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•  Organizing	
  the	
  TMT	
  community	
  to	
  do	
  large-­‐scale	
  projects	
  
with	
  the	
  telescope;	
  lessons	
  from	
  SDSS	
  and	
  other	
  surveys.	
  	
  

	
  
•  How	
  the	
  next	
  generaCon	
  of	
  wide-­‐field	
  surveys	
  will	
  
influence	
  TMT.	
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Should	
  TMT	
  be	
  used	
  	
  
for	
  massive	
  surveys?	
  	
  

	
  	
  The	
  early	
  days	
  of	
  TMT	
  will	
  be	
  marked	
  by	
  
people	
  picking	
  low-­‐lying	
  fruit,	
  working	
  in	
  PI	
  
mode;	
  there	
  is	
  so	
  much	
  obvious	
  waiCng	
  to	
  
be	
  done,	
  as	
  we’re	
  learning	
  at	
  this	
  meeCng.	
  
Wonderful	
  papers	
  will	
  be	
  wriSen	
  based	
  on	
  
observaCons	
  taking	
  a	
  few	
  hours	
  to	
  a	
  few	
  
nights	
  of	
  telescope	
  Cme.	
  	
  	
  



	
  However,	
  some	
  of	
  the	
  science	
  that	
  TMT	
  is	
  designed	
  to	
  do,	
  
and	
  is	
  uniquely	
  posiConed	
  to	
  do,	
  will	
  require	
  some	
  
combinaCon	
  of:	
  
•  A	
  large	
  amount	
  of	
  telescope	
  Cme	
  (≥several	
  tens	
  of	
  
nights);	
  

•  Specialized	
  soZware	
  and	
  extensive	
  computaCon	
  to	
  
reduce	
  the	
  data;	
  	
  

•  A	
  broad	
  range	
  of	
  experCse	
  to	
  understand	
  the	
  results;	
  	
  
•  Extensive	
  ancillary	
  data	
  from	
  many	
  sources	
  (both	
  
precursor	
  and	
  follow-­‐up);	
  	
  

•  Extensive	
  theoreCcal	
  invesCgaCons	
  to	
  interpret	
  the	
  
findings.	
  	
  

The	
  limi5ng	
  factors	
  will	
  be	
  (a)	
  telescope	
  5me,	
  
and	
  (b)	
  people	
  to	
  do	
  the	
  work.	
  	
  	
  



A	
  Big	
  Survey	
  on	
  a	
  Big	
  Telescope:	
  DEEP2	
  on	
  Keck	
  

Newman	
  et	
  al.	
  2013:	
  [OII]	
  emiBers	
  

80	
  Keck	
  nights	
  over	
  4	
  years.	
  	
  
A	
  team	
  of	
  over	
  30	
  people	
  (mostly	
  Santa	
  
Cruz/Berkeley/Caltech/Hawaii).	
  	
  
~	
  a	
  dozen	
  PhD	
  theses.	
  	
  
150	
  refereed	
  papers;	
  9000+	
  citaCons	
  
	
  

Choi	
  et	
  al.	
  2010:	
  filaments	
  in	
  DEEP2	
  

(See	
  also	
  talk	
  by	
  Mike	
  Cooper)	
  



Mul5-­‐Ins5tu5onal,	
  Mul5-­‐Na5onal	
  
collabora5ons 	
  	
  

•  The	
  TMT	
  community	
  has	
  a	
  tremendous	
  resource	
  in	
  the	
  
varied	
  insCtuCons	
  and	
  countries	
  involved.	
  

•  A	
  great	
  challenge	
  is	
  difference	
  in	
  culture,	
  scienCfic	
  style,	
  
funding	
  models,	
  and	
  criteria	
  for	
  advancement	
  in	
  different	
  
insCtuCons:	
  
–  Are	
  first-­‐author	
  papers	
  the	
  most	
  important	
  goal	
  of	
  
astronomers?	
  How	
  else	
  do	
  we	
  assign	
  credit	
  for	
  the	
  work	
  we	
  do?	
  

