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In short : 
● A stage-4 survey :

● 8.4 m telescope
● Cerro Pachon (Chili)
● (Very) wide-feld astronomy
● 9,6□   camera

● 0.2 '' pixel / 0.7 '' seeing 

● All visible sky in 6 bands
(ugrizy)  (~20000□)

● 15 s exposure, 1 visit / 3 days

● During 10 years !

● 60 Pbytes of raw data
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LSST survey requirements

Astrometry                10 mas on single individual exposure
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The LSST consortium
LSSTc : Non-proft organization

● 41 institutions, with major US contribution
● SLAC, UWashington, Google, …
● Non-US : Chilean Republic, France/IN2P3

● Expect ~900 scientists involved (~50% US)

Funding :
● NSF/DOE/Private donors : ~670 M$
● France : in kind contribution
● Others : 200000$/PI/ 10years (covering 30% of running costs)

In Europe
● France : 100 PI (60-75 in kind camera, 30-45 in kind

computing)
● UK : 100 PI (proposal submited to STFC, anwser expected 2015)
● Czech, Croatia, Hungaria, Poland, Serbia : 30-50 PI

Rest of the world
● Brazil : situation unclear, forseen in kind (network)
● Australia, China, India, New Zealand (>100 PI) MoA in

discussion

( S. Kahn )
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Organization chart

DOE / SLACNSF NSF
Donors

Science not funded by the project
→  achived through science 

collaborations
→  one has to earn LSST data access 

frst (data is « public but...»)

DOE / SLAC
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R&D Construction Operations

LSST funded for construction !
● NSF MREFC approval
● DOE CD-2 (cost and schedule)
● 49 M$ in president's budget 2014
● 115 M$ in president's budget 2015

France / IN2P3 
● 9 laboratories, 46 scientists, 56 engineers
● 10% of the camera construction (MoA under

 signature)
● 50% of LSST computing  (MoA forseen 2015)
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The Cerro Pachon
site

Site ready for construction
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Optical solution

● Median seeing : 0.6'' →  0.2'' pixel

● Minimum pixel size 10μm

● Plate scale →  10.3m focal length

● Depth requirement : aperture 6.5m

→  focal ratio <1.5

● FOV 3.5° 

→   3.2 Gpix, 

→  63cm ø focal plane 

● Fast slew (5°/sec) →  Compact design
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Mirrors
M1 – M3 fabricated as a single monolith
M1 polished (23 nm)
M3 polishing underway (40 nm →  20 nm)

M2 substrate ready for polishing

Calypso telescope relocation
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The camera 
● Camera is located in the telescope beam
● Constraints on 

● Enveloppe (ø<1.6m)
● Mass (3t)
● Heat dissipation
● Lifetime (10 yr) and maintenance

France/IN2P3 involved in
● Filter R&D
● Filter exchange system
● CCD qualifcation and readout
● Camera optical characterization
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Protyping and construction
Filter exchange system :
Towards a full-scale prototype

CCD qualifcation test bench

CCD readout electronics

Multi-lab project : 
● Clermont-Ferrand (LPC)
● Grenoble (LPSC)
● Marseille (CPPM)
● Montpellier (LUPM)
● Lyon (CC)
● Paris (APC,LPNHE) 
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CCD qualifcation

● Revealed a new effect : brighter-fatter

● Confrmed by SNLS, SDSS, HSC

● Serious impact for analysis (especially lensing)
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LSST data fow

~ 1/1 000 000 000 des données LSST !

Camera : 189 CCD (16 Mpix) read in parallel
→  3,2 G pixels !
~ 6 Gbyte / 17 seconds
→  15 TB / night
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LSST data fow
Camera : 198 CCD (16 Mpix) read in parallel

→  3,2 G pixels !
~ 6 Gbyte / 17 seconds
→  15 TB / night

During 10 years !

~ 800 visits per feld
→  opens the time domain

~ 500 PB at end of the project
 This is Big Data !
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LSST reduction pipeline already
enables scientifc analysis

5□ coadded image near M2
Diffuse structures are preserved

Photometry from SDSS stripe 82
reprocessed with LSST software
(split processing NCSA/CCIN2P3)

Ongoing (France) : 
reprocessing of CFHTLS data
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Data products:

Static: 80 TB image
In 6 bands
(all visible sky)

Dynamic: 60 PB

Relation 1-Many 
Object (40 109  x 500 )
Sources ( 5 1012 x 120 )

Catalogs : 5 PB

106

(within
60s.)

France : test of distributed DB
300 nodes, 15TB
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System simulation and performance
evaluation
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Which science will LSST address ?

Slide from
Izevic
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The LSST science book
● 4 major themes

● Dark Energy, Dark matter
● Mapping Milky Way
● Transient optical sky
● Solar system

● 11 science collaborations
● Weak Lensing
● BAO
● Supernovae
● Strong lensing
● Galaxies
● AGN
● Milky way and the local volume structure
● Stellar populations
● Transient/variable stars
● Solar system
● Informatics and statistics arXiv:0912.0201

ArXiv 1211.0310
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SN in LSST 
● 10 000 well sampled SN/year

● Systematics dominated (short in IR)

● No spectroscopy (for now...)

● Redshift from external measurement 

Huge improvement still !

LSST 10 000 SN
LSST 50 000 SN

Bétoule 2014
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A combined Euclid/LSST SN
program :

DESIRE survey :
2x 6-month seasons
45 visits / season

 

A&A 572 80 (2014)



05/12/14 Emmanuel Gangler – LSST Status 23/28

LSST galaxy census :
● 10 109  galaxies in 20000□ 

● 4 109 in gold sample (i<25.3)
● Up to z < 2.5

→  Structure growth

→  Redshift tomography

→  Galaxy evolution

→  ...

BAO
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Photo-z
LSST requirements on 1+z
● 0.02  random error
● <0.003 bias
● <10% 3-σ outliers 

→  primary driver for LSST main survey
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Photo-z

Dramatic improvement with IR

LSST requirements on 1+z
● 0.02  random error
● <0.003 bias
● <10% 3-σ outliers 

→  primary driver for LSST main survey



Lensing with LSST
Lensing is sensitive to all dark
matter components, including
neutrinos
10 redshift bins: 55 auto and
cross-spectra
 

~100 visits will reduce the
systematic shear correlations
below the shot noise
 

Lee and Tyson 2011

→  Expected to be most precise probe with LSST



05/12/14 Emmanuel Gangler – LSST Status 27/28

LSST Dark Energy constraints
Multi-probe approach 

→  precise determination of equation of state.
→  control of systematics

Errors will be 
systematics dominated !



Conclusions

● LSST will provide unprecedented data : Wide, Fast, Deep

● Multi-probe approach for Cosmology
● … and offers a LOT of scientifc opportunities

● France has a privilegied access to LSST data

● Early construction member (IN2P3)
● 50% of LSST processing

Adds ~30 French PI

● Complementarity with Euclid

● ~5000□ in common, different bands

– Room for joint analysis (SN, Galaxies ...)
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