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Zwicky Transient Facility: Already in Operation!



The Problem

• The Zwicky Transient Facility will produce several 
hundred thousand alerts per night

• The Large Synoptic Survey Telescope will produce 
several million alerts per night

• Most will be variable stars or moving objects, and 
hidden among them will be extraordinarily rare and 
short-lived objects

• Only additional observations will reveal their true 
nature



Figure 2. Timeline of the discovery of GW170817, GRB 170817A, SSS17a/AT 2017gfo, and the follow-up observations are shown by messenger and wavelength
relative to the time tc of the gravitational-wave event. Two types of information are shown for each band/messenger. First, the shaded dashes represent the times when
information was reported in a GCN Circular. The names of the relevant instruments, facilities, or observing teams are collected at the beginning of the row. Second,
representative observations (see Table 1) in each band are shown as solid circles with their areas approximately scaled by brightness; the solid lines indicate when the
source was detectable by at least one telescope. Magnification insets give a picture of the first detections in the gravitational-wave, gamma-ray, optical, X-ray, and
radio bands. They are respectively illustrated by the combined spectrogram of the signals received by LIGO-Hanford and LIGO-Livingston (see Section 2.1), the
Fermi-GBM and INTEGRAL/SPI-ACS lightcurves matched in time resolution and phase (see Section 2.2), 1 5×1 5 postage stamps extracted from the initial six
observations of SSS17a/AT 2017gfo and four early spectra taken with the SALT (at tc+1.2 days; Buckley et al. 2017; McCully et al. 2017b), ESO-NTT (at
tc+1.4 days; Smartt et al. 2017), the SOAR 4 m telescope (at tc+1.4 days; Nicholl et al. 2017d), and ESO-VLT-XShooter (at tc+2.4 days; Smartt et al. 2017) as
described in Section 2.3, and the first X-ray and radio detections of the same source by Chandra (see Section 3.3) and JVLA (see Section 3.4). In order to show
representative spectral energy distributions, each spectrum is normalized to its maximum and shifted arbitrarily along the linear y-axis (no absolute scale). The high
background in the SALT spectrum below 4500Å prevents the identification of spectral features in this band (for details McCully et al. 2017b).
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Sebastian Kurz led the People’s Party to
victory with an agenda that is mirror-
ing Europe’s shift to the right. PAGE A7

INTERNATIONAL A4-9

Austria’s Right Turn

The truck bombings over the weekend
were a shock even to Somalis who have
grown used to violence. PAGE A4

Somalia Shaken After Attacks

Ahmad Khan Rahimi was convicted of
carrying out a two-day spree that in-
cluded a blast in Chelsea. PAGE A19

NEW YORK A19-21

Guilty Verdict for Bomber
No matter how you raise a wolf, you
can’t turn it into a dog. To find out why,
scientists have to spend a lot of time
cuddling and testing puppies. PAGE D1

SCIENCE TIMES D1-6

Cute, but Then They Grow Up

The judge in the corruption trial of
Senator Robert Menendez rejected a
motion to dismiss the case. PAGE A21

Menendez Trial to Continue

Sgt. Bowe Bergdahl left his Afghanistan
post in 2009, setting off a military man-
hunt and a political furor. PAGE A10

NATIONAL A10-18

Guilty Plea in Desertion Case

Thousands of firefighters are still at
work in California, but cleanup experts
are already planning ahead. PAGE A10

Danger in Wildfires’ Debris

Three-run homers by Todd Frazier and
Aaron Judge powered an 8-1 victory
that cut the Houston Astros’ A.L.C.S.
lead to two games to one. PAGE B7

SPORTSTUESDAY B7-10

Yankees Storm Back Into Series

A scuttled quarry project on the Canadi-
an coast exemplifies one of the main
disputes endangering the North Ameri-
can Free Trade Agreement. PAGE B1

BUSINESS DAY B1-6

Sea Breezes and a Nafta War

The late-night host talks about the new
visibility he’s gained as his pointed
monologues address sweeping news
events in personal terms. PAGE C1

ARTS C1-6

Jimmy Kimmel’s Bully Pulpit

Michelle Goldberg PAGE A22

EDITORIAL, OP-ED A22-23

KIRKUK, Iraq — After weeks of
threats and posturing, the Iraqi
government carried out a military
assault on Monday to curb the in-
dependence drive by the nation’s
Kurdish minority, wresting oil
fields and a contested city from
separatists pushing to break away
from Iraq.