–  Must	
  a	
  given	
  project	
  be	
  carried	
  out	
  solely	
  with	
  scienCsts	
  from	
  a	
  
given	
  insCtuCon?	
  	
  

–  Not	
  all	
  science	
  can	
  (should?)	
  be	
  done	
  in	
  the	
  single	
  PI	
  +	
  her/his	
  
group	
  mode	
  	
  

•  CommunicaCon	
  is	
  key.	
  	
  E-­‐mail,	
  phonecons,	
  skype	
  are	
  all	
  
fine,	
  but	
  you	
  must	
  have	
  Cme	
  to	
  work	
  face-­‐to-­‐face	
  to	
  build	
  
scienCfic	
  trust.	
  



Compare	
  with	
  surveys	
  like	
  SDSS	
  

•  SDSS	
  is	
  fundamentally	
  different	
  from	
  TMT:	
  it	
  is	
  
not	
  an	
  observatory	
  per	
  se,	
  and	
  the	
  observing	
  
plans	
  are	
  not	
  PI-­‐driven,	
  but	
  are	
  decided	
  years	
  in	
  
advance.	
  	
  

•  Yet	
  SDSS’	
  experience	
  may	
  be	
  relevant	
  for	
  large	
  
surveys	
  carried	
  out	
  with	
  TMT.	
  	
  	
  

•  The	
  project’s	
  responsibility	
  is	
  to	
  deliver	
  fully	
  
reduced,	
  calibrated	
  and	
  veSed	
  data	
  products.	
  

•  We	
  have	
  faced	
  the	
  challenge	
  of	
  insCtuConal	
  
rivalries	
  and	
  differences	
  of	
  culture.	
  	
  	
  	
  



An	
  enCre	
  book	
  was	
  
wriSen	
  about	
  the	
  SDSS	
  
turf	
  wars	
  that	
  we	
  fought!	
  
	
  
The	
  challenge:	
  
collaboraCve	
  science	
  is	
  
hard.	
  (But	
  everyone	
  
becomes	
  much	
  happier	
  
once	
  the	
  data	
  begins	
  to	
  
flow…)	
  



SDSS	
  Lessons	
  Learned	
  
	
  #1:	
  We	
  were	
  limited	
  by	
  people	
  (work	
  and	
  creaCvity),	
  not	
  
by	
  data.	
  	
  The	
  more	
  people	
  working,	
  the	
  more	
  science	
  got	
  
done.	
  	
  No	
  point	
  in	
  keeping	
  the	
  collaboraCon	
  small!	
  	
  
#2:	
  Science	
  results	
  went	
  way	
  beyond	
  the	
  iniCal	
  goals	
  of	
  
the	
  project.	
  	
  	
  
#3:	
  Releasing	
  the	
  data	
  to	
  the	
  world	
  was	
  good	
  for	
  the	
  
project:	
  preparing	
  and	
  documenCng	
  the	
  data	
  for	
  these	
  
releases	
  made	
  it	
  beSer	
  for	
  our	
  science.	
  But	
  data	
  releases	
  
are	
  a	
  lot	
  of	
  work.	
  	
  	
  
#4:	
  SoZware	
  for	
  major	
  surveys	
  is	
  hard,	
  comparable	
  to	
  the	
  
effort	
  required	
  to	
  build	
  the	
  hardware.	
  	
  	
  	
  
#5:	
  An	
  emphasis	
  on	
  data	
  quality.	
  	
  The	
  beSer	
  the	
  
calibraCon/soZware,	
  the	
  beSer	
  the	
  science.	
  	
  



It	
  takes	
  a	
  lot	
  of	
  people	
  
to	
  build	
  such	
  a	
  survey	
  
(274	
  authors	
  on	
  SDSS	
  
DR12	
  paper),	
  and	
  data	
  
releases	
  require	
  a	
  huge	
  
amount	
  of	
  work.	
  	
