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CDS services for réfe

P Reference Database of Astronomical Objects :
)%l;n n34AD ~11 million objects, ~36 million IDs, 22 million citation links

N Reference service of astronomical catalogues :
V@"Z;ﬁ—: ~20000 Catalogues, 38000+ published tables, ~30 billion
rows

AL’«‘XﬁE’i‘ﬂl Visualisation and image database :
— 900+ HiPS surveys: images and cubes (>350 TB)
Aladin Desktop Client, Aladin Lite - embeddable web app

+ Cross-match service, CDS Portal, and many APIs...

Made interoperable by standards (IVOA, CDS, +)




Co ntrlbutlng to the gloll_.a_stronomy data
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Interoperability énablés new views of the data
e.g. Published catalogues (A&A) - derl5|ty map
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EUROELY

O Eu rO-VO..

VO projects in Europe... since ~2001
DE, UK, ES, FR, IT, (ESA, ESO)

European Framework FP5 .
EE T (1998-) FP6 FP7 Horizon 2020 (- 2020)
Astronet FP6 Astronet FP7
Astronet . . ¢ 4 ’ v
Science Roadmap Science Vision Roadmap
Vision update update
¢
ESA Cosmic Vision
OPTICON OPTICON FP5 OPTICON FP6 OPTICON FP7 OPTICON FP7-lI
AVO VO-TECH El 'HD miy
EC-fundefi Euro-VO N \%
projects
EuroVO-AIDA EuroVO-ICE CoSADIE ASTERICS WP4 ‘\ SCAPE
(- 2019) ‘ Sarenean Sesnce el o dncenen 4
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Actions towards different groups:

e VO teams: Building VO - standards and tools
e Data Publishers: implementation and requirements
e Science users: requirements, training, feedback

EUHO% Home Science v  Technical v Resources v News About v Q
Search

THE EUROPEAN VIRTUAL OBSERVATORY EURO-VO
al Observatory is an international astronomical community-based initiative. It aims to allow global electronic access to

escare  ESCAPE Nescaee v

Euro-VO new web pages - to be launched in October



Some science tools in action:

WebGL2 Aladin-Lite

eno Spherical Plot
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! New context: European

)pen Science Cloud

" . G

European

Commission
—————————————

A. The EOSC will allow for universal access to data and a
new level playing field for EU researchers

o Easy access through a universal
access point for ALL European
researchers

Researcher

o Cross-disciplinary access to
data unleashes potential of
interdisciplinary research

1.Access to all European research data

2.Access to world-class data services :
3.Clear rules of use and service provision o Services and data are

4 FAIR data tools, training and standards interoperable (FA| R data)

5.Sustainable after the grant

o Data funded with public money
is in principle open (as open as
possible, as closed as
necessary)

CERN, EMBL, Institutional Member State New provider/ o EOSC il help increase
ELIXIR, etc. repository Infrastructure service recognition of data intensive

research and data science

Seamless environment, enabling interdisciplinary research
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Common Ianguage in the changmg landscape

of data sha

FAIR
* Findable, Accessible, Interoperable, Reusable

Open Science

* Data sharing with open and seamless services to
analyse and reuse research data to improve science

Stewardship

* Human skills for curation, quality content, data
management, services



NGC 4039 - an interacting galaxy

» Find the-data available
* Access the data '
~* Interoperable use of the data with other data

* Re-use the data




“Findable «

Aladin v10.0

WlplntEhlil NGC 4039

D55 pSD5S p2MASS pWISE pCGALEX pPLANCK pAKARI g XMM pgFermi gGaia gSimbad g NEC

i1 -~ all collections —- [~ E.]

- Tl
EXp. SOt

() 2018 Université de Strasbourg/CNRS - developed by CDS, distributed under GPLv3



Available data =+ 23753 / 23756
in view @ out view

Bl Collections
B Image —+ 467
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(c) 2018 Université de Strasbourg/CNRS - developed by CDS, distributed under GPLv3
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multiview

Projection SICHN AV ?"'US ﬁm

Welcome to Aladin,
your professional sky atlas.

« Discover all astronomical data
available over the net!

= Compare them with your own
data.

« Prepare your observation
missions.

To start, type any object name,
such as M1, and press ENTER...

Or easier, clic in the main
frame and enjoy the sky...

