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Goldstone Solar System Radar — DSS14

* 70 mdiameter antenna
e X-band (8560 MHz, 3.5 cm)
* transmit power of 440 kW

* Fully steerable antennae, covers 80% of
the sky; tracking speed up to ¥ deg/sec

* Radiation clearance up to 20 deg above
the horizon

* Radar observations of NEOs require
orbital solutions with pointing better




Recent Radar Observations at Goldstone

Observed 89 NEOs in last 3 years (~400 observing hours/year)

50% were Potentially Hazardous Asteroids (PHA)

,,0% were Targets-Of-Opportunity ( )

20% were Near-Earth Object Human Space Flight Accessible Targets
Study (NHATS):
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Radar modes used in asteroid observations
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* Echo power measured in both Doppler binary
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“Spacecraft” Goldstone

Radar Observations of (4179) Toutatis
- Dimensions: 1.9gx2.4x4.6 km,_P1=7.35 days, P2=5.41 days

Distance from radar

surface boulder

surface boulders



It came from the South: 2012 DA14!
Asteroid 2012 DA14: Close Approach to Earth, Feb. 15, 2013
The closest flyby of a ~40 m object that we know of to date
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Goldstone Radar Images of 2012 DA14

Bistatic DSS-14 to DSS-13 sequence of radar images ~7.8 hours long

- - - o L . i - .-
- o - P 0 -y > ™ -
- il - - an - s v -
- - - -,y ] Ll - - -
- o L L e . .




Target Of Opportunity: 2014 HQ124

* Discovered by NEOWISE at declination of -72 deg (A. K. Mainzer et al.) on Apr 23, 2014

* Closest approach at 3.2 lunar distances on Jun 8

* Astrometry reported by optical observers in New Zealand, Australia, and Chile was crucial!
* D~330m (thermal modeling), ~20 h rotation period (lightcurves)

Beriidi dtal’ 26is 3.75 m resolution, 16 min of data / frame
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From radar data to full physical characterization

2007 PA8 3-D shape model reconstructed from Goldstone radar data

Simulated radar echo Plane-of-sky view




Future Plans for Goldstone

* More bistatic experiments with Arecibo

* Plans for bistatic experiments with the Green Bank Telescope (200 m antenna), 3-fold
increase in SNRs; GBT will also be able to receive 40 MHz chirp (3.75 m)

* DSS-13 (34 m antenna) will soon have 8o MHz chirp (1.875 m) capability (TX power of 8o
kW); bistatic experiments with GBT and Arecibo, also other 34m antennae at Goldstone

Outstanding Radar Targets in 2015
Jan 27: (357849) 2004 BL86

-3.1 lunar distances, D~5oo m
-closest approach of the object this size that we know until 2027 (1999 AN10)
-as good if not better than 2014 HQ12
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GSSR subsystem interfaces
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