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Euclid Goals

« Discover the origin of the Universe's
accelerating expansion.

e Discover the nature of 95% of the
Universe: dark energy and dark matter.

« Measure shapes of galaxies distorted by
gravitational deflection due to dark matter.

e Measure non-random distribution of
galaxies resulting from the action of gravity

ESA UNCLASSIFIED - For Official Use
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Ordinary Matter
4%

Dark Matter
20%0

Dark Energy
716%0

ESA | 06/10/2019 | Slide 2

I+ - I] European Space Agency



\\

{zesa

Euclid Mission Overview

&

« Launch in Q2 2022 and 6 years duration
« 1.2m telescope, L2 orbit

« Visible-light camera and a near-infrared

camera/spectrometer ‘ —
« ESA is responsible for the mission —
« The Euclid Consortium (EC) will supply ESA ‘ —

with the instruments and most of the SGS
 Euclid Consortium & Other teams

15 countries, 130 institutes,

1300 consortium members 3

)

ESA UNCLASSIFIED - For Official Use . _ Slide 3

— 0l b c= ™ W = "Il D - 5 mm Il — S= K1 2 = ¥l European Space Agency



=
=
A-"F

®
724
Q

Euclid Archive System Overall Architecture

EAS-DPS@SDC-NL/Slave

_________ 1
Talk on DPS and DSS CDM
By Rees Williams on i '_L%: 7
i ) et i Advanced 0
Tuesday at 17:00 bﬁé& LLJ . Ap;n_cation 3
| DPS-MDR | EAS-SAS@ESAC =
| N : 3
Consortium R A SEDM 0O
User Services DPS-MRS _ s
1
EC Users 7777 WEDM & E
- ]
; - g 3,
Job specification ¢ OPS E : .2'
m " g Scientific access
s @ SAS-MDR
Job spec. R 4
vl /4 oesvor: ¢ B TR

I I
| COORS | EAS-DPS SAS Components:

S @ESAC/Master i
NOt'fyIiSE:t Metadata ng’a“”Ret”e"a' %';‘E;Vézgstni%‘% SAS-MAL: Metadata Access Service
Fi Ny T T SAS-MDR: Metadata Repository
'c . . : i . . i: SAS-MTS: Metadata Transfer Service
E ' : : ' ' ii SAS-AUS: Archive User Services
§i i HPCI : HPCI : E :' SAS-CLI: Command Line Interface
8; i #@' Fs i ; #@ FS i E Fs ;: SAS-GUI: Graphical User Interface
(91: 1 __ v S S_IS(E_n: STl SEDM: Science Exploitation Data Model
ESA UNCLASSIFIED - For Official Use | ESA | 06/10/2019 | Slide 4
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Euclid Science \&i&iesa

LES  Catalogues

Spectra gea.esac

Talk on Gaia datasets
by Juan Gonzalez on
Wednesday at 13:45

ESA UNCLASSIFIED - For Official Use nxsa.esac.esa.int ESA | 06/10/2019 | Slide 5
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ESA Science Archives Volume Evolution (2000-2030) \\\g‘_ eSa
N

- ESA Space Science Archives - Volume (PB) Pt 2007

o i
14.00 .
B Gaia - 2013
12.00 ;J ' B Herschel - 2009
< | !
i f ' m Planck - 2009
R B W ' m Planetary (MEX - 2003, Rosetta - 2004, VEX -
8.00 'i v " [ 2005, BepiC - 2018)
: .1_;. lh‘ B Cluster - 2000
6.00 o g
. ‘h # XMM-Newton - 1999
4.00 W Soho - 1995
2.00 ® Hubble - 1990
U,OO | L Je— — —

2005 2010 2011 2012



Euclid Science Volume and Data Releases

dcesa

10PB of data, —~45000 observations in 6 years mission
Wide survey (15000 deg2) and Deep survey (40 deg2)

Data Volume of Euclid DRs (TB)
 Catalogue: ~1.50PB
«  MER: 50TB oo ——
. SPE columns:  244TB 10000 T
e PHZ columns: 188TB /
8000
* SHE columns: 1PB
: _ 5 P 6000 //\
. maging: ~5.
9ing 4000 T
* VIS & NIR: 3.5PB /
2000
 MER: 2PB
0
« Spectra: ~3.2PB
DR1
* Other archive products, HiPS maps 2024 DR2
: 2026 DR3
 External data (3-5PB) KiDS, etc.