M AZ=8, cDs [ P/ DSS2 / color

Zoom —

Q ~ NGC 4039

12:01:52 7% -18:52:516
ST24" x 462"

Osel fOsrc 77fps |




Available data =+ 23753 / 23756

HST-wideV includes the following B
HS5T-I includes the following filters
HST-5D55z includes the following
H5T-Others includes the ALL the ¢
Skymapper
SDSS
¥ £ SDSS9 band u
SDS59 band g
SDS59 color (g, r, i CDS color co
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(c) 2018 Université de Strasbourg/CNRS - developed by CDS, distributed under GPLv3

dd/mm/yyy
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Aladin v10.0
Available data - 23753 / 23756 Command Frame [ Projection FTYITN" A :ﬁ)ﬁﬁl

in view & out view DSS pSDS5 m2MASS gWISE nGALEX mPLANCK pAKARI gXMM gFermi gGaia gSimbad gNED +
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Download in science/visualisation formats Y




“Interoperable:

Available data -+ 23753 / 23756
in view & out view

MAXI
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{c) 2018 Université de Strasbourg/CNRS - developed by CDS, distributed under GPLv3
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Interoperable: complex catalog/image
queries

Data access [RYENET 17:34:24.18 -29:21:52.7 Frame [ (TS Spheric [ ARE
“u\ a
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" - ; select| Basic controls:
> B ’ @ -Type any object name or coordinates for moving on it.
_ = Opti i IV L -Select catalog sources for displaying associated data
.p“(a =) measurements,
' dist
¥ DSS colored P O Display simultaneously several views via the "multiview”
Dliot controller.
- w . draw
s MOC generat jlﬂ
> [l CFHTLS Specify image or an HEALPix map, tag
> I HST choose a MOC resolution and 83
e press the CREATE button to generate the resulting MOC. moc
. Plane lambda_sfd_ebv(1) - "06 33 24.89 -18 0.. o
» W Infrared
- =zad'(|) Pixel range: [ 0 .. 05
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» Wl Cube
- .' CREATE Reset Close
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II
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crop
cont

%
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pixel L3 ShortRedHiPS MOC
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Services for extracting :cut-outs of the data for re-use

: Ju pyter hipstits (unsaved changes)

] ]
h I p 52f lts File Edit View Insert Cell Kernel Widgets Help

Fast generation of FITS cutouts from HiPS datasets +[[x|@ B[+ ¥ [ MRun B C M |Code

<
B

i=0
for obj in objects:
for hips in hips_list:

The hips2fits service enables generation of FITS axs(i].set_axis_off()
images cutouts of arbitrary size and resolution B L e

sc = SkyCoord.from name(obj)
ra = sc.icrs.ra.deg

from a given HiPs- dec sc.icrs.dec.deg

url 'http://alasky.u-strasbg.fr/hips-image-services/hips2fits
Try It nOW! hdu = fits.open(url)
Use the form above to test the service hdu.writeto('{}-{}.fits'.format(obj, hips.replace('/', ' ")), ¢

im = hdu[0].data
norm = ImageNormalize(im, interval=MinMaxInterval(),

By parameters By WCS stretch=AsinhStretch())
axs[i].imshow(im, cmap='magma', norm=norm, origin='lower')

HiPS survey | eg: DSS2/red, PanSTARRS/DR1/g Sl

Dimension 1200 ¢ X 900 ¢ pixels
M36 - DSS2/red M36 - CDS/P/AKARI/FIS/N160 M36 - PanSTARRS/

Target NGC 4039

<>

Projection  TAN - tangential

Image size 0.5 degrees -
&
Projection frame O ICRS M16 - DSS2/red M16 - CDS/P/AKARI/FIS/N160
- N L2 4
Galactic A
.\
Rotation angle 0.0 degrees

Download FITS Preview JPG Open JPGiin new tab M20 - DSS2/red M20 - CDS/P/AKARI/FIS/N160 M20 - PanSTARRS/
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Astronomy - long
experience of sharing data

« FITS standard since ~1981
* bibcode for journals

International Virtual
Observatory Alliance

e Since 2001

e Standards for astronomy
“interoperability”

e 21 international member
projects

» 2 Interoperability meetings
per year

Astre
Grid
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Users Computers

In-Browser User Layer User
e LAPPS DesktopApps ... Frograms
Using
VO Query
Languages
o
.‘E % Semantics Ve Mﬂzﬁ g
g c Core oaels =
(n LL (=]
Formats
Sharing
Storage Data and Metadata Collection Computation
Resource Layer

