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PTF Discovers Asteroid That Just Misses Earth

Discovery images of NEA 2014 JG55, a 10-meter sized rock that passed
only 1/4 as far as the Moon from Earth on May 10, 2014. In the two hours
separating these images, the object’s apparent motion (indicated by the
streak it forms on the images during the exposure) increased by 50% to

1.5 degrees per hour, and it brightened from 18th to 17th visual
magnitude.

News Release - May 11, 2014 <:|

First results
from new
iPTF pipeline



Why Discover Small Near-Earth Asteroids?
(NEASs)

* Explore near-earth
space to better
determine the
population of objects
<100m in size
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* Find a good candidate
for NASA’s Asteroid
Redirect Mission
(ARM)

Prince — 3 June 2014 — Stockholm  Asteroid Redirect Mission



Population of NEAs by Size, Brightness,
Impact Energy & Frequency (Harris 2006)
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Why not to use PTF for

NEA detection?

- PTF SNe enthusiasts

dislike “rocks” and point
telescope elsewhere

SNe cadences not ideal
for NEA detection

Other telescopes are as
good or better (e.g.
PanSTARRS) for typical
NEAS

Why to use PTF for NEA
detection?

We are good at image
recognition (real-bogus,
streak rejection, ...)

We are very good at quick
follow-up

We have a pretty good
telescope (1.2m Schmidt)

We tend to point away
from the Sun (towards
opposition)

Prince — 3 June 2014 — Stockholm



The “Niche” for PTF NEA Studies

 Small NEAs (<100m)

— Dim, so detection is
close to Earth

— Fast angular rate
because they are close
to Earth

* How to spot them

— Look towards
opposition. Brightest in
that direction. Also,
smaller angular rates.

— Detect as streaks rather
than single points. Streaks in PTF images from known NEAs

Prince — 3 June 2014 — Stockholm



Small Near-Earth Asteroids in PTF: Simulation Results
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These plots show the predicted observational circumstances of
known small (< 10-meter) NEOs potentially viewable from Palomar
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i) Near-Real-Time Moving-Object Pipeline
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Examples of Streaking Near-Earth Asteroids in PTF

2009 HK73 2010 RM80 2010 RS80 2010 MA . 2011 JM5
23"/min, H=26.3, V=17.4 26"/min, H=27.9, V=185 42"/min, H=26.4, V=17.6 32"/min, H=25.7, V=19.4 24"/min, H=26.3, V=18.0
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2009 SK15 2010 PS66 2011 AHS5 2012 DJ14 2013 BS45
30°/min, H=25.2, V=18.8 15"/min, H=25.1, V=18.7 67"/min, H=26.0, V=184 46"/min, H=26.0, V=18.2 18"/min, H=25.8, V=19.5

These images prove PTF is capable of detecting these fast-moving objects;
many are small (10-50 meters) and accessible to human exploration

Note: slides with black backgrounds are from Adam Waszczak




Progress on PTF Moving-Object Detection Pipeline

Moving point-source detection
- >500,000 observations submitted to MPC from 03/2013 thru 03/2014

- Current pipeline flow for non-streaked sources:
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- Efficiency reports generated nightly, based on known-object detections
- Industrial-grade MOPS under development at IPAC to replace prototype




Progress on PTF Moving-Object Detection Pipeline

Example nightly summary of moving-object detections
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PrototypeMOPS: Performance & Efficiencies

Data from asteroid-pipeline commissioning nights, March 13-14, 2013

numbered objects only all known objects (incl, unnumbered)
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Magnitude Limit for PTF Streaks

magnitude

14

15+

161

171

18

19F

o o
. ° .
[ ] ° ° [ ] [ [ ]
L ]
o ® °® % ....so .: .o'. .o... ..- : ° .l.o
e o % %e ° 3 o % * oo *
o * . o e°® " %8
, e ’ o, e °
® o . o Qe e % o Lo, o?
° > o o o . . hd 8o
o ° ° L4 . (% oo . ° eoe ®
. ° ° o : . & Y I ®e®® o °
° i ° .. e 0% o . b . e e ... L4
pe © . Qe P8, e o ooV ° ® So e ° ° o
¢ o o0 o enfy ¢ ° 3% > 0e?
. ° % L] '.:. *. . e® oo o’ s
. c0,% ¢ o f .o,'.' Te % o % ° |
o ¢ s - ° .o, e ...o.. b ~° ) L J
..n H M P 2 % e o o® e ..o (X g'o‘.__
° . U ° % . % . % Y hd M’.—
: ] * ° . > d
...3.. .Q.. .: '-.‘o * .:.0%5 ..g}'..’ ® ° H -.-
oo .. : A -'-‘0 ¢ "‘%'01 .-o.‘ .'.'C
o o . .....o;. s % e e © o . o]
® . o o ..0. o g [ < ° ]
() [} (] U Py (] L]
L ] -
o %
J:o; . ge L ‘.
[ o® [4
.. L]
0.

