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LSST in a few figures	
  

•  OpDcal	
  telescope	
  8.4	
  m	
  diameter	
  

•  Wide-­‐field	
  camera	
  :	
  3.5°,	
  3.2	
  Gpixels	
  

•  6	
  wide-­‐band	
  filters	
  u	
  g	
  r	
  i	
  z	
  y	
  
•  Galaxies:	
  rlim=27.5	
  aTer	
  10	
  year	
  coadd.	
  

•  Final	
  catalogue:	
  1010	
  galaxies,	
  1010	
  stars	
  

•  Final	
  database	
  15	
  PetaBytes	
  

•  Weak	
  lensing	
  up	
  to	
  z	
  ~	
  3	
  

•  2,500,000	
  SNIa	
  up	
  to	
  z	
  ~	
  1	
  	
  

•  BAO:	
  3.109	
  galaxies	
  up	
  to	
  z	
  ~	
  3	
  

•  Transients	
  with	
  alerts	
  (2.106/night)	
  

•  See	
  LSST	
  science-­‐book	
  in	
  h]p://www.lsst.org	
  

http://www.lsst.org/  

M2	
  Mirror	
  
Camera	
  

M1M3	
  primary	
  
&	
  TerDary	
  mirrors	
  



Summary	
  of	
  High	
  Level	
  Science	
  Requirements	
  
Survey	
  Property	
   Performance	
  

Main	
  Survey	
  Area	
  /	
  dura<on	
   18000	
  sq.	
  deg.	
  /	
  10	
  years	
  

Total	
  visits	
  per	
  sky	
  patch	
   825	
  (1	
  visit	
  per	
  ~3-­‐4	
  nights)	
  

Filter	
  set	
   6	
  filters	
  (ugrizy)	
  from	
  320-­‐1050nm	
  

Single	
  visit	
   2	
  x	
  (15	
  second	
  exposures	
  +	
  1s	
  shuOer	
  +	
  2s	
  readout)	
  

Single	
  Visit	
  LimiDng	
  Magnitude	
  (AB	
  5σ) u	
  =	
  23.9;	
  g	
  =	
  25.0;	
  r	
  =	
  24.7;	
  I	
  =	
  24.0;	
  z	
  =	
  23.3;	
  y	
  =	
  22.1	
  

10	
  year	
  coadd.	
  Limi<ng	
  Magnitude	
   u	
  =	
  26.1;	
  g	
  =	
  27.4;	
  r	
  =	
  27.5;	
  I	
  =	
  26.8;	
  z	
  =	
  26.1;	
  y	
  =	
  24.9	
  

Photometric	
  calibraDon	
   <	
  5mmag	
  repeatability	
  &	
  colors,	
  <10mmag	
  absolute	
  	
  

Median	
  delivered	
  image	
  quality	
   ~	
  0.7	
  arcsec.	
  FWHM	
  

Transient	
  processing	
  latency	
   	
  60	
  sec	
  aTer	
  last	
  visit	
  exposure	
  

Data	
  release	
   Full	
  reprocessing	
  of	
  survey	
  data	
  annually	
  



Telescope Mount Enables 
Fast Slew and Settle 

•  Points	
  to	
  new	
  posiDons	
  in	
  the	
  sky	
  
every	
  39	
  seconds	
  (average)	
  

•  Tracks	
  during	
  exposures	
  and	
  slews	
  
3.5°	
  to	
  adjacent	
  fields	
  in	
  ~	
  4	
  s	
  	
  

Site quality 

•  1	
  year	
  study	
  
•  Median	
  seeing	
  

@500nm	
  :	
  0.65	
  ’’	
  



System	
  throughput	
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  -­‐	
  Atmospheric	
  transmission	
  
	
   	
  -­‐	
  OpDcs	
  
	
   	
  -­‐	
  Detector	
  QE	
  
	
   	
