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Near-­‐Earth	
  Object	
  Camera	
  
(NEOCam)	
  

•  NEOCam's	
  primary	
  science	
  objecAves	
  are	
  
threefold:	
  
–  To	
  assess	
  the	
  present-­‐day	
  risk	
  of	
  near-­‐Earth	
  

object	
  (NEO)	
  impact.	
  
–  To	
  study	
  the	
  origin	
  and	
  ulAmate	
  fate	
  of	
  our	
  solar	
  

system's	
  asteroids.	
  
–  To	
  find	
  the	
  most	
  suitable	
  NEO	
  targets	
  for	
  future	
  

exploraAon	
  by	
  robots	
  and	
  humans.	
  

•  Discovery	
  proposal	
  submiMed	
  in	
  2005,	
  2010	
  
–  Awarded	
  technology	
  development	
  in	
  2010	
  

•  Wide-­‐field	
  imager	
  operaAng	
  at	
  2	
  wavelengths:	
  
4-­‐5	
  &	
  6-­‐10	
  µm	
  

•  Mission	
  to	
  discover	
  &	
  characterize	
  2/3	
  of	
  near-­‐
Earth	
  objects	
  (NEOs)	
  >140m,	
  many	
  smaller	
  NEOs,	
  
Main	
  Belt	
  asteroids,	
  comets	
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•  WISE/NEOWISE,	
  Spitzer,	
  Kepler	
  
– WISE/Spitzer	
  instrument	
  heritage	
  
–  Spitzer	
  passive	
  cooling	
  
– WISE/NEOWISE	
  data	
  processing	
  
–  Kepler/WISE	
  spacecra`	
  bus	
  

•  Partners:	
  JPL,	
  Ball	
  Aerospace,	
  Space	
  Dynamics	
  Lab,	
  
Teledyne	
  Imaging	
  Sensors,	
  IPAC	
  
–  Competed	
  selecAon	
  of	
  partners	
  managed	
  by	
  small	
  team	
  at	
  
JPL	
  

–  Science	
  team	
  includes	
  experts	
  in	
  small	
  bodies,	
  IR	
  
telescopes,	
  detectors	
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•  WISE	
  imaged	
  enAre	
  sky	
  in	
  4	
  IR	
  
wavelengths	
  over	
  1	
  year	
  mission	
  
–  Partners:	
  JPL,	
  SDL,	
  Ball,	
  IPAC,	
  
Teledyne,	
  DRS	
  

•  NEOWISE	
  augmentaAon	
  allowed	
  
detecAon	
  &	
  discovery	
  of	
  new	
  
minor	
  planets	
  
–  Physical	
  parameters	
  determined:	
  
diameters,	
  albedos,	
  etc.	
  

–  Albedo-­‐insensiAve	
  survey	
  detects	
  
bright	
  and	
  dark	
  asteroids	
  equally	
  
well	
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Aug.	
  5,	
  2010	
  
Lost	
  22	
  µm	
  

Sept.	
  29,	
  2010	
  
Lost	
  all	
  12	
  µm	
  	
  

Sept.	
  29,	
  2010	
  
	
  -­‐	
  Feb.	
  1,	
  2011	
  
3.4	
  &	
  4.6	
  µm	
  only	
  	
  

NEOs	
  –	
  NEOWISE-­‐discovered	
  
NEOs	
  –	
  others’	
  detected	
  
Comets	
  –	
  others’	
  detected	
  
Comets	
  –	
  NEOWISE-­‐discovered	
  
All	
  other	
  detected	
  objects	
  
	
  

1	
  YEAR	
  NEOWISE	
  SURVEY	
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Revised NEA Size  
Frequency Distribution 

•  Spaceguard goal met: >90% of NEAs 
>1 km now discovered 

•  New result shows much shallower 
SFD: slope is -1.32+/-0.14 

•  Produces fewer NEOs down to 
~100m 

•  20,500+/-3000 @ 100m vs. prior 
estimates of 36,000 – 100,000  

•  Previous work (Harris 2008) shows 
another break at ~100 m, showing 
increase in slope below this size, 
below 100m, we cannot say (only 4 
objects <100m detected) 

–  Mainzer et al. 2011 ApJ 743, 156 
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NEOCam’s	
  
Orbit	
  –	
  Why	
  L1	
  

•  Earth-­‐Sun	
  L1	
  Lagrange	
  point	
  allows	
  
large	
  fracAon	
  of	
  Earth’s	
  orbit	
  to	
  be	
  
visible	
  at	
  any	
  Ame	
  

•  Cold	
  environment	
  allows	
  passive	
  
cooling	
  c.f.	
  Spitzer	
  Warm	
  Mission	
  

•  Constant	
  close	
  distance	
  (~1e6	
  km)	
  
allows	
  full-­‐frame	
  data	
  to	
  be	
  
downlinked,	
  leveraging	
  WISE/
NEOWISE	
  science	
  data	
  processing	
  
heritage	
  

•  L1	
  orbit	
  has	
  heritage	
  from	
  SOHO,	
  
Genesis	
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•  Teledyne	
  Imaging	
  Sensors	
  HAWAII	
  1RG	
  and	
  2RG	
  HgCdTe	
  detectors	
  selected	
  for	
  
