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| SST OVERVIEW




| ARGE SYNOPTIC SURVEY TELESCOPE

alerts

o

scientific
discoveries

(&

raw images

LSST aims to deliver a catalog of 20

billion galaxies and 17 billion stars with
their associated physical properties

astronomical catalog
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| SST OVERVIEW (CONT.)

o Principle of operations
90% of the observing time of the telescope devoted to a deep-wide-fast survey

one complete visit of the southern hemisphere sky every 3-4 nights, from 2022 for 10 years
43% of the celestial sphere will be covered by this survey

each patch of the sky to be visited about 1000 times

o Sclence themes
determining the nature of dark energy and dark matter

taking an inventory of the solar system
exploring the transient optical sky

mapping the structure and evolution of the Milky Way
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| SST OVERVIEW

TELESCOPE
OBSERVATORY

south hemisphere | 2647m a.s.l. | main mirror 2 8.4 m (effective
stable air | clear sky | dark nights aperture 6.5 m) | large
| good infrastructure aperture: f/1.234 | wide field

of view | compact | 350 ton |
to be repositioned about 3M
times over 10 years of
operations

fabio hernandez | fabio@in2p3.fr

3.2 G pixels | 2 1.65m |
3.7mlong | 3ton | 3
lenses | 3.5° field of view |
9.6 deg? | 6 filters ugrizy |
focal plane and elecironics
in cryostat at 173K
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ROTATION: 10 deg/s
3.5° SLEW-SETTLE: 5 s

Sources: LSST, Asturfeito (2018-03)



DATA ACQUISITION

o Raw data
/.2 GB per image

2000 science images + 450 calibration images per night,
300 nights per year

20 B per night, 4.5 PB per year

o Aggregated data over 10 years of
operations, Including derived data
Images: ~6M exposures, 515 PB

catalog database: 80 PB
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| SST OVERVIEW: DELIVERABLES

o Deliverable
the science-enabling, ultimate deliverable of the project will be the fully reduced data

the scientific exploitation of the processed data will be performed by the scientific
community

o Open dato

complete cumulative data set (Images and catalogs), open to the scientific community
of the participating countries, once per year, with no proprietary period

alerts of detected variable sources (transients) made available for world-wide
distribution within 60 seconds of observation, published via standard protocols

o OQpen source soffware: github.com/1sst
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| SST OVERVIEW: FUNDING AND BUDGET

2014-2022 — Construction phase budget: USS 671M About 20% of the

construction budget
&S, U.S. DEPARTMENT OF devoted to the

el E N E RGY DATA MANAGEMENT

subsystem

2019-2034 — Operations phase budget: USS 41M/year

International collaboration: 25 countries, 39 research institutions
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IN2P3

A DISTRIBUTED
LABORATORY

in2p3.f

2500 researchers, engineers
and technicians

/00 post-docs and PhD
students

25 laboratories and research
platforms in France, 16
infernational laboratories

COMPUTING CENTER



http://www.in2p3.fr
http://www.in2p3.fr

IN2P3 COMPUTING CENTER

o CC-IN2P3
84 people, 80 FTE, 80% permanent positions

~15 M€ overall annual budget
scientific data center, high throughput computing

I.?‘

e

well connected to national and international
networks

e T T
o Shared compufing facility supporting Operations: 24x7
fthe Institute’s research program

~/0 projects in high energy physics, nuclear
physics and astroparticle physics

unattended during nights and
weekends

engineer on duty during off-hours
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Planck

LHC @ CERN

Deétecteur
de Particules
& Crande Energle

Detectour
de Particules

Absorbeur
Almant Bipolaire

Chambires & Maoas

Spectrometre
Systeme Iinterne & Photons
de Suivl de Trace




LSST AT IN2P3

o IN2P3 contributes 1o the construction of the LSST

camerad

CCD electronics, filter carousel, filter autochanger and manual loader
(design, construction, command and control software)

o IN2P3 Is preparing its contribution to offline data
processing during both the commissioning ana
operations phases
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| SST DATA PROCESSING




| SST DATA MANAGEMENT SUBSYSTEM

o Archival
to record, transport and permanently store raw data issued by camera

o Processing
to detect transients and emit alerts within 60 seconds after observation

once per year, to produce a data release: a self-consistent, immutable dataset, composed of
processed data since the beginning of the survey

to develop the software necessary for processing the data: image processing algorithms (calibration,
point spread function, co-addition of images, characterization of objects, processing pipelines, ...),
catalogue database, middleware (workload management, orchestration, ...), data transfer, etc.

o Publication
to deliver the reduced data (images + catalogs)

to facilitate custom data reduction and individual data analysis
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| SST DATA MANAGEMENT CONTRIBUTORS

W Y ol AR
UNIVERSITY of — d e I\
J—————

WASHINGTON ’ NOAO SLAC National Accelerator
Laboratory
National Optical Stanford University

Astronomy Observatory

k\\\\\\,
NCSA RO

DATA RELEASE PROCESSING CENTRES

Infrared Processing and

Analysis Center National Center for
California Institute of Supercomputing Applications CNRS / IN2P3 computing center
Technology University of lllinois at Urbana-
Champaign
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MACHINE ROOM INFRASTRUCTURE

Number of racks on the floor
LSST data release processing at CC-IN2P3

@ 40
G
= 35
30
25
Power
20
peak 1.4 MW
15
10 ;
Required Power
5 LSST data release processing at CC-IN2P3
= 1600
0 K"
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1200
1 000
Racks
800
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—Computing Equipment —=Total power (including overhead)
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SCIENCE PLATFORM




| SST SCIENCE PLATFORM

LSST Science Platform

. a
pyte
Portal JupyterlLab JUPytel Web API|s
a

f 3 3
!3 - . %g :

