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The universe in a stream: 
challenges & progress of the ALeRCE broker.

 http://alerce.science/





Moore’s law vs mirrors

Tyson et al. 2019



Optical survey telescopes
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Transient landscape

Credit: M. Kasliwal (2012)

Burton+2016



Astronomical infrastructure in Chile

TAOE-ELT

VRO

ALMA

SOAR

La Silla

CTIO

VLT

CTAGMT

CCAT

Magellan

VISTA

Gemini

Chilean institutions: access to ~10% observing time



Future time domain astronomy ecosystem

Survey telescopes

Alert brokers/TOMs

Follow up telescopes

+   other  brokers/TOMs



Tools for time domain astronomy

Acquisition & 
processing

Survey telescopes:
image processing, 

real/bogus filtering

Alert filtering & 
classification

Brokers:
aggregation, 

crossmatching,
ML classification

Physical 
interpretation

                    
NAOJ

Analysis:
modeling, inference 

(e.g. MCMC), 
prediction

Prioritization & 
follow-up

TOMs & follow-up 
telescopes:

resource optimization 
& communication 

(APIs), actionable ML



Alerts
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ZTF stream:
~300 k per night

~15 minutes from observation
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LSST stream:
~10 M per night

60 seconds from observation

LSST Science Platform:
24 hours from observation



API

Interoperable tools for new discoveries



Pitt-Google

Vera C. Rubin officially selected Community Brokers

https://www.lsst.org/scientists/alert-brokers

https://www.lsst.org/scientists/alert-brokers


ALeRCE is a Chilean-led broker officially 
selected as one of the Community Brokers for 

the Vera Rubin Observatory and its Legacy 
Survey of Space and Time (LSST).

Presentation paper: Förster et al. 2021, AJ; Stamp classifier: Carrasco-Davis 
et al. 2021, AJ; Light curve classifier: Sánchez-Sáez et al. 2021, AJ



Scientific questions

   Transients

Progenitors of stellar explosions 
(outermost layers) & explosion 

physics (ejecta structure).

How does the Universe expand?

    Variable stars

Microlensing events, changing 
mode stellar pulsators, rapid 
reaction to eclipsing events, 

eruptive events.

How is matter distributed in 
our galaxy?

Supermassive
 black holes

Changing state AGNs, reverberation 
mapping, detection of intermediate 

mass black holes, tidal disruption 
events.

How do black holes affect the 
evolution of galaxies?

Asteroids

Near earth objects, size 
distribution, collisional or 
rotational disintegration.

How was the solar system 
formed?



ALeRCE pipeline

https://apf.readthedocs.io/en/latest/

Install APF Code step Configure 
step Build image Deploy

https://apf.readthedocs.io/en/latest/


http://www.youtube.com/watch?v=Ul3VkZ4v_5g&t=67


Real Bogus

Transient

Stochastic

SN Ia

SN Ib/c SN II Super 
luminous

SN

Long 
Period

Variable

Young Stellar 
Object

Nova / 
Cataclysmic

variable

Illustrations: @wandering_astroBlazar QSO AGN

Pulsating

Periodic

RR Lyrae δ ScutiCepheid

Alert

?

Periodic-Other

Eclipsing Binary



Database, API, client, & explorer

Database: PostgreSQL + other noSQL
API: http://api.alerce.online/ztf/v1
Python client: https://alerce.readthedocs.io/en/latest/ Explorer (powered by API): http://alerce.online
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Image stamps



Light Curves

YSO CV/novaeSNIa

SNIbc

SNII

SLSN

LPV E

QSO AGN

Blazar

DSCT
RRL

CEP Periodic-Other

Transient Stochastic Periodic 
(folded LCs)



Training set: magnitude distribution

LSST
25th mag!



Light curve based 
classifier

Stamp based
classifier

Convolutional neural network
Carrasco-Davis et al. 2020

Balanced Hierarchical Random Forest
Sánchez-Sáez et al. 2020

AGN, SN, VS, asteroid, bogus

SNIa, SNIbc, SNII, SLSNe, QSO, AGN, Blazar, YSO, CV/Nova,
LPV, E, DSCT, RRL, CEP, Periodic-Other



Stamp Classifier vs Light Curve Classifier

Förster et al. 2020



Stamp based classifier (Carrasco-Davis et al. 2020)
 



Light Curve based classifier (Sánchez-Sáez et al. 2020)

Nun+2015, Eyheramendy+2017/2018, Villar+2019

Characterize

Define hierarchical structure

Train each classifier using bootstrap & balance.

Chen, Chao, Liaw, Breiman (2004)Sánchez-Sáez+2020

http://alerce.science/features/



“Driggs highlights the problem of 
what he calls Frankenstein data 
sets, which are spliced together 
from multiple sources and can 
contain duplicates“.

