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OVERVIEW



RUBIN OBSERVATORY LEGACY SURVEY OF SPACE AND TIME

science
collaborations

: - im
SPsEEnEe- co-added images

raw images

LSST aims to deliver a catalog of 20 billion

galaxies and 17 billion stars with their
associated thSiCCll prOperﬁeS astronomical catalog
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| SST OVERVIEW

TELESCOPE CAMERA
OBSERVATORY it

southern hemisphere | 2647m main mirror 2 8.4 m (effective 3.2G pixels | 21.65m |
a.s.l. | stable air | clear sky | 6.4 m) | large aperture: f/1.234 3.7mlong | 3iton | 3
dark nights | good infrastructure | wide field of view | 350 ton | lenses | 3.5° field of view |
compact | to be repositioned 9.6 deg? | 6 filters ugrizy |
about 3M times over 10 years 320-1050 nm | focal plane
of operations and electronics in cryostat
at 173K

LSST: from Science Drivers to Reference Design and Anticipated Data Products EEINEPB
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https://arxiv.org/abs/0805.2366
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| SST OVERVIEW (CONT.)

- 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 2024 for
10 years

each patch of the observable sky to be visited about 800 times

43% of the celestial sphere will be covered by this survey

- 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
fabio hernandez | fabio@in2p3.fr EEINEPB H



. Survey area: 18.000 deg?
e .S G (43% of the area of the sky)

Source: Rubin Observatory



Raw dafa
6.4 GB per exposure (compressed)

2000 science + 500 calibration images
per night

16 1B per night

300 nights per year, ~5 PB per year

Aggregated data over 10
years of operations*, including

derived data
Image collection: ~6M exposures

final catalog database: 15 PB

* source:


https://www.lsst.org/scientists/keynumbers

Source: Rubin Observatory









| SST-FRANCE




| SST-FRANCE

- 10 IN2P3 laboratories participating

APC, CC-IN2P3, CPPM, IJCLab, IP2l, LAPF, LPC, LPNHE, LPSC,
LUPM

- Effort: 56 FTEs per year on average (2012-2022)

100+ individuals (scientists, engineers, technicians)

contributions to camera design and construction, filter exchange
system, data management

- Significant contributions to the Dark Energy Science
Collaboration (DESC)
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DATA MANAGEMENT



‘ Dedicated Long Haul Networks UK Data Facility

Cloud Two redundant 100 Gb links from Santiago to IRIS Network, UK
o, Florida (existing fiber) Data Release Production (25%)
EPO Data Center Additional 100 Gb link (spectrum on new fiber)

from Santiago-Florida (Chile and US national
links not shown)

US Data Facility " 1
SLAC, California, USA . French Data Facility

. CC-IN2P3, Lyon, France
Archive Center e N e g ecccoveoneeeceenenn g ~
Alert Production e Data Release Production (50%)
Data Release Production (25%) O Long-term storage

Calibration Products Production
Long-term storage

Data Access Center

Data Access and User Services

e Summit and Base Sites
HQ Site Observatory Operations Telescope
AURA, Tucson, USA HE Camera,
Data Acquisition
Observatory Management Long-term storage
Data Production Chilean Data Access Center

System Performance
Education and Public Outreach

Source: Rubin Observatory



| SST DATA

Raw Data: 20TB/night

Sequential 30s images
covering the entire
visible sky every few days

Credit: Leanne Guy
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Prompt Data Products _ /‘
Alerts: up to 10 million per night B60- via n'gt‘“y f"ert siroams Community
_ i r— Brokers
J
oY Raw & Processed Visit Images, )
O Difference Images, Templates
. . , Rubin Data Access Centres
; Transient and variable sources 24, ViaPromptProducts DB (DACs)
E from Difference Image Analysis B
m Solar System Objects: ~ 6 million _ g:'i'g ((Léﬁgg)
France (FRDF)

Data Release Data Products

Final 10yr Data Release:

* Images: 5.5 million x 3.2 Gpixels
* Catalog: 15PB, 37 billion objects

r_ via Data Releases

RUBIN SCIENCE PLATFORM

Rubin Science Platform PORTAL NOTEBOOKS E.I_

Provides access to LSST Data
Products and services for all
science users and project staff. .