  

SDSS:	
  6400+	
  refereed	
  papers	
  
(~600	
  in	
  the	
  last	
  year);	
  
287,000	
  citaCons.	
  	
  Surveys	
  
are	
  high	
  impact!	
  	
  	
  

Alam	
  et	
  al.	
  2015:	
  DR11/12	
  paper	
  



Organizing	
  a	
  collabora5on	
  	
  
to	
  do	
  science	
  

•  In	
  SDSS,	
  all	
  parCcipants	
  had	
  equal	
  rights	
  to	
  work	
  on	
  any	
  
scienCfic	
  project,	
  but	
  were	
  required	
  to	
  announce	
  their	
  
projects	
  to	
  the	
  project.	
  	
  No	
  projects	
  were	
  assigned	
  to	
  
any	
  teams	
  a	
  priori,	
  but	
  PhD	
  theses	
  were	
  protected.	
  	
  

•  Later	
  components	
  of	
  SDSS	
  had	
  more	
  focused	
  science	
  
goals:	
  supernova	
  Hubble	
  diagram,	
  BAO	
  studies,	
  etc.	
  	
  
We	
  organized	
  ourselves	
  into	
  working	
  groups	
  with	
  well-­‐
defined	
  leadership,	
  that	
  resulted	
  in	
  high-­‐impact	
  papers.	
  	
  	
  

•  “We	
  need	
  to	
  talk…”	
  Lots	
  of	
  phonecons,	
  e-­‐mail	
  
exploders,	
  wikis.	
  	
  But	
  face-­‐to-­‐face	
  Cme	
  is	
  crucial;	
  
collaboraCon	
  meeCngs	
  are	
  really	
  important.	
  	
  

•  SDSS	
  had	
  very	
  poor	
  gender	
  balance	
  in	
  the	
  beginning,	
  
especially	
  in	
  project	
  management.	
  	
  We	
  are	
  gepng	
  
beSer,	
  but	
  this	
  is	
  something	
  we	
  needed	
  to	
  be	
  far	
  more	
  
sensiCve	
  to	
  from	
  the	
  beginning.	
  



A	
  coherent	
  Publica5ons	
  Policy	
  is	
  key!	
  

•  Astronomers	
  are	
  obsessed	
  by	
  quesCons	
  of	
  	
  
authorship…	
  	
  

•  SDSS	
  publicaCon	
  policy	
  worked	
  to	
  support,	
  
not	
  hinder,	
  science:	
  the	
  few	
  Cmes	
  we	
  found	
  
ourselves	
  fighCng	
  over	
  authorship	
  were	
  when	
  
we	
  found	
  ourselves	
  bending	
  our	
  own	
  rules…	
  	
  

	
  



Prime	
  Focus	
  Spectrograph:	
  
	
  A	
  Wide-­‐Field	
  Spectroscopic	
  Survey	
  

involving	
  scienCsts	
  on	
  four	
  conCnents	
  

Grappling	
  with	
  the	
  same	
  cross-­‐conCnental	
  collaboraCon	
  issues	
  as	
  did	
  SDSS	
  



Op5cal/NIR	
  Wide-­‐field	
  surveys	
  are	
  a	
  
major	
  theme	
  of	
  the	
  next	
  decade	
  

Now,	
  imaging:	
  DES,	
  Pan-­‐STARRS,	
  SkyMapper,	
  
VISTA,	
  HSC	
  
Now/soon,	
  spectra:	
  SDSS-­‐IV,	
  LAMOST,	
  HETDEX	
  
2018,	
  spectra:	
  PFS,	
  DESI,	
  4MOST,	
  MOONS,	
  
WEAVE…	
  
2020:	
  Euclid,	
  LSST	
  
2023:	
  WFIRST	
  
2025:	
  MSE	
  
(+eROSITA,	
  VLASS,	
  etc	
  at	
  other	
  wavebands)	
  
	
  	
  	
  (I	
  certainly	
  have	
  missed	
  some	
  important	
  projects)	
  



LSST:	
  6.7-­‐m	
  wide-­‐field	
  telescope	
  on	
  Cerro	
  Pachón	
  	
  
in	
  Chilean	
  Andes	
  

Telescope	
  will	
  be	
  dedicated	
  to	
  imaging	
  survey,	
  and	
  will	
  operate	
  for	
  ten	
  years.	
  