2029

H Catalogues ®Pixel data ™ Spectra

Mission data processing could generate 26 PB/year
ESA UNCLASSIFIED - For Official Use
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The Euclid Science Archive System

Scientific Community

WEB Portal Science Exploitation Platform

VO Compliant APIs

Petascale Data Storage

Ingestion Layer
ESA UNCLASSIFIED - For Official Use . ESA | 06/10/2019 | Slide 8
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SAS v0.9: Euclid HiPSized simulations £ @Sdad

SKIES CATALOGUES OBSERVATIONS MOSAICS RESULTS 00 43 28.505 -18 32 30.76 | J2000 % FoV: 19.6

- Name
SC3-VIS

© sC456-VIS
DES-G-5C3
DES-I-SC3
DES-R-SC3
DES-Z-SC3
DES-Lepus-G
DES-Lepus-I
DES-Lepus-R
DES-Lepus-Z
KlDS DR4 g- band Maps

SC456-VIS sky details
HiP$S created by:Bruno Altieri

Creation date:2019-05-29T00:002
Instrument:VIS
Wavelength range:550 nm to 900, 12 micron

Change color palette:




SAS v0.9: External data, DES HiPS maps (s @sa

#i  SKIES CATALOGUES OBSERVATIONS MOSAICS RESULTS -301019.95 | J2000 ¢ FoV: 20.03

Q _I'Si(y:DE‘S-Le;;usqz- ; :,




SAS v0.9: Browse simulated observations

RESULTS #2

RESULTS #3 =

=

ff(‘r

iz
"7

-CSa

mosaics (210) e -
Observation ID RA Dec Instrument Filter Observing Mode Start Time

- 52926 & 00h 35m 16.58s -19d 28' 29.48" NISP NIR_H SCIENCE WIDE 2025-06-22T18:56:13.0

- 52926 & 00h 35m 16.58s -19d 28' 29.48" NISP NIR_J SCIENCE WIDE 2025-06-22T18:56:13.0

- 52926 & 00h 35m 16.58s -19d 28' 29.48" NISP NIR_Y SCIENCE WIDE 2025-06-22T18:56:13.0

B 53401 & 00h 29m 51.54s -20d 04' 09.15" NISP NIR_J SCIENCE WIDE 2025-06-21T13:34:03.0

- 53401 & 00h 29m 51.54s -20d 04' 09.15" NISP NIR_Y SCIENCE WIDE 2025-06-21T13:34:03.0

- 53401 & 00h 29m 51.54s -20d 04' 09.15" NISP NIR_H SCIENCE WIDE 2025-06-21T13:34:03.0

B 53402 & 00h32m 34.18s -19d 46' 18.41" NISP NIR_J SCIENCE WIDE 2025-06-21T17:14:03.0

- 53402 & 00h 32m 34.18s -19d 46' 18.41" NISP NIR_H SCIENCE WIDE 2025-06-21T17:14:03.0

- 53402 & 00h 32m 34.18s -19d 46' 18.41" NISP NIR_Y SCIENCE WIDE 2025-06-21T17:14:03.0

B 53403 & 00h 36m 38.51s -20d 09' 47.42" NISP NIR_Y SCIENCE WIDE 2025-06-22T17:42:53.0

- 53403 & 00h 36m 38.51s -20d 09' 47.42" NISP NIR_J SCIENCE WIDE 2025-06-22T17:42:53.0

- 53403 & 00h 36m 38.51s -20d 09' 47.42" NISP NIR_H SCIENCE WIDE 2025-06-22T17:42:53.0

4 41 of1 » »l Pagesize: 50 = Displaying 1-27 of 27
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SAS v0.9: ADQL Query Interface | \»- CeSa

Euclid Science Archive System

ol
Query examples

@ Other
sedm_090_sc3
=) sedm_090_scd456
# || sedm_090_scd56.aux_cal
| sedm_090_sc456.data_product
| sedm_090_sc456.detector
| sedm_080_sc456 frame
| sedm_090_sc456.instrument
_-| sedm_090_sc456.mosaic Cirl+Space for query autocompletion
| sedm_090_sc456.mosaic_pradu
| sedm_090_sc456 abservation Q
j sedm_0980 sc456.observation_mr
| sedm_090_sc456.observation_mr
® | sedm_090_scA56.release
& || sedm_090_sca56.software
® sky_schema Status Job ¥ Creation date Num. rows Size

1559583126369T0 03-Jun-2019, 20:32:06 12086 480 KB

B0 S

8
FEEEEe B

Submit C  clear

CI@I

@ sascat
=) User tables

] user_snieto.t154869278197€
user_snieto.table1
user_snieto.table?

