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DECam Asteroid Discovery Engine

Frank Valdes (NOAO) -

*The DECam NEO Survey
*The DECam Archival TNO Survey

*Planet 9
*The DECam Asteroid Database




The DECam NEO SuNey "
 Trilling + 2017, AJ, 154, 170

L. Allen (NOAO), F. Valdes (NOAO), D. Trilling (NAU),
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» Exploded 25km up |

* "~ 1500 injuries
* Pop. unknown

e Diameter~20m -

sk (15 Feb 2013)




NEOs by Size, Brightness, Impact Energy
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NEO Survey Observations

« DECam Survey: 30 nights over 3 semesters

 Cover> ~600 exposures per full night

* 40 sec. exposures in VR
e 5 exposures per field with 5 minute cadence =1
* repeat fields on 2" and 3" (and 4t...) night
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Data Handling

1.2 Gb/exposure, ~600 exp/night, ~0.72 Tb/night

Transpo‘rted'to T,uc'sgn immediately

Calibrated using NOAO Mine SCP)
-

— “guad by quad” processing
-

Tracklets found with the CP Moving Object Detection System
— Valdes (2014)

Results reviewed and reported to Minor Planet Center (MPC)




Moving Object Detections

* Median stack + difference images for each pointing

—cam MC

— Pre-filter for common's

ifference images (exposure - median)

— Form pairs within the range of desired motions;
(mag, shape, ...)




ldentifying NEOs

Createcu,mlts

Use MPCdige
interest (NEQ's, Trojans,
motions)

Visually review NEOs to eliminate remaining
contamination
— Virtually all 4 & 5 exposure detections are real

>40%) =» detections of

Report to MPC

MPC provides linkages and enables follow-up by
community



Detection efficiency

* Add simulated asteroids to data (~70/exposure)
— Use e@h exposure’s image quality

-~
— Distributions erll magnitudes and NEO rates

Efficiency functions
for all nights of 2014
April-May observing
run, based on the
injection and recovery
of many thousands of
synthetic objects.
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H magnitude distribution
of all detected NEOs. Top
axis shows diameter (m),
assuming albedo=0.2.
Thin line = number of
objects per (0.5mag) bin;
thick line = cumulative
number brighter than a
given H.
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Size distribution of NEOs
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Summary

1066 +/ 10? EOs Iarger than 10 +/ 4 meters

Implied i [ risk for Chelyabmsk—5|zed object 10x Iess than
-previous estimates (e.g. Boslough et al. 2015) |

20 more nlghts of data to be added

More data mining to do diameter theters)
e O ' Rabinowitz et al. (2000)
- (undeSIgnated NEO; ’ Werner et al. (2002)
MBA TN O h Mainzer et al. (2011)
—— Harris & D’Abramo (2015)
V/ ’ Ot e r Trilling et al. (2017b)
. Earth impactors from Boslough
t ra n S I e n tS ) Earth impactors from Boslough, rescaled

—— Tricarico (2017)
Schunova-Lilly et al. (2017)
@@ Trilling et al. (2017a)
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DECam Archival TNO Survey

 The DECam NEO Survéy
e The DECam Archival




TNOs from the NEO Survey

TNOs detected TNOs detected
2014 2015

* TNOs (known/discovered?) submitted to MPC
~ 2014: 6/49
—~ 2015: 31/160
- 2016: 9/57




TNOs from the DECam Archive

to select datasets suitable for

* Create aqu
MODS over al

— several different experiments with differ
to select datasets

 Run through the CP with MODS turned on

— several different experiments with different tuning

— most recent with artificial sources added
e Detect TNOs and add to DAD



There are many caveats!

Very inhomogeneous except for certain surveys and even then
variable cgnditions strongly affect detection statistics.

Detections € articular algorithm (MODS):
— differences (exposure — ' SF matching
— limits on maximum position difference

— detections are VERY dependent on conditions and variation
exposures

There is no linkages of tracklets so, depending on the program,
tracklets over-count asteroids

The challenge for the SS is identifying suitable fields and
groupings in an automatic way. There are many ways to segment
the available archival data for MODS.

DECam goes fainter than most dedicated programs (Pan-STARRS,
Catalina) so follow up and orbit determination is hard; hence try
and use large statistical numbers to make up for actual orbital
parameters.




Distribution of apparent rates for slow moving tracklets. There is an
assumption that a large majority are in the Kuiper Belt.

e The relative probability (%) is the likelihood of finding a tracklet in
the rate binp exposure compared to other ecliptic areas in the
same rate bin. Inserte rces are used as calibration for selection
and detection effects. Error bars ar

Distribution of Apparent Rates White=2-2,8, Red=2,8-3,6, Green= -4.4 ("/hr)
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Detection of Synthetic Sources

40

1 201"

W=0-0,5, R=0,5-1, G=1-1,5, ¥=1,5-2 ("/hr

Magnitude

Planet 9

The serendipitous search for a very distant
Planet 9 looks for a very slow apparent
rate. Synthetic sources are used to
estimate the sensitivity of the algorithm
he figure shows

the recovery pro
slower than 2”/hr.

0.22 “/hr over 2 nights with | 75 min between pairs.
This is relatively good | conditions.




DECam Asteroid Database

-\
and education

* Asteroid database for data publication
and many potential uses
e Statistical studies
e Education

-



Statistics: Total Tracklets = 663957
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The Allen program is mostly main belt and NEOs with its short 40s x 5 min cadence.
The Sheppard programs are TNO with long cadences.



Education

* High School Teen Astronomy Café

— http://dec01.tuc.noao.edu/NHPPS_DATA/Allen/doc/TAC1802/Part1.html

— http://

Histogram Plot

gledltie & s X

Asteroid populations in approximate distance from Sun

le6

le5

Number of tracklets

10 20
Distance (pseudo AU)

|'Size  Title |

ORa
+8b/Lege nd

5] Aves
F

I||I Bins

Plot Title: Asteroid populations in approximate distance from Sun

Title Visible: (V!

+
$ ™ il 2 AR

Count: 660,539 / 660,539

30 40

50

aomnoao.ed u/NHPPS_DATA/Allen/doc/TAC1802/Part2.html

..

Example TOPCAT plot from DAD
through the NOAO Data Lab.

Pseudo distance is a function of the
inverse apparent rate for
illustration (see the link to Part2 for

details.



Things to Do

Itisa ge to connect this to the MPC database. | am
looking for access to the version being
developed at LPL.

For the most recent (best) TNO pass
large number of artificial sources were embedded an
detected. This dataset wil-beaddedteo-BAD-seen has been
added and used for statistical calibration. The NEO Survey
has a synthetic source component that is not yet added.

There are table fields that need to be populated (including
entering datasets that produced no detections for statistical
studies), a connection made to the cutouts through the
Data Lab, many entries with main belt rates have not been
visually checked so there is some level of false
contamination.

As always, documentation.




