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ANTARES Overview
• Enabling broad scientific use of time-domain alerts
• Efficient, effective, responsive, open, and flexible 

brokering system
• Real-time alert processing
• Scalable to LSST rate and volume
• Community driven platform
• No user restrictions

• Actively processing ZTF public alerts 
• https://antares.noirlab.edu/

This is the title 

Discovering our Universe Together

https://antares.noirlab.edu/


• Kubernetes-based deployment
• Kafka streaming
• Annotation from catalogs
• Filtering of alerts
• Searchable archive of alerts
• Watch lists
• Web portal displays streams, 

filters, light curve, thumbnails, 
pipeline, associations

• Provenance associated with 
each alert

ANTARES Features



• Near Known Extragalactic 
objects

• Bright or high significance
• In M31
• Nuclear transient
• Known Solar System objects
• Near potential tidal disruption 

hosts (contributed catalog)
• Gravitational wave 

counterparts
• AstroRAPID

ANTARES Filters



• Annotated alerts
• Feature calculation
• External catalogs (e.g., catsHTM)

• Filtered alerts
• Access to all alert features including annotations
• Can be user designed, dev kit on Astro Data Lab

• Output three ways
• Web portal
• Slack Channel (antares-noao.slack.com)
• Kafka streams (Python API; could be full stream)

• Archive
• Longer timescale analysis

ANTARES Data Products



ANTARES Web Portal



ANTARES Science

147 ANTARES-flagged SN 
candidates confirmed in 
TNS (40% early) from 
Aug 2019 to Mar 2020

Many dwarf novae and 
novae



SN 2019nhs:  SLSN-I



AT 2019wed:  SN-IIp



AT 2020cnv:  SN-IIn



SN 2020cgu:  SN-Ic



AT 2018eoh: Galactic CV
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Abstract

R Coronae Borealis stars (RCBs) constitute a rare class of stars that are hydrogen depleted and carbon enriched,
possibly from white dwarf mergers. RCBs are identified by their stochastic dimming with photometric variations of
as much as eight magnitudes. Hence, the discoveries of RCBs were heavily biased to the limited regions monitored
by long-term microlensing experiments. However, recent studies of galactic RCBs have shown that they exhibit
distinct mid-infrared colors originating from their cool circumstellar shells. The all-sky Wide-field Infrared Survey
Explorer (WISE) survey thus facilitates the identification of RCB candidates. Therefore, combining the WISE
colors with large-area time-domain surveys will enable us to discover more RCBs. Here we present the results of a
first attempt to identify RCBs in the public Zwicky Transient Facility (ZTF) alert stream, using the alert broker
ANTARES. We identify a candidate RCB using the infrared color selection by Tisserand et al. and large light
curve variations in the optical from ZTF. We then conduct subsequent observations using the FLOYDS
spectrograph at the Las Cumbres Observatory and confirm ZTF18abhjrcf as a bona fide RCB. This demonstrates
the potential to discover uncharted RCBs as ZTF and other time-domain surveys continue to operate.

Unified Astronomy Thesaurus concepts: R Coronae Borealis variable stars (1327); Sky surveys (1464); Time series
analysis (1916); Astrostatistics techniques (1886)
Supporting material: Data behind figures

1. Introduction

R Coronae Borealis (RCB) stars constitute a rare class of
supergiants that are (1) hydrogen-deficient and carbon-rich
spectroscopically and (2) exhibit aperiodic dimmings of up to
8 mag in the V band (see, e.g., Clayton 2012). The photometric
dimmings are due to sudden formations of carbon dusts close to
the line of sight and thus obscure the photosphere of the star.
While RCB stars are intrinsically very bright, in the range of
−5 < MV < −3.5 (Tisserand et al. 2009), there are only 76 RCB
stars in the Milky Way (Tisserand et al. 2013), 22 RCB stars in
the Magellanic Clouds (see Clayton 2012 and references therein),
and 2 RCB stars in the Andromeda galaxy (Tang et al. 2013) that
are identified so far. This might be partly attributed to the fact that
RCB stars represent a very brief phase of stellar evolution, and
partly because until now there has not been a dedicated all-sky
high-cadence survey to witness the sudden brightness changes of
RCB stars. On top of that, we also lack wide-field multiplex
spectrographs to efficiently confirm them.

