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Precovery of 2022 PC in ZTF Creating a Unified Data Format
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Precovery stores catalogs of observations from different data
sources into a standardized and search-efficient format. Each unique
exposure in catalogs of observations are mapped to a HEALPix grid

: _\ m [ , i [3] with the individual observations stored in binary files and an index
Small bodies, such as asteroids or comets, are typically discovered gt R 5o e . i into those files maintained in a SQLite database. We call this process
with short observation arcs spanning only a few days. Finding more o SETETE I emsomenaome) | smsoremaminl L ossomennetnl | “indexing”.

observations of small bodies that extend their arc of observation 0.05862 ¢ | 10,9585 el 1 P8 o | ' B

helps reduce the uncertainty of their best-fit orbits. Finding "

pre-existing yet unidentified observations of a small body after its

initial discovery is called “precovery”.

What is precovery?

Precovery observations are particularly important for objects on the gt = 'IY - ] o S Finding Candidate Precovery Observations
risk list — Near-Earth Objects (NEOs) that have a chance to impact | 35355 LR S ARSI 30555 SR

Earth. Finding new observations of these objects will help decrease " 0.05862 3 T oosees - ;ﬂ-ﬂq FOTT . T

the uncertainty of their orbits and improve impact probability il g m :l L =t SR o l_-' Indexed
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A mosaic of “postage stamps”. In each column are images of the same
area of the sky. The highlighted diagonal of pairs of images track the Individual

motion of 2022 PC. Images with green crosshairs occurred at the Observations

times and locations where 2022 PC is expected to appear, ie, at the

locations of the candidate precovery observations. Images with red . Aninput orbit is propagated with N-body dynamics to

crosshairs show the same area of the sky as the precovery each window midpoint (each window is 7 days of
observations but at times where 2022 PC should not be in frame. “indexed” exposures from multiple datasets)

The Asteroid Institute developed an open-source software package
called precovery [1] that searches for observations of small bodies in
large catalogs of observations. This tool is deployed at scale as a
service on the Asteroid Discovery, Analysis, and Mapping Platform
(ADAM). ADAM is a cloud-based, scalable astrodynamics platform
designed to enable compute-intensive research in planetary science
and planetary defense.

From each midpoint, the orbit is propagated with fast
2-body dynamics to identify any intersecting
HEALPix-mapped exposures within each window
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ASTRONOMICAL Asteroid Discovery Analysis and Mapping (ADAM) Platform . Once intersecting exposures have been identified the

SURVEY DATA JPL CNEOS orbit is then propagated from the window midpoint to
— — ) Google Cloud Platform Sentry API each exposure using N-body dynamics

SkyMapper . The angular distances between the predicted position of
Southern Survey Na! GOOGLE KUBERNETES ENGINE ~NL ESA NEOCC the orbit and the observations are then calculated. If any
2 PSDB API observations lie within a user-defined angular tolerance
those observations are identified as possible precovery
candidates.
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Unified Astronomical Data in ADAM
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Precovery Search I. Automation Precovery Search Il. Human Vetting KPNO Feb 2019 Catalog (DR2) [4]

1 Every night the ESA and JPL risk lists are automatically scanned 4 Each candidate observation is then processed using a cutouts 141: 7TF at Jun 2018 - o Zwicky Transient
for any changes and are combined into a single list with duplicates generation code [2] which produces a mosaic of images for Palomar Feb 2023 41%million | 1.31% | Facility Alert Stream
removed. If any new objects have been added to either list, or any human validation. An example mosaic is included for risk list [6-9]
existing object’s orbit has been updated this triggers a precovery object, 2022 PC.

search Note: Surveys such as ZTF perform difference imaging which

removes static and non-variable sources. In cases where difference
imaging is not available, we remove static sources as best as possible
via filtering in our data pipeline. *Ongoing survey: observations are
ingested as they are made.

Viable candidates are selected by our team and sent for final

If new observations have been made available from an ongoing validation to Dr. Marco Micheli at the ESA PDO NEO

survey (such as ZTF), these observations are automatically Coordination Centre. There, Dr. Micheli, performs precise
ingested into ADAM'’s unified astronomical data storage format astrometry to re-measure the sources from images to take into
and are made available for precovery searches. Any new account effects such as trailing which are typically not accounted
observations regardless of changes to the risk list will trigger a for in point-source catalogs.

precover search of the risk list.

After successful astrometric and photometric measurements are
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ADAM::precovery thus far has found 37 observations of 19 risk list objects in these data.

Running a full-scale precovery search on all >1600 risk list objects across >840 000 exposures containing 3.2 billion observations takes ~3 hours on a Acknowledgements

Google Cloud VM with 30 cores.
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