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High cadence surveys and the future ecosystem of time domain astronomy

ALeRCE collaboration: Danilo Alvares, Javier Arredondo, Nicolas Astorga, Franz Bauer, Guillermo Cabrera-Vives, Rodrigo Carrasco-Davis,
Ernesto Castillo, Marcio Catelan, Andrew Connolly, Demetra De Cicco, Cristébal Donoso, Felipe Elorrieta, Pablo Estévez, Susana
Eyheramendy, Francisco Forster, German Garcia, Matthew Graham, Pablo Huijse, Ashish Mahabal, Giovanni Motta, Rosario Molina, Giuliano
Pignata, Pavlos Protopapas, Esteban Reyes, Ignacio Reyes, Diego Rodriguez, Daniela Ruz, Juan Sdez, Paula Sdnchez-Sdez, Camilo Valenzuela,

Jorge Vergara
http://alerce.science/
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Overview:

High cadence surveys & time domain ecosystem
The High cadence Transient Survey (HiTS)

The ALeRCE broker

DEMO!
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1. High cadence surveys & the
time domain ecosystem
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FOV [deg?]

Circle size: etendue

Survey telescopes
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Survey telescopes
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Current follow up strategies

~min cadence ~hour cadence >1 day cadence

F HSC Hyper Suprime-Cam Subaru Strateéic Progrém

95 TRANSIENT NAME SERVER
{;’ e

Proactive strategy Fast robotic KEGS (30 min @ Kepler), Shaya+15 fe_g_g O
DWF (~1 min @ DECam) telescopes PS1/MDS (30 min @ PS1),Berger+13
Andreoni+17,19 (shallow) SHOOTS (60 min @ HSC), Tanaka+16
HIiTS (100 min @ DECam), Forster+16



Alert brokers/TOMs
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1 Interoperable tools for new discoveries
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( Ji! Tools for time domain astronomy

Acquisition & - Alert filtering & - Prioritization & - Physical
processing classification follow-up interpretation

tronomical Event Observatory Network

AAm‘-mes Lasair A E N

Y St TOI'l
LCﬁE::' MMaésxﬁrts Really Simple
Survey telescopes: Brokers: TOMs & follow-up Analysis:
image processing, aggregation, telescopes: modeling, inference
real/bogus filtering crossmatching, resource optimization (e.g. MCMC),
ML classification & communication prediction

(APIs), actionable ML



2. High Cadence Transient
Survey (HiTS)



The High cadence Transient Survey (HITS)
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http://www.youtube.com/watch?v=yXC81pW6bX0

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
— — .

el =

~10%? pixels, ~108 candidates, ~10° filtered candidates (ML
P (ML == m

~10% visual inspections, 125 SNe



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°t deep learning real/bogus classifier (Cabrera-Vives+16,17; Reyes+18, Huijse+18, Astorga+18)
Distant RR Lyrae to probe outer MW (Medina+17,18, ApJ) Tempisls  Sclence SNR DIff

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

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

average

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

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

New population of intermediate mass black holes (Martinez-Palomera, submitted)




Physical processes and timescales in supernovae
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Type Il SNe: characteristic timescales and luminosities
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Type Il SNe: detailed modeling and inference
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5.0

Dense CSM around type Il SNe just before explosion
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3. Automatic Learning for the

Rapid Classification of Events
(ALeRCE)



2013-2015 (~3 weeks) ———
0.2 TB per night ~1-10x
~20 million objects

~100 million measurements

~0.1 million alerts per night

ALeRCE: from HIiTS to LSST

ZTF

2018-2020 —
.4 TB per night ~10-100x
1 billion objects

~1 trillion measurements

~1 million alerts per night

LSST

2022-2032

15 TB per night

~37 billion objects

~7 trillion measurements
~10 million alerts per night



Astronomical infrastructure in Chile
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To facilitate the study of non-moving, variable and transients objects:
e Fast classification of transients, variable stars and active galactic nuclei
e Flexibility to adapt to different science cases (taxonomy, data products)

e Connect survey and follow up resources in Chile and abroad



Transients

Progenitors of stellar explosions
(outermost layers) & explosion
physics (ejecta structure)

Scientific Questions

Variable stars

Low mass microlensing events,
changing mode stellar pulsators, rapid
reaction to eclipsing events, eruptive
events

Active Galactic Nuclei

Changing state AGNs, reverberation
mapping studies, detection of
intermediate mass black holes, tidal
disruption events
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ALeRCE pipeline:

From streaming alerts to science
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Early Classifier Late Classifier

Convolutional Neural Network Random Forest Classifier
(using first stamps) (using light curve, at least 5 observations)
QSO-I, AGN-I, Blazar, CV/Nova p

, SN Ia, SN Ibc, SN 11, SLSNe W
AGN, SN, VS, asteroid, bogus EBSD/D, EBC, DSCT, RRL, Ceph, LPV, Periodic Other

Confusion matrix 10
000fl 000 000 000 000 000 000 000 000 000 000 000 000
Normalized confusion matrix Acc 0.9223 e ' t°°° °°h iy E’q' e ] & e
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sNla| 000 000 000 000 000 000 000 000 000 000 000
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SNe identified by ALeRCE with at least two detections (760), 2019/11/20

[0 1st detection
2nd detection

2 4 6 8 10 12 14 16
Time between detection and last non-detection [days]