The deadly clashes pitted two
crucial American allies against
each other, with government
forces seizing Kirkuk from Kurds
who had intended to build a sepa-
rate nation in the northern third of
Iraq.

The Kurds voted overwhelm-
ingly for independence from Iraq
in a referendum three weeks ago.
The United States, Baghdad and
most countries in the region had
condemned the vote, fearing it
would fuel ethnic divisions, lead to
the breakup of Iraq and hobble the
fight against the Islamic State.

Iraqi government troops and
the Kurdish forces, known as pesh
merga, are both essential ele-
ments of the American-led coali-
tion battling the Islamic State,
also known as ISIS or ISIL. Both
forces are supplied and trained by
the United States.

Despite the resounding success
of the referendum, Iraqi forces
were able to take Kirkuk in a sin-
gle day and with little fight, partly
because it is a multiethnic city of
Kurds, Turkmens and Arabs, and
partly because the Kurds them-
selves were divided.

Baghdad had forged an agree-
ment with the Kurdish faction that
controlled most of the strategic
points of Kirkuk, allowing govern-
ment forces to sweep into much of
the city without firing a shot. But
skirmishes with another Kurdish
faction left nearly 30 dead and
dozens wounded, according to lo-
cal hospitals.

As Iraqi troops rolled into this
city of about one million, Arab and
Turkmen residents fired weapons
into the air in celebration.

Cheering crowds looked on as
Iraqi forces removed a Kurdish
flag that had flown over the
Kirkuk governor’s compound and
left intact an Iraqi flag mounted
beside it, local officials said. Iraqi
troops drove through the city, re-
moving pesh merga flags and ban-
ners and replacing them with
Iraqi flags.

While Iraq’s future remains far
from secure, the momentum has
clearly swung in Baghdad’s favor.
Its forces have now beaten back
existential challenges on two
fronts, pushing the Islamic State
out of major cities and retaking a
critical oil region from the Kurds.

Neither battle is over. But the Is-
lamic State, which three years ago

IRAQIS CAPTURE
KEY KURDISH CITY
WITH LITTLE FIGHT

A CHECK ON SEPARATISTS

Referendum’s Aftermath
— Clash of 2 Crucial

American Allies

By DAVID ZUCCHINO

Continued on Page A6

WASHINGTON — President
Trump and Senator Mitch McCon-
nell, the Republican leader, tried
to convey a sense of harmony on
Monday after months of bitter, pri-
vate feuding that threatened to
undermine their party’s legisla-
tive push in the coming weeks to
enact a sweeping tax cut.

In an impromptu, 45-minute
Rose Garden news conference af-
ter the men met for lunch at the
White House, Mr. Trump and Mr.
McConnell both put on a display of
awkward camaraderie, as the
president went on volubly, fielding
question after question as the sen-
ator fidgeted and spoke only occa-
sionally. Through it all, they tried
to wave aside reports of a disinte-
grating relationship that had in-
cluded the president’s repeated
use of tweets to disparage Mr. Mc-
Connell’s legislative leadership.

“We have been friends for a
long time,” Mr. Trump said of Mr.
McConnell as the veteran law-
maker stood awkwardly to his left.
“We are probably now, I think, as
least as far as I’m concerned,
closer than ever before.”

The expressions of friendship
came at a time of deepening per-
sonal animosity and mistrust that
had left Mr. Trump seething about
the leader’s legislative failures
and Mr. McConnell appalled by
the president’s lack of policy un-
derstanding. After Mr. McConnell
publicly questioned the presi-
dent’s “excessive expectations,”
Mr. Trump berated him during a
phone call that devolved into a
profane shouting match, accord-
ing to a person with knowledge of
the call.

The feud peaked this weekend
when Stephen K. Bannon, the
president’s former chief strat-
egist, told conservative activists
that “up on Capitol Hill, it’s the
Ides of March.” He delivered a
blunt message to Mr. McConnell:
“They’re just looking to find out
who is going to be Brutus to your
Julius Caesar.”

On Monday, Mr. Trump insisted
that he has a “fantastic relation-
ship” with Republican members
of the Senate, and he praised Mr.
McConnell’s ability to shepherd
the Republican agenda over what
he called the nearly complete ob-
struction of Democrats. The presi-

PRESIDENT MEETS
WITH MCCONNELL,
LIKE OLD FRIENDS

REBUTS REPORT OF FEUD

Show of Unity as G.O.P.
Solidifies Push for an

Overhaul of Taxes

By MICHAEL D. SHEAR
and SHERYL GAY STOLBERG

Continued on Page A15
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After Hurricane Maria swept away the bridge to Charco Abajo in the mountains of Puerto Rico, two men got inventive. Page A18.
Ingenuity to the Rescue

MOUNTAIN HOME, Ark. —
Marjorie Swanson was the first in
the family to get a job at Baxter
Regional Medical Center after
moving to this rural Ozark town
from Chicago’s South Side in 1995.