.}}

o O=
oOe
ode
aOe

@ A - &
Select all jobs

1559583073555TO 03-Jun-2019, 20:31:13 12086 480 KB

*)

=]

1559583058004TO 03-Jun-2019, 20:30:58 198989 7MB

63 0o
& & &b

1559583049499T0 03-Jun-2019, 20:30:49 21790 589 KB

+)

8 ®
G

user_snieto.tabled

| 7 user_snieto.upload_1558455
ESA U @ [ user_snieto.upload_1558697 W @ 150f5 & N Download format:  VOTable v

L L
LU R e
2000 @
2009099
29999
D) )

1RRORAININARIT N lhin. 204G 2020320 TAN AT KR

&

Apply jobs filter Delete selected jobs | | € 12

— \gency




SAS Web Portal v0.9: Overlay of query results

SKIES CATALOGUES OBSERVATIONS MOSAICS RESULTS 00 4 T J2000 3 FoV: 54.31°

Euclid Science Archive System

SKIES CATALOGUES OBSERVATIONS MOSAICS RESULTS

Sky:SC456-VIS 4

Query Results

ESA UNCLASSIFIED - For Official Use ESA | 06/10/2019 | Slide 13
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Sky:SC3-ViS

Name
VIS mosaic sc3
MNISP mosaic sc3

VIS mosaic sc456
NISP mosaic sc456




Sky:SC456-VIS Name
VIS sc3

NISP sc3

VIS 5c456
NISP 5456




SAS Data, Service and Client Layers

DATA

Catalogues

- EUC Flagship 2.7B
- KiDS DR#4 100M
- DES Lepus 3.5M

Images and HiPS maps

- SC#3
- DES, DES Lepus
- KiDS DR#4

SC#456 new data

Footprints
- Observations
- Mosaics

ESA UNCLASSIFIED - For Official Use

— 0] ha 2 W - ] .

Services

EuclidSky
Overlay of sources
Overlay of user results

Catalogue searches
Metadata searches
Download service

Cutout of images
Plotting service

Spectra
DPS Interface
SEPP interface
X-match

Client

WEB Portal

- EuclidSky explorer
- HiPS maps
- Catalogues
- Footprints

Products browser

Plotting browser

Spectra visualizer
AstroQuery modules
- TAP+
- Cutout
JupyterLab

ESA | 06/10/2019 | Slide 16
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Petascale Infrastructure &

\\k\\\\_

eSd

« GreenPlum open source now used as DB system in SAS replacing PostgreSQL
* 10 VM Nodes of 128GB Master and 32GB Workers with 2TB size/node NetApp
e Catalogue of —3 Billion sources,~ 100 columns

« Current NetApp NFS storage
e Ceph PoC for scaling out ESDC storage

Massive scalable (to Exa-Bytes)

Highly reliable O
o
Easy to manage Q

Segment Segment
« Open source ceph Host e Host
S APACHE a
e O > i
—_——— B B ——— s
ESA UNCLASSIFIED - For Official Use ESA | 06/10/2019 | Slide 17
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Move code to the data: ESA SEPP \\

Talk By Vicente Navarro on Tuesday at 16:30

~ jupyter

o Astropy Sesesiirim e

33]1 plt.tiguee|fignize=(, 8]
pht.scattaric] para’], Tl padec’ |, calor='r', wipha=0.1)
plt.scattarty| ‘pera ), } padec’)y color="5", alphn=.3)
mra padec’ |, color='g", wipta=0.d)
plt.scattaritest| paca’ |, un[ padec’], eolor='y’, alpha=g.3)’
pLt.xLim(-65, 60}
Lt ylin{-120,38)

- /-'\halysis Workspace
R o
Data Application

Storage
Infrastructure

Computing ™
Infrastructure

User
Management

- ZABB
Logging &
Monitoring

cosmos

ESA UNCLASSIFIED - For Official Use ESA | 06/10/2019 | Slide 18
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Questions

Thanks for your attention

ESA UNCLASSIFIED - For Official Use ESA | 06/10/2019 | Slide 19
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Additional information
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Sci Archi ticipation in Euclid Chall \\\‘“‘f&‘esa
cience Arcnive partcipation in =ucl allienges \&F
 The Scientific Archive is officially participating Euclid Challenges since #3