...many tools were developed either by 
AI researchers who lacked the medical 
expertise to spot flaws in the data or by 
medical researchers who lacked the 
mathematical skills to compensate for 
those flaws.

...Academic researchers have few 
career incentives to share work or 
validate existing results. There’s no 
reward for pushing through the last 
mile that takes tech from “lab 
bench to bedside,” says Mateen. 

ML in production >> ML in publication

https://www.technologyreview.com/2020/11/12/1011944/artificial-intelligence-replication-crisis-science-big-tech-google-deepmind-facebook-openai/
https://www.technologyreview.com/2020/11/12/1011944/artificial-intelligence-replication-crisis-science-big-tech-google-deepmind-facebook-openai/
https://www.technologyreview.com/2020/11/12/1011944/artificial-intelligence-replication-crisis-science-big-tech-google-deepmind-facebook-openai/


Stamp Classifier: testing the unlabeled set

Carrasco-Davis et al. 2020



Light Curve Classifier: testing the unlabeled set

Sánchez-Sáez et al. 2020



Testing the unlabeled set: class distribution



ALeRCE
Explorer

https://alerce.online/
29

https://alerce.online/
http://www.youtube.com/watch?v=Ab8X4VLciJc


ALeRCE
SN Hunter

https://snhunter.alerce.online
30

https://alerce.online/
http://www.youtube.com/watch?v=fogxQ2dmkLY


ALeRCE
Watchlist

https://watchlist.alerce.online
31

https://alerce.online/
http://www.youtube.com/watch?v=FmO0Y5m7FoI


ZTF data release integration & outlier detection

32

Integration with ZTF Data Releases.
Enables outlier exploration: changing 
state AGN as outliers 
(Sánchez-Sáez+2021b) and study of 
outlier detection algorithms 
(Pérez-Carrasco, in preparation). 

http://www.youtube.com/watch?v=WQBco3oFCIY


Single stamp classifier = faster follow-up

ZTF19abvdgqo

1st ZTF detection
+8 hr ALeRCE TNS report
+21 hr spectroscopic confirmation (Ib)
+63 hr 2nd ZTF detection

ZTF20aaelulu

1st ZTF detection
+4.5 hr ALeRCE TNS report
+42 hr spectroscopic confirmation (Ic)
+96 hr 2nd ZTF detection

http://alerce.online/object/ZTF19abvdgqo
http://alerce.online/object/ZTF20aaelulu


Example: SN 2020xtz follow up

ATLAS

Swift/UVOT:
15 epochs 

(phot)

SNIFS @ UH88:
2 epochs (spec)

Schmidt Tel & AFOSC
@ Asiago:

8 (phot) & 1 (spec) epochs

RC600, 2.5m TDS
@ Caucasian Mountain Observatory 
(CMO): 44 (phot) & 18 (spec) epochs

+ Global Supernova Project (GSP):
11 (phot) & 1 (spec) epochs

ZTF

1h per night

TDS

SNIFS

AFOSC



ALeRCE user community

35

ALeRCE tutorial workshop and LSST Enabling 
Science Broker Workshops (with              ).

Feedback from science collaborations, notebooks 
focused on science cases, 76 recordings available!

http://workshops.alerce.online/

User community from 125 countries!

1451 SNe reported by ALeRCE spectroscopically confirmed

http://workshops.alerce.online/


Changing-state AGNs in massive datasets 

36

Isolation
Forest (IF)

Sánchez-Sáez et al. 2021



Amortized variational inference for fast posteriors

37

Sánchez+
ML4Phys
NeurIPS 2021



DELIGHT: Deep Learning Identification of Galaxy Hosts in Transients

Förster et al. in preparation



Sextractor
DELIGHT

ZTF

LSST



Examples

n=1

n=2

n=3

n=4

n=3

n=3

n=3



Under construction: multi-stream broker

Bridging ZTF - ATLAS 

Collaboration with ATLAS and Lasair, 
building multi-stream broker

TOM connected

Custom frontend at 
https://tom.alerce.online/ .

>600 observations submitted.

https://tom.alerce.online/


ALeRCE infrastructure



The future: Vera C. Rubin 

43

Simulating alert ingestion with Kafka, alert processing using Kubernetes, 
and spatial queries using MongoDB at LSST level.



http://alerce.science/

SN Hunter
Find recent SNe

https://snhunter.alerce.online/

Explorer
Search and visualize

https://alerce.online/

Notebooks
SNe, Variable stars, AGN

Speed+Batch+Serve 
layers

LC Classifier 
15 class taxonomy

1.4 million classifications

Pipeline
Modular design

https://snhunter.alerce.online/
https://alerce.online/


Difference magnitude is given. If source in reference image, its 
magnitude is also provided. 

We reconstruct total flux when possible, using formulae below:

We flag points which show inconsistencies, e.g. reference 
source not reported after change of reference.

Magnitude statistics and light curve features also computed.

Light curve correction