  -­‐	
  Filters	
  



Cyber	
  infrastructure	
  is	
  defined	
  and	
  capacity	
  
has	
  been	
  idenDfied	
  to	
  handle	
  data	
  volume	
  

Archive	
  /Data	
  
Center	
  

Data	
  Release	
  ProducDon	
  
at	
  IN2P3	
  



LSST	
  main	
  survey	
  deliverable	
  

median	
  maximum	
  gap	
  (in	
  days)	
  in	
  
observa4ons	
  near	
  SN	
  light	
  curve	
  peak	
  

 « 4D » object mapping (stars, galaxies...) 
of 18,000 sq. deg. to an uniform depth 

 - (α,δ) positions on the sky 
 - Photometric redshifts z 
 - Time variations 

-> SN, lensing, AGN… 

Other	
  survey	
  modes	
  
~10%	
  of	
  <me	
  	
  ~1h/night	
  	
  
Very	
  Deep	
  +	
  fast	
  Dme	
  
domain	
  +	
  special	
  zones	
  
(eclip<c,	
  galac<c	
  plane,	
  
Magellanic	
  clouds)	
  



SDSS-LSST comparison: LSST=d(SDSS)/dt, LSST=SuperSDSS

SDSS

LSST (Subaru)

(Deep Lens Survey)

3x3 arcmin, gri

SDSS

20x20 arcsec; lensed SDSS quasar  !
(SDSS J1332+0347, Morokuma et al. 2007)

Now	
  



SDSS-LSST comparison: LSST=d(SDSS)/dt, LSST=SuperSDSS

SDSS

LSST (Subaru)

(Deep Lens Survey)

3x3 arcmin, gri

SDSS

20x20 arcsec; lensed SDSS quasar  !
(SDSS J1332+0347, Morokuma et al. 2007)

Expected	
  
in	
  LSST	
  



The	
  Science	
  Enabled	
  by	
  LSST	
  
(see	
  science	
  book:	
  arXiv:0912.0201)	
  	
  

•  Time	
  domain	
  science	
  	
  
–  Nova,	
  supernova,	
  GRBs,	
  GW	
  	
  
–  Source	
  characterizaDon	
  
–  GravitaDonal	
  microlensing	
  	
  
–  Interstellar	
  scinDllaDon	
  	
  

•  Finding	
  moving	
  sources	
  
–  Asteroids	
  and	
  comets	
  
–  Proper	
  mo<ons	
  of	
  stars	
  

•  Mapping	
  the	
  Milky	
  Way	
  
–  Tidal	
  streams	
  
–  Galac<c	
  structure	
  

•  Dark	
  energy	
  and	
  dark	
  ma]er	
  
–  Gravita<onal	
  lensing	
  
–  Supernovae	
  studies	
  
–  Large	
  scale	
  structures	
  (incl.	
  BAO)	
  
–  Slight	
  distor<on	
  in	
  shape	
  
–  -­‐>	
  Trace	
  the	
  nature	
  of	
  dark	
  energy	
  



The	
  transient	
  sky	
  

Decay	
  Time	
  (days)	
  

Detection of transients 
announced within 60s. 

Expect ~ 1-10 million per night 



The	
  transient	
  sky	
  

Microlensing	
  Interstellar	
  
scinDllaDon	
  

By	
  massive	
  
BH	
  

Decay	
  Time	
  (days)	
  

-­‐2	
  -­‐	
  

0	
  -­‐	
  
+2	
  -­‐	
  



The	
  transient	
  sky	
  

Microlensing	
  Interstellar	
  
scinDllaDon	
  

By	
  massive	
  
BH	
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Not	
  only	
  point-­‐sources	
  
•  LSST	
  will	
  extend	
  <me-­‐volume	
  space	
  a	
  thousand	
  
<mes	
  over	
  current	
  surveys	
  (new	
  classes	
  of	
  object?)!	
  	
