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•  Minor	  Planets	  (~350.000)	  
–  Most	  of	  them	  already	  known	  

•  Comets	  
•  «	  Small	  »	  planetary	  satellites	  
•  Gaia	  will	  NOT	  collect	  observaUons	  of	  «	  large	  »	  

bodies	  (>	  600	  mas)	  
•  Expected	  data:	  astrometry,	  low-‐resoluUon	  

spectroscopy	  (~25	  bands)	  and	  photometry	  

Gaia	  and	  the	  Solar	  System	  

6(?)	  <	  V	  <	  20,	  size	  <600	  mas	  
~70	  observaUons	  /	  object	  (up	  to	  ~200)	  	  
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Velocity	  distribuUon	  

moUon	  detectable	  during	  a	  single	  
observaUon	  (=	  transit	  on	  the	  focal	  plane)	  

Val	  

Vac	  
σ	  ~	  7	  mas/s	  

σ	  ~	  12	  mas/s	  

mas/s

%

-40 -30 -20 -10 0 10 20 30 40
0

1

2

3

4

5

6

7

8 along-scan 

mas/s

%

-40 -30 -20 -10 0 10 20 30 40
0

1

2

3

4

5
across-scan 

Gaia	  FUN	  SSO	  III	  -‐	  Paris,	  24-‐11-‐2014	  



Gaia scanning the ecliptic 
Solar	  System	  objects,	  only	  at	  preferred	  elongaUons	  
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Phase	  angles	  
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Length	  of	  detecUon	  sequences	  
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Gaia	  single-‐epoch	  astrometric	  accuracy	  

Final	  aktude,	  single	  FoV	  transit,	  point-‐like	  
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Photometric	  accuracy	  

Pise,  04 May, 2011 34

Photometric Performance over a transit
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Measured	  photometric	  accuracy	  

Hipparcos	  accuracy	  (at	  V	  <	  7)	  
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IdenUfied	  data	  processing	  goals	  
•  SystemaUc	  survey	  -‐	  discoveries	  possible	  
•  Orbits	  :	  X	  100	  improvement	  
•  Perihelion	  precession	  for	  300	  planets	  	  :	  GR	  tests	  
•  Masses	  from	  close	  encounters	  ~	  100	  masses	  expected	  
•  Discoveries	  of	  new	  objects	  

•  Diameter	  for	  over	  100s	  asteroids	  (à	  density)	  
•  Binary	  asteroids	  (separate	  sources	  >	  120	  mas)	  
	  
	  
•  Spectro-‐photometric	  data:	  composiUon,	  taxonomic	  classificaUon	  
•  Light	  curves	  over	  5	  years	  :	  rotaUon,	  pole,	  shape.	  
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DPAC:	  two	  pipelines	  for	  the	  science	  goals	  

•  Daily	  processing	  
–  Processing	  of	  «	  new	  »	  asteroids	  or	  ambiguous	  idenUficaUons	  
–  Per-‐object,	  on	  48h	  Ume	  frames	  
–  Preliminary	  astrometric	  soluUon	  
–  Preliminary	  calibraUon	  
	  

•  Long	  –term	  processing	  
–  All	  sources	  
–  Best	  calibraUons,	  best	  astrometric	  model	  
–  Devoted	  to	  obtain	  the	  best	  possible	  final	  output	  of	  the	  
mission	  

Rapid	  delivery	  of	  astrometry	  
to	  MPC	  and	  ground-‐based	  
alert	  network	  
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•  1	  source	  out	  of	  2500	  is	  a	  SSO	  

•  SSO	  rate	  in	  the	  Gaia	  FOVs:	  ~	  1	  SSO	  /	  6	  s	  (	  =	  12.000	  /day)	  
	  

•  Moving	  objects	  idenUficaUon:	  
–  cannot	  proceed	  as	  for	  the	  stars	  (cross	  -‐	  matching)	  
–  MoUon	  detecUon:	  poor	  accuracy	  during	  a	  single	  transit	  (~40	  
seconds)	  

–  needs	  an	  orbit	  catalogue	  (not	  all	  orbits	  are	  «	  good»)	  

•  Problems	  
–  PotenUally	  «	  new	  »	  asteroids:	  relies	  upon	  cross-‐matching	  
efficiency	  (by	  the	  Intermediate	  Data	  Processing)	  

–  Short-‐arc	  orbit	  determinaUon	  (2-‐3	  transits)	  for	  ground-‐based	  
follow-‐up	  

The	  challenges	  of	  data	  reducUon	  
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The	  whole	  data	  pipeline	  
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How	  SSO	  are	  selected	  for	  CU4?	  
•  A	  result	  of	  the	  Ini$al	  Data	  Treatment	  

–  Cross	  –	  matching	  of	  sources	  	  
with	  previous	  observaUons	  
	  …or	  with	  a	  catalogue	  

at	  the	  beginning	  of	  the	  mission	  	  
	  
–  NegaUve	  cross	  match:	  
	  PotenUally	  moving/variable	  sources	  

	  
•  Unmatched	  sources	  are	  sent	  to	  CU4	  as	  potenUal	  SSOs	  
•  Key	  issue:	  efficiency	  of	  IDT	  cross-‐matching	  