A year later, her husband was
hired by the maintenance depart-
ment. Six months ago, their
daughter snagged a job as a phar-
macy technician and shares the
night shift with her fiancé, who
works in housekeeping. Their son
started in 2013 as a biomedical
technician, repairing medical
equipment. He was introduced to

his wife by two nurses there: one
who is now his mother-in-law and
Beverly Green, an aunt through
marriage.

“Without our hospital, I’d prob-
ably be working at McDonald’s,”
said Ms. Green, who was born at
the medical center 47 years ago
and has worked there for the past
27, first as a nursing assistant, and

now as a manager. “Almost every-
one has someone related here.”

That’s not surprising in Baxter
County, in a part of northern Ar-
kansas known for two dragon-
shaped fishing lakes filled with
largemouth bass, walleye and
bream. The hospital is the single
largest employer, with 1,600 peo-
ple paid to mop floors and code in-
surance forms, stitch wounds and
perform open-heart surgery.

“We are the economic anchor of
the community,” said Ron Peter-
son, Baxter Regional’s president
and chief executive. “When we
downsize, the whole community 

Shaken by Health Battle, Deep in Trump Country
By PATRICIA COHEN

A helicopter waiting for a patient at Baxter Regional Medical Center in Mountain Home, Ark.
DAMON WINTER/THE NEW YORK TIMES

Sense of Dread in Areas
Where Medical Care 
Is Main Job Engine

Continued on Page A12

Astronomers announced on
Monday that they had seen and
heard a pair of dead stars collide,
giving them their first glimpse of
the violent process by which most
of the gold and silver in the uni-
verse was created.

The collision, known as a kilo-
nova, rattled the galaxy in which it
happened 130 million light-years
from here in the southern constel-
lation of Hydra, and sent fire-
works across the universe. On
Aug. 17, the event set off sensors in
space and on Earth, as well as pro-
ducing a loud chirp in antennas
designed to study ripples in the

cosmic fabric. It sent astronomers
stampeding to their telescopes, in
hopes of answering one of the
long-sought mysteries of the uni-
verse.

Such explosions, astronomers

have long suspected, produced
many of the heavier elements, in-
cluding precious metals like gold,
silver and uranium. All the atoms
in your wedding band, in the phar-
aoh’s treasures and the bombs
that destroyed Hiroshima and still
threaten us all, so the story goes,
have been formed in cosmic gong
shows that reverberated across
the heavens.

This gong show happened when
a pair of neutron stars, the
shrunken dense cores of stars that
have exploded and died, collided
at nearly the speed of light. These
stars are masses as great as the
sun packed into a region the size 

Dead Stars Collide, Unsealing Clues to Universe
By DENNIS OVERBYE

Continued on Page A14

A rendering of the kilonova.
THE CARNEGIE INSTITUTION FOR SCIENCE

HULUNBUIR, China — In the
United States, some of the world’s
most powerful technology compa-
nies face rising pressure to do
more to fight false information
and stop foreign infiltration.

China, however, has watchdogs
like Zhao Jinxu.

From his small town on the
windswept grasslands of the In-
ner Mongolia region of China, Mr.
Zhao, 27, scours the internet for
calls to violence, fake news and
pornography. He is one of a battal-
ion of online “supervisors” whom
Weibo, one of China’s biggest so-
cial media platforms, announced
last month it would hire to help en-
force China’s stringent limits on
online content.

For years, the United States
and others saw this sort of heavy-
handed censorship as a sign of po-
litical vulnerability and a barrier
to China’s economic development.
But as countries in the West dis-
cuss potential internet restric-
tions and wring their hands over
fake news, hacking and foreign
meddling, some in China see a
powerful affirmation of the coun-
try’s vision for the internet.

“This kind of thing would not
happen here,” Mr. Zhao said of the
controversy over Russia’s influ-
ence in the American presidential
election last year.

Besides Communist Party loy-
alists, few would argue that Chi-
na’s internet control serves as a 

U.S. Setbacks
Hearten China
On Web Tactics

By STEVEN LEE MYERS
and SUI-LEE WEE

Continued on Page A8

LOS ANGELES — Harvey
Weinstein is certainly not the first
powerful man publicly and credi-
bly accused of sexually harassing
or abusing women in recent years.