Given the fact of the deficiency of hydrogen and the enrichment
of carbon in the atmosphere of the RCB stars, it has been
suggested that RCB stars are at a final stage of stellar evolution.
Currently there have been two possible scenarios proposed to
explain the formations of RCB stars: (1) the white dwarf merger
scenario (Webbink 1984) and (2) the final helium shell flash
scenario (FF; Iben et al. 1996). In the first case, RCB stars are
regarded as end products of a carbon–oxygen white dwarf that
underwent merging with a helium white dwarf. As both
components are degenerate stars, it is commonly dubbed the
double degenerate scenario (DD). In the FF formation scenario, it
is suspected that a star expanded rapidly to supergiant size, shortly
before it turned into a white dwarf. There are observational

evidences supporting both scenarios. The DD scenario is strongly
supported by the observations of the 18O overabundances in cool
RCB stars (Clayton et al. 2007) and the surface abundance
anomalies (Pandey et al. 2008). On the other hand, the
identifications of a handful of RCB stars associated with nebulae
(Clayton et al. 2011) indicate that the FF channel also plays a
nonegligible role. We note that the DD channel is of special
interest both to stellar astrophysics and cosmology because it
provides a low-mass analog of SNe Ia that formed via white dwarf
mergers. In this regard, studies of RCB stars can shed light on the
progenitors and possible formation channels to SNe Ia.
The main feature of the light curve (in the optical) of RCBs

is the sudden, short-lived, and large amplitude fading, which
necessitates long-term monitoring. Because of this, RCB stars
discovered so far are mainly limited to the footprints of several
microlensing surveys (e.g., Alcock et al. 2001; Soszyński et al.
2009; Tisserand et al. 2009) or from dedicated time-series
surveys of local luminous fields (Tang et al. 2013). To remedy
this situation, and thanks to the progresses in multiwavelength
studies of RCB stars, it has been proposed to use infrared
photometry and colors to identify candidate RCB stars
(Tisserand 2012). Starting from the infrared pre-selection,
Pojmanski (2002) further investigated the light curves of the
candidate RCB stars in the all-sky automated survey (ASAS).
Tackling from both infrared color and time-series photometry,
Miller et al. (2012) and Tisserand et al. (2013) were able to
increase the number of (candidate) RCB stars drastically.
However, the ASAS photometry only reaches to V∼13 mag
in the faint end, but RCB stars can be fainter—especially
during the fading phase. This motivates us to search for RCBs
in the public alert streams of the Zwicky Transient Facility
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In this regard, a light curve based on difference imaging like
ZTF is necessary to tackle the blending issue.

We note that ZTF just started its public survey in early 2018,
and is still ongoing until the end of 2020. Nevertheless, from
our pilot study using the ZTF data collected so far, we have
already identified a promising RCB candidate from ∼1 yr of
ZTF observations and confirmed its RCB nature. As the ZTF
survey proceeds, especially with the photometric monitoring in

the Galactic plane, we expect to identify more RCBs in the near
future. The aggregated alert database from ANTARES provides
a unique resource for the community to explore peculiar and
rare variables on long timescales.

The ANTARES project has been supported by the National
Science Foundation through a cooperative agreement with the
Association of Universities for Research in Astronomy
(AURA) for the operation of the National Optical Astronomy
Observatory, through an NSF INSPIRE grant to the University
of Arizona (CISE AST-1344024; PI: R. Snodgrass) and
through a grant from the Heising-Simons Foundation.
Z.T.F. is supported by National Science Foundation grant

AST-1440341 and a collaboration including Caltech, IPAC, the
Weizmann Institute for Science, the Oskar Klein Center at
Stockholm University, the University of Maryland, the
University of Washington, Deutsches Elektronen-Synchrotron
and Humboldt University, Los Alamos National Laboratories,
the TANGO Consortium of Taiwan, the University of
Wisconsin at Milwaukee, and Lawrence Berkeley National
Laboratories. Operations are conducted by Caltech Optical
Observatories, the Infrared Processing & Analysis Center, and
the University of Washington.

Appendix

ANTARES provides an application program interface (API)
to search its indexed alert database. The API and its
documentation can be found at the ANTARES client website6

Here we provide a snippet of the code that we used to search
for RCB candidates, as shown in Figure 5.

