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LSST	
  in	
  a	
  nutshell	
  LSST	
  :	
  an	
  integrated	
  survey	
  
system	
  designed	
  to	
  conduct	
  
a	
  decade-­‐long,	
  deep,	
  wide,	
  
fast	
  0me-­‐domain	
  survey	
  of	
  
the	
  op0cal	
  sky.	
  	
  
	
  
*	
  8-­‐m	
  class	
  wide-­‐field	
  
ground	
  based	
  telescope,	
  	
  
	
  
*	
  3.2	
  Gpix	
  camera	
  	
  
	
  
*	
  automated	
  data	
  	
  
processing	
  system	
  

	
  

Synoptic = 
Big Picture 



3.5	
  degrees	
  

Why is the LSST unique? 

Primary	
  Mirror	
  	
  
Diameter	
  

KECK	
  	
  
TELESCOPE	
  

0.2	
  degrees	
  

10	
  m	
  

Field	
  of	
  View	
  
(full	
  moon	
  is	
  0.5	
  degrees)	
  

LSST	
   8.4	
  m	
  

(Full	
  moon	
  is	
  0.5	
  degrees)	
  

Wide  
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100 billion 
over entire 
sky 

PPAP 2015 -- I. Shipsey 



Image sizes LSST, Moon, HST 
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Wide  



Every circle 
contains  
10 million 
galaxies 
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Wide  



Survey Power  = aperture x field of view 

All facilities assumed operating100% in one survey 
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Survey Power  = aperture x field of view 

All facilities assumed operating100% in one survey 

LSST survey power  is an order of magnitude greater   
than any other proposed or operating telescope 
(Survey power for a telescope is akin to instantaneous 
luminosity for an accelerator) 
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  3  Gpix  
multiport CCDs 
 
Record image in 
15 seconds 
 
Readout image 
In 2 seconds 
 
 
 

Fast  
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  LSST	
  probes	
  100x	
  fainter	
  &	
  enables	
  the	
  explora0on	
  of	
  the	
  0me	
  domain.	
  

ca.	
  1950	
  POSS	
  
(Photographic)	
  

ca.	
  2000	
  SDSS	
  
(Digital)	
  

ca.	
  2023	
  LSST	
  
(Digital	
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  Time	
  Domain)	
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  is	
  the	
  next	
  great	
  advance	
  in	
  op0cal	
  
surveys	
  of	
  the	
  cosmos	
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LSST  will make the first  movie of the universe.  

Universe 

A survey of 40 billion objects in space and time 
 32 trillion measurements 

 
•  ~800 images of every field will open up the time domain for 

large-scale study for the first time: a movie of the universe 

PPAP 2015 -- I. Shipsey 



Mul0ple	
  inves0ga0ons	
  
into	
  	
  the	
  nature	
  of	
  the	
  
dominant	
  components	
  
of	
  the	
  universe	
  

Dark	
  Energy-­‐Dark	
  MaDer	
   	
  Inventory	
  of	
  the	
  	
  Solar	
  System	
  	
  

Find	
  82%	
  of	
  
hazardous	
  NEOs	
  

down	
  to	
  140	
  m	
  	
  over	
  
10	
  yrs	
  &	
  test	
  theories	
  

of	
  solar	
  system	
  
forma0on	
  

“Movie”	
  of	
  the	
  Universe:	
  Mme	
  domain	
   Mapping	
  the	
  Milky	
  Way	
  

Map	
  the	
  rich	
  and	
  
complex	
  structure	
  
of	
  the	
  galaxy	
  in	
  	
  
unprecedented	
  
detail	
  and	
  extent	
  

Discovering	
  the	
  
transient	
  &	
  
unknown	
  on	
  	
  
0me	
  scales	
  days	
  
to	
  years	
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All	
  	
  missions	
  	
  conducted	
  in	
  parallel	
  
(similar	
  to	
  a	
  general	
  purpose	
  expt	
  @	
  LHC)	
  



• measure growth of structure as  
function of redshift 
 
• Galaxy Cluster surveys & Weak  
 Lensing (WL) Surveys  
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Probing Dark Energy  

 luminosity distances  
of standard candles  
(Type 1a SNe)  
      
      

angular diameter  
distances of 
 standard rulers  
baryon acoustic  
oscillations (BAO) 
 

Neutrino mass from galaxy surveys 

Cosmic'Probes:''
galaxy'LSS,'SN,'lensing,'CMB,…'

Measure the expansion history of the universe 



H. Zhan, 2006 

for ΛCDM 

Alumni Weekend 2015 -- I. Shipsey 

Planck Collaboration: Cosmological parameters
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Fig. 35. 2D marginalized posterior distribution for w0 and wa
for Planck+WP+BAO data. The contours are 68% and 95%,
and the samples are colour-coded according to the value of H0.
Independent flat priors of �3 < w0 < �0.3 and �2 < wa < 2
are assumed. Dashed grey lines show the cosmological constant
solution w0 = �1 and wa = 0.

evolution of w(a) can lead to distinctive imprints in the CMB
(Caldwell et al. 1998) which would show up in the Planck data.

