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Alert brokers/TOMs
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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
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C/‘\'\‘ Scientific Questions
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Transients Variable Stars Active Galactic Nuclei



ALeRCE Team

ALeRCE team composition
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Agile Methodology

ToDo Doing Done

Daily meetings + 2 weeks sprints
Product owner
Kanban / Backlog

e ) Javier Arredondo, Ernesto Castillo, Francisco
Weekly ML/training set meetings Forster, Diego Rodriguez, Daniela Ruz, Ignacio
Reyes, Camilo Valenzuela
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C‘\'\‘ ALeRCE infrastructure
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ALeRCE pipeline
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ZTF Data Model
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C,‘\'\‘ Classification

e Current Classifiers:

o Convolutional Neural Network (stamps) -..

ngngngngngngng t
e it ke

H t ' 4
o Random Forest (light curve) $ ! it
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e Future Classifiers:

Domain Adaptation
Data Augmentation
Outlier Detection
Forecasting
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Early Classifier

Convolutional Neural Network
(using first stamps)

Classes: AGN, SN, VS, asteroid, bogus

Normalized confusion matrix Acc 0.9223
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Predicted label

Late Classifier

Random Forest
(using light curve, at least 5 observations)
Classes:
- Stochastic: AGN-I, Blazar, CV/Nova

- Transients: SNe la, SNe Ibc,SNe Il,SNe IIn, SLSNe
- Periodic stars: EBSD/D, EBC, DSCT, RRL, Ceph, LPV, Periodic Other

Random_Forest v2.1
w,i o009 ooo fMooo o0 o000 002 003 oo0
o] 028 028 o010 Mooz o0z oo oos o005 ool




P d oy
TR
A
@i ALeRCE
II/' - _ Real
° Automatic Learning for the
Rapid Classification of Events
. Flare
Transient ~g
e
Other
Gamma
ray burst E
Microlensing
Tidal % Eclipsing
disruption m Novae
event
‘.- ® «0 ® 0,0
Kilonovaeﬂ q hed/
Supernova Semi detache
Contact detached
SN la
subluminous Other

SN la H & Superluminous
v SN

SN Ilb ‘ SN .

Alert

ZZ Ceti

Bogus
Variable
Stochastic
Periodic
Other
Oth -
ther
Pulsating Young
Stellar
Other Object
Long Period
Variable
O Scuti Cepheid
RR Lyrae

(-
y

Active Galactic
Nuclei

AGN

Cataclysmic
variable

&

Blazar



\

s\\\
L"‘ Convolutional recurrent neural network

Detection
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< @) Summary

e Goals:
o  Fast classification: transients, variable stars and AGN
o Flexibility to adapt to different science cases
o Connect survey and follow up

e Interdisciplinary team:
o Machine Learning
o Astronomy
o Computer Science

e Infrastructure:
o Modular / Distributed / Robust

e Machine Learning:

o Classification: CNN / Random Forest

o Outlier Detection

o Domain Adaptation / Data Augmentation
o Forecasting



DEMO

http://alerce.science



http://alerce.science

Jupyter

Web Interfaces Notebooks

Output stream

(real-time follow-up)
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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 '




SNe reported by ALeRCE
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"' API

° @ ZTF Database: http://ztf.alerce.online

° . Avro/Stamps: http://avro.alerce.online

° @ catsHTM Cone Search & Xmatch: http://catshtm.alerce.online *

* Soumagnac & Ofek (2018), (Ofek 2014; ascl.soft 07005)


http://ztf.alerce.online
http://avro.alerce.online
http://catshtm.alerce.online

Jupyter Notebooks

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