Figure 3. FLOYDS spectrum of ZTF18abhjrcf, compared to a known Galactic RCB V517_Oph (from Tisserand et al. 2013) in the inset. They both share similar
spectral shape and also strong absorptions of CN and C2 Swan bands with a weak trace of hydrogen, hence establishes the RCB nature. We note that the telluric
features were not removed from the FLOYDS spectrum.

(The data used to create this figure are available.)

Figure 4. ASAS-SN light curve of ZTF18abhjrcf in the g band, similar to
the g-band filter used by the ZTF survey. Note the dimming in the ASAS-SN
light curve is shallower, at ∼1 mag level compared to the ∼5 mag level
of ZTF shown in Figure 1. This is because The ASAS-SN sky patrol
returns light curves with aperture photometry. With large pixel size (∼8″)
and poor PSF (∼16″), the ASAS-SN light curve of ZTF18abjhrcf is
heavily blended by nearby sources, hence having less prominent dimming
features.

6 https://noao.gitlab.io/antares/client/
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(ZTF; Bellm et al. 2019), which reaches a limiting magnitude
of R=20.5 mag, probing the RCB stars that are otherwise out
of the reach by ASAS.

This paper is organized as follows. In Section 2 we provide a
short description of the ZTF public survey data that were used in
this study. We then present the methods used to search for RCB
stars in Section 3. The spectroscopic confirmation is shown
Section 4, followed by a discussion and outlook in Section 5.

2. Data

To search for the aperiodic photometric variations of
candidate RCBs, we use data from the high-cadence, large-
area ZTF public surveys. Starting from 2018, ZTF constantly
patrols the sky north of decl.<−30° in both the g and r band.
Equipped with a 47 square degree imager, the 48 inch Samuel
Oschin Schmidt telescope at the Palomar Observatory can
survey the three quarters of the sky visible from Palomar
mountain every three days. With an exposure time of 30 s per
frame, ZTF can deliver a median sensitivity of r∼20.5 mag at
a 5σ level. After the images are taken, ZTF performs difference
imaging analysis on the fly. Sources that are detected above the
5σ level, along with other contextual information, will be
packaged into an alert packet and distributed in the alert stream.
Currently the public component of the ZTF survey is composed
of a three-day survey of the northern sky, as well as a daily
survey of the Galactic plane. We note that the difference
imaging analysis is especially pivotal in finding transients and
variables across the Galactic plane, where many of the RCBs
reside (see, e.g., Figure 1 of Tisserand 2012).

3. Candidate Selection

Tisserand (2012) has demonstrated that the RCB stars
occupy a distinct region on the infrared color–color space in
terms of the Two Micron All Sky Survey (2MASS; Skrutskie
et al. 2006) and Wide-field Infrared Survey Explorer (WISE;
Wright et al. 2010) photometry, and subsequently established

an efficient and effective procedure to select candidate RCB
stars. We note that the faintest known RCB star, EROS-LMC-
RCB-5 (R∼18 mag) in the Large Magellanic Cloud, is also
cataloged in both the WISE and 2MASS surveys. Hence, this
suggests that with the WISE and 2MASS alone we can identify
potential Galactic RCBs up to 50 kpc away (assuming they are
only lightly reddened). The situation in the Galactic plane can
be worse, but the infrared selection method is less susceptible
(compared to the optical) to the extinction caused by dust in the
Galactic plane region.
Despite the infrared color pre-selection, RCBs are character-

