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We present improved constraints for the Damped Random
Walk (DRW) quasar variability model based on synergistic
analysis of optical light curves obtained by SDSS and CRTS
(Catalina Real-Time Transient Survey) for a sample of 8,000
SDSS quasars from the MacLeod et al. (2010, ApJ, 721,
1014) Stripe 82 catalog. We fit observed light curves with a
number of varying stochastic Gaussian Processes, specified
by different covariance matrices. Apart from using the DRW
(Ornstein-Uhlenbeck process) exponential covariance matrix,
we use modified covariance functions developed by Zu et al.
(2013, ApJ, 756, 106), as well as their fitting software
(Javelin). We also compare the sampling properties of the
unified SDSS+CRTS dataset to anticipated cadence
properties of the main LSST survey.

Abstract

z

Variability is an important characteristic of quasars which places
constraints on the physics of their emission mechanisms and
improves their classification in large photometric surveys, such  as
the Sloan Digital Sky Survey (SDSS). Optical variability is typically
described using structure function (SF; related to autocorrelation
function), which quantifies the root-mean-square magnitude
difference between any two light-curve points as a function of their
respective time lag (Δt). The SF was found  to flatten above a
characteristic Δt  known as τ (Rengstorf et al. (2006, AJ, 131, 1923);
Wold et al. (2007,MNRAS, 375, 989)).  Sesar  et al. (2006, AJ, 131,
2801) and de Vries et al. (2005, AJ, 129, 615) estimated τ to be of
order 1 year in the quasar rest frame. MacLeod et al. (2010) used
the stochastic Ornstein–Uhlenbeck process (damped random walk,
DRW)   to model ~9000 quasar light curves obtained by SDSS and
found the characteristic timescales of  200 days in  quasar rest
frame, consistent with previous studies.  

Graham et al. (2014, MNRAS, 439, 703) also investigated the
quasar variability using the SDSS and Catalina Real-time Transient
Survey (CRTS) data and a novel Slepian wavelet variance
technique. They reported two  characteristic rest frame timescales: a
short timescale of 54 days, and a long timescale of 294 days.   The
reported short timescale was rather surprising since it was not
detected in any of the previous studies. It is important to find out
whether that result was due to differences in applied methodologies,
 or perhaps due to differences in sampling between SDSS and
CRTS data. The goal of our study was  to investigate whether this
short timescales can be recovered using the two different techniques
and both CRTS and SDSS data for the same objects. 

Motivation

The tests of the Javelin and George analysis codes  

MacLeod et al. (2010) interpreted SDSS data using DRW, described by an exponential covariance  matrix and being just one of many
examples of Gaussian Processes (Zu et al. (2011, ApJ, 735, 80)). To explore more  kernels, we tested two recently released publicly
available codes: JAVELIN  (developed by Ying Zu)  and George (developed by Dan Foreman-Mackey).  With George, we managed to fit
mock (simulated) DRW light curves, but we are still investigating the reason for its lack of convergence in a large ensemble of real light
curves. We found that George fails  when calculating kernel for a range of seed parameters to optimize the kernel parameters τ and  σ. In
our case the optimization used by George leads to a covariance matrix that is not Hermitian positive-definite, and thus cannot undergo
Cholesky factorization employed by George. The optimization of George is indeed very problem-specific (Dan Foreman-Mackey, priv.
comm.) and successful analysis of SDSS and CRTS dataset with George may require custom-made optimization routines, which were
beyond the scope of this project.  JAVELIN performs an MCMC fit of a desired Gaussian process, described by a specific covariance
function (DRW,  powered-exponential, Matern, Kepler-exponential, and Pareto exponential; Zu et al (2013)). After analyzing 1000 mock
DRW light curves with Javelin, we verified that it can reproduce the DRW parameters for SDSS light curves from MacLeod et al. (2010)
(using the setting with Bayesian priors). Encouraged by this agreement, we analyzed 7,198 CRTS light curves using JAVELIN. 

For the analyzed 7,198 quasars,
we required more than 10 CRTS
observations per object for fitting.
 Using the results of Chelsea
MacLeod fits, we matched the
CRTS quasars to the sample of
9258 SDSS Quasars with DRW
parameters from MacLeod et al.
(2011, ApJ, 728, 2 ). We
conclude that the effect of 30
days in the timescale is visible in
both datasets.  

Preliminary results based on CRTS data Conclusions

We investigated the presence of
short time scales in CRTS
quasar light curves reported by
Graham et al. (2014) that were
not seen in SDSS data. We
analyze the CRTS data using
exactly the same damped
random walk fitting method and
code as were used by MacLeod
et al. (2010, 2011) to analyze the
SDSS data, and we reproduce
evidence for short time scales in
CRTS data reported by Graham
et al. using a different method.
We are currently exploring two
possible implications of these
preliminary results: 

1) SDSS sampling was
insufficient to uncover these
short time scales, and 

2) the error behavior of the
CRTS data is producing spurious
evidence for short time scales in
quasar light curves.
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