  

•  Not	
  only	
  point	
  sources	
  -­‐	
  echo	
  of	
  a	
  supernova	
  
explosion	
  

 !
Not only point sources - echo of a supernova explosion:    

Becker et al.

As many variable stars from LSST, as all stars from SDSS!!
Data stream of alerts within 60 seconds                 

However, the above is left for “Level 3” (i.e. not done by LSST)

LSST will extend time-volume space a thousand times 
over current surveys (new classes of object?)!



LSST	
  visits	
  

the	
  total	
  number	
  of	
  visits	
  is	
  2.45	
  million,	
  with	
  
-­‐  85.1%	
  spent	
  on	
  the	
  Universal	
  proposal	
  (the	
  main	
  

deep-­‐wide-­‐fast	
  survey)	
  

-­‐  6.5%	
  on	
  the	
  North	
  EclipDc	
  proposal	
  

-­‐  1.7%	
  on	
  the	
  GalacDc	
  plane	
  proposal	
  

-­‐  2.2%	
  on	
  the	
  South	
  CelesDal	
  pole	
  proposal	
  

-­‐  4.5%	
  on	
  the	
  Deep	
  Drilling	
  proposal	
  (5	
  fields)	
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LSST Observing Cadence 
h<ps://www.youtube.com/watch?v=PKNaI3fAST4	
  

•  Pairs	
  of	
  15s	
  exposures	
  (to	
  25	
  mag)	
  per	
  
visit	
  to	
  a	
  given	
  posi<on	
  in	
  the	
  sky	
  

	
  -­‐>	
  cosmic	
  ray	
  rejec.on	
  
•  Visit	
  the	
  posi<on	
  again	
  during	
  the	
  
night	
  with	
  another	
  pair	
  of	
  exposures	
  

•  Number	
  of	
  9.6	
  deg2	
  FOV	
  visits/night:	
  
900	
  (1	
  or	
  2	
  bands)	
  

• main	
  survey	
  fields:	
  
visited	
  every	
  ~3	
  days	
  (random	
  color-­‐
band)	
  and	
  every	
  ~15	
  days	
  in	
  r	
  band	
  

•  Deep-­‐Drilling:	
  	
  
1	
  hour/night.	
  50	
  consecu<ve	
  15s	
  
exposures	
  x	
  4	
  filters	
  

• Median	
  slew	
  <me	
  between	
  visits=	
  5s	
  
•  Average	
  slew	
  <me	
  between	
  visits=12s	
  



Science	
  with	
  Trigger	
  <-­‐>	
  LSST	
  
LSST	
  alerts	
  -­‐>	
  immediate	
  trigger	
  follow-­‐up	
  for	
  specific	
  events	
  

	
  -­‐	
  Microlensing	
  (with	
  caus<c	
  crossing)	
  -­‐>	
  Dark	
  ma<er	
  
	
  -­‐	
  SNs	
  -­‐>	
  Cosmology	
  
	
  -­‐	
  Asteroids	
  -­‐>	
  Save	
  the	
  Earth!	
  
	
  -­‐	
  …	
  

Search	
  for	
  opDcal	
  counterparts	
  AND	
  trigger	
  follow-­‐up	
  
	
  -­‐	
  GW	
  -­‐>	
  Hubble	
  constant	
  (with	
  spectro-­‐z)	
  
	
  -­‐	
  GRB	
  amerglows	
  
	
  -­‐	
  Neutrino	
  sources	
  
	
  -­‐	
  High	
  Energy	
  cosmic	
  ray	
  sources	
  

LSST	
  Searches	
  triggered	
  by	
  others	
  ?	
  
