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The Catalina Real-time Transient Survey (CRTS)
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• Collaborative survey with Catalina Sky Survey (LPL, UA)
• Unfiltered observations 21 nights/lunation covering up to 2000 deg2/night 
• Covers 33000 sq. deg. (0 <  RA < 360, -75 < Dec < 70).
• Calibrated photometry for 500 million objects (> 100 billion data points)
• Depth V = 19 to 21.5
• 100 – 600 observations in most regions (median ~ 320) 
• Temporal baselines of 10 min to ~12 years
• Basis for quasar variability studies: characteristic timescales (Graham et 

al. 2014); close binaries (Graham et al. 2015a,b); major flaring (Graham 
et al. 2017) 



What does a CLQ look like?
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Can we be more systematic?
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(Graham et al. 2019)



CSQs getting brighter…
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… and dimmer
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Comparing samples
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The demographics of CQs
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Timescales
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The Zwicky Transient Facility (ZTF)
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l 47 deg2 field of view camera on Palomar Oschin 48”
l 3750 deg2 / hr to 20.5-21 mag (1.4 TB / night)
l Full northern sky every three nights in g and r
l Galactic Plane every night in g and r
l NEW: TESS Sector every night in g and r (July 18, 2019)
l Over 3 years: 3 PB, 750 billion detections, ~1000 detections / source
l First megaevent survey: 106 alerts per night (~50M public since June 2018)
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Slow to detect as transient phenomena
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Deep modelling of time series
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• Autoencoder model with RNN 
autoencoder:

• Consider: 𝑦", ∆𝑡" ⨁(Δ𝑡") → 𝑦+
• Consider: 𝑦", Δ𝑡+, 𝑦̇", 𝑦̈" → 𝑦+

• 12,000 quasars with ∆𝑡 = 500 days 

6 August 2019



QSOs with RNNs
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Deep time series features
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(Tachibana et al. 2019)
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Physical correlations
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Evidence for asymmetry
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• Magnitude of asymmetry decreases as luminosity or black hole mass increases
• Consistent with self-organized disk instability model
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Can we forecast behavior?
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• Ongoing program of looking 
for aberrant behavior with ZTF
relative to CRTS
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Summary
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• Systematic searches for photometrically/spectroscopically 
variable quasars are now producing statistical samples
• Evidence in favor of heating/cooling fronts propagating through

the disk to explain changing look/state quasars
• The search is on for:
• higher redshift equivalents
• multiwavelength equivalents
• Different AGN types

•What is the trigger? Same mechanism in all?
• Can we detect these early with nightly monitoring?
• Deep learning is a viable descriptor of quasar variability
• Latent features correlate with physical parameters
• The arrow of time is detectable

• Forecasting seems tractable
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