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Time-domain tentacles

• Sky Surveys:

• CRTS, [PZ]TF, LSST, Pan-STARSS, ASAS-SN, 
Gaia ++ 

• Exoplanets - detection and characterization

• Gravitational Waves - various aspects (e.g. EM)

• Math/stats approaches (e.g. SAMSI’s ASTRO)
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Dark energy and dark matter (via measurements of strong and 
weak lensing, large-scale structure, clusters of galaxies, and 
supernovae) 

Exploring the transient and variable universe  

Studying the structure of the Milky Way galaxy and its neighbors 
via resolved stellar populations  

An inventory of the Solar System, including Near Earth Asteroids 
and Potential Hazardous Objects, Main Belt Asteroids, and 
Kuiper Belt Objects moving objects

LSST Science Drivers
all relevant to transients + variable Universe!
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Quick recap of time-domain roadblocks

• Large number of surveys 

• different apertures,  

• different filters,  

• different cadence 

• irregular 

• large gaps 

• varying error bars
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L Walkowicz
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What do survey’s do?
• Pick low-hanging fruit 

• select best objects, easy science 

• get spectroscopy 

• That does push the envelope 

• but also leaves gaps
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1 year = pi * 10^7 seconds

Exaggerated coverage for individual objects by ZTF,  
the fastest large survey (to be)
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We need to be able to look at all surveys holistically

This shows just two dimensions
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Number of transients will soon explode
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Ridgeway et al.,  

arXiv: 1409.3265

10M per night
6M solar system
20B galaxies
17B stars

CRTS II
ZTF
LSST

transient|variable
1M/night with ZTF
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Figure 4. Framework of Cosmic Explosions in the Year 2011 (Kasliwal 2011). Note that until 2005 (Fig. 1),
we only knew about three classes (denoted by gray bands). In the past six years, systematic searches,
serendipitous discoveries and archival searches have uncovered a plethora of novel, rare transients. Discov-
eries by the Palomar Transient Factory and P60-FasTING (Kasliwal et al. 2011a) are denoted by ?. Several
new classes are emerging and the governing physics is being widely debated: luminous red novae (electron
capture induced collapse of rapidly rotating O–Ne–Mg white dwarfs?), luminous supernovae (magnetars
or pair instability explosions?), .Ia explosions (helium detonations in ultra-compact white dwarf binaries),
Calcium-rich halo transients (helium deflagrations?).

(advanced LIGO, advanced VIRGO, LCGT, INDIGO) coming online. Detecting gravitational
waves from neutron star mergers every month is expected to become routine. A basic common-
ality between gravitational wave searches and the electromagnetic search described above is that
both are limited to the local Universe (say, < 200 Mpc). A known challenge will be the poor sky
localizations of the gravitational wave signal and consequent large false positive rate of electro-
magnetic candidates (Kulkarni & Kasliwal 2009). Therefore, prior to the ambitious search for an
electromagnetic counterpart to a gravitational wave signal, it would only be prudent to build this
complete inventory of transients in the local Universe.
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J Cooke

Challenge:  Characterize/Classify as much with as little data as possible

Despite the heterogeneity, gaps, heteroskedasticity

No transient left behind
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Variable Stars

9

Planetary transits Planet formation, life in the Universe small weeks-years
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Transients
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Workflow

11

Observe Alert

Classify Follow-up Optimization

CRTS-II
ZTF
…
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WG2 subgroups
1. Data Challenge
2. Designer Features
3. Scheduling Obs
4. Interpolating Lightcurves
5. Incorporating Non-Structured Ancillary Info
6. Outlier Detection
7. Domain Adaptation
8. Lightcurve Decomposition
9. Period Finding

12

~25 members 
Opening Workshop 
biweekly telecons 

Follow-up meetings 
Connection to LSST “community”

Overall WG2 leaders:
Ashish Mahabal

Jogesh Babu

Interconnectivity
of the subgroups

SAMSI - ASTRO 2016-7 program

Meeting at ICTS in India (GW + TD)
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Intricacies of a data challenge
• SNe data challenge (Kessler et al.) 