Figure 35 shows contours of the joint posterior distribution in
the w0–wa plane using Planck+WP+BAO data (colour-coded ac-
cording to the value of H0). The points are coloured by the value
of H0, which shows a clear variation with w0 and wa reveal-
ing the three-dimensional nature of the geometric degeneracy in
such models. The cosmological constant point (w0,wa) = (�1, 0)
lies within the 68% contour and the marginalized posteriors for
w0 and wa are

w0 = �1.04+0.72
�0.69 (95%; Planck+WP+BAO), (94a)

wa < 1.32 (95%; Planck+WP+BAO). (94b)

Including the H0 measurement in place of the BAO data moves
(w0,wa) away from the cosmological constant solution towards
negative wa at just under the 2� level.

Figure 36 shows likelihood contours for (w0,wa), now
adding SNe data to Planck. As discussed in detail in Sect. 5,
there is a dependence of the base ⇤CDM parameters on the
choice of SNe data set, and this is reflected in Fig. 36. The re-
sults from the Planck+WP+Union2.1 data combination are in
better agreement with a cosmological constant than those from
the Planck+WP+SNLS combination. For the latter data combi-
nation, the cosmological constant solution lies on the 2� bound-
ary of the (w0,wa) distribution.

Dynamical dark energy models might also give a non-
negligible contribution to the energy density of the Universe
at early times. Such early dark energy (EDE; Wetterich 2004)
models may be very close to ⇤CDM recently, but have a non-
zero dark energy density fraction, ⌦e, at early times. Such mod-
els complement the (w0,wa) analysis by investigating how much
dark energy can be present at high redshifts. EDE has two main
e↵ects: it reduces structure growth in the period after last scat-
tering; and it changes the position and height of the peaks in the
CMB spectrum.
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Fig. 36. 2D marginalized posterior distributions for w0 and
wa, for the data combinations Planck+WP+BAO (grey),
Planck+WP+Union2.1 (red) and Planck+WP+SNLS (blue).
The contours are 68% and 95%, and dashed grey lines show the
cosmological constant solution.

The model we adopt here is that of Doran & Robbers (2006):

⌦de(a) =
⌦0

de �⌦e(1 � a�3w0 )
⌦0

de +⌦
0
ma3w0

+⌦e(1 � a�3w0 ) . (95)

It requires two additional parameters to those of the base⇤CDM
model: ⌦e, the dark energy density relative to the critical den-
sity at early times (assumed constant in this treatment); and the
present-day dark energy equation of state parameter w0. Here⌦0

m
is the present matter density and⌦0

de = 1�⌦0
m is the present dark

energy abundance (for a flat Universe). Note that the model of
Eq. (95) has dark energy present over a large range of redshifts;
the bounds on ⌦e can be substantially weaker if dark energy is
only present over a limited range of redshifts (Pettorino et al.
2013). The presence or absence of dark energy at the epoch of
last scattering is the dominant e↵ect on the CMB anisotropies
and hence the constraints are insensitive to the addition of low
redshift supplementary data such as BAO.

The most precise bounds on EDE arise from the analysis
of CMB anisotropies (Doran et al. 2001; Caldwell et al. 2003;
Calabrese et al. 2011; Reichardt et al. 2012; Sievers et al.
2013; Hou et al. 2012; Pettorino et al. 2013). Using
Planck+WP+highL, we find

⌦e < 0.009 (95%; Planck+WP+highL). (96)

(The limit for Planck+WP is very similar: ⌦e < 0.010.) These
bounds are consistent with and improve the recent ones of
Hou et al. (2012), who give ⌦e < 0.013 at 95% CL, and
Sievers et al. (2013), who find ⌦e < 0.025 at 95% CL.