Data Releases Alert Streams User Databases User Computing Software Tools

Source: M. Juric, LSST

Set of iIntegrated web applications and services, through which the
scientific community will access, visualize, subset and pertorm nexi-to-
the-data analysis of the data
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| SST SCIENCE PLATFORM PROTOTYPE

doc.Isst.eu
Interactive computing based on Python notebooks

» displaypynb X n RGB.ipynb ® [m astrometry cle: X » skyWcs.pynb X »| test-butleripynt X | [m Check_astrome X » Example_notet X = multi_vi an d We b based V i S u aI isa-t i O n tOO | S
q I“ =

0B + X 0 > m C Code v

d exposures = {}
for bandpass in bandpass_color_map.values():
O datald['filter'] = bandpass
Ssenwshrsstn lhee et arsisezt Prototype components deployed at CC-IN2P3 and
3]
o rgb_im rgb.makeRGB(» (exposures[bandpass_color_map[color]].getMaskedImage() .getImage()
for color in ('red', 'green', 'blue')), Q=8, minimum -0.1, dataRange=1l.5, . . . .
0 saturatedPixelvalue=100, elng routine y use y sclentists
o xSize=None, ;,'SW'?«'-‘Nonc_:
- fig = plt.figure(figsize=(12,12))
0 4
o

fig plt.figure(figsize=(10,10))
rgb_im = rgb.makeRGB(*(exposures[bandpass_color_map[color]].getMaskedImage().getImage()

~ ' \ 11T -
b for color in ('red', 'green', 'blue')), Q=8, dataRange=1.0, - Fifeﬂy e LN
e tete Cotaiorn & e —— e 5N N

- . T
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Sources: D. Boutigny, X. Wu et al.
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SOFTWARE DISTRIBUTION

. L . sw.lsst.eu
o LSST sclience pipelines automatically g

delivered

both stable and weekly releases appear as if they
were locally installed under /cvmfs/sw.1sst.eu

* 6 :

Docs » Get the LSST science pipelines delivered to your computer

Get the LSST science pipelines delivered to your
computer

Here you will find information on how to get a binary distribution of the Large Synoptic Survey
Telescope (LSST) sci ipelines to use on your personal computer without installing the
software,

As a user of this software distribution service, both stable and weekly releases of the LSST

software appear as if they were locally installed on your computer. Since new releases just appear
under the local path /cweés/50. 155t c0 Without you to take any action, you can focus on using the

mechanism used for delivering the software to
computers in both the CC-IN2P3 login and batch
farms as well as to the scientists’ personal
computers

software, instead of on the technicalities of installing and updating it regularly.

Visit the OVERVIEW to get more details on the benefits and intended audience of this service
brought to the LSST community by LSST-France and CNRS / IN2P3 computing center (CC-IN2P3),

OVERVIEW

o Overview

USAGE

o Usage of the Software under

lower the barriers for end users to use the LSST o

S O ftwa re HELP & FEEDBACK
useful for reproducibility
alternative mechanisms: Docker images, sources CREpITS

Next ©
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CATALOG DATABASE

o Qserv: custom, distributed relational

database
spatial partitioning by sky coordinates, with overlaps

map-reduce model

very high number of rows: ~37 trillions

o CC-IN2P3 hosts and operates one of the

development clusters

development effort lead by SLAC, with contribution by
IN2P3 LPC Clermont

o Currently using hardware lent by Dell in the
framework of an instifutional partnership

~ Laoboratorre de Physique de Clermont
fabio hernandez | fabio@in2p3.fr EEINEPB
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DATA RELEASE PROCESSING

o Bulk data processing for bullding the

annual data release

every year, the entire dataset since the beginning of
the survey is reprocessed to produce an immutable
set of calibrated images and catalogs and to update
the references for nightly alert production

o Currently exercising the LSST software

for processing simulated dato
Dark Energy Science Collaboration

CCIN2PS B3

fabio hernandez | fabio@in2p3.fr


mailto:fabio@in2p3.fr?subject=

CONNECTIVITY & DATA EXCHANGE

o Allocated bandwidth between CC-IN2P3 and NCSA: 20
Gbps

bottleneck link is currently 10 Gbps: expected upgrade to full 20 Gbps before
end 2018

o We need to demonstrate capacity to import 20 TB of raw

data per night from NCSA (RTT: 110 ms)
In addition to capacity to exchange data products with NCSA

o Currently exercising regular data exchanges with NERSC
(RTT: 150 ms)
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CONNECTIVITY & DATA EXCHANGE (CONT.)

Data flow: NERSC (GPFS) & CC-IN2P3 (GPFS) [3 servers, 4 clients]

49O - B8 Isst| data transfer nodes -

nost cenetisst01.in2p3.1r + conetisst02.in2p3.1r + cen

LSST data transfer nodes - network bandwidth

Aggregated application-level
network throughput: 1.5 GB/s

(12 Gbps)

secure HTTP = integrity, confidentiality

pull model, disk-to-disk transfer, wide
area network, 150ms RTT

Connectivity provided by
B RENATER
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SUMMARY




SUMMARY

o LSST 1s a world-class, high-profile project in opfical astronomy

high expectations from the scientific community and from the funding agencies about what
LSST will bring over the next decade

o IN2P3 Is preparing to contribute fo the annual production of the

LSST data releases

Integral copy of the data (both images and catalogs) to be available at CC-IN2P3 for French
scientists members of the project

o Significant investment being made to realise the science

discovery potential

quantified roadmap established, R&D activities ongoing and now entering the deployment
phase
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We are made of stellar ash. Our origin and evolution have been
tied fo distant cosmic events. The exploration of the Cosmos
IS d voyage of self-discovery.

CARL SAGAN, COSMOS



QUESTIONS & COMMENTS




