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Motivation

๏Classification as a CLQ is based on visual inspection. 
This depends heavily on signal-to-noise ratio.  
“Contrast” of the broad lines is extremely important.
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Reasons to be interested in Mg II

๏Observations of Mg II enable spectral tests that cannot 
be done with the Balmer lines alone. 

๏Mg II varies differently than the Balmer lines in regular 
quasars on short timescales. 

This is an opportunity to leverage long-timescale variability to learn 
fundamentally new things about the broad-line region.  

๏You may think of more…



Mg II and the broad-line region

๏The region that emits Mg II has some overlap with Hβ, 
but a larger outer radius. 

e.g., Goad et al. (1999a) 

๏Mg II is about twice as strong as Hβ. 
Collin-Souffrin & Dumont (1989); Rees, Netzer, & Ferland (1989) 

๏The Mg II line is not very responsive to changes in the 
continuum. 

Sun et al. (2015); Cackett et al. (2015); Goad, O’Brien, & 
Gondhalekar (1993); O’Brien, Goad, & Gondhalekar (1995). 



Questions

๏Can we use Mg II to rule out obscuration?


๏ Is the persistent broad Mg II emission actually that 
unusual? 

๏Does the Mg II behavior indicate a fundamentally 
different process at work in changing-look quasars?



The Mg II changing-look quasars

Adapted from MacLeod et al. (2016)

Changing-Look Quasars in SDSS 5

Figure 1. Distribution of the maximum magnitude difference
|∆g|max versus time lag |∆t|. The black contours show the dis-
tribution for the superset of quasars (DR7Q), which is based on
SDSS and PS1 photometry. The white contours are the same but
for the subsample of quasars in S82, which are shown as grey data
points (one point per S82 quasar). The contours show regions con-
taining 5, 10, 25, 50, and 75% of the data. The subsample of DR7Q
with repeat spectra are shown by open red circles, but now show-
ing the |∆g|max spanned by the spectroscopic epochs versus the
corresponding time span. For objects with multiple spectra, we
choose the two epochs spanning the largest |∆g| for display here.
While the data are clumped into “seasons” in the top panel, the
distribution is smoothed out when switching to rest-frame time
lag in the bottom panel. Our final selection is limited to quasars
with repeat spectra with |∆g|max > 1 (indicated by the horizon-
tal dashed line). The final sample of 10 objects are plotted as blue
crosses.

Our final sample of changing-look quasars is listed in
Table 2, and the redshift distribution is compared to the
full quasar sample in Figure 2. We note that all of our ob-
jects are at z < 0.63, but this is potentially a selection effect,
as we discuss in Section 5. However, this sample extends the
range of known changing-look AGN to z = 0.63 at quasar lu-
minosities. In Figure 3, the 5007Å [O iii] luminosity is shown
as a function of redshift for the full DR7Q sample and our

Figure 2. Redshift distribution for the sample of changing-look
quasars (red histogram), the full sample of 1032 highly variable
quasars (dotted histogram), those with repeat spectra (dashed
purple histogram), and the entire DR7 quasar catalog (blue his-
togram).

Figure 3. [O iii] luminosity versus redshift for the DR7Q sample
(contours), our final sample of 10 (blue crosses), and examples
of previously known changing-look AGN (open circles). For the
latter, the luminosity corresponds to the bright state, cf. Figure 1
in LaMassa et al. (2015), whereas the remaining points are based
on the earlier DR7 spectrum using values from Shen et al. (2011).

final objects. Examples of previously studied changing-look
AGN are also shown for comparison.

In the following sections, we compute the flux devia-
tion between two spectra at any given wavelength, Nσ(λ) =
(f2−f1)/

√

σ2
2 + σ2

1 (e.g., Filiz Ak et al. 2012), to determine
the significance (in units of σ per spectral pixel) of a BEL
change. In particular, we assess the significance of a BEL
change by comparing its flux deviation to that of the under-
lying continuum at that wavelength. The significance of BEL
changes will be higher than that quoted here when Nσ(λ) is
integrated over the pixels spanning the BEL.

c⃝ 0000 RAS, MNRAS 000, 000–000

Changing-Look Quasars in SDSS 5

Figure 1. Distribution of the maximum magnitude difference
|∆g|max versus time lag |∆t|. The black contours show the dis-
tribution for the superset of quasars (DR7Q), which is based on
SDSS and PS1 photometry. The white contours are the same but
for the subsample of quasars in S82, which are shown as grey data
points (one point per S82 quasar). The contours show regions con-
taining 5, 10, 25, 50, and 75% of the data. The subsample of DR7Q
with repeat spectra are shown by open red circles, but now show-
ing the |∆g|max spanned by the spectroscopic epochs versus the
corresponding time span. For objects with multiple spectra, we
choose the two epochs spanning the largest |∆g| for display here.
While the data are clumped into “seasons” in the top panel, the
distribution is smoothed out when switching to rest-frame time
lag in the bottom panel. Our final selection is limited to quasars
with repeat spectra with |∆g|max > 1 (indicated by the horizon-
tal dashed line). The final sample of 10 objects are plotted as blue
crosses.

Our final sample of changing-look quasars is listed in
Table 2, and the redshift distribution is compared to the
full quasar sample in Figure 2. We note that all of our ob-
jects are at z < 0.63, but this is potentially a selection effect,
as we discuss in Section 5. However, this sample extends the
range of known changing-look AGN to z = 0.63 at quasar lu-
minosities. In Figure 3, the 5007Å [O iii] luminosity is shown
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๏ Selection: find 
published CLQs with  
Mg II observations.


๏ 7 CLQs are available: 
All from MacLeod+16 
0.401 < z < 0.625 
all transitions 



Isolating the AGN spectrum
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The changes are not caused by extinction

0 2 4 6 8 10
FMg II/FHβ

0

2

4

6

8

10

N
um

be
r

0 2 4 6 8 10
0

2

4

6

8

10

Off
On
All

Mg II / Hβ << 1
for extinction
Collin-Souffrin & Dumont (1989) 
Rees, Netzer, & Ferland (1989)



The “radius” of the Mg II emitting region
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The Mg II responds on longer timescales
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Interpretation

๏Detailed study of spectra with Mg II can rule out 
extinction, as expected from zeroth order analysis. 

๏Based on their Mg II emission, these changing-look 
quasars do not seem to be a unique phenomenon 
(consistent with Rumbaugh et al. 2017). 

๏But…studying variability on long timescales opens up 
an entirely new realm of behavior!