	
  -­‐	
  For	
  excep<onal	
  opportuni<es	
  only	
  (LSST	
  is	
  a	
  survey):	
  GW	
  

counterparts	
  can	
  be	
  found	
  with	
  a	
  few	
  LSST-­‐poin<ngs,	
  follow-­‐up	
  by	
  others	
  
	
  -­‐	
  needs	
  negligible	
  false	
  posi<ve	
  

-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐	
  Time	
  criDcal,	
  needs	
  careful	
  specific	
  filtering	
  -­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐
BUT	
  specific	
  LSST	
  alerts	
  can	
  also	
  be	
  used	
  later	
  

	
  -­‐	
  to	
  retroac<vely	
  search	
  for	
  GW	
  events	
  in	
  the	
  interferometers	
  records	
  
	
  -­‐>	
  Poten<al	
  factor	
  2	
  for	
  GW	
  searches;	
  what	
  about	
  GRB	
  amerglows?	
  



LSST	
  alerts…	
  

Transients	
  detected	
  (+	
  or	
  -­‐	
  5σ)	
  in	
  difference	
  images	
  (current	
  -­‐	
  
coadded	
  templates),	
  called	
  DIASources,	
  reported	
  in	
  60s	
  
-­‐  Broker:	
  Filter	
  a	
  stream	
  of	
  ~	
  2	
  million	
  DIAsources/night:	
  

Variable	
  stars,	
  SNe,	
  asteroids,	
  and	
  «	
  everything	
  else	
  »	
  
	
  -­‐>	
  Robust	
  filtering	
  
	
  (remove	
  false	
  detec.ons)	
  

	
  
Given	
  a	
  stream	
  of	
  ~	
  10,000	
  DIASources	
  every	
  ~	
  40s	
  (per	
  10	
  deg2	
  field)	
  

-­‐	
  Asteroids	
  will	
  dominate	
  on	
  the	
  Eclip<c,	
  become	
  insignificant	
  >30°	
  from	
  it.	
  
-­‐	
  Variable	
  stars	
  (~	
  1	
  %	
  of	
  all	
  stars)	
  will	
  dominate	
  in	
  the	
  Galac<c	
  plane,	
  always	
  
significant	
  (~	
  400/field	
  @	
  Galac<c	
  pole)	
  	
  
-­‐  Quasars	
  will	
  contribute	
  up	
  to	
  500/field	
  (but	
  likely	
  several	
  <mes	
  lower)	
  
-­‐  SNe	
  will	
  contribute	
  up	
  to	
  about	
  100/field	
  

Discovery	
  rate	
  of	
  new	
  transients	
  will	
  drop	
  fast	
  (factor	
  of	
  ~	
  100	
  aTer	
  2	
  years)	
  
new	
  DIASources	
  will	
  become	
  dominated	
  by	
  cataclysmic	
  variable	
  stars	
  and	
  quasars	
  

Detection of transients 
announced within 60s. 

Expect ~ 2 million per night 



Alert	
  
generaDon	
  
Pipeline	
  



Alert	
  distribuDon	
  and	
  post	
  processing	
  



Delivery	
  (60s)	
  
•  Posi<ons	
  (0.1’’),	
  shapes	
  (moments),	
  PSF,	
  fluxes	
  (in	
  the	
  
current	
  passband)	
  and	
  (co)variances	
  

•  Es<ma<on	
  of	
  the	
  alert	
  confidence	
  level	
  
•  Deliver	
  a	
  30x30	
  pixels	
  patch	
  on	
  difference	
  image,	
  and	
  
reference	
  image	
  (with	
  mask	
  and	
  variance)	
  

•  6	
  months	
  of	
  history:	
  varia<ons	
  associated	
  with	
  the	
  
object	
  detected	
  in	
  the	
  difference	
  image	
  
–  Variability	
  characteris<cs	
  (but	
  no	
  astrophysical	
  
interpreta<on)	
  

–  Environment	
  (neighbouring	
  objects,	
  distances…)	
  
–  See	
  details	
  in	
  document	
  lsst/LDM-­‐151	
  

•  Alerts	
  will	
  feed	
  «	
  brokers	
  »	
  (LSST	
  has	
  its	
  own,	
  1	
  in	
  UK)	
  





