LaMassa et al. (2015) z = 0.31 changing-look quasar

z = 0.43

CHANGING-LOOK QUASARS

Serendipitous object from Pan-STARRS transient search:
Flagged as having mSDSS - mPS > 1.5 for SDSS galaxies
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Fig. 2.— As in Figure 1 for three more quasars with appearing BELS (H! in the top panel, MgII in the

second panel).

large spectroscopic surveys such as the SDSS. Moreover, noting changes in these spectra of

AGN gives direct observational evidence to the physical processes that are happening in

the AGN. In particular, with e.g., repeat spectra taken at known time intervals, one can

potentially place constraints on various timescales of observed physical phenomena.

We have presented 12 objects that have repeat spectra. Each of these objects show

considerable photometric and spectral variations; more specifically, the emergence or

Spectral epochs
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2.4. Radio Properties

Our superset of quasars was matched to the radio catalog of Kimball & Ivezic (2014),

and only J214613.31+000930.8 is detected. Probably need just a tiny bit more here...

3. Sample Selection

For the purposes of this study, a quasar or QSO is any object listed in the SDSS

catalog of spectroscopically confirmed quasars (Schneider et al. 2010b), which includes both

point-sources and resolved galaxies with Mi < !22. In order to select quasars that may have

varying spectral features, we start with the photometric properties of a spectroscopic quasar

dataset. Our sample selection is given in Table 1. Since our aim is to find changing-look

quasars, we search for quasars which, 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 easy to identify outliers in the light curve and any large-amplitude

variability over long timescales. The number of S82 quasars is 9528, and this number

includes extended sources which are not in the point source catalog of MacLeod et al.

(2012). Motivated by the light curve for SDSS J0159+0033 in LaMassa et al. (2015), we

Selection No. of Objects Just from S82

SDSS Quasars in DR7Q 105783 9528

and have |!g| > 1 mag and !g < 0.15 mag 6360 1548

and that have BOSS spectra 1010 264

and that show variable BELs 12 9

Table 1: Selection of spectroscopically variable quasars.
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Fig. 1.— Quasars which show evidence for emerging BELS. The light curves in the left panel show the

SDSS g-band photometry (black crosses), PS1 g-band (blue triangles), and any available CRTS (unfiltered

light) observations (red dots). The CRTS data have been averaged in segments of 10 days. The right panels

show the SDSS and BOSS spectra in red and black, respectively, with epochs indicated by the (color-coded)

vertical dotted lines in the light curve. The yellow and purple spectra show additional BOSS epochs. The

ratio between the black (BOSS) and red (SDSS) spectra are shown in the right lower panels. Note that while

the SDSS spectra have been shifted by a constant o!set so that the continua match in the upper panels, the

ratios in the lower panels are based on the true, observed fluxes.

5. Discussion and Conclusions

AGN are known to be variable phenomena. However, it is only relatively recently that

multiple spectra of the same AGN at high-z have become available, mainly in part due to

The Astrophysical Journal, 777:168 (29pp), 2013 November 10 Filiz Ak et al.
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Figure 4. Distributions of the minimum sampled rest-frame timescale, !tmin, for 428 distinct C iv (upper panel) and 235 distinct Si iv (lower panel) BAL troughs
present in the spectra of the main-sample quasars. We have significant trough statistics on timescales as long as 3–3.5 yr.
(A color version of this figure is available in the online journal.)

equations:

!EW
!EW"

= (EW2 # EW1)
(EW2 + EW1) $ 0.5

,

! !EW
!EW"

= 4 $ (EW2!EW1 + EW1!EW2 )
(EW2 + EW1)2

. (4)

We identify 248 variable C iv BAL troughs and 119 variable
Si iv BAL troughs showing EW variations at a significance
level of more than 3! on timescales of more than 1 yr
(!tmin,1). Similarly, we identify 223 variable C iv BAL troughs
and 99 variable Si iv BAL troughs by comparing the two-
epoch spectra that sample the !tmin timescales in the rest
frame.

Considering that variations tend to occur in portions of BAL
troughs (e.g., Gibson et al. 2008; Capellupo et al. 2011), as an
alternative approach, we define a variable BAL trough to have
at least one variable region. For the purpose of determining
regions in each BAL trough where a variation has occurred,
we compare two-epoch spectra of each quasar. Since a proper
comparison requires consideration of the signal-to-noise ratio
of each spectrum, we define a measurement of the deviation
between two observations for each pixel in units of ! using the
following equation:

N! (") = f2 # f1!
! 2

2 + ! 2
1

(5)

where f1 and f2 are the normalized flux densities and !1 and !2 are
the normalized flux-density standard deviations at wavelength
". Both !1 and !2 include observational errors and uncertainties
on the estimated continuum model. Similarly to Gibson et al.
(2008), we identify variable regions of BAL troughs to be where
an absorption feature is detected with N! ! 1 or N! " #1
for at least five consecutive data points. This requirement

allows detection of variable regions wider than %275 km s#1.
Selection using a smaller number of consecutive data points as
the requirement may cause non-physical observational errors to
be indistinguishable from the variable regions of BAL troughs.
On the other hand, requiring a larger number of consecutive data
points will cause non-detection of narrow variable regions. By
requiring the number of data points to be !5, we require the
significance of variations to be >99.9%.

We have identified 903 variable regions for C iv BAL troughs
and 294 variable regions for Si iv BAL troughs for variations
on timescales of more than 1 yr (!tmin,1). We also identified 757
variable regions for C iv BAL troughs and 232 variable regions
for Si iv BAL troughs by comparing the two-epoch spectra that
sample the !tmin timescales in the rest frame. The number of
BAL troughs having at least one variable region is 294 for C iv
and 119 for Si iv on timescales of more than one year.

Comparing the two approaches to variable BAL-trough iden-
tification, we found that 26 C iv BAL troughs showing EW varia-
tions at more than 3! significance do not have a variable region
satisfying our requirements, although several narrow variable
regions in these BAL troughs collectively produce EW varia-
tions at more than 3! significance. We also found that 72 C iv
BAL troughs having one variable region do not show EW vari-
ations at more than 3! significance. In these 72 cases, a narrow
variable region in a strong BAL trough cannot produce an EW
variation at more than 3! significance due to statistical dilution
by the rest of the trough. Similarly, we found that 29 Si iv BAL
troughs showing EW variations at more than 3! significance
do not have a variable region satisfying our requirements, and
29 Si iv BAL troughs having one variable region do not show
EW variation at more than 3! significance.

We will refer to both of these approaches to variable BAL
trough identification in the following sections. We present our
measurements for C iv and Si iv BAL troughs in Tables 2 and 3
and for C iv and Si iv variable regions in Tables 4 and 5,
respectively.
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Fig. 3.— As in Figure 1 but for quasars with disappearing BELS. The top panels show SDSS J0159+0033,

which was discovered in LaMassa et al. (2015).
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CONCLUSIONS

•Variability can be used to find changing-look quasars

•Changes happen over ~10 yrs

• Probe into quasar physics and variability mechanisms

‣ Changing obscuration?
‣ Changing accretion rate? (Elitzur+ 2014)
‣ Coronal variations? (Shappee+2013)


