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Outline

• Intro to Zwicky Transient Facility (ZTF) 
•Data processing and science 
•Connection to Gaia 
• Possibilities

People closest to instruments and data 

are best to work with even if the data are public
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PTF/iPTF, 7.3 deg2

HSC, 
1.7 deg2

ZTF, 47 deg2

1 deg

LSST, 9.6 deg2

PS1, 7 deg2

DES, 
2.5 deg2

CRTS-II 18+ sq. deg

ZTF has bigger FOV (47 sq. deg.),  
new camera (600 M pixels),  

new CCDs,  
Nightly data: 1.4 TB 

more science use-cases

ZTF has a large FOV and fast cadence

300K - 1M 
alerts/night

1000 observations over 3 years 
1 billion sources 

First trillion row survey
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Different observing programs

•MSIP - Public (g/r 40%) - 3 nights 
(|b| < 7, every night) 
•Partnership (g/r/i 40%) 
•Caltech (20% mostly g/r)

MSIP - alerts public in real time 
Data to be made public 

Like with Gaia data we do not see/use non-public MSIP data for science

March 17, 2018 – start of survey operations
June 4, 2018 – start of public alert stream
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Caltech cadence
One of the programs (high cadence): 

• -14 < GB < 14 

• 90 minutes continuous 

• repeated thrice (over few nights)

This is an area where we could do more together
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All data uniformly processed - end points differ

Frank Masci
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For partnership data we have marshals

Frank Masci
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Graham
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MARS drilldown
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No. of alerts 

Astrometric reference sources from Gaia DR1 already in use for 
calibration. DR2 soon.

Gaia allows quantification of astrometric biases due to Differential 
Chromatic Refraction (DCR). DCR dominates above airmass of 1.8

Nearest Gaia DR1 source is reported in alert packets
!12



Ashish Mahabal

MSIP g band coverage
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MSIP r band coverage
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MSIP g and r band coverage
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Real-Bogus separation

reals

bogus

improvement of  
performance  

over time
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ZTF Science working groups
• Cosmology with Supernovae and Gravitational Lensing 

• Uli Feindt and Jakob Nordin


• AGNs and TDEs 

• Suvi Gezari and Matthew Graham


• EM/GW and Neutrino Counterparts 

• Mansi Kasliwal and Anna Franckowiak


• Physics of Supernovae and Relativistic Explosions 
• Ragnhild Lunna, Christoffer Fremling, and Steve Schulze


• Galactic and M31 Science  
• Thomas Kupfer and Po-Chieh Yu


• Solar System Bodies 

• Quan-Zhi Ye, Dennis Bodewits, and Rex Chang
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Supernovae

> 400 Ia 
> 100 II 

~20 SLSNe 
>10 Ib 
>10 Ic

Lensed supernovae, catching all types on the rise, …
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First ZTF TDE
Van Velzen et al. 

1809.02608

AT2018zr 
ZTF18aabtxvd 
ZTF-NedStark

z=0.071

x-ray detection 
but no radio
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von Neumann and skewness

1808.03984

AlertPipe 
OldSource 
NewSource

Sources 
missed

iPTF source
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Comparison of ZTF sources with TNS
Mahabal et al 2018 

Blagorodnova

Also validation through  
detection of known asteroids
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1710.08924

A couple of the sources found

Transients 
(including 
artificial 
sources)

Parasitic source
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orphancat vetting through Gaia
Photcat Orphancat

unfiltered filtered
4-4 1.86 M 0.96 M
4 172 K 64 K

3A 198 K 78 K
3B 77 K 18 K
2A 735 K 75 K
2B 486 K 62 K
2C 643 K 79 K

nK transients 1.87B

Will be vetting with Gaia 
Will start to repeat with ZTF

Igor Anderoni

Alok Gangopadhyay
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Real-Bogus separation with large number of features

Random Forest Larger number of features helps.  
Also exploring deep learning!24
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1708.08703

Variogram

M-dwarf Supernova

x-axis extents differ
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Short timescale variability  
can be recovered

Contamination from  
longer term variability 
(removable through 

postprocessing)
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Light-curve features

MEDIAN 

MEAN 
AMPLITUDE 

PERIOD 
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beyond1std 
skew 

Amplitude 

freq_signif 

freq_varrat 

freq_y_offset 

freq_model_max_delta_mag 
freq_model_min_delta_mag 

freq_model_phi1_phi2 

freq_rrd 

freq_n_alias 

flux_%_mid20 
flux_%_mid35 
flux_%_mid50 
flux_%_mid65 
flux_%_mid80 

linear_trend 

max_slope 

MAD 

median_buffer_range_percentage 

pair_slope_trend 

percent_amplitude 

percent_difference_flux_percentile 
QSO 
non_QSO 

std 

small_kurtosis 

stetson_j 
stetson_k 

scatter_res_raw 

p2p_scatter_2praw 

p2p_scatter_over_mad 

p2p_scatter_pfold_over_mad 
medperc90_p2_p 

fold_2p_slope_10% 
fold_2p_slope_90% 

p2p_ssqr_diff_over_var 

Many features   
- not all are independent 

Adam Miller 

15 Jan 2015 Ashish Mahabal 20 

 28



Ashish Mahabal

Recurrent Neural Networks

http://colah.github.io/posts/2015-08-Understanding-LSTMs/
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Adil Moujahid

Promise: 
Works better

Pitfall:  
Blacker box

 30



Ashish Mahabal

Convolutional network (single slide) primer

analyticsvidhya.com
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light curve with n points

n * (n-1)/2 points

(dmdt) Image representation

Area equalized pixels

23 x 24
output grid

Mahabal et al., 2017
arXiv:1709.06257
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medians

EW EA

RR

RS CVn LPV

with Kshiteej Sheth
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Random Forest 
using standard 

features

Convolutional Network

1 EW/EB
2 EA
4 RRab
5 RRc
6 RRd
8 RS CVn
13 LPV

no features
no dimensionality reduction
comparable results

Binary probabilities are better  34
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Visualizations (astronomy)

TransiNet with N Sedaghat

Interpretability
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Active learning to minimize follow-up

Accuracy of 80% reached in  
100 days of observations, far 

above the canonical rate

Ishida et al. 2018, arXiv:1804.03765
Images, light curves, metadata

Connecting to Brokers

AMPEL 
Antares 
Lasair

LSST data
challenges

(check on Kaggle 
to win 25K USD)

!36 1810.00001



Ashish Mahabal

Hypervelocity stars and high cadence data

Tomasso Marchetti’s talk  
last week (Caltech) Possibly extra-Galactic stars

Many more epochs could help here as well  
(over a much longer time)
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VIFI and CRTS/PTF/Gaia/ZTF

S Das et al. 2018

Multi-view transfer learning
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White dwarf sentinel service

https://rico.caltech.edu

!39

ZTF alerts, matched to Gaia DR2

https://rico.caltech.edu
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Take away message

• There are areas where working together will benefit Gaia and ZTF science 

• In particular to check iffy and/or strange transients in the other survey 

• Combining ZTF cadence and Gaia’s multi-epoch positional accuracy can be rewarding 

• I am sure I have left out many things (that I do not know enough about) 

• Lets talk …

aam at astro.caltech.edu