I	
  didn’t	
  have	
  Tme	
  to	
  cover	
  the	
  following	
  slides;	
  they	
  are	
  included	
  here	
  for	
  reference.	
  



Site	
  has	
  been	
  leveled;	
  construcCon	
  is	
  
underway	
  

15	
   My	
  wife	
  and	
  me	
  standing	
  on	
  the	
  spot	
  LSST	
  will	
  be	
  built	
  



The	
  LSST	
  op5cs	
  
3-mirror design gives 9.6 deg2 field of view.   



17	
  

Grinding/polishing of primary/tertiary has been 
completed!  



18	
  

3.2	
  gigapixel	
  camera.	
  9.6	
  deg2	
  FoV 

0.2” pixels 



Wavefront	
  Sensor	
  Layout	
  

Guide	
  Sensors	
  
(8	
  loca5ons)	
  Wavefront	
  Sensors	
  

(4	
  loca5ons)	
  

3.5	
  degree	
  Field	
  of	
  
View	
  (634	
  mm	
  
diameter)	
  

Curvature	
  Sensor	
  Side	
  View	
  Configura5on	
  

Focal	
  plane	
  2d	
  

40	
  mm	
  

Sci	
  CCD	
  

The LSST Focal Plane	







LSST:	
  A	
  dedicated	
  10-­‐year	
  survey:	
  
2022-­‐2032	
  

•  Main	
  survey	
  will	
  cover	
  18,000	
  deg2	
  in	
  Southern	
  
Hemisphere.	
  	
  Each	
  “visit”	
  is	
  2	
  15-­‐second	
  exposures.	
  	
  
>800	
  30-­‐sec	
  visits	
  across	
  6	
  filters	
  over	
  10	
  years.	
  	
  

•  5σ	
  point-­‐source	
  depth	
  (1	
  visit,	
  dark	
  sky,	
  at	
  zenith)	
  :	
  
23.9	
  (u),	
  25.0	
  (g),	
  24.7	
  (r),	
  24.0	
  (i),	
  23.3	
  (z),	
  22.1	
  (y)	
  

•  Depth	
  at	
  end	
  of	
  the	
  survey:	
  26.3	
  (u),	
  27.5	
  (g),	
  27.7	
  
(r),	
  27.0	
  (i),	
  26.2	
  (z),	
  24.9	
  (y)	
  

•  Perhaps	
  10%	
  of	
  the	
  Cme	
  will	
  be	
  devoted	
  to	
  ‘deep	
  
fields’	
  ~1	
  mag	
  deeper.	
  Plus	
  observaCons	
  of	
  eclipCc	
  
plane,	
  low	
  laCtudes,	
  South	
  pole.	
  	
  	
  

•  40	
  trillion	
  observa3ons	
  of	
  40	
  billion	
  objects	
  



Extremely	
  high-­‐quality	
  data	
  

•  Median	
  delivered	
  image	
  quality	
  of	
  0.67”.	
  
•  Probes	
  of	
  variability	
  on	
  Cmescales	
  from	
  15	
  seconds	
  
to	
  10	
  years.	
  	
  

•  Stellar	
  photometric	
  calibraCon	
  to	
  1%	
  or	
  beSer;	
  
stellar	
  repeatability	
  to	
  0.5%.	
  

•  Astrometry	
  to	
  10	
  milli-­‐arcsec	
  per	
  visit,	
  allowing	
  
proper	
  moCon	
  uncertainty	
  of	
  0.2	
  mas/year,	
  and	
  
parallax	
  uncertainty	
  of	
  0.6	
  mas	
  over	
  the	
  course	
  of	
  
the	
  survey.	
  LSST	
  matches	
  Gaia’s	
  astrometric	
  
precision	
  at	
  r~20,	
  and	
  extends	
  it	
  4	
  magnitudes	
  
fainter.	
  	