SimulaDon	
  of	
  a	
  GW	
  alert	
  (1)	
  
Assume	
  GW	
  detected	
  within	
  a	
  20	
  deg2	
  box	
  

-­‐>	
  completely	
  covered	
  by	
  3	
  LSST	
  fields	
  
-­‐  t=0	
  (trigger)	
  
-­‐  t=40s	
  (average)	
  	
  LSST	
  points	
  towards	
  the	
  

GW	
  direc<on	
  
-­‐>	
  3	
  x	
  double	
  exposures:	
  3x38s;	
  search	
  
for	
  transients	
  starts	
  amer	
  1rst	
  exposure	
  

-­‐  t=154s	
  end	
  of	
  data	
  taking	
  
-­‐  t=214s	
  end	
  of	
  transient	
  processing	
  

-­‐>	
  expect	
  on	
  average	
  10K-­‐alerts	
  x	
  3	
  
-­‐  Delivery	
  to	
  distributors/brokers;	
  primary	
  

end-­‐points	
  of	
  LSST	
  alerts	
  stream	
  
	
  (hOp://voevent.org)	
  

-­‐  For	
  each	
  transient,	
  LSST	
  provides	
  
-­‐  Posi.on	
  (<0.1’’),	
  flux,	
  shape	
  of	
  source	
  
-­‐  ½	
  year	
  history	
  (light-­‐curves	
  in	
  all	
  bands)	
  
-­‐  Variability	
  characteriza.on	
  
-­‐  Stamp	
  images	
  around	
  the	
  object	
  



SimulaDon	
  of	
  a	
  GW	
  alert	
  (2)	
  
Broker:	
  Filter	
  and	
  classify	
  transients	
  
LSST	
  will	
  run	
  its	
  own	
  broker	
  for	
  fast	
  
interac<on	
  with	
  GW	
  and	
  follow-­‐up	
  teams	
  
-­‐  Remove	
  already	
  known	
  (cataloged)	
  variable	
  

objects:	
  periodic,	
  SNs,	
  asteroids…	
  
-­‐>	
  Residual	
  rate	
  of	
  new	
  transients	
  dras.cally	
  
decreases	
  (÷100)	
  aQer	
  2	
  years	
  of	
  opera.ons	
  

-­‐  ~	
  100	
  transients/field,	
  dominated	
  by	
  SNs	
  
-­‐  But	
  only	
  ~	
  10	
  of	
  these	
  SNs	
  are	
  brand	
  new	
  

-­‐>	
  Targe.ng	
  galaxies	
  not	
  necessary	
  
-­‐>	
  Follow-­‐up	
  these	
  3x10.	
  The	
  searched	
  
counterpart	
  has	
  the	
  best	
  chances	
  to	
  be	
  the	
  
brightest	
  (at	
  least	
  at	
  the	
  beginning)	
  
	
  

-­‐  Remember	
  1:	
  5σ	
  detec<on	
  limit	
  in	
  one	
  
visit	
  is	
  [22.1-­‐25]	
  depending	
  on	
  the	
  filter	
  

-­‐  Remember	
  2:	
  LSST	
  will	
  only	
  detect	
  the	
  
counterpart	
  and	
  NOT	
  monitor	
  it	
  

U	
  

G	
  

R	
  
I	
  

Z	
  

LSST	
  detec4on	
  limits	
  

Y	
  



DetecDon	
  of	
  γ-­‐ray	
  burst	
  aTerglows	
  

Visibility	
  delayed	
  
	
  depending	
  on	
  angle	
  

Predicted	
  light	
  curves	
  of	
  GRB	
  aQerglows,	
  	
  
assuming	
  a	
  source	
  redshiQ	
  z	
  =	
  1	
  

U	
  

G	
  
R	
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LSST	
  detec4on	
  limits	
  Y	
  



