
Janus
A NASA SIMPLEx mission to explore two NEO Binary Asteroids
D.J. Scheeres1, J.W. McMahon1, E.B. Bierhaus2, J. Wood2, L.A.M. Benner3, C. Hartzell4, P. Hayne5, 
J. Hopkins2, R. Jedicke6, L. LeCorre7, A. Meyer1, S. Naidu3, P. Pravec8, M. Ravine9, and K. Sorli1

1The University of Colorado Boulder, USA; 2Lockheed Martin Inc, USA; 3Jet Propulsion 
Laboratory, USA; 4University of Maryland, USA; 5LASP, University of Colorado Boulder, USA; 

6University of Hawaii, USA; 7Planetary Science Institute, USA; 8Astronomical Institute of the 
Academy of Sciences, Czech Republic; 9Malin Space Science Systems Inc, USA



Malin SSS 

University of Colorado and/or Lockheed Martin Proprietary Information 
SIMPLEx 
AO: NNH17ZDA004O-SIMPLEx July 2018 
 

B-1 
Use or disclosure of data contained on this sheet is subject to the restriction on the title page of this proposal 

University of Colorado and/or Lockheed Martin Proprietary Information 

B FACT SHEET 
 
 



D.J. Scheeres, A. Richard Seebass Chair, University of Colorado at Boulder �3

Institutional Partnerships Science Team

Malin SSS 
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o Visible Imaging: L. Le Corre (PSI) — OREX, Dawn, Hayabusa2 
o IR Imaging: P. Hayne (CU-LASP) — DIVINER 

Project Management 
Spacecraft  
Mission Operations

PI Office   
Mission Oversight 

Instrument Suite

oGround-based Observers: 
oR. Jedicke (UH) 
oP. Pravec (CAS)

oRadar Astronomers: 
oL. Benner (JPL) 
oS. Naidu (JPL)
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oKya Sorli (CU-LASP) 
oChloe Long (CU)
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oSIMPLEx Lead PE: 
oC. Mercer (HQ)

oProgram Manager: 
oK. Sykes (MSFC)

oProgram Executive: 
oW. Knopf (MSFC)

oProgram Scientist: 
oM. Kelley (MSFC)

oClass D Mission oCost cap < $55M 
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Janus Mission Science: 
A first close look at binary asteroids 
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Why Study Binary Asteroids?

• Binary Asteroids are…
… ubiquitous at ~15% of the asteroid population 
… thought to form when rubble pile asteroids fission due to high spin rates
… just one of several “pathways” that small rubble pile asteroids travel down
… the key to understanding the mechanical properties of rubble pile asteroids, 
and by extension the geophysics of microgravity aggregates.  
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processes active during the birth of the solar system. In contrast, S-Type asteroids have been sub-
jected to more intense pressures and heat since their formation, making them rocky bodies that 
have been geologically processed and formed from shattered proto-planets.  

Binary asteroids are thought to form from small rubble pile asteroids (often called microgravity 
aggregates), a state of matter where gravity, inertial, mechanical, solar radiation, and molecular 
forces all compete on an equal footing [14]. The formation of binaries from rubble pile asteroids 
is but one of the many different transition and cycles that rubble pile asteroids are thought to go 
through (see Figure D.1-1 for a current understanding of these processes and where binaries lie 
along the way). Thus, the study of binary asteroids is really the study of how rubble pile asteroids 
evolve. Since rubble piles are microgravity aggregates, their study also sheds light on the mechan-
ics of this state of matter, which existed in the proto-planetary disc at the dawn of the solar system 
[5-19] and still exist in many different forms across the solar system, such as reaccreted asteroids 
[20-22], planetary rings [23-28], and active asteroids [29-31].  

One key insight that Janus provides is to understand whether the binary formation process 
that has occurred for both of our target asteroids can be distinguished by their relative chemistry 
(i.e., asteroid type), or whether they are defined by their existence as microgravity aggregates. 
This will establish the importance of material chemistry for understanding microgravity aggre-
gate mechanics, with significant implications for how microgravity aggregates can be studied.  

  

Figure D.1-1 Current understanding of the physical evolutionary pathways that drive small 
rubble pile asteroids. Janus will study binary asteroid 1996 FG3, determined to be in a long-
term stable end state of the primitive body evolutionary processes, and 1991 VH, determined  
to still be traveling on its evolutionary pathway. Comparisons with singleton asteroids will  

give key insights. Key Refs: A:[1]; B:[2]; C: [3]; D:[4]; E:[5]; F:[6]; G:[7]; H:[8] 

Janus targets are key to understanding the physical evolutionary 
pathways that drive rubble pile asteroids

Janus targets diverse binaries 
at key points along their 
evolutionary pathway:

1991 VH is in its chaotic 
orbital evolution phase and 
is an S Type.

1996 FG3 is in a stable end-
state and is a C Type. 

Observing a diversity of 
binary bodies with one 
mission will give fundamental 
insight into rubble pile bodies 
in the solar system.
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Relative size of systems

System and Encounter Details 1996 FG3 1991 VH

Diameter of primary 1690 m 1040 m

Diameter of secondary 490 m 420 m

Orbit semimajor axis 2520 m 3295 m

Spacecraft close approach distance 70 ± 10 km 70 ± 10 km

Encounter speed 4-5.5 km/s 2.8-3.7 km/s

Approach phase angle 97°-120° 65°-80°

Binary asteroid system details and 
spacecraft flyby conditions are similar. 
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The Janus instrument suite has high-heritage 
and proven performance
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JCam supports visible and near-IR imaging of our target binaries. 
JCam is provided by Malin SSS, with detectors and electronics copied from proven instruments. 
JCam DVR allows for on-board data compression, windowing and selective downloading of images.
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Science Observations During Flyby
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Goal I:  How Do Binary Asteroids Form?
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Weak Interior —> Internal FailureMultiple Component —> Fission

Regolith flows to equator
Secondary accumulated in orbit
Similar secondary and primary 
surfaces?

Cavity or scar on the surface
Evidence of secondary fission:
Infall on primary
Fission evidence on secondary

Outcropping of equator
Secondary accumulated in orbit:
Potential for a “seed” larger 
component from equator

Lack of regolith flows

Imaging provides morphology -> insight on formation

Strong Interior —> Surface Shedding
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Goal II, SO3:  Asteroid (175706) 1996 FG3
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Goal II, SO4:  Asteroid (35107) 1991 VH
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Secondary model constrained only
Primary model (still in development)

Asynchronous binary — secondary is in a chaotic spin state
S Type binary asteroid — why do both FG3 and VH look the same?
Complex spin state provides an opportunity to constrain the 
secondary inertia tensor
Observations can test theories for its excited state. 
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Janus Summary

• Janus will provide the first high resolution, scientific observations of NEO binary 
asteroid systems that have significant diversity

• Janus can provide insight into the mechanics of rubble pile bodies, and into 
microgravity geophysical processes in general

• Janus defines a new S/C and mission profile that can provide a responsive scientific and 
planetary defense capability for NEO characterization 

• Janus has passed PDR and is confirmed by NASA! 
• Janus is ready and able to serve as an inaugural member of NASA’s SIMPLEx Program
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Opening a Portal 
               to Understand Rubble Pile Asteroids




