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TYPICAL QUASAR VARIABILITY
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):
•

Kelly+ 2009

Relative Flux Density f!

•

Enables Reverberation Mapping
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Vanden Berk+ 2001
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Serendipitous object from Pan-STARRS transient search:
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Left: Light curve for J142232 showing SDSS, Catalina, PS1, and Liverpool Telescope data (the

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

pochs of WHT spectra are indicated with vertical dotted lines). The extra variability on top of
he long-term brightening and decay is likely regular intrinsic AGN variability. Right: Spectra
or 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

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

METHOD

– 11et–al. (2015), we
12). Motivated by the light curve for SDSS J0159+0033 in LaMassa
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SDSS Quasars in DR7Q
and have |∆g| > 1 mag and σg < 0.15 mag
and that have BOSS spectra
and that show variable BELs

ble 1: Selection of spectroscopically variable quasars.
Spectral epochs

level of more than 3σ on –timescales
of
more
than
1
yr
10 –
(∆tmin,1 ). Similarly, we identify 223 variable C iv BAL troughs
and 99 variable Si iv BAL troughs by comparing the twoepoch 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 σ using the
following equation:
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EMERGING BELS
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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 offset 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
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DISAPPEARING BELS

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)