DetecDon	
  of	
  γ-­‐ray	
  
burst	
  aTerglows	
  

deep	
  drilling	
  fields	
  

deep	
  drilling	
  fields	
  

At	
  θobs	
  ≃	
  20°	
  only	
  the	
  closest	
  events	
  (z	
  <	
  0.5)	
  
are	
  s<ll	
  accessible	
  to	
  LSST	
  	
  



LSST	
  transient	
  :	
  things	
  to	
  know	
  
•  LSST	
  is	
  a	
  survey	
  and	
  NOT	
  an	
  observatory/facility	
  

–  The	
  consor<um	
  will	
  not	
  offer	
  open	
  <me	
  or	
  ToO	
  (GW	
  only	
  can	
  mo<vate	
  
dedicated	
  poin<ngs)	
  
don’t	
  dream	
  on	
  requests	
  like:	
  Ask	
  for	
  one	
  month	
  to	
  survey	
  this	
  or	
  that	
  

–  ~	
  half	
  of	
  the	
  sky	
  visited	
  every	
  3-­‐4	
  nights	
  (but	
  with	
  variable	
  filters)	
  
–  1000	
  deg2	
  In	
  the	
  Galac<c	
  Center	
  observed	
  only	
  180	
  <mes	
  (confusion	
  limits	
  

interest	
  for	
  ad	
  libitum	
  coaddi<on…)	
  -­‐>	
  almost	
  useless	
  for	
  µlensing	
  in	
  MW	
  

•  But	
  there	
  is	
  some	
  flexibility:	
  cadencing	
  is	
  not	
  set	
  in	
  stone	
  
–  As	
  long	
  as	
  the	
  uniformity	
  of	
  the	
  main	
  survey	
  is	
  guaranteed	
  over	
  the	
  10	
  yrs	
  
–  As	
  long	
  as	
  there	
  is	
  no	
  conflict	
  with	
  the	
  cosmological	
  goals	
  
–  Taking	
  into	
  account	
  the	
  filter	
  changes	
  (6	
  filters)	
  
–  If	
  it	
  is	
  discussed	
  with	
  enough	
  an<cipa<on	
  with	
  the	
  science	
  group	
  «	
  transient	
  

searches	
  »	
  
–  If	
  the	
  community	
  (GW,	
  neutrino,	
  HECR…)	
  is	
  able	
  to	
  propose	
  a	
  convincing	
  plan	
  

-­‐>	
  work	
  hard	
  

•  Also	
  think	
  on	
  the	
  commissioning	
  (2021-­‐22)	
  and	
  mini-­‐surveys	
  (1-­‐10%	
  Dme)	
  



Complements	
  
Ref.	
  documents	
  :	
  
-­‐  LDM151	
  
-­‐  LSE-­‐163_DataProductsDefini<onDocumentDPDD	
  



LSST	
  limiDng	
  R-­‐magnitude	
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  magnitude	
  H	
  



36	
  

5.11 The NEA Impact Hazard

Figure 5.11: Completeness of the LSST survey for PHAs brighter than a given absolute magnitude (related to the
size of the object and albedo; H=22 mag is equivalent to a typical 140 m asteroid and H=24 mag is equivalent to
a 50 m asteroid). Two scenarios are shown: the lower curve is the 10-year long baseline survey where 5% of the
total observing time is spent on NEA-optimized observations in the Northern Ecliptic (NE) region, and it reaches a
completeness of 84% after 10 years. The upper dashed curve results from spending 15% of the observing time in an
NEA-optimized mode, and running the survey for 12 years. It meets the 90% completeness level for 140 m objects
mandated by the U.S. Congress.

trailing is implemented by subtracting from the 5 � limiting magnitude for point sources

�mtrailing
5 = 1.25 log10

✓
1 + 0.0267

v tvis

✓

◆
, (5.5)

where the object’s velocity, v, is expressed in deg/day. For the nominal exposure time (tvis) of 30
seconds and seeing ✓ = 0.700, the loss of limiting magnitude is 0.16 mag for v = 0.25 deg day�1,
typical for objects in the main asteroid belt, and 0.50 mag for v = 1.0 deg day�1, typical of NEAs
passing near Earth.

