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1999 JD6: Lightcurves
● Have lightcurves from six different years
● Rotation period ~7.66 hours

JD6 on May 23-24, 1999

Pravec

JD6 on July 8-9, 2005

Polishook & 
Brosch 2008



  

1999 JD6: Lightcurves
● Have lightcurves from six different years
● Rotation period ~7.66 hours

JD6 on May 21, 2014

Warner 2014, MPB 41-4

JD6 on July 7-8, 2015

Aznar 2015, 
EURONEAR



  

1999 JD6: Radar Observations
● From Arecibo: 3 days in 2010, 6 days in 2015
● From Goldstone: 5 days (2 bistatic) in 2015

Goldstone 
(70 m)

Green Bank 
(100 m)

Arecibo (305 m)



  



  

JD6: Radar Observations
● From Arecibo (monostatic), July 15

– Asteroid was 0.13 au away



  

1999 JD6: Shape Modeling
● July 23, 2015 (DSS-14 monostatic): Very 

narrow bandwidth! Line of sight 2° from pole

B=
4πD cosϕ

λ0P spin



  

● July 23, 2015: 
Line of sight 
passed about 
2° from the 
pole position

● The two 
marked 
positions are 
equal distances 
from the arc; 
only one of 
them matches 
the observed 
rotation phases



  



  

Goldstone to GBT
● Night of closest approach

0.048 au = 19 lunar distances
Doppler → D

e
lay →



  

1999 JD6: First Shape Models
● Left: Spherical harmonic
● Right: Two ovoids (not overlapping)



  

1999 JD6: Early Shape Model
● Dimensions: 3.0 km × 1.2 km × 0.9 km

– Volumetric mean diameter 1.4 km
● Sidereal rotation period ~7.66 hours

– Already known from lightcurves
● Pole position most likely (λ, β) ≈ (36, +77)) ≈ (36, +77)

– Or possibly (220, -73)

?



  

1999 JD6: Later Shape Model
● Dimensions: 2.75 km × 1.21 km × 0.98 km

– Volumetric mean diameter: 1.33 km
● Sidereal rotation period: 7.6644 hours

– Uncertainty: 0.0003 hours ≈ 1 second
● Pole position: (λ, β) ≈ (36, +77)) = (220.5°, -73.4°) ± 0.5°

?



  

1999 JD6: Later Shape Model
● Dimensions: 2.74 km × 1.11 km × 0.99 km

– Volumetric mean diameter: 1.34 km
● Sidereal rotation period: 7.6644 hours

– Uncertainty: 0.0003 hours ≈ 1 second
● Pole position: (λ, β) ≈ (36, +77)) = (220.5°, -73.4°) ± 0.5°

???



  

1999 JD6: Penultimate Shape Model
● Individual triangular facets, as seen with 

Blender
– https://www.blender.org/



  

1999 JD6: Penultimate Shape Model
● Dimensions: 2.97 km × 1.25 km × 1.03 km

– Volumetric mean diameter: 1.45 km
● Sidereal rotation period: 7.6643464 hours

– Uncertainty: 0.0000056 hours ≈ 20 milliseconds
● Pole position: (λ, β) ≈ (36, +77)) = (220.3°, -73.43°) ± 0.2°



  

1999 JD6: Final Shape Model
● Dimensions: 2.93 km × 1.26 km × 1.05 km

– Volumetric mean diameter: 1.48 km
● Sidereal rotation period: 7.6643463 hours

– Uncertainty: 0.0000056 hours ≈ 20 milliseconds
● Pole position: (λ, β) ≈ (36, +77)) = (220.4°, -73.41°) ± 0.2°



  

1999 JD6: Bad Shape Model
● That spike probably isn’t real...

!!!



  

1999 JD6: Shape Modeling
● July 25, 2015: Goldstone DSS-14 bistatic to 

Green Bank Telescope
– 0.050 μs × 0.50 Hzs × 0.50 Hz
– Radar image shows two lobes, but not the “neck”

Data Model Plane-of-sky

Doppler →
D

elay →



  

1999 JD6: Shape Modeling
● July 25, 2015: DSS-14 bistatic to GBT

– 0.125 μs × 0.50 Hzs × 0.50 Hz
– Is there really a “neck”? Or should the lobes 

overlap?

Data Model Plane-of-sky

Doppler →
D

elay →



  

1999 JD6: Shape Modeling
● August 2, 2015: Arecibo monostatic

– 0.500 μs × 0.50 Hzs × 0.48 Hz
– Best views of this side were when JD6 was farther 

away (could only get images from Arecibo)

Data Model Plane-of-sky

Doppler →
D

elay →



  

1999 JD6: Final Shape Model
● Dimensions: 2.93 km × 1.26 km × 1.05 km

– Volumetric mean diameter: 1.48 km
● Sidereal rotation period: 7.6643463 hours

– Uncertainty: 0.0000056 hours ≈ 20 milliseconds
● Pole position: (λ, β) ≈ (36, +77)) = (220.4°, -73.41°) ± 0.2°



  

Shape Model for (8567) 1996 HW1
● From Magri et al. 

2011



  

Wavelength (microns)

Spectra of 1999 JD6 from IRTF SpeX
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Infrared Observations
● Using the NASA 

InfraRed 
Telescope 
Facility (IRTF)

● SpeX
– Full range 0.8 

to 5.0 μs × 0.50 Hzm



  

(switch to third file)
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