In summary, the results on dynamical dark energy (except for
those on early dark energy discussed above) are dependent on
exactly what supplementary data are used in conjunction with
the CMB data. (Planck lensing does not significantly improve
the constraints on the models discussed here.) Using the direct
measurement of H0, or the SNLS SNe sample, together with
Planck we see preferences for dynamical dark energy at about
the 2� level reflecting the tensions between these data sets and
Planck in the⇤CDM model. In contrast, the BAO measurements
together with Planck give tight constraints which are consistent

51

Present  
state of  
knowledge 

LSST predicted 
precision 
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There are two US funding agencies supporting LSST the Astronomy Division 
of NSF and the Particle Physics Office of the DOE 
 
NSF authorised project construction Aug. 1 2014  ($473M) 
 
DOE authorised project construction July, 2015  ($168M) 
 
Commissioning  start 2020 
 
Science  October,  2022 
 
Ten year  survey  
US will provide 270M$ for operations  
non-US partners provide 100M$ in return for data rights   

Good Timing: The Green light 

I. Shipsey  
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LSST Optical Design 
•  f/1.23  Very short focal length gives wide field of view for 

given image size 
•  3.5 ° FOV over a 64 cm focal plane,  Etendue = 319 m2deg2 

•  < 0.20 arcsec FWHM images in six filter bands: 0.3 – 1 µm  
  

I. Shipsey  



Cross section through telescope and camera  

LSST Ver 3.3_Baseline_Design.zmx
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Secondary Mirror Substrate 
ready for optical polishing 

March 2008 
Sept 2008 
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LSST Will be Sited in Central Chile 

LSST 
Base Facility 
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Site	
  and	
  observatory:	
  construcMon	
  has	
  begun	
  

After ~4,000 kg of explosives and ~12,500 
m3  of rock removal, Stage I of the El 
Peñón summit leveling is completed. 

I.	
  Shipsey	
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facility designed to minimalize 
atmospheric turbulence  
in the vicinity of the dome 
Formal “laying of the 1st stone”  
for the observatory April 14, 2015 



LSST	
  Laying	
  of	
  First	
  Stone	
  –	
  14	
  April	
  2015	
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Filter 

L1 Lens 

Utility Trunk—
houses support 
electronics and 
utilities 

Cryostat—contains focal 
plane & its electronics 

Focal plane 
Behind L3 Lens 

L2 Lens 

L3 Lens 

Camera ¾ Section 

1.65 m 
(5’-5”) 

Camera on 
Telescope 
top end 

UK:	
  Oxford	
  	
  (sensors	
  and	
  mechanics)	
  	
  



Sensors meet Requirements, Procurement is Under Way  
LSST prototype sensors meet project requirements.  
 

1st article  sensor procurement is now under way with two vendors e2v (UK) & ITL (US) 
  
Sensor delivery rate is the critical path pacing item for the LSST camera.  
 
Oxford: UK  liaison between LSST and e2v  (weekly meetings in Chelmsford) 

prototype, vendor 1 

prototype, vendor 2 

compliance matrix 

Sensors meet Requirements, Procurement is Under Way  
We have shown that we have LSST prototype sensors that meet project requirements.  
 

The LSST sensors passed Final Design Review (FDR) in May 2013, second across this 
finish line after the primary mirror.  
 
Sensor procurement is now under way, as these are long lead items.  
 
Sensor delivery rate is the critical path pacing item for the LSST camera.  
 
 prototype, vendor 1 

prototype, vendor 2 

compliance matrix 

•  Every 15 sec exposure, 2 sec readout, repeat 
•  5 second slew to new sky location 
•  Nightly data generation rate: 15 Tbytes 
•  SDSS Data Release 7  was 16TB 
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3.3 Image Simulator

Figure 3.6: A schematic of the key steps leading to the production of a simulated image. First, a cosmological
simulation is used to produce a three-dimensional dark matter map of a limited region of sky (upper left). This
is then decorated with galaxies, which, along with a set of stars generated from an associated Milky Way model,
are collected into a catalog of objects in the field (upper middle). This catalog is sampled to generate Monte Carlo
photons in angle and color, which are propagated through a set of turbulent atmospheric screens (upper right) that
move as a function of time according to input wind velocity vectors. Photons are then reflected and refracted through
the mirrors and lenses of the LSST optics with an assumed set of displacements and distortions (lower right), and
propagated into the detector (lower middle) where they convert to photoelectrons detected in a pixel. Background
sky counts are added to produce the final simulated image of a single 15-second exposure at the lower left.

profiles, including high-frequency spatial structure such as H II regions and spiral arms, can be
simulated using FITS images as input into the Image Simulator. The use of more detailed galaxy
morphological profiles in the Image Simulator will allow LSST to study how galaxy morphology
varies with environment and redshift.

Currently, stars are included in the Image Simulator with full SEDs, spatial velocities, and po-
sitions. The SEDs for stars are derived from Kurucz models. The model used to generate main
sequence stars is based on work done by Mario Jurić and collaborators. The model includes
user-specified amounts of thick-disk, thin-disk, and halo stars. Each version of a catalog contains
metadata on metallicity, temperature, luminosity-type, and surface gravity, allowing the user to
search for correlations between observed LSST photometry and physical information about stars
using the simulated data. The catalog will be updated to include dwarf and giant stars.