20t

length (pix)

21
10

20

30

40

50

length (pixels)

60

Limiting magnitude
follows semi-analytic
estimate



Summary of Streak Detection Progress

Current results (Random Forest classifier, 10-fold CV average)

V# Dataset #Real #Bogus #Synth # Feats FPR FNR (stddev)

1.1 Real+Bogus 62 2619 0 12 1% 29.36 (16.5)%
1.2 Real+Bogus+Synth 62 2619 453 12 1% 27.78 (18.7)%
2.1 Real+Bogus+Synth 240 20072 1441 15 1% 25.57 (8.5)%
2.2 Real+Bogus+Synth 240 20072 1441 35 1% 18.34 (9.1)%

(w/ new features)

(bold=change from previous version, red=best result)
* 12% reduction in FNR from initial (V1.1) classifier, using:
— Larger training set: 3134 (V1) vs. 21753 (V2) samples
— Additional features based on connected-components analysis

* V2.1 classifier delivered to Caltech for processing pipeline
* V2.2 pipeline implementation in progress
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Progress on PTF Moving-Object Detection Pipeline

Streaking-object detection
Machine-learning (ML) required to filter candidate streak detections

With image differencing, raw false-positive to true-positive ratio >10,000
In 2013 (pre-ML) testing, manual screening (of 2 nights’ worth
data) produced 2 new streaking NEA discoveries (not followed-up)

As of 2014-April-11, ML classifier developed by JPL is running on the
realtime data, lowers requirement to human screening per night




Four Interesting NEA Detections
iIn ~15 nights

Two 10m NEAs + 50m + 80m

During April-May lunation:
- discovered a new ~10m NEA at 0.25
lunar distance (2014 JG55)
- blind co-discovery ofa ~10m NEA at 0.7
D, inar (2014 HL129)
During May-June lunation:
- discovered an 80m NEAat8 D
KD)
- 18t detection of the return of a 50m NEA
(2014 KD2 = 2010 J033)

(2014

lunar



Next Steps

Additional collaborators?

— “Nightly” scanning of candidates to generate ToOs
* Requires ~1 hour per day
 Adam Waszczak developing prototype Marshal interface:
http://www.astro.caltech.edu/~waszczak/SolarSysMarshal.html

 |srael? Taiwan? Start ~1-2 weeks from today

— Prompt follow-up
e Fast (robotic) confirmation — improve orbit determination
* Multi-band photometry (classify as S-type, C-type)
* Rotation curves?
e SED machine, LCOGT?, ...



PTF Solar System Marshal

Updated: 2014-05-28 13:52 UT (Wed 06:52:23 AM PT)

IPAC Real-time Processing Status

Tonight's Streak
Candidates

(UT 2014-05-28 )

night of 140528 UT
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Newest candidates are 281 minutes old
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391 candidates with p> 0.5
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7328 candidates with p>0.3
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View examples of real asteroid streaks
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Current Palomar All-Sky View

Known NEAs Observable Tonight

Current PTF discoveries on the NEOCP

Nightly Efficiency of the Moving-object Pipeline

List of all PTF solar system discoveries







Schmidt Focal Plane

Zwicky Transient Facility (ZTF)

Active Area 7.26 deg? 45 deg? «
Readout time 36 sec 10 sec
POSS PTF Survey Rate 1x >9.5x

Filters R, g r', g

(Current)

New ZTF camera;

19 6k x 6K e2v CCDS Existing PTF camera

MOSAIC

Prince — 3 June 20



Table 1: Comparison of FoM for Telescopes Fast-Moving Asteroids l’

Telescope Q Miim Opsr T Ttot Diri FoM
(deg?) (arcsec) (min) (min) | (lunar) (for H=28.5)

ZTF (optimized) 47 19.8 2 0.2 0.45 7.3 728
ZTF (nominal) A7 204 2 0.5 0.75 8.6 653
PS1 or 2 7 21.8 1.1 0.5 1. 16.3 509
ATLAS 60 19.7 2.6 0.5 0.6 6.2 400
BlackGEM 22.0 20.7 1.0 1.0 1.2 8.6 173
CRTS-11 19. 19.5 2.5 0.5 0.75 5.3 65
PTF 7.25 20.2 2 1 1.5 7.3 31
P200-CMOS 0.1 22.4 1.75 -NA- 0.5 22.8 99

ZTF will be 20-25 times more effective at detecting small asteroids
than PTF. Monthly events will become daily events.

Caltech/JPL have committed about $750k to asteroid observations
with ZTF, including purchase of 2 CCDs and pipeline development

Proposal is to use ~10% of ZTF time for a survey of 30° around
Opposition every 10 days (about the time that small objects
remain visible). Quite compatible with SN observations.



