LSST
Dark Energy & Big Data
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- LSST Wide-Fast-Deep survey

* 4 billion galaxies with redshifts,
S
1 million supernovae

» 1 million galaxy lenses






sheared image

o = 4GM/bc?

Key
probe:
“Weak
Lensing

Cosmology changes
geometric distance factors

Gravity & Cosmology change
the growth rate of mass

structure




LSST Dark Energy Mission: 5 probes

structure vs cosmic time by combining probes.

eak gravitational lensing correlatio
(over 50 independent lensing probes!)
ryon acoustic oscillations (BAO
Counts of dark matter clusters
Supernovae to redshift 0.8

Probe anisotropy
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Combining four LSST probes

plp = Wy + W, (1-3)
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Testing general models of dark energy
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sensitivity of WL+BAO to systematic error
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Combining WL and BAO breaks degeneracies.
Joint analysis of WL & BAO is far less affected by systematics.
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LSST Survey

» One 6-Gigabyte image every 17 seconds
» 30 Terabytes every night for 10 years

» 200-Petabyte final image data archive
anticipated

» 20-Petabyte final database catalog anticipated

» 20 Trillion photometric measurements of 20
billion objects

» Repeat images of the entire night sky every 3
nights

» ~1000 deep images of each of 10 billion
galaxies



Image simulation: validate system performance

_ *“ | it « Atmosphere: Turbulence,
Y e R - " Refraction, Motion

e e <R A -~ eOptics: Telescope + Camera

- S e T o - e+ Focal Plane:
B et e L ' Detectors + Electronics

. . At + - Image simulations are used
Uit e during all phases of the project
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Cyber Infrastructure defined and capacity identified to

handle data volume
Headquarters Site

Headquarters Facility
Observatory Management
Sclence Operations
Education and Public Outreach

Archive Site

Archive Center
Nightly Reprocessing
Data Release Production

Long-term Storage (copy 2)
Data Access Center
Data Access and User Services

TOk ta 280k cores
S to 100 PB disk
2 to B3 PM tape

Base Site
Base Facility

Alert Production
Long-term storage [copy 1)
Data Access Center

Data Access and User Services

Summit Site

Summit Facility
Telescope and Camera
Data Acquisition
Crosstalk Correction

12k to 13k cores
12 to 23 PB disk
Eto 283 PM tape

» Summit-Base network will be installed by the project.
» Working with network consortia on capacity.
» International protected network identified and quoted.



LSST data processing pipelines are designed, and
prototyped and tested in data challenges

Middleware API| e
Application Framework

Alert Data Release Calibration

Production Production Prcl:luc_ts
Production

Moving Object Numination Cormection
Image Process
Deep Detection

Pupil Ghost Images
Detection

Photometric Calib

Crosstalk Matrix
Association User Tools

Astrometric Calib {Query, Data
Quality

Fringe Images An?lys'ls,

Alert Processing Classification Monitoring)

- Flats & Bias
Moving Object Image Coadd

Science Data OA

Data Products

Calibration

Eng/Facility Image Source Object Orbit Alert !
Data Archive Catalog Catalog Catalog Archive Data
Archive ) Products

» Ongoing Data Challenges.
» Unique database design to address multiple trillion row data sets.



Drivers for Computational Challenges

» The distance problem, photometric redshifts
» Spatial correlations (auto, cross, higher order)
» Outlier detection in many dimensions

» Statistical errors vs systematics

» Inverse problem: galaxy shapes

» Comparing observations to models

» Repeated end-to-end simulations

» Scalability!!!



Enabling Data - to - Science

» Each object has ~100 attributes

» Freguent reprocessing

» Processing speed: 1000 TF, sustained

» Search for correlations: many dimensions
» Automated quality assessment

» Novel database SciDB
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ﬁbﬁmﬂ Projected Performance Development
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LSST Cosmology Computation

Production of Data Products during operations phase will not be
challenging in CPU, but disk I/0 could be an issue for some deep co-
add calculations.

Automated data quality assessment and validation is key. Spinoff to
other fields of science and engineering.

Mining science from the database (if further pixel math is required)
will be challenging, especially for Dark Energy. Even high dimensional
statistical correlations over the database alone can be expensive in
CPU and I/O.

An LSST Dark Energy Experiment Collaboration is being set up.
Computational challenges in comparing with theory must be
addressed.



Science at the Limit

Much of the breakthrough science using
surveys occurs at the limits of the surveys

Noise, Sample incompleteness
Subtle systematic errors

Data exploration and statistical studies
must correct for these errors



	 
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	LSST Dark Energy Mission: 5 probes
	Combining four LSST probes�
	Testing general models of dark energy
	sensitivity of WL+BAO to systematic error 
	LSST Survey
	Image simulation: validate system performance
	Full end-to-end simulations
	Cyber infrastructure defined and capacity identified to handle data volume
	LSST data processing pipelines are designed, and prototyped and tested in data challenges
	Drivers for Computational Challenges
	Enabling  Data – to - Science
	Image Analysis Processing for Dark Energy
	Slide Number 19
	Slide Number 20
	LSST Cosmology Computation
	Slide Number 22