Obj. Type

SN la

SN I

SN IIP

SN Ib

SN lin

SN la-91T-like

TDE

SN Ic

SN la-pec

SN la-91bg-like

SN Ilb

SN

Galaxy

SNe detected by ALeRCE (early classifier)

Spectroscopically classified SNe discovered by ALeRCE (135), 2019/11/20

count

http://alerce.online/object/ZTF 19abvdggo



http://alerce.online/object/ZTF19abvdgqo

-—
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)i SNe detected by ALeRCE (early classifier)

Candidates sent by ALeRCE

08

06

CDF

[ ALeRCE
I Other
N Spectra

0.0
0 5 10 15 20
Time between first ZTF detection and report to TNS [days]



3. DEMO


http://alerce.science

Web Interfaces

ZTF Explorer
http://alerce.online

v

Magnitude Statistics

Lght Curve

SN Hunter
http://snhunter.alerce.online

ZTF19abpwqyq

First Detection Information

Science @ Template @ Difference @

Discovery Stamps @

RA:216175850 @ Band: % Mag: 18.4470329284668
DEC:-13.3659299 (@) 3 MJD: 58711.4195023002

Top 100 SN Early Classified Candidates

Click a candidate for more information

Last 48 Hours v CFREFRESH
ObjectiD DiscoveryDate ~ ,  Score  #0bs
ZTFi9abpsana  15/08/2019 04:31:26 UT 1000 2
ZTF1%abpwayq  16/08/2019 10:0404 UT 1000 1
ZTFigaannipa 16/08/2019 06:45:28 UT 1000 1

ZTF19abpvixg 16/08/2019 06:39:25 UT 1000 1



http://alerce.online
http://snhunter.alerce.online

Mobile Phones

SEARCH

Object ID

lassifier
All v
Not specified v

Number of detections range

-9

min max

COORDINATES

Min MJD G Min first gre
Max MJD G Max first gre
SHOW SQL

SN Hunter

Smaller circles means lower probability

& QUICK START

Top 100 SN Early Classified
Candidates

Click a candidate for more information

Last 48 Hours v ¢ >REFRESH

Discovery
ObjectID Date " Score” #0bs '




Jupyter

Web Interfaces Notebooks

Output stream

(real-time follow-up)

J)ALeRCE

Automatic Learning for the
Rapid Classification of Events

:> http://alerce.science :> .

TOMs




API

ALeRCE API Documentation

ALeRCE is a Chilean-lead alert Broker for Time-domain Astronomy.

To provide a simple access to ALeRCE services, we implemented small APIs for each service.
The API are for public access and doesn’t need authentication for almost all services.

o ZTF Da ta base: . This APIs are currently beign used in ZTF-Explorer and SN Hunter .
http://ztf.alerce.online —_—
Navigation '
— * ALeRCEZTF DB
ALeRCE ZTF DB
L] Av rO/ Stam pPs: ALeRCE AVRO/Stamps
. cats atch
http://avro.alerce.online e
Quick search
* casHTM XMatch
_ o Arguments and units in requests
° Conesearch
° catsHTM Cone Search & Xmatch: ° C

http://catshtm.alerce.online * e
Indices and tables
* Index

* Module Index

* Soumagnac & Ofek (2018), (Ofek 2014, ascl.soft 07005)
https://alerceapi.readthedocs.io/en/latest/



http://ztf.alerce.online
http://avro.alerce.online
http://catshtm.alerce.online
https://alerceapi.readthedocs.io/en/latest/

Jupyter Notebooks

https://qithub.com/alercebroker/usecases

ﬁAPI
0.

¢ "W Transients

u Variable Stars
Active Galactic Nuclei



https://github.com/alercebroker/usecases/tree/master/notebooks

i Simple xmatch service

ERCE CROSSMA SERVICE

o Import CSV o Select oid, ra and dec columns ° Download results
Results : 107
ALeRCE_permalink catalogid  classearly  classrf classxmatch dec deltajd distance_arcs(
http://alerce.online/object/ZTF18aacixpn 46.1469444444445 0 61.1848716(
http://alerce.online/object/ZTF18abtnfmp 46.1469444444445 432.835416700225 0.79035427:
http://alerce.online/object/ZTF19acokjpw 46.1469444444445 0 66.78168661
http://alerce.online/object/ZTF19aakazii 7.72777777777778 0 1.56022891!
http://alerce.online/object/ZTF19aaipqls 7.72777777777778 275.33180550018 0.35799628(
»
Rows per page 5 v 1-50f 107 >

DOWNLOAD

http://xmatch.alerce.online/



http://xmatch.alerce.online/

':\‘\\
« @) Summary

® Future time domain ecosystem: survey & follow up telescopes, brokers and TOMs,

interoperability and diversity for robust and resilient operations

® Tools: image processing, machine learning, scheduling, modeling and inference

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

® ALeRCE: interdisciplinary research team born from HiTS survey + young developer
team building distributed and scalable system (human capital >> infrastructure).

® Products: living catalog of objects, early and late classifiers, annotated & classified
streams, DB/avro/xmatch APIs, jupyter notebooks

® Large efforts needed to compile training sets to prepare for new paradigm of
machine learning aided astronomy. HSC SSP will play key role for LSST classification!
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