The completeness of LSST in cataloging NEAs was calculated by propagating a model NEA source
population (taken from the MOPS Solar System model, as in § 2.5.3), over the lifetime of the
LSST survey mission, and simply counting the number of times LSST would be expected to detect
the object under a variety of methods of operation (more on these observing cadences below). An
object’s orbit is considered to be cataloged if the object was detected on at least three nights during
a single lunation, with a minimum of two visits per night. The same criterion was used in NASA
studies3, and is confirmed as reliable by a detailed analysis of orbital linking and determination
using the MOPS code (§ 2.5.3). The MOPS software system and its algorithms are significantly
more advanced than anything fielded for this purpose to date. Realistic MOPS simulations show
> 99% linking e�ciency across all classes of Solar System objects.

3The NASA 2007 NEA study is available from http://neo.jpl.nasa.gov/neo/report2007.html.
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The	
  “Threat”	
  from	
  “Earth	
  killers”	
  



Search	
  for	
  hidden	
  turbulent	
  galacDc	
  gas	
  
through	
  scinDllaDon	
  detecDon	
  (the	
  OSER	
  project)	
  



Microlensing	
  challenges	
  
•  SelecDon	
  criteria	
  

–  On-­‐line	
  trigger	
  to	
  ini<ate	
  follow-­‐up	
  
–  Off-­‐line	
  to	
  search	
  for	
  any	
  exo<c	
  events	
  
–  Es<mate	
  efficiency	
  ε(tE)	
  
–  Exploit	
  the	
  excellent	
  photometric	
  repeatability	
  (<1%	
  for	
  g<21)	
  to	
  

search	
  for	
  large	
  impact	
  parameter	
  events	
  and	
  non-­‐standard	
  events	
  
20

TABLE 3
The expected proper motion, parallax and accuracy for a

10-year long baseline survey.

r σa
xy σb

π σc
µ σd

1 σe
C

mag mas mas mas/yr mag mag
21 11 0.6 0.2 0.01 0.005
22 15 0.8 0.3 0.02 0.005
23 31 1.3 0.5 0.04 0.006
24 74 2.9 1.0 0.10 0.009

a Typical astrometric accuracy (rms per coordinate per visit);
b Parallax accuracy for 10-year long survey;
c Proper motion accuracy for 10-year long survey;
d Photometric error for a single visit (two 15-second exposures);
e Photometric error for coadded observations (see Table 1).

dwarfs, will definitely have larger errors, depending on
details of their spectral energy distributions. After the
first three years of the survey, the proper motion errors
will be about five times as large, and parallax errors will
be about twice as large, as the values given in Table 3; the
errors scale as t−3/2 and t−1/2, respectively. This error
behavior is a strong independent argument for a survey
lifetime of at least 10 years (c.f. §2).

For comparison with Table 3, the SDSS-POSS proper
motion measurements have an accuracy of ∼5 mas yr−1

per coordinate at r = 20 (Munn et al. 2004). Gaia is
expected to deliver parallax errors of 0.3 mas and proper
motion errors of 0.2 mas yr−1 at its faint end at r ∼ 20
(Perryman et al. 2001). Hence, LSST will smoothly
extend Gaia’s error vs. magnitude curve 4 magnitudes
fainter.