Since 2015, the Fox News chair-
man Roger Ailes, the Fox News
prime-time host Bill O’Reilly and
the comedian and actor Bill Cosby
have suffered professional, finan-
cial or reputational setbacks after
numerous women told stories of
their sexual misconduct.

Those stories dominated news
cycles, to be sure, but the outcry
accompanying Mr. Weinstein’s

downfall seems louder and more
impassioned — perhaps because
Mr. Weinstein’s accusers include
stars like Ashley Judd, Angelina
Jolie and Gwyneth Paltrow.

“I think this is a watershed mo-
ment,” said the producer Gail
Berman, who had top jobs at Para-
mount Pictures and the Fox net-
work.

That became clear on Sunday,

when Facebook, Instagram and
Twitter were flooded with mes-
sages from women who used the
hashtag #MeToo to acknowledge
that they had dealt with sexual
harassment or assault. A tweet
posted by the actress Alyssa Mi-
lano inspired the online campaign.

“If you’ve been sexually har-
assed or assaulted write ‘me too’
as a reply to this tweet,” Ms. Mi-
lano wrote.

Twitter promoted the #MeToo
campaign on Moments, its plat-
form of highlighted stories, and
the hashtag went on to be used
more than 500,000 times in its first
24 hours by people from all lines of

Weinstein’s Fall Opens Floodgates in Hollywood
This article is by Jim Rutenberg,

Rachel Abrams and Melena Ryzik.
Outpouring of Sexual 

Harassment Accounts 
From Celebrities

Continued on Page A11

FALSEHOOD President Trump
claimed Barack Obama did not call
fallen soldiers’ families. PAGE A16

SECOND THOUGHTS The president
will consider scuttling his nomi-
nee for drug czar. PAGE A16
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Sunshine. Breezy lakefront. Highs
in the middle to upper 60s. Patchy
clouds tonight. Lows near 40 to near
50. Sunny tomorrow. Breezy north.
Weather map appears on Page B11.

National Edition

http://kilonovae.org

LIGO/Virgo GW170817 

In the mid-1960s, gamma-ray bursts (GRBs) were discovered
by the Vela satellites, and their cosmic origin was first established
by Klebesadel et al. (1973). GRBs are classified as long or short,
based on their duration and spectral hardness(Dezalay et al. 1992;
Kouveliotou et al. 1993). Uncovering the progenitors of GRBs
has been one of the key challenges in high-energy astrophysics
ever since(Lee & Ramirez-Ruiz 2007). It has long been
suggested that short GRBs might be related to neutron star
mergers (Goodman 1986; Paczynski 1986; Eichler et al. 1989;
Narayan et al. 1992).

In 2005, the field of short gamma-ray burst (sGRB) studies
experienced a breakthrough (for reviews see Nakar 2007; Berger
2014) with the identification of the first host galaxies of sGRBs
and multi-wavelength observation (from X-ray to optical and
radio) of their afterglows (Berger et al. 2005; Fox et al. 2005;
Gehrels et al. 2005; Hjorth et al. 2005b; Villasenor et al. 2005).
These observations provided strong hints that sGRBs might be
associated with mergers of neutron stars with other neutron stars
or with black holes. These hints included: (i) their association with
both elliptical and star-forming galaxies (Barthelmy et al. 2005;
Prochaska et al. 2006; Berger et al. 2007; Ofek et al. 2007; Troja
et al. 2008; D’Avanzo et al. 2009; Fong et al. 2013), due to a very
wide range of delay times, as predicted theoretically(Bagot et al.
1998; Fryer et al. 1999; Belczynski et al. 2002); (ii) a broad
distribution of spatial offsets from host-galaxy centers(Berger
2010; Fong & Berger 2013; Tunnicliffe et al. 2014), which was
predicted to arise from supernova kicks(Narayan et al. 1992;
Bloom et al. 1999); and (iii) the absence of associated
supernovae(Fox et al. 2005; Hjorth et al. 2005c, 2005a;
Soderberg et al. 2006; Kocevski et al. 2010; Berger et al.
2013a). Despite these strong hints, proof that sGRBs were
powered by neutron star mergers remained elusive, and interest
intensified in following up gravitational-wave detections electro-
magnetically(Metzger & Berger 2012; Nissanke et al. 2013).