Providers

Level 1 - VO terminology

$]020)01d $5822Y BleQ



VO is FAIR

$]020)01d $5822Y BleQ
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Storage |
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Level 2 - Mapping of VO standards, and their status
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Working Draft

| IVOA Recommendation




Astronomers Deployers

INTERNATIONAL VIRTUAL
OBSERVATORY ALLIANCE

Documents & Standards

DOCUMENTS XML SCHEMA TEMPLATES DOC SUBMISSION

Technical Specifications

Notes

Promotion process

IVOA Technical Assessment and Roadmap Documents
Submission Log

http://ivoa.net/documents

Technical Specifications

Most
table

In
progress

ersion history

1.31.3 iE 1.2 illl

; 1414 141K E 13
=
1.0

Group Title

M 2|

—

,(@ astrophysics data system

App SAMP - Simple Application Messaging
Protocol

VOTable - VOTable Format Definition

120 (0 Available via ADS, with DOI

MOC - HEALPix Multi-Order Coverage F 1.1 1.01.0
Map
[HiPS - Hierarchical Progressive Survey [y || 1.0
DAL DALI - Data Access Layer Interface F 1.11.1 m FAI R h c
1.0 1.0 1.0 SNaring.or
|DataLink m | m 101.01.01.0 { <> standards, databgzs, policg
[Simple Cone Search 1.03 )X 1.1 (KK
SIA - Simple Image Access F @ 2.02.0 m . . .
1.011.00 Listed in FAIRsharing
[SLAP - Simple Line Access [ po 020Ky 1.0
SSA - Simple Spectral Access F 1.0441.03 1.01
1.00

1l

- FEDTTTT™® L 46 standards !

1.1 1.01.01.01.0

STC-S: Space-Time Coordinate
Metadata Linear String Implementation

TAP - Table Access Protocol

=
o

TAPRegEXxt - A VOResource Schema
Extension for Describing TAP Services

IADQL - Astronomical Data Query
Language

[SimDAL - Simulation Data Access Layer [ |
[VOEvent Transport Protocol 2.00l
— - - DN T

2.12.1 70 2.00 1.01 1.00

88"

1.00 1.00

1.00
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CERN

* Connecting the Astronomy / Astroparticle / Accelerator Particle
Physics ESFRI and there Research Infrastructures to EOSC =




ESCAPE ESCAPE in a nutshell
N ESCAPE convenes a large scientific community
31 partners : 7 ESFRI & landmarks: CTA, ELT, EST, FAIR, HL-LHC, KM3NeT, SKA

2 pan-European International Organizations: CERN, ESO (with their world-
class established infrastructures, experiments and observatories).

4 supporting ERA-NET initiatives: HEP (CERN), NuPECC, ASTRONET, APPEC
1 involved initiative/infrastructure: EURO-VO (Virtual Observatory)

2 European research infrastructures: EGO and JIVE-ERIC

Budget: 16 M€, Started: Feb 2019, Duration: 42 months

Coordinator: CNRS (Centre National de |la Recherche Scientifique)

Home page: https://projectescape.eu

Funded by the European Union’s
Horizon 2020 - Grant N° 824064



ESCAPE  Goals towards a Virtual Research Environment

* Implementing Science Analysis Platforms for EOSC researchers to <> ESCAPE
stage data collections, analyse them, access ESFRIs’ software | Sclence Analysis
tools, bring their own custom workflows.

* Contributing to the EOSC global resources federation through a ESCAPE
Data-Lake concept implementation to manage extremely large ,‘\
data volumes at the multi-Exabyte level.

Data Infrastructure
for Open Science

e Supporting “scientific software” as a major component of ESFRI
data to be preserved and accessed in EOSC through dedicated
catalogues. Implementing a community foundation approach for $eeESCAPE
continuous software shared development and training new °°°
generation researchers.

