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summary : 

● A stage-IV survey :
● 8.4 (6.7) m telescope
● Cerro Pachon (Chili)
● 3.2 Gpix 9.6□   FoV camera

● 0.2'' pixel / 0.7'' median FWHM

● First light 2021, Survey 2022
● All visible sky in 6 bands 

(ugrizy)  (~18000□)

● 1x30 s exposure, 1 visit / 3 days
r ~24.4 / visit

● During 10 years !
 ~825 visits (all bands)→ ~825 visits (all bands)

● 20TB/day 60 PB/10 years
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LSST project and Science: 

Telescope and site Camera Data Management

● LSST covers 4 major scientific themes 
● Dark Energy, Dark matter
● Mapping Milky Way
● Transient optical sky
● Solar system

● Scientific analysis is not part of the project
● Conducted by independent collaborations
● LSST delivers reduced data, scientists analyze them

Science 
Collaborations 

Outreach

Communication
Commissioning

Advisory
Operations



     

Camera

Full Integration & Verification

Operational Readiness Review

Early Integration & Testing

Data Management

Telescope & Site
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Construction 
Start

Construction 
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Full System 
Integration “Start”

Full System 
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Science 
Operations Start

Science 
Operations Start

Final DRP Release

 
 
 
 
 

Pre Commissioning Preparations

Facility Support

Full Operations

CD-4

Com Cam on Summit

Pre-

NSF MREFC

DOE MIE

Commissioning

Operations

Schedule Contingency

18 June 2019

MIE to Ops

Critical Path

Engineering First Light

System First Light

Critical Path is Dome/
TMA/AIV

Critical Path is Dome/
TMA/AIV

NowNow

LSST Timeline

Commissioning is happening NOW !
● AuxTel (=1CCD): First light with spectrograph 2019 (Chile)
● ComCam (=1 Raft/9 CCDs): integration 2019 (Tucson), First light in 

2021 (Chile)
● Full Focal Plane: 9/25 Rafts integrated (SLAC, Oct 2019), Completion 

(summer 2020), First light fall 2021 (Chile)
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The dream is coming true !

Telescope at manufacturer Facility
 → ~825 visits (all bands) being mounted at Summit

Summit Facility is complete 
while Dome is constructed

2012 rendering

Sep. 2019

M1M3 mirror on site
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Filter exchange System:
● Fast filter exchange (<2 minutes swap time)
● Successful collaboration between 5 labs in France
● 5 filters within the camera for automatic switching + 1 filter swapped 

out depending on moon phase
● Delivered at SLAC oct. 2019, under integration within the camera
● Video on the Journal du CNRS

CPPM LPSC

LPNHE

LPC

APC

https://lejournal.cnrs.fr/videos/une-camera-dexception-pour-filmer-lunivers
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Focal plane: 63 cm and 3.2 Gpix

All 21 Rafts 
have been 
assembled

4K x 4K
16 

Channel 
Science 
Sensor

189 sensors 
packed in 21 
rafts of 9 
sensors  

Fall 2019 : 1/2 focal plane
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Brighter-Fatter effect
Size of star spots depends on flux

 → ~825 visits (all bands) Up to 1% in PSF size

Different in x and y !
 → ~825 visits (all bands) induces an anisotropic shape distorsion depending on flux 

This is electrostatics...

 → ~825 visits (all bands) we now have an Analytical model

Astier 2019
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LSST data flow

~ 1/1 000 000 000 des données LSST !

Camera : 189 CCD (16 Mpix) read in parallel
 → ~825 visits (all bands) 3,2 G pixels !

~ 6 Gbyte / 17 seconds
 → ~825 visits (all bands) 20 TB / night
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LSST Data Management

50% of data processed at CCIN2P3 + Full Archive
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Ramping up for data processing: DC2

5000 sq. degree 300 sq. degree
10 years

State of the art simulation
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Ramping up for data processing: DC2

5000 sq. degree 300 sq. degree
10 years

State of the art simulation

End-to-end validation
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But StarLink ...

Starlink constellation:
Impact under study
~4-10  satellites visible at night
4 mag above LSST staturation

Mitigation
 → ~825 visits (all bands) Black painting for next ones

+3.5 mag
 → ~825 visits (all bands) LSST repeatability

62 satellite already deployed          4820 planned: Starlink, Kuiper, 

Near-saturation trail:
3 order of cross-talk 
on LSST CCD       
(Tyson)
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Preparing for the science
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DESC: the Dark Energy Science 
collaboration
5 Dark Energy Probes

949 Members – 215 Full Members

Full members by country

~15% 

Large Scale Structures Strong Lensing Supernovae Weak Lensing Clusters
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Science Requirements ArXiv 1809.01669

● Forecasts for 1 and 10 yr
● Full review of known systematics

● Calibratable and self-calibrated
● Target: FoM of 500 for 10yr

● Calibratable systematics should 
not dominate statistics

● Requirements for each probe

10 year forcasts

DESC Roadmap
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Shear challenges

PSF                 +                Noise

Photo-z Masks, sensor effects 

+ Astrophysics : intrinsic alignments, baryons feedback…

Blending
Pasquet 2019
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PSF improvement

PSF size is correlated across full focal 
plane

 → ~825 visits (all bands) this is the effect of Atmosphere

● Single CCD treatment insufficient
● Full FoV model : 

● optical model (Zernike)
● Von Karman atmospheric 

correlations
● Gaussian processes

PSF within a DES image
 PSF ellipticities 

After correction
Léget in prep.
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Deblending is an issue !

Erfan

● Assess current algorithm performance
● Develop new approaches (Deep learning)

● Synergies with other data
● Space-based (Euclid)
● Other filter set (HSC) Dawson 2016
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Supernova challenges

Slide borrowed from

Survey 
strategy

Calibration

Identification

Astrophysics
Nee

ded
:

Fo
llo

w-up pro
gra

m

Hubble Diagram

Peculiar velocitiesCf A. Moller presentation



Two white papers on cadence in 2019
– Custom optimization in 2020
– Decision in 2021

● Wide Fast Deep: 90% of observing time
○ Baseline bad for SN program
○ Move toward rolling cadence

● Deep Drilling Fields: 5% of obs. time
○ From 12 to 28 kSN z~1,0
○ SN and AGN are competing
○ Ongoing optimization

● More SN means more science

○  → ~825 visits (all bands) Peculiar velocities

2018

2019 !

Forecast for various strategies

2017

N
um

be
r 

of
 S

N

Redshift

Observing Strategy (Cadence)

Cf R. Graziani presentation
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Calibration
● Calibration is a limiting systematics

● 1 mmag needed
● Improvement for LSST:

● Primary flux measurements
– Stars  NIST metrology→ ~825 visits (all bands)

● Survey uniformity
– Use GAIA as a reference

● Survey throughput
– Filter transmission and bandpass
– Atmospheric transmission

Hazenberg

Rykoff
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DESC and dark matter
● ArXiv:1902.01055

● Minimum halo masses
● Halo profiles
● Microlensing
● Anomalous energy loss
● Large scale structure

Stellar stream gaps (Bonaca 2018)

Matter power spectrum is sentitive to
Dark Matter microphysics !

Cutoff !
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Conclusion: 

● Project-Wise:
● Computing is a major deliverable
● Commissioning is demanding new resources

● Dark Energy-Wise:
● Shear: wide effort on systematics
● Supernovae: photometry, anisotropy science
● Clusters: calibrate the mass function
● Strong lensing: GR tests +  H0 measurement

● But also:
● FINK ! optical counterparts of transients 
● Dark matter, neutrinos… many other topics

                  → Exciting times to come !
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