NEOCam	
  

•  Space	
  astronomy	
  heritage:	
  WISE,	
  Hubble	
  WF3,	
  OCO-­‐2,	
  JWST	
  

•  We	
  are	
  fabbing	
  &	
  tesAng	
  new	
  lots	
  of	
  detectors,	
  funded	
  by	
  NASA	
  Discovery	
  &	
  APRA	
  
–  5	
  µm	
  cutoff	
  arrays	
  are	
  TIS	
  standard	
  product	
  
–  10	
  µm	
  cutoff	
  material	
  is	
  created	
  by	
  altering	
  Hg:Cd	
  raAo,	
  bonded	
  to	
  HAWAII	
  

1RG	
  WISE/OCO	
  mux	
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•  4	
  goals	
  for	
  NEOCam	
  detector	
  development:	
  	
  
–  Increase	
  cutoff	
  wavelength	
  to	
  ~10	
  µm:	
  DONE	
  
–  Increase	
  %	
  pixels	
  meeAng	
  dark	
  current	
  spec	
  to	
  

>=90%:	
  DONE	
  
–  Increase	
  operability	
  (well	
  depth):	
  DONE	
  
–  Increase	
  format	
  from	
  512x512	
  to	
  1024x1024	
  

pixels:	
  DONE	
  
•  McMurtry	
  et	
  al.	
  2013	
  accepted	
  to	
  Journal	
  of	
  

OpAcal	
  Engineering	
  

Operability vs. Temperature 
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NEOCam	
  
Science	
  Data	
  Processing	
  

•  LocaAon	
  @	
  L1	
  allows	
  full-­‐frame	
  data	
  to	
  be	
  downlinked	
  
–  Leverages	
  exisAng	
  science	
  data	
  processing	
  pipeline	
  &	
  archive	
  heritage	
  from	
  

WISE/NEOWISE	
  
•  When	
  discovering	
  new	
  objects,	
  most	
  are	
  found	
  at	
  low	
  SNR	
  
•  Success	
  at	
  detecAng	
  sources	
  &	
  linking	
  into	
  tracklets	
  depends	
  on	
  accurate	
  arAfact	
  

ID,	
  astrometric	
  &	
  photometric	
  calibraAon	
  
•  Developing	
  &	
  tesAng	
  NEOCam	
  cadence	
  via	
  syntheAc	
  survey	
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•  Detailed	
  survey	
  simulaAon	
  (Mainzer	
  et	
  al.	
  2013	
  in	
  prep)	
  using	
  
syntheAc	
  populaAons	
  based	
  on	
  NEOWISE	
  results	
  comparing	
  L1	
  vs.	
  
Venus-­‐trailing	
  orbits	
  
–  Mainzer	
  et	
  al.	
  2011,	
  2012;	
  Grav	
  et	
  al.	
  2011;	
  BoMke	
  et	
  al.	
  2002	
  

•  Survey	
  sim	
  includes	
  generaAon	
  of	
  realisAc	
  source	
  lists,	
  including	
  
stars	
  &	
  galaxies	
  based	
  on	
  WISE	
  &	
  Spitzer	
  data	
  

•  Adapted	
  asteroid-­‐hunAng	
  pipeline	
  from	
  WISE/NEOWISE/
PanSTARRS	
  to	
  work	
  with	
  new	
  cadence	
  

•  Survey	
  sim	
  accounts	
  for	
  trailing	
  losses	
  by	
  predicAng	
  on-­‐sky	
  velocity	
  
and	
  using	
  model	
  of	
  SNR	
  losses	
  when	
  objects	
  are	
  trailed	
  –	
  assumes	
  
trailing	
  losses	
  work	
  the	
  same	
  for	
  both	
  surveys	
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Survey	
  Sim	
  Results	
  	
  
for	
  NEOs	
  >140	
  m	
  

•  Using	
  Fast	
  RotaAng	
  Model	
  of	
  Harris	
  1998	
  to	
  model	
  
thermal	
  fluxes	
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•  Survey	
  simulaAons:	
  L1	
  is	
  right	
  choice	
  for	
  
NEOCam	
  from	
  cost/risk/performance	
  
perspecAve	
  

•  Detectors	
  exceed	
  spec	
  

•  Will	
  repropose	
  to	
  next	
  Discovery	
  AO	
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