Evidence of beaming in some sGRBs was initially found by
Soderberg et al. (2006) and Burrows et al. (2006) and confirmed

by subsequent sGRB discoveries (see the compilation and
analysis by Fong et al. 2015 and also Troja et al. 2016). Neutron
star binary mergers are also expected, however, to produce
isotropic electromagnetic signals, which include (i) early optical
and infrared emission, a so-called kilonova/macronova (hereafter
kilonova; Li & Paczyński 1998; Kulkarni 2005; Rosswog 2005;
Metzger et al. 2010; Roberts et al. 2011; Barnes & Kasen 2013;
Kasen et al. 2013; Tanaka & Hotokezaka 2013; Grossman et al.
2014; Barnes et al. 2016; Tanaka 2016; Metzger 2017) due to
radioactive decay of rapid neutron-capture process (r-process)
nuclei(Lattimer & Schramm 1974, 1976) synthesized in
dynamical and accretion-disk-wind ejecta during the merger;
and (ii) delayed radio emission from the interaction of the merger
ejecta with the ambient medium (Nakar & Piran 2011; Piran et al.
2013; Hotokezaka & Piran 2015; Hotokezaka et al. 2016). The
late-time infrared excess associated with GRB 130603B was
interpreted as the signature of r-process nucleosynthesis (Berger
et al. 2013b; Tanvir et al. 2013), and more candidates were
identified later (for a compilation see Jin et al. 2016).
Here, we report on the global effort958 that led to the first joint

detection of gravitational and electromagnetic radiation from a
single source. An ∼ 100 s long gravitational-wave signal
(GW170817) was followed by an sGRB (GRB 170817A) and
an optical transient (SSS17a/AT 2017gfo) found in the host
galaxy NGC 4993. The source was detected across the
electromagnetic spectrum—in the X-ray, ultraviolet, optical,
infrared, and radio bands—over hours, days, and weeks. These
observations support the hypothesis that GW170817 was
produced by the merger of two neutron stars in NGC4993,
followed by an sGRB and a kilonova powered by the radioactive
decay of r-process nuclei synthesized in the ejecta.

Figure 1. Localization of the gravitational-wave, gamma-ray, and optical signals. The left panel shows an orthographic projection of the 90% credible regions from
LIGO (190 deg2; light green), the initial LIGO-Virgo localization (31 deg2; dark green), IPN triangulation from the time delay between Fermi and INTEGRAL (light
blue), and Fermi-GBM (dark blue). The inset shows the location of the apparent host galaxy NGC 4993 in the Swope optical discovery image at 10.9 hr after the
merger (top right) and the DLT40 pre-discovery image from 20.5 days prior to merger (bottom right). The reticle marks the position of the transient in both images.

958 A follow-up program established during initial LIGO-Virgo observations
(Abadie et al. 2012) was greatly expanded in preparation for Advanced LIGO-
Virgo observations. Partners have followed up binary black hole detections,
starting with GW150914 (Abbott et al. 2016a), but have discovered no firm
electromagnetic counterparts to those events.
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What we need is often 
called a broker, an 
intermediary who sits 
between the source of the 
alerts and the consumers 
of the alerts while adding 
value

This system can be thought of as an instrument 
that looks at the data and not the sky.  As such, it 

can be tuned for specific goals or treated like a 
generic work-horse instrument.



Our Solution
ANTARES: The Arizona-NOAO Temporal 
Analysis and Response to Events System

Tom Matheson, NOAO
Abhijit Saha, NOAO
Gautham Narayan, STSci
Monika Soraisam, NOAO
Carl Stubens, NOAO
Richard Snodgrass, University of Arizona, Computer Science
John Kececioglu, University of Arizona, Computer Science
Carlos Scheidegger, University of Arizona, Computer Science
Helen Zhang, University of Arizona, Mathematics



ANTARES and the Time-
Domain Ecosystem

What it does, and does not, 
intend to do

Does Not:

• Perform image differencing
• Identify sources on images
• Assess validity of source
• Identify moving objects
• Coordinate follow up
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Ranking

Distribution

CRTS LSSTLIGO ZTF

Alternate
BrokersAlternate

BrokersAlternate
Brokers
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BrokersDownstream 
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Downstream 
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Distribution
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Investigators

ANTARES  Environment  

Potential Aggregator of Alerts 
from Multiple Sources

ALERT GENERATORS:  Difference Imaging, Real/Bogus & Moving Object Assessment

Manually 
Triggered 
Followup 
Observing 

System Data Flow                      
Info to/from Investigators      
Feedback                               

Community 
Input



ANTARES and the Time-
Domain Ecosystem

What it does, and does not, 
intend to do

Does (after receiving alerts):