« Challenges roadmap up to launch in 2022 Challenge Data Volume (TB)
* 3 deg2 (9 fields)
« 30 deg2 (—109 fields) on going 1800

300 deg2 wide (—1000 fields) o
« 3000 deg2 wide (—10000 fields) Egg
800
« Internal Data Releases after each challenge 288

*  Switch of Data Processing System @ESAC 20 Ay

as Master in 2020 SC456 Sloyg scs
B Catalogues ®Pixel data ™ Spectra
ESA UNCLASSIFIED - For Official Use ESA | 06/10/2019 | Slide 21
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Apache Spark Proof of Concept

e Spark: distributed parallel processing framework

=
=
'

—
—

%f-

fr

/‘

CSa

« Use cases: Analysis of large catalogues and pixel data (source extraction) 6-

* 6 VM workers of 32GB RAM

* 8 cores in standalone mode

* NetApp (NFS) storage

 Spark ecosystem >> Astronomy
« Example: AXS (latest ADASS)

Spoark

ESA UNCLASSIFIED - For Official Use

— 0] hm =z W - ] W
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In [1]:

fn = "/shared_spark_jupy/mer/"
## Create a DataFrame from the HDU data of a FITS file
df = spark.read.format("com.astrolabsoftware.sparkfits")\

.option("hdu", 1).load(fn).select("RightAscension”,"Declination”,"flagh","flagy”,"flagj", "flagv]
s "fluxgextdecamaper”,"starflag”, "fluxyaper")

df .printSchema( )
df .show({10)

| -- RightAscension: float (nullable = true)
|-- Declination: float (nullable = true)

|-- flagh: integer (nullable = true)
|-- flagy: integer (nullable = true)
|-- flagj: integer (nullable = true)

|-- flagvis: integer (nullable = true)

- uxgextdecamaper: oa nullable = true
£1 td float llabl t
-- starflag: short (nu e = true)

£1 ho: llabl

| -= fluxyaper: flecat (nullable = true)

+ +. e e T -+ +. + +
|RightAscension|Declination|flagh|flagy|flagj|flagvis|fluxgextdecamaper|starflag|fluxyaper |
+ +. e e T -+ +. + +
| 8.4954| -20.418758| o al 1] o 36.2309| 0|187.64561|
| 8.397478| -20.419008] o o o o 17.166737| 0|108.34584 |
| 8.150222| -20.418182| 1] 1] 1] 1] B4.964485| 0[601.73126|
| 8.487046| -20.417128] 1] 1| 1| 1] 994, 4865 0| 123.4418]
| 8.048966 | -20.4171] o] o] o] 0| 14.058238| 0[37.825474 |
| 8.387903| -20.418386 o o o o 6.383344| 0|77.042656 |
| 8.100646| -20.413496| o af al o 230.17534] 0]773.78754 |
| 8.029462| -20.419916] o o o o 2.0375946 | 0|12.479751]
| 8.387057| -20.419903 o al o of 2.8992279| 0| 5.531452|
| 8.356397| -20.418049] o o o o 6.5645847 | 0|67.025665 |
+ + o o e e e e + +: + +
only showing top 10 rows
ESA | 06/10/2019 | Slide 22
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VIS

Courtesy: S. Pottinger, M. Cropper and the VIS team

« FoV: 0.54deg?

* Mass : 133 kg

* Telemetry: < 520 Gbt/day

* 36 4kx4K E2V CCDs, 12 micron pixels

+ 0.1 arcsec pixel on sky

« Limiting mag, wide survey AB : 24.5 (10 ¢ )
« 1 Filter: Y(R+I+Y): band pass 550-900nm

Electronics Structure

ESA UNCLAS

= 11 nqé

crnoTa

NISP

Courtesy: T. Maciaszek and the NISP team

and

* FoV: 0.55 deg?

* Mass : 159 kg

* Telemetry: < 290 Gbt/day

* Size: Imx0.5mx0.5m

» 16 2kx2K H2GR detectors

» 0.3 arcsec pixel on sky

» Limiting mag, wide survey AB : 24 (5 o)

3 Filters: Y, ], H

* 4 grisms: 1B (920 — 1250) ,3R (1250 - 1850)

Courtesy of EC
| 06/10/2019 | Slide 23
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Euclid Simulations Data Flow

Science
Working Ground-hased

" photarnetric
SUVEYS

Cosmology
simulation

Levell MISP

P+5 product

Mission Data
Base

Survey Plan

Levell vIS
product

Level 1
processor

Spacecralt HKK

ESA UNCLASSIFIED - For Official Use
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GALA astrom.
& photarm,
reference