  

	
  



LSST	
  data	
  releases	
  

•  No	
  proprietary	
  period	
  for	
  US	
  and	
  Chilean	
  astronomers.	
  	
  
•  No	
  proprietary	
  period	
  for	
  internaConal	
  affiliates	
  who	
  
contribute	
  to	
  LSST	
  operaCons	
  (the	
  list	
  of	
  these	
  is	
  
growing).	
  	
  

•  “Alerts”	
  about	
  objects	
  whose	
  properCes	
  have	
  changed	
  
in	
  repeat	
  imaging	
  will	
  be	
  released	
  immediately	
  (see	
  
talks	
  by	
  Mahabal,	
  Szkody).	
  	
  

•  Stacked	
  data	
  (images,	
  catalogs)	
  of	
  the	
  staCc	
  sky	
  will	
  be	
  
released	
  yearly.	
  	
  

•  The	
  limiCng	
  factor	
  will	
  be	
  computaConal	
  power	
  to	
  deal	
  
with	
  the	
  tens	
  of	
  petabytes	
  of	
  data.	
  	
  	
  



Doing	
  science	
  with	
  LSST	
  

•  LSST	
  Project	
  is	
  funded	
  by	
  NSF	
  and	
  DOE	
  to	
  
construct	
  the	
  facility.	
  	
  NSF:	
  the	
  goal	
  of	
  the	
  
LSST	
  Project	
  is	
  to	
  produce	
  a	
  database	
  usable	
  
by	
  the	
  world.	
  	
  DOE:	
  The	
  LSST	
  Project	
  should	
  
do	
  Dark	
  Energy	
  science.	
  	
  	
  

•  LSST	
  has	
  10	
  science	
  collaboraCons	
  to	
  prepare	
  
to	
  do	
  science	
  with	
  the	
  project.	
  	
  Funding	
  to	
  
support	
  their	
  work	
  is	
  a	
  constant	
  challenge.	
  	
  	
  



Follow-­‐up	
  of	
  discoveries	
  by	
  LSST	
  and	
  
other	
  big	
  surveys	
  will	
  be	
  key	
  

•  Amazing	
  individual	
  objects	
  (such	
  as	
  transients)	
  to	
  
be	
  studied	
  in	
  great	
  detail.	
  	
  

•  Large	
  samples	
  of	
  objects	
  to	
  be	
  fully	
  
characterized.	
  	
  

(The	
  amazing	
  individual	
  discoveries	
  in	
  early	
  days	
  of	
  
these	
  surveys	
  will	
  become	
  staCsCcal	
  samples	
  by	
  the	
  
Cme	
  they	
  finish).	
  	
  	
  
•  Bulk	
  of	
  LSST,	
  WFIRST,	
  Euclid	
  objects	
  will	
  be	
  faint:	
  
a	
  thirty-­‐meter	
  telescope	
  is	
  what	
  is	
  needed!	
  

	
  



Summary	
  

•  TMT	
  Cme	
  allocaCon	
  should	
  allow	
  for	
  major	
  
(mulC-­‐naConal?)	
  surveys.	
  	
  They	
  have	
  the	
  
potenCal	
  to	
  be	
  among	
  the	
  biggest	
  impact	
  science	
  
that	
  TMT	
  will	
  do.	
  	
  

•  Building	
  major	
  surveys	
  requires	
  aSenCon	
  to	
  
collaboraCon	
  issues,	
  data	
  releases,	
  soZware,	
  
etc…	
  	
  

•  Major	
  imaging	
  and	
  spectroscopic	
  surveys	
  over	
  
the	
  next	
  15	
  years	
  will	
  be	
  a	
  major	
  source	
  of	
  
targets	
  and	
  scienCfic	
  synergy	
  with	
  TMT.	
  	
  