After the photons are selected from the astronomical source list, they are propagated through the
atmosphere and are refracted due to atmospheric turbulence. The model of the atmosphere is
constructed by generating roughly half a dozen atmospheric screens as illustrated in Figure 3.6.
These model screens incorporate density fluctuations following a Kolmogorov spectrum, truncated
both at an outer scale (typically known to be between 20 m and 200 m) and at an inner scale
(representing the viscous limit). In practice the inner scale does not a�ect the results. The
screens are moved during the exposure according to wind velocity vectors, but, consistent with the
well-established “frozen-screen approximation,” the nature of the turbulence is assumed to stay
approximately fixed during the relatively short time it takes for a turbulent cell to pass over the
aperture. With these screens, we start the photons at the top of the atmosphere and then alter
their trajectory according to the refractions of the screen at each layer. The part of the screen

61

Image Simulation: Implementing a simulated sky 

 + operations simulator 



I. Shipsey  120 

The  LSST  :  UK  Consortium

UK  Involvement  in  the
Large  Synoptic  Survey  Telescope

Very broad  interest in all four 
science themes 
 
Formed LSST:UK 
Autumn 2013 
 
Proposal to PPRP July, 2014 
 
35/36 UK Astronomy 
Institutes 
184 astro PIs 
 
PP involvement: 
Clarke (computing) 
Shipsey  (camera/dark energy) 
 

LSST	
  in	
  UK	
  



	
  
Bob	
  Mann	
  

University	
  of	
  Edinburgh	
  
LSST:UK	
  Project	
  Leader	
  	
  

Sarah	
  Bridle	
  
University	
  of	
  Manchester	
  
LSST:UK	
  Project	
  Scientist	
  	
  

Ian	
  Shipsey	
  
University	
  of	
  Oxford	
  

LSSTC	
  Board	
  Member	
  
LSST	
  Project	
  Member	
  	
  

on behalf of the LSST:UK Consortium  

Presentation	
  to	
  PPRP	
  October,	
  2015,	
  followed	
  by	
  site	
  visit	
  Jan,	
  2015	
  



Timeline	
  for	
  LSST	
  
Support	
  for	
  Phase	
  A	
  

	
  

•  1	
  August	
  2014:	
  start	
  of	
  construction	
  project	
  
•  October	
  2019:	
  telescope	
  First	
  Light	
  
•  October	
  2022:	
  start	
  of	
  main	
  survey	
  operations	
  
•  September	
  2032:	
  end	
  of	
  main	
  survey	
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Phase	
  A:	
  
Development	
  

Phase	
  B:	
  
Commissioning	
  

Phase	
  C:	
  
Early	
  Ops.	
  

Phase	
  D:	
  
Standard	
  OperaMons	
  UK 



We	
  have	
  been	
  wai0ng	
  to	
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We	
  s0ll	
  don’t	
  have	
  formal	
  confirma0on	
  of	
  the	
  proposal	
  outcome,	
  but	
  now	
  
that	
  the	
  news	
  has	
  been	
  tweeted,	
  we	
  should	
  not	
  have	
  much	
  longer	
  to	
  wait.	
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Phase	
  A	
  funding	
  from	
  PPRP	
  
•  £15M	
  set	
  aside	
  for	
  10	
  years	
  opera0ons	
  contribu0on	
  
•  £2.7M	
  for	
  Phase	
  A	
  programme	
  (4	
  years):	
  
•  Coordinate	
  activities	
  through	
  a	
  distributed	
  entity	
  –	
  the	
  	
  
LSST:UK	
  Science	
  Centre	
  (LUSC).	
  	
  Four	
  strands:	
  
–  	
  Data	
  Access	
  Center:	
  6	
  staff-­‐years	
  

•  Data	
  Challenges,	
  suppor0ng	
  LUSC-­‐DEV	
  (Edin)	
  
– Preparing	
  for	
  data	
  (analysis	
  tools	
  &	
  hardware):	
  	
  
	
  	
  	
  16	
  staff-­‐years	
  

•  Weak	
  lensing:	
  sims.,	
  PSF,	
  deblending,	
  	
  Euclid	
  synergy	
  (Man/Oxf/UCL)	
  
•  Milky	
  Way:	
  star/galaxy	
  separa0on,	
  0dal	
  stream	
  detec0on	
  (Cam)	
  
•  Transients:	
  alert	
  handling,	
  classifica0on,	
  cadence	
  op0misa0on	
  (QUB)	
  