ALERT FILTERING

United Kingdom (UKDF)

Independent Data Access
Centers (IDACs)

WEB APIS @

S o,
2L

- O
@ o

UsSER COMPUTING SOFTWARE TOOLS
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| SST DATA VOLUME

Size of datasets

~0.5 EB of data

1000 000
by the end of the
500000 e J 371635 Survey in 2035
J
J
100 000 a— |
50 000 r : —_ <+ aw image data
| | ' |
10000
5000>____ ____
|
LOY1 LOY?2 LOY3 LOYA4 LOY5 LOY6 LOY7 LOYS LOY9 LOY10

®m Raw ® Coadd © Catalog = PVI ™ Tabular
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IMAGE PROCESSING

Lines of LSST Science Pipelines code and comments

350000

300000 4

250000 -

200000 -

150000 -

100000 -

50000 -

—— pYy code

- py comment
— C+4++ code
— C++4+ comment

w——

Lower layer written in C++ for
performance

Upper layer in Python for
convenience and expressivity

Open source development:
hitps://github.com/Isst

Very good documentation
hitps://pipelines.lsst.io

2014 2016 2018 2020 2022

Source: T. Jenness, Rubin Observatory
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https://github.com/lsst
https://pipelines.lsst.io

IMAGE PROCESSING (CONT.)

- Observed ratio RAM per CPU core higher than

typical accelerator experiment*®
most stages of the image processing pipelines require less than 20 GB

a few require up to 170 GB
for comparison, typical LHC ratio is 3 to 4 GB per CPU core
- This has direct consegquences on the configuration

of the hardware that we need to provision, Its Cost
as well as the configuration of the batch farm

* observations made by processing images from the DESC DC2 simulated sky survey for Rubin Data Preview 0.2
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https://arxiv.org/abs/2010.05926
https://dp0-2.lsst.io

IMAGE PROCESSING (CONT.)

e o I—— O (Oscrved /O

fhroughput delivered
and ingested by CephFS
for image processing
needs®:

read: 12 GB/s
write: 1.6 GB/s

., 3000+ CPUs were used

0000000 - el 09/22 0000 09/23 00:00 09/24 00:00 09/25 00:00 /e 000 PR AOM‘:EQ/ZS 00;53* e 09/?5:0 Si m U ‘ TO n e O U S ‘y fo r
processing Images in the

Slurm batch farm

* for comparison, aggregated throughput
for ATLAS, CMS and LHCb (July-Sep 2022):

read: 5.4 GB/s
write: 2.8 GB/s

CCIN2P3
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ASTRONOMICAL CATALOG DATABASE «

- Read-only relational database
contains the physical properties of the celestial objects and light
sources extracted by processing the science images

exposes subset of SQL to scientists

- Few number of very tall tables

ForcedSource 50 T 10s 2 PB

source OT 100s 5 PB

Object Extra, 15T 1000s 1.2 PB
Object 47 B 1000s 100 TB (sce Data Preview 0.2 schema browser)

Adapted from F. Mueller, Rubin Observator
fabio hernandez | fabio@in2p3.fr ' / EEINEPB


https://dm.lsst.org/sdm_schemas/browser/dp02.html

ASTRONOMICAL CATALOG DATABASE (CONT.) .-

- Data spatially

oartifioned

catalog contents physically
distributed over a set of o
independent database servers