• full light-curves 

• first six data points 

• Great3 challenge (Cosmology) 

• Kaggle (Widely popular platform) 

• Our plans: new challenge(s)

13
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The data challenge challenge
Collect datasets.
And priors!
diversity in: 
aperture 
filters 
cadence …

Attract non-experts.
Requires stripping domain knowledge 
Without dumbing down the challenge

Challenges:
Not enough labels 
Not enough private labels 
Size of the challenge 
Number of challenges
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(SAMSI) Data challenge details
• Possible Datasets: 

• Catalina Real-Time Transient Survey 

• MACHOs survey  

• OGLE  

• Pan-STARRS 

• PTF 

• SDSS STRIPE82

15

Simulations
Theory

Rafael Martinez-Galarza
Peter Freeman 

Matthew Graham 
Shashi Kanbur 

Vivek Kohar 
James Long 

Ashish Mahabal 
Wenlong Yuan 

https://community.lsst.org/t/data-challenge-to-characterize-
transient-and-variable-objects/1061/14

https://community.lsst.org/t/data-challenge-to-characterize-transient-and-variable-objects/1061/14
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The 2017ClassificationChallenge:  
An LSST Photometric Classification Challenge 

Ren ́ee Hloˇzek, Tina Peters, Rick Kessler, Dan Scolnic, Saurabh Jha, Ashish Mahabal, Federica Bianco, Hiranya Peiris, Michelle 
Lochner, Jason McEwen, Robert Schuhmann, Rob Firth, Mark Sullivan, Alex Malz, Llu ́ıs Galbany, Emille Ishida, Rahul Biswas, Bob 
Nichol, Elizabeth Swann, Mi Dai, Philippe Gris, Johanna Pasquet, Dominique Fouchez, Chad Schafer. 

Updated SN templates (2010+) 
LSST Simulations 

Robustness to non-representative training sets 
Incorporating contextual information 

Evaluating competing classifiers 
Update challenge 

map to different survey strategies

LSSTC funded meeting

14 July 2017 (Manhattan, following DESC meeting)

12-14 March 2018 (UK)
Hlozek, Kessler 
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Scheduling observations

17
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Class / Model 1: basis model with correct period  
Class / Model 2: basis model with slightly misspecified period 

Left: solid green line shows the optimal (posterior mean) time for a new observation in a one 
day interval indicated by vertical dashed lines. Red and blue curves show current posterior 
mean fits for models 1 and 2. 

Right: top shows the optimal observation time with the two model means plotted for a single 
posterior draw of the parameters. Bottom shows the corresponding posterior draw of the 
separation between the model means 

Toy Cepheid example

Lead: David Jones
Sujit Ghosh, James Long, 
Zhenfeng Lin, Ashish Mahabal
Ana-Maria Staicu, Jogesh Babu

Using basis functions
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Domain Adaptation with CRTS/PTF

18

~20 features
6 classes

~50K objects
A Mahabal, J Li, S Vaijanapurkar
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Estimate galaxy redshifts exploiting two 
domains:  spectroscopic and 
photometric data.

Problem: Distributions are different. 

Strategy: Use domain adaptation and 
active learning to  learn from both 
domains. 

General Goal

Ricardo Vilalta
Jogesh Babu, Ashish Mahabal 

Ji Meng, E. Ishida, R. de Souza,  
E. Feigelson, S. Lahiri, R. Beck,  

C. A. Lin 
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Designer features

• Supernova from just archival information 

• R Cor Bor plateaus 

• Role of ancillary data (e.g. archival radio source)

20

based on peaksnormalized

SN v. non-SN
Also based on 

lightcurve decomposition

Matthew Graham 
Ashish Mahabal
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Incorporating ancillary info

• Parameters like 

• Galactic latitude (Galactic versus extra-galactic) 

• Nearest galaxy (Supernova versus non-) 

• Nearest radio source (blazar or not)

21

Natural language 
Best guesses

Lead: James Lang
David Jones 

Ashish Mahabal 
Virisha Timmaraju
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Binary Brokers
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Inputs: 
Light-curves 

Nearby objects 
Archival catalogs
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Periodic Binaries

Supernova?  
Blazar?  

Periodic variable?  
Periodic variable of type eclipsing binary?  

Eclipsing binary with low metallicity? 
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OpSim
LSST developed operation  
simulations (A. Connoly) 

LSST simulates Observing Strategies

MAF API
Metric Analysis Framework 
(Peter Yoachim, Lynne Jones) 

https://github.com/LSST-nonproject/

Tools for cadence diplomacy
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The Transients and Variable Stars Collaboration   

• Ashish Mahabal & Federica Bianco, Co-chairs
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https://tvs.science.lsst.org/homeFederica Binaco

Co-chairs: Ashish Mahabal, 
Federica Bianco, Rachel Street

Hackathons etc.

https://tvs.science.lsst.org/home
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Summary
• Interconnectedness of different groups  

• Physics of individual types 

• Classification as an over-arching themes 

• Nature of light-curves: filling gaps, decomposing them, 
features to separate classes, subspaces to match 
cadences, determining outliers, incorporating ancillary 
information and determine best times to classify the 
sources 

• That is the grand (data-)challenge
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Ashish Mahabal
aam at astro.caltech.edu

Please join the fun!

Today
5:30 PM

http://astro.caltech.edu