–  In	  OR#3:	  ~8%	  unmatched	  sources	  (!)	  

t1 

t2 
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DetecUon	  of	  asteroid	  4997	  Ksana	  
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(54)	  Alexandra	  
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Daily	  pipeline	  scheme	  
for	  SSO	  (SSO-‐ST)	  

IDT	  
IniUal	  Data	  Treatment	  

Comparison	  to	  ephemeris	  	  
of	  known	  objects	  	  

Linking	  of	  observaUons	  	  
over	  ~48	  hours	  
into	  «	  bundles	  »	  
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Core	  of	  the	  daily	  chain	  
•  Short	  arc	  threading	  (bundling)	  

–  2-‐3	  consecuUve	  transits	  are	  frequent	  
–  Algorithm	  based	  on	  velocity	  extrapolaUon	  

•  Short	  arc	  orbit	  determinaUon	  
–  It	  exploits	  single	  CCD	  observaUons	  
–  StaUsUcal	  method	  :	  Markov-‐Chain	  Monte-‐Carlo,	  MCMC	  à	  bundle	  of	  orbits	  

Gaia	  observaUons	  

Orbit	  bundle	  

Search	  region	  on	  the	  sky	  Highly	  sensiUve	  to:	  
-‐  Spacing	  of	  the	  observaUons	  
-‐  Astrometric	  accuracy	  	  
-‐  Delay	  of	  the	  alert	  
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3	  issues	  for	  the	  SSO-‐ST	  chain	  
•  Completeness	  of	  the	  data	  

–  48h	  data	  segments	  needed	  for	  the	  processing	  (8	  satellite	  
rotaUons)	  /	  each	  day	  

•  Alert	  mode:	  it	  requires	  a	  rather	  “clean”	  input	  
–  A	  large	  amount	  of	  “contaminants”	  can	  prevent	  to	  pick	  up	  the	  
few	  unknown	  asteroids	  

•  Astrometric	  accuracy	  
–  Only	  a	  “daily”	  astrometric	  soluUon	  available	  
–  …improvement	  expected	  over	  Ume	  
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Recent	  steps	  
•  Tests	  on	  known	  objects	  

•  June	  19,	  2014:	  chain	  running,	  end-‐to-‐end	  
–  Data	  in	  NSL	  phase,	  end	  of	  May	  
–  Problem:	  completeness	  
–  Large	  astrometric	  uncertainty	  (à	  calibraUon	  problem)	  

•  November	  3	  –	  new	  test	  results	  (September	  data)	  
–  DramaUc	  improvement	  in	  the	  astrometry	  
–  Puzzling	  strings	  of	  transits…	  

•  New	  test	  on	  more	  recent	  data	  
–  To	  be	  analyzed	  
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Completeness	  problem	  (now	  miUgated)	  
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Typical	  staUsUcs	  (recent	  test)	  

•  Total	  transits	  in	  input	   	   	   	   	  6.152.794	  	  
•  Filtering:	  

– mulUple	  detecUons	  	   	   	   	   	  -‐2.935.362	  
– bad	  signal	  (truncated	  etc.)	   	   	  -‐1.196.632	  

	   	   	   	   	   	   	   	   	   	   	  =	  	  	  2.020.800	  
	  

Among	  them:….	  only	  1244	  SSO	  !	  
…but	  the	  performance	  of	  IDT	  cross-‐matching	  is	  improving	  
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Dispersion	  of	  the	  astrometry	  	  
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New	  proposed	  framework	  for	  SSO-‐ST	  
•  MoUvaUons	  

–  IDT	  is	  improving	  but	  performance	  is	  unpredictable	  (we	  could	  sUll	  
have	  too	  many	  contaminants	  in	  >	  6	  months…..)	  

–  Filtering	  the	  input	  appears	  very	  difficult	  (under	  invesUgaUon)	  

•  	  Proposed	  soluUon	  
–  start	  running	  the	  SSO-‐ST	  chain	  rouUnely	  (every	  day)	  
–  ...in	  the	  mode	  used	  for	  the	  recent	  tests:	  i.e.	  on	  known	  objects	  
only.	  

•  Advantages	  
–  flexibility	  for	  tesUng	  
–  Large	  sample	  staUsUcs	  for	  checking	  detecUon/idenUficaUon	  
efficiency,	  excepUons,	  etc.	  	  

–  Possibility	  to	  acUvate	  the	  SSO	  alerts	  à	  Gaia-‐FUN-‐SSO	  
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“Transitory”	  alert	  mode	  

•  Launch	  the	  SSO-‐ST	  on	  a	  daily	  basis	  

•  IdenUfy	  interesUng	  alert	  targets	  among	  the	  “known”	  
asteroids:	  
–  NEOs	  
–  Poorly	  known	  orbits	  
–  Missing	  detecUons…	  

•  AcUvate	  alerts	  with	  validaUon	  by	  the	  Gaia-‐FUN-‐SSO	  network	  
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Thank	  you!	  	  
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