•  Solar	
  System:	
  postage	
  stamps,	
  lightcurves	
  (QUB)	
  
•  Sensor	
  characterisa0on:	
  image	
  analysis	
  systema0cs	
  (Oxf)	
  

–  	
  EPO:	
  Citizen	
  Science	
  and	
  outreach	
  	
  (start	
  in	
  phase	
  B)	
  
– Training:	
  computing/stats	
  (seek	
  funding	
  from	
  EC)	
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PP	
  in	
  LSST	
  
Liverpool	
  	
  Camera/DAQ/Dark	
  Energy	
  
Oxford	
  	
  	
  	
  	
  	
  Camera/Database/	
  Dark	
  Energy	
  
UCL	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  DAQ/Dark	
  Energy	
  
	
  
requested	
  small	
  frac0ons	
  (typically	
  0.2)	
  academic	
  0me	
  of	
  6	
  	
  
academics	
  in	
  PPCG2015	
  	
  this	
  was	
  awarded	
  
	
  
Edinburgh	
  &	
  Manchester	
  GridPP	
  staff	
  to	
  support	
  LSST	
  data	
  	
  
analysis	
  as	
  part	
  of	
  the	
  10%	
  budget	
  pledged	
  by	
  GridPP	
  	
  
for	
  use	
  by	
  non-­‐LHC	
  experiments	
  
	
  
Already	
  started	
  pre-­‐LSST	
  pilot	
  ac0vity	
  using	
  DES	
  cosmic	
  shear	
  	
  
analysis	
  at	
  Manchester	
  (see	
  Peter	
  Clarke’s	
  talk)	
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  LSST	
  CD-­‐1	
  Review	
  •	
  SLAC,	
  Menlo	
  Park,	
  CA	
  •	
  November	
  1	
  -­‐	
  3,	
  2011 	
  42	
  

LSST	
  Outreach	
  Data	
  will	
  be	
  used	
  in	
  classrooms,	
  
science	
  museums,	
  and	
  online	
  

Classroom Emphasis 
on: 

 
•  Data-enabled research 

experiences 

•  Citizen Science  

•  College classes 

•  Collaboration through 
Social Networking 

42	
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LSST Education & Public Outreach 

LSST will discover 10  billion new 
galaxies– enough for everyone   

 
•  LSST is Telescope for Everyone 

A school child in South Africa, Chile, 
or the UK can discover an island universe 

I. Shipsey  



@LSST  @mjuric 



Part of the LSST Collaboration   

 
 

I. Shipsey  
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A partnership of particle physicists, 
astrophysicists & computer scientists   
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¡  The	
  Project	
  Team	
  began	
  construction	
  in	
  August	
  2014.	
  We	
  are	
  building	
  the	
  
system	
  to	
  survey,	
  store,	
  process	
  and	
  serve	
  the	
  data	
  starting	
  in	
  2022.	
  

¡  The	
  LSST	
  science	
  opportunities	
  are	
  extremely	
  rich	
  -­‐	
  ranging	
  from	
  studies	
  
of	
  the	
  smallest	
  objects	
  in	
  the	
  solar	
  system	
  to	
  the	
  structure	
  and	
  dynamics	
  
of	
  the	
  Universe	
  as	
  a	
  whole.	
  

¡  Most	
  of	
  the	
  requisite	
  investigations	
  can	
  be	
  performed	
  using	
  data	
  from	
  a	
  
single	
  coherent	
  survey	
  program.	
  	
  This	
  is	
  “massively	
  parallel	
  survey	
  
astrophysics”	
  in	
  its	
  purest	
  form.	
  

¡  The	
  analyses	
  will	
  be	
  complex	
  and	
  will	
  require	
  significant	
  attention	
  to	
  
detailed	
  systematics	
  uncertainties.	
  	
  There	
  are	
  many	
  opportunities	
  for	
  
astronomers,	
  particle	
  physicists	
  and	
  computer	
  scientists	
  	
  to	
  become	
  
involved	
  now	
  in	
  helping	
  us	
  to	
  optimize	
  the	
  anticipated	
  science	
  that	
  will	
  
come	
  from	
  this	
  marvelous	
  facility.	
  

I. Shipsey  
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  The	
  UK	
  has	
  recognized	
  the	
  
opportunities	
  for	
  UK	
  astronomers,	
  particle	
  physicists	
  and	
  computer	
  
scientists	
  	
  to	
  become	
  involved	
  now	
  to	
  optimize	
  the	
  anticipated	
  science	
  that	
  
will	
  come	
  from	
  this	
  marvelous	
  facility.	
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