• Annotates alerts
• Characterizes alerts
• Ranks alerts
• Stores value-added alerts
• Distributes alerts
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ALERT GENERATORS:  Difference Imaging, Real/Bogus & Moving Object Assessment

Manually 
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Observing 

System Data Flow                      
Info to/from Investigators      
Feedback                               

Community 
Input



LSST
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many goals

• Volume and rate are key problems
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Catalogs Already Have Large Number of Sources
• SDSS DR7 + NED* (Grey density maps) + 2MASS XSC (Red, large-scale 

structure) + Chandra (Blue, high energy)

• This is an actual density map, not just a plot of SDSS stripes + NED fields – just 
under 190 million objects were parsed for this map. Expect few billion before 

LSST

• Will have: NVSS, FIRST, GAIA, PanSTARRS, PTF, DES, DECALS/MZLS, eRosita, 
NOAO Source Catalog, and LSST



Alert History:  More Information, Better Categorization

Narayan et al. 2018



Machine Learning to Sift Through the LSST Alert Stream 13

Figure 5. Logarithm of the characteristic timescales (cf. §5.2) in days for di↵erent classes of objects, plotted as stacked kernel

density estimates – a population-normalized cumulative distribution.

of the power spectrum, and compute the logarithm of
the False Alarm Probability (FAP, Baluev 2008). These
four quantities are computed for all the OGLE objects
in both V and I, as well as the OSC objects in all bands.
In both cases, we only use the data that can be mapped
to g and i, as described in §4.4.1.

We use these features in our machine learning pipeline
(§6) in two distinct stages that operate in sequence. In
the first, we use all eight timescale characterization fea-
tures (four each for the g and the i band) to make an
initial variable-supernova binary classification. In the
second stage, we adopt the features of the band with
the smaller time scale uncertainty (in this work, be-
tween g and i as those are the only bands available
in our combined dataset) as the time scale feature vec-
tor for the object. We combine these time scale fea-
tures with more descriptive statistics to train a multi-
class variable-supernova classifier, which in addition to
labeling di↵erent variable classes, can be used to iden-
tify any SNe wrongly classified as variables in the first
stage. This structuring enforces a hierarchical taxonomy
of classes, with early classification errors detected and
fixed by later stages as more data become available.

Gaussian kernel density estimates of the distribution
of time scales that were adopted for the second stage for
di↵erent classes are shown in Fig. 5. As can be seen in

the figure, intrinsic periodic variables show sharp peaks
with low dispersion in their distribution, whereas extrin-
sic variables and supernovae have many di↵erent time
scales in the sample. The distribution of the shaded re-
gions gives a sense for relative fractions within each class
that exhibit di↵erent characteristic time scales, while the
o↵sets between shaded areas between any two classes
indicate how easy it is to distinguish them from each
other. For example, a simple cut on the timescale at 1
day, would be su�cient to distinguish � Scuti variables
from supernovae of all types, but it would be di�cult to
use period alone to distinguish between di↵erent types
of Cepehid variables. Note that even in this one dimen-
sional feature space, it is possible to see clear subgroups,
e.g., among the RR Lyrae, corresponding to RRab and
RRc, even though the label aggregates both subtypes.

A more general technique for timescale characteriza-
tion would be to simply use the discrete Fourier trans-
form power spectrum evaluated over a fixed range of
frequencies as the feature vector. However, with the
heterogeneous data we are utilizing in this work, the
power spectrum serves primarily to distinguish di↵erent
surveys with di↵erent observing cadences that were tar-
geting di↵erent classes of objects from each other, pro-
viding excellent accuracy but without a↵ording insight
into the physical di↵erences between classes.

Touchstone:  Distilling Astronomical Knowledge

Narayan et al. 2018

Not just an aggregation task⎯there are still large gaps in astronomical data



Filtering Examples
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Simple filter on change in brightness
Uses Kepler data to derive likelihoods



Alert Processing of 
the ZTF Stream



ANTARES: Where Do We Go From Here?
• Implementing guidance from expert external review
• Software developer and project manager recently 

hired 
• Broaden astronomical base—community 

involvement
• Run on live streams—ZTF
• We need your help — Filters, Training Data, etc.

https://www.noao.edu/ANTARES/





Anticipated LSST Alerts by Object

Ridgway et al. 2014