- CC-IN2P3 Instance

15 database servers

- Packaged as o
Kubernetes application

fabio hernandez | fabio@in2p3.fr EEINEPB



INTERACTIVE DATA ANALYSIS PLATFORM

e M < L )EN(©) data-dev.Isst.eu g © h + O

Infegrated web-based
environment for scientific TR T TR
exploration of image and cata \og ~ TN " Pt
data i o

both GUI and programmatic interfaces

VERA C.RUBIN Portal Notebooks S ocumentation uppo ommuni

. Portal Notebooks I APIs

B Discover data in the browser

&

RSP TAP Search [l External Images [l External Catalogs Add Chart Upload

Process and analyze LSST data with Learn how to programatically access
Jupyter notebooks in the cloud data with Virtual Observatory interfaces

execution of Python notebooks

Background Monitor Logout

i-view = img-tbl img-xy  xy-tbl

allows for execution of heavier analysis
exploiting the capacity of the batch farm (via — asO aRS T
D aSk ) :‘s’:::;e dF:;V: ;:,)S LA S 9%9 e Ocv Color Color Diagram

2.2
| / | t | f | | t | t ! / 2.34
VI I I I gES’ ‘]E VIgE:l IC‘]’ Ei L‘ E!r 2.4
| > N . = &
data raph/cs N -
al
J g S T
2.6 b
] ] 2.7
interfaced with LSST own cata/og as well as . , . . [ .
-15 -10 -5 0 5 10
external catalogs ( via IVOA inter 7aces) —
g dp02_dc2_catalogs.Object - ... * 44 1o p Pp]a-1000f11,017) ? E @ {"a_ K‘
i v z coord_ra coord_dec
¢§deg) édeg)
double double double louble louble
‘ -~ v
A r< I -|- e ‘ -|- e d O S O S e -|- O f 25.82627677122995 26.93582037066384 25.482157157135248 59.9894959 -29.9319608
24.094010151416867 23.29790748205032 24.0308269423095 60.014239 -29.9317587
° ° 26.469741276674554 25.908178912664603 59.9867496 -29.9320166
25.764717020472 24.79025006847494 25.466329722365654 59.9992254 -29.9310364
C O O e rO I I I S e rv I C e S O r C e S rO e 23.976916995055248 23.04403379570649 23.511618834548752 59.9957581 -29.9309159
24.700377669932045 24.055220504732173 24.24033019197497 59.9976416 -29.9424364
25.76406444668554 27.97664937471186 26.044881525971853 59.9759251 -29.9416677
24.727291775958072 24.586859396777097 24.09215342502774 59.9796258 -29.9420981
' ' e rI . e e S 25.340845700702552 25.70804454678868 25.080388377062462 59.9873983 -29.9423362
21.402425459707786 20.82558750194184 21.00512280874829 59.9700031 -29.9417843
[ -

Source: G. Mainetti
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INFRASTRUCTURE SOFTWARE SYSTEMS '«

- Rubin uses (or evaluates) software systems

developed by or for other science projects, e.g.
global software distribution: CernVVM-FS (see https://sw.Isst.eu)

fabio

data storage: dCache

distributed job execution: ATLAS’ PanDA, Nordugrid’s ARC CE

workflow execution: Parsl

inter-site data replication: Rucio, FTS

virtual organisation membership: VOMS

hernandez | fabio@in2p3.fr EEINEPB


https://cernvm.cern.ch/fs/
https://sw.lsst.eu
https://www.dcache.org
https://panda-wms.readthedocs.io/en/latest/
https://www.nordugrid.org/arc/arc6/index.html
https://parsl-project.org
https://rucio.cern.ch
https://fts.web.cern.ch/fts/
https://italiangrid.github.io/voms/index.html

CONCLUSIONS

- Data set of significant size
challenging in terms of transport and storage

Image processing requirements somehow different from processing particle
collision events

- Platforms for interactive scientific data analysis are

new challenges for us
e.q. astronomical catalog, science analysis platform, alert broker

- We are acftively preparing and progressively getting

ready to meet those challenges
our goal is to equip science teams with the best possible environment to

scientifically exploit the data collected by this unique instrument
CCIN2P3
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SEE ALSO

- Vera C. Rubin Observatory
https.//www.lIsst.org

- Rubin LSST-France
httos.//www.lIsst.fr
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