Initial Euclid
PSF model

Refined GAlA
astrom.
reference

Pre-processed
MISP

EXT
Calibrated
images &
stacks
+PSF

MISP-&
Calibrated

spectroscopic
praduct

MNISP
Calibrated
images &

stacks

+PSF

WIS
Calibrated
images &

stacks
+PSF

object spectra

Source list for
MNISP-2 fields

Catalog
Ohject
position &
photometry

Catalog
Object
position,

photometry &

spectra

Object
photarmetric
redshift

PSF model

EIE
Al

Ohject
spectroscopic
redshift

Ohject
ellipticities

Object
position,

spec-Z

Catalog

photometry,
spectra &

\&

0

Legend

- Processing Function

Ohject
elligticities

Cata product stored
inEAS

Cperation performed
by the EAS

OperationiDec ision
petarmed at PF

interfac e
— = Data processing path
- Simulated datainjection

Catalog

Object -
position, Science

photometry, Working
spectra,

spec-z & phot-
z

Catalog
Ohject
position,
photometry,
spectra,
spec-z & phot
z, elipticities

Courtesy of EC & ESA
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s0C sDC sDC
Processing & Frocessing & Processing &
Storage & Lﬂﬂa' Archive Storage & Local Archive

EIOI'EIQB & Local Archive

u'n & of '\
sDC
Processing &
Siorage & Local Archive

Metadata

5DC
Processing & — ey I'EDOSIT.DW .
Storage & Local Archive ™

s
//"/ soc

Processing &
sDC Siorag& & Local Archive

Processing &

Storage & Local Archive__—"\.____./ .

Data Product (image) transfer between SDC's
Metadata update

Query/Metadata Courtesy of EC
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SAS Component Diagram &‘Q‘%esa

HTTP HiPS Access

SAS Web User
TAP+ Requests & Results SAS-MDR-SEDME- -~ -|H--
HTTH TAP+ Requests & Results SASSMAL g I T

MAL-GUI SAGST
Query & Retrieve Product

i
I
___________ [ Ingert & Request Log |
iy i
SKY-CUI SPE-GUI /E\ ~ ﬂ\ i |
! . Insert & Update Metadata | i 1
7% Metadata Requests & Results | 1 I | |
! ! Vo ! SAS-MDR-CAT !
: HTTP SPE Reques{s & Resuts SAS-SPE : TAP+: Reql‘uests & Results : :
_________________________________ I \---'---'------------'----'-1-'------------------ - ]
PE Réquesls & Downloads 1 N
K- oee Lo .
I Il 1 !
! ! P
Metadata Requests & Results : : ' '
SAS-5KY i | ! ! hsps
- ]
HTTP SKY Requests & Results : : : :
Sky Requests & Downloads | : : =4
L ' Lo
N i i \
U
|
e , | Store & Retrieve Prodhcts }
Async Data Download

ngest Metadata & Catalogues

|

]

|

i g:l SAS_DAS

I | | 50C-PS

! fﬁ _____ i DaaProducts| |

! o

i SAS Ingest

]

|
i ; SAS-SA
: HiPs Ingest & Update Reqyest

HTTP TAP+ Request & Results SAS-HMaps Gen L L2 Maps

SAS-CLI L HTTP SPE Request & Results

Transfer Metadata from DPS

'
i
'
'
0
'
1
I
|
I
1
1
'
|
0
'
'
'
]
[
'
'
'
|
'
i
1
'
|
|
|
1
1
'
0
'

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, | SAS-MTS

Generate HiPS Maps ’mﬁl
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Interoperability VO Driven {zesa

. SEDM based on VODM Standards:

» ObsCore, ProvenanceDM, SourceDM ? !

. TAP+ (Table Access Protocol) o e

. ADQL (Astronomical Data Query Lang.) e B

. UWS (Universal Worker Service) o

VOSpace (Virtual Observatory space) - ¢ s e |

«  HiPS (Hierarchical Progressive Survey) = == memme- cmea DT

. SODA (Server-side Operations Data Access) | = = # s P !f.&m "

«  SIAP (Simple Image Access Prot.) M — N

« Datalink s = e EEE =

. Euclid SEDM evolves as of ECDM NM___ | -1T-—-

- SEDM v0.9 is based on ECDM 1.8.2 o s -
ESA UNCLASSIFIED - For Official Use . ESA | 06/10/2019 | Slide 27 )
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