istically defined by their aperiodic dimmings. In this regard,
Tisserand et al. (2013) have investigated time-series photometry of
candidate RCB stars using ASAS (Pojmanski 2002), which was
all-sky but limited to V∼14 magnitudes. To push to dimmer
candidate RCB stars, Lee (2015) investigated the Catalina surveys
for time-series photometry, which unfortunately avoided the
Galactic plane due to crowding and the use of aperture photometry.
In this work, we make use of the ZTF data (Bellm et al. 2019) to
extend the search to the faint end (down to r=20.5 mag) and to
the highly crowded and extinct Galactic plane. To probe the vast
amount of alerts (∼0.1–1 millions per night) delivered by ZTF, we
rely on the community broker ANTARES4 (Saha et al. 2014,
2016; Narayan et al. 2018). ANTARES aggregates ZTF alerts
that fall on the same position of the sky (within 1″) to form
light curves, and also cross-matches with multiwavelength
catalogs to provide value-added contextual information. We
use the ANTARES client API (the code is provided in the
Appendix) to retrieve ZTF light curves of candidate RCBs pre-
selected by 2MASS and WISE colors following the criteria of
Tisserand (2012). A constraint of Δr or g> 2 mag is imposed
on top of the infrared selection criteria to identify objects that
exhibit large photometric variations. This results in 51
candidates, where after visual inspection most of them showed
periodic rising and dipping and turned out to be long-period
variables like Mira. During this process, we encountered
ZTF18abhjrcf located at R.A.=18h42m46s.25 and decl.=
−12°54′14 89 (J2000), whose light curve shows a dimming of
∼4 mag in the r band and ∼6 mag in the g band. In addition,
the rapid dimming and flat bottom in the light curve is similar
to the behavior of known RCBs (see, e.g., Clayton 1996),
making it a promising RCB candidate. The light curve and the
location of ZTF18abhjrcf based on ZTF are shown in Figures 1
and 2, gathered via the ANTARES web portal.

4. Spectroscopic Confirmation

After identifying ZTF18abhjrcf as a promising RCB candi-
date, we performed subsequent spectroscopic follow-up to
confirm its nature. The spectroscopic observations were carried
out using the Folded Low Order whYte-pupil Double-dispersed
Spectrograph (FLOYDS) spectrograph at the Las Cumbres
Observatory 2 m Faulkes Telescope North on Haleakala in
Hawaii. FLOYDS is a cross-dispersed, low-resolution spectro-
graph that can simultaneously cover 320–570 nm (second order)
and 540–1000 nm (first order). The blue and red end have
spectral resolutions of R=400 and 700, with 3.51 Angs/pixel
and 1.74 Angs./pixel, respectively. We employed a 2 0 slit and
obtained 4×300 s exposures on 2019 October 22 UT. In
addition, we also obtained flat and arc frames before and after
the science target for calibration. Data reduction was

Figure 1. Light curve of ZTF18abhjrcf from the ZTF alerts and aggregated by
ANTARES. Data from g and r bands are marked with green and red squares,
respectively. Starting on MJD=58600, the brightness drastically dimmed
from 17 to 21 mag in the g band and from 14.5 to 18 mag in the r band. The
sudden drop in brightness and the flat bottom light curve are reminiscent of
photometric features of RCBs.

(The data used to create this figure are available.)

4 antares.noao.edu
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Figure �:We found a linear relationship between execution time and the length of an object’s
lightcurve. This data is from phase � but we saw the same O(n) relationship in the larger tests.

where C is capacity, N is number of nodes, alpha is the contention, beta is coherency delay, and
gamma estimates the value of throughput for a single node. Figure � shows the USL model fit to the
datawe collected and figure � shows the predicted behavior of ANTARESup to �,���nodes–peak scal-
ability is a predicted throughput of ��� alerts/second with ��� pipeline processes.

Table �: Key statistics from the ANTARES load test

Phase Pipeline Processes Num. Hosts Throughput (alerts/s) Slope (ms) Y-Intercept (ms)
� �� � �� �.�� ���.��
� ��� �� ��� �.�� ���.��
� ��� �� ��� �.�� �,���.��

A counfounding factor here is the composition of the data sets used for each phase of the load test.
Compare the distribution in phase � (figure �a) and phase � (figure �b) and you will see that phase
three had a higher proportion of lighcurves with more than ��� data points than the phase � test did.
Because of this we would expect the average throughput to be lower during phase �, even if scaling
the system did provide a linear speedup.

In order to better measure the scaling properties of the system we compare measurements of pro-
cessing time relative to lightcurve length as in figure �. Table � also includes the slope and y-intercept

�

ANTARES Path to LSST

Load testing the system 
on Google Cloud Platform

Plenty of database and 
pipeline optimization to 
be done

Current, on-premise 
system can process 5.5 
million alerts in 24 hours

The ANTARES technical 
solution can scale to LSST 
rate and volume
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