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1. High Cadence Transient Survey
(HITS)
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The High cadence Transient Survey (HITS)
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https://docs.google.com/file/d/1fd7qZV0cww4XMI_m6HVZKFSluZBVCFs9/preview

Pipeline flow outline

Slew Exposure Readout CTIO-La Serena DECam comm. Image difference
30s 87s 17 s transfer: 120 s pipeline ~80 s pipeline 60 s
La Serena-Santiago CRBlaster Visual Inspection
transfer: 10 s ~20s <120s
5-6 min lag Relal b,?_gus
classirtier
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~10%? pixels, ~108 candidates, ~10° filtered candidates (ML
P (ML == m

~10%* visual inspections, 125 SNe



Deep learning for real-bogus classification

Cabrera-Vives+2016 IJCNN, 2017 ApJ
Deep-HiTS: Rotation Invariant Convolutional Neural

Network for Transient Detection
https://github.com/guille-c/Deep-HiTS

99.45% vs 98.96% (Random Forest)
F1l-score

Reyes+2018 JCNN
Enhanced Rotational Invariant
Convolutional Neural Network for

Supernovae Detection B u I N — ] =
arxiv:1808.03626 n — . El I > | C

99.53% vs 99.45% (Deep-HiTS) layerwise
F1-score IS b relevance propagation

for interpretability



https://github.com/guille-c/Deep-HiTS

Deep learning for real-bogus classification
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HiTS in a nutshell

320 deg? deep & high cadence survey, 1% real time analysis of DECam (Feb 2014), 125 SNe!
Supernova shock breakout model constraints (Forster+16, ApJ)

1% deep learning real/bogus classifier (Cabrera-Vives+16,17; Reyes+18, Huijse+18, Astorga+18)
Distant RR Lyrae (Medina+17,18, AplJ) Templte  Science DIt SNRDIff

~10k new asteroids (Pefia+18, AJ) input . . .

~22M public variable catalog (Martinez+18, AJ)

w
average

Evidence for CSM around most SNe Il (Forster+18, Nat. Ast.) a - .

1st RCNN image sequence classifier (Carrasco-Davis+19, PASP)

New population of intermediate mass black holes (Martinez-Palomera+19, Ap))




2. Automatic Learning for the

Rapid Classification of Events
(ALeRCE)



ALeRCE: from HIiTS to LSST

ZTF LSST
2013-2015 (~3 weeks) —— 2018-2020 —  2022-2032
0.2 TB per night 10X 1.4 TB per night 10x 15 TB per night
~20 million objects ~1 billion objects ~37 billion objects
~100 million measurements ~1 trillion measurements ~7 trillion measurements

~0.1 million alerts per night ~1 million alerts per night ~10 million alerts per night



Alert brokers/TOMs
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Astronomical infrastructure in Chile

d
]
= 5 BOLIVIA
Pacific =
Ocean w \
» 1
w ¥ ]
Q 1S ,,,[’//
Cerro Armazones T /
European Extremely < ‘,‘"
Large Telescope = Liano de
<X ALMA and other
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Cerro Paranal < t
Very Large Telescope, ~
V.L.T. Survey Telescope, <
Vista Survey Telescope X
CHILE
Cerro las Campanas

Giant Magerfan Telescope

La Silla Observatory
several telescopes

rro Tololo
several telescopes

La Serena .

Cerro Pachén
Lar$e Synoptic Survey
Telesgope. others

| ARGENTINA

7
Santiago® (l' 100 MILES

La Silla

Chilean institutions: access to ~10% observing time



ALeRCE

* ALeRCE members

La Serena, Chile, March: 2019 @ Letters of support
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e Daily meetings + 2 weeks sprints

e Product owner

°® Project wall Javier Arredondo, Ernesto Castillo, FF, Ismael
.. . Alvarez, Diego Rodriguez, Daniela Ruz, Juan Saez,

e Weekly ML/training set meetings Ignacio Reyes, Camilo Valenzuela

o

Hackathons



Transients

Rapid photometric & spectroscopic
follow-up: nature of the progenitors
(outermost layers) & explosion
physics (ejecta structure).
Short-lived transients (GWs, GRBs)

Cosmological distance rulers.

Rare populations of events?

Scientific Questions

Variable stars

Rapid photometric & spectroscopic
follow up: low mass microlensing
events, changing mode stellar
pulsators, rapid reaction to eclipsing
events, eruptive events

Analysis of large populations of events:

study Milky Way structure &
formation.

Active Galactic Nuclei

Rapid photometric & spectroscopic
follow-up: changing look AGNs,
reverberation mapping studies

New populations of faster, redder,
dimmer AGNs

Detection of intermediate mass black
holes, tidal disruption events
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Frontend

(web based filtering, visualization, download)

Jupyter notebook

(local processing)

Objects ! é
etections

PostgreSQL | senens DAS

cassandra .

)

\W/ E%IA»’ Features s apoche. ™
Probabilities s Ignlte

J

Jupyter hub

(cloud processing)

Output stream

(real-time follow-up)




. ALeRCE infrastructure

dWS

Distributed Storage s I apache o
| - Slonite

Distributed

. Services Distributed database
messaging

il Container / E?Ni ‘
% kCIH(CI® orchestrator \W
cassandra

dOCker kubernetes




Classification

Classification model Taxonomy Crossmatch
Image sequence .
Light curve ;
classifier I Simplified Label propagation (CRTS,

classifier (RF+RNN) P ASAS-SN, LINEAR, TNS, GAIA)

Implemented S

(ZTF) 7

“ -
T o

Envisioned E ZiN =S Features input for classifier
(ZTF + LSST) o e (GAIA, WISE, eRosita, etc.)

+ Qutlier detection

) ) Complex & growing
+ Forecasting service 1

O learn TensorFlow G PyTorch



Recurrent convolutional neural network

Detection
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/ —&— Training RCNN
~m~ Training Random Forest
—+— Test RCNN

-4~ Test Random Forest
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Training vs domain overfitting
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Real data

—eo— RCNN

~m®~- Random Forest

—&— RCNN fine tuning

~-4= Random Forest with real samples

3456 7 8 910111213141516171819202122
n? samples

Carrasco-Davis+18
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Training sets

Physical
models

Good
extrapolation,

Current ALeRCE

-

: Xmatched
. light curves

Data

Domain
similarity

PLASTICC winner

physical
parameters

Easy to obtain,
representative
of reality

Domain adaptation /

transfer learning

Complex

taxonomy See next talk by

Manuel Pérez



3. DEMO
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« @) Summary

® ALeRCE: broker for ZTF, LSST and other large etendue telescopes
® Interdisciplinary team born from HiTS survey + young developer team building
distributed and scalable system

® Interaction with the community key to enable effective follow up

® Products: living catalog of objects, annotated & classified streams, APl+frontend,
jupyter hub and batch processing capabilities

® Learning from ZTF to prepare for LSST: infrastructure, databases, classification,
visualization, transfer learning, forecasting, outlier detection

® Large effort needed to compile training sets

e Exciting future ahead for astroinformatics community!