* Extending the Virtual Observatory standards and methods .- ESCAPE
according to FAIR principles to a larger scientific context; - ## oy
demonstrating EOSC capacity to include existing frameworks. Dbservatay

* Further involving society in knowledge discovery. oo, ESCAPE

Citizen
(o) [o) Science



\ ESCAPE goals: building a domain-

ESCAP

European Science Cluster of Astronemy &
Particle physics ESFRI research Infrastructures EO S c

Management Innovation Networking Dissemination

1’\ VO Users
+

ESFRIRIs A VO Registry
stronomy Data 3 ESFRIRIs
. Analysis Tool
Data = {cen . 1 ( VO Registry } dead il Science Tools

Products N VO Services

e == .

Virtual Observatory Catalogue of Community Pm.cr:gins
Services Foundation Datasets
Citizen Science Mass Software

Participation Experiments Softwares and Service Catalogue |ROELES

TR
EGO-Virgo
R Authentication & Authorization [TOO Is J ELT
EST
s FAIR
e —(\)<j & @ ‘..',3:..‘ Science [WOI'kﬂOW ] n HL-LHC
sy GEANT HPC  HTC Analysis 4= ESFRI Users JIVE >
Data Networks - Services -People KM3Net
. Platform [Weblnterface } e
Commercial Data Lake Compute SKA
J| Cloud L _ Services | Science Analysis Platform s T TERD

Academic Data Centres

Data Lake of Cloud Service CERN experiments
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- VO partners and RIpartners in WP4

Partners from ESFRIs and astronomy Research Infrastructures

+

ES+
0
+

s o (RAE s | (@UEGO
NJO o o

Netherlands Organisation
for Scientific Research L

THE UNIVERSITY
of EDINBURGH

Heidelberg Institute for

Theoretical Studies - |
.HITS

Partners bringing experience from European Virtual Observatory projects ELURO Fl=l”



3 ‘FAIR’ related activitieés

1. Integration of astronomy VO data and services into the EOSC
e e.g. VO registry into the EOSC framework, participation in RDA, EOSC

2. FAIR principles for data through the Virtual Observatory

* |nteroperability standards based on needs

e Support of science community - training schools
e Forum event for data providers (2021)

e VO data readiness for use in Science Platforms

3 . Adding value to trusted content in astronomy archives

e ML added-value to archive products
e exploring: ‘search for similar data’



Virtual
Observatory

® |ntegration of astronomy VO data and services into the
EOSC

-Interaction with EOSC bodies, VO registry in B2FIND, tests of service publishing

® Implementation of FAIR principles for ESFRI data through
the Virtual Observatory

-Milestones — representation of ESCAPE priorities at IVOA level - e.g. Radio Astronomy

-ESFRI/RI partners requirements defined, results on tools and VO publishing
- e.g. New version of Aladin Lite in webGL - see ADASS in November
- Training activities delayed due to covid-19, but coming in 2021 !!

® Adding value to content in astronomy archives

- First results of machine learning applied to archive data sets - see talk by A. D’Isanto



More about EOSC... it’s ambitious

The role of the European Open Science Cloud (EOSC)
is to ensure that European scientists reap the full
benefits of data-driven science, by offering:

1.9 million European researchers and 70 million
professionals in science and technology a trusted
open distributed environment providing seamless
access to data and interoperable services addressing
the whole research data life cycle.

The development of the EOSC realises EU policy objectives
including Open Science, FAIR data implementation
and the Digital Single Market
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Why EOSC?
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EOSC today

EOSC in numbers
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1.9 million

researchers and € 250 million >30 core EU-funded
70 million in 2018-2020 projects implementing
professionals (Horizon 2020) EOSC

will benefit from EOSC

The EOSC implementation roadmap, published in 2018 by the
Commission, addresses the implementation of EOSC under six action lines:

Federationof | Provision of Access and

public innovative e
research services (incl. EOSC portal Governance

Data
interoperability,
FAIR standards

infrastructures | commercial)
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FAIR - a good expression for Open Science
o Astronomy is a pioneer of data sharing - we are well placed to

make the most of the new opportunities - EOSC
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Common challenges include:

e Standardisation at t
* Meeting needs of R
e Critical mass of imp

ne right level
s and users - innovations, “code to data”

ementation, and sustainability

Astronomy data sharing - part of a much wider landscape

* benefits from generic components, but need to make sure
requirements of astronomy are taken into account



CDS: https://cds.unistra.fr

Euro-VO: http://euro-vo.net (coming soon in October 2020)
IVOA: http://ivoa.net

ESCAPE: https://projectescape.eu
EOSC: https://www.eosc-portal.eu/about/eosc
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