3.4. Data Products

3.4.1. Standard processing and data products

The LSST data system is being designed to enable as
wide a range of science as possible. Standard data prod-
ucts, including calibrated images and catalogs of detected
objects and their attributes, will be provided both for in-
dividual exposures and the deep incremental data coad-
dition. About 2 billion objects will be routinely moni-
tored for photometric and astrometric changes, and any
transient events (non-recurrent objects with statistically
significant photometric change; about 10,000 per night
on average) will be posted in less than 60 seconds via
web portals including the Virtual Observatory. For the
“static” sky, there will be yearly database releases listing
many attributes for billions of objects. This database
will grow in size to about 30 PB and about 20 billion ob-
jects61 in ten years, and will include other metadata (pa-
rameter error estimates, system data, seeing summary,
etc). For a comparison, the SDSS Data Release 7 imag-
ing database includes about 357 million unique objects62.

The SDSS experience is that the distribution of sizes of
data portal requests follows a power law, ranging from
frequent simple queries or image cutout downloads to
infrequent major downloads or large calculations. The

61 It is assumed that about 10 billion stars and 10 billion galaxies
will be detected by LSST. The estimate of about 10 billion detected
stars is sensitive to assumptions about the distribution of the in-
terstellar dust in the Galactic plane, and cadence details. Plausible
variations in these assumptions yield stellar samples ranging from
5 billion to 20 billion stars.

62 http://www.sdss.org/dr7/

same distribution is expected for LSST, and we are de-
signing the system to enable this entire distribution. This
data archive server will involve different resources de-
ployed in different ways. We plan to optimize the mix by
shipping algorithms to the data for those cases that need
it (and offering local parallel computation) and trans-
ferring the data to the user for other use cases. While
the data archive will be at the National Center for Su-
percomputing Applications at the University of Illinois,
we plan multiple data portals for community access to
both the pixel data and the database. We are design-
ing for a wide range of queries and access patterns in
order to serve the broadest range of scientists, as well as
interested amateurs. The LSST database will be inter-
operable with those of surveys in other wavebands, via
the Virtual Observatory.

3.4.2. Non-standard data processing and data access

The database is designed to allow evolution in the na-
ture of the science queries. This design is more than
simply configuring it to allow for expected growth in
query complexity with time. For example, we antici-
pate that some users will submit queries on the images
themselves. We plan for two pathways outside of the
database query system for non-standard pixel process-
ing. The first is through a pipeline interface that would
allow a user group to attach their own pipeline process-
ing system at a Data Access Center. This approach is
appropriate for major undertakings such as a weak lens-
ing analysis starting at the image level, or new ways to
coadd the data. The second approach is simply to include
the desired processing, such as a new quantity to be in-
cluded in the Object database, within the data release
processing, and execute it on the next data release run.
Much of the science will be statistical in nature and will
involve large correlation calculations with user-specified
precision. We plan to enable open source community-
driven applications development. Finally, special data
pipelines developed by the Science Collaborations (see
§ 5) will populate new parameters in the database.

3.4.3. Data Mining Challenges

The characterization (unsupervised machine learning)
and classification (supervised machine learning) of mas-
sive, multivariate data catalogs such as those generated
by the LSST are major research challenges for data-
intensive astronomy (Tyson et al. 2008b; Ivezić et al.
2008b; Bloom et al. 2008; Borne 2008, 2009). To ad-
dress these questions the statistics and machine-learning
research communities are collaborating with LSST scien-
tists to develop new algorithms that will enable the full
scientific potential of the LSST, including:

• Rapid characterizations and probabilistic classifi-
cations for the 100,000-1,000,000 sources detected
in difference images each night.

• Identification of unusual classes of astronomical
sources using outlier detection techniques that are
robust to noise and image processing defects.

• Characterization of novel and unexpected behavior
in the time domain from time series data.

•  Use	
  astrometric	
  informaDon	
  
-­‐	
  Decrease	
  microlensing	
  
degeneracy	
  (Dos)	
  

•  Synergies	
  
-­‐	
  EUCLID	
  (ground-­‐space	
  parallax,	
  
NIR)	
  
-­‐	
  On	
  Earth	
  follow-­‐up	
  telescopes	
  




