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Data Avalanche

Moore law for chips —doubling 1.5 year

Data in astronomy — doubling < 1 yr! (9 month current)
100 TB/night
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LSST - Vera C. Rubin Observatory

v

201 CCD 4kx4k,

3.2 Gpix every 15 sec

3.5 deg FOV (64cm)

20 TB/day=6 PB/yr RAW

1.5 PB catalogue !!!

detection of changes 60s!

10 million allerts/night !

38 billion objects x 1000
meas. -5 PB table




LOFAR network

Raw Telescope 112 PB/yr 60 EB/yr

Archive Rate 6 PB/yr 100 PB/yr




LAMOST (Guoshoujing)

) Z(inglong, China
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LAMOST Spectral Surveys

DR1 (end 2013) spectra
1 085 404 stars classified by pipeline
DR2 (beg 2015) spectra

3779 674 stars
307 000 unknown!
DRS (half 2017) spectra

DR12 (Mar 2025) 12602 390 low res
+ 15475 985 mid res

.._,'lc :—@ ‘_@ fs

Each fibre — 2 motors
double arm 33mm circle

Fibre collects light from
3.3 arcsec circle on sky




Virtual Observatory : Key Definitions

* “The Virtual Observatory will be a system that allows
astronomers to interrogate multiple data centers in a seamless
and transparent way, which provides new powerful analysis and
visualization tools within that system, and which gives data
centers a standard framework f}(,)r publishing and delivering
services using their data”.

 Standardization of data and metadata, and of data
exchange methods.

* Registry, listing available services and what can be
done with them.

R.J.Hanisch, P.J.Quinn, in “IVOA — Guidelines for participation”



IVOA (established 2002)
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IVOA Structure

IVOA OrganiZation
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Ecosystem of VO - level 0
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Ecosystem of VO - level 1
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Ecosystem of VO - level 2
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Open Science - EOSC

EURO-VO DCA, ICE, CoSADIE, ASTERICS, ESCAPE - Astroparticles

IVOA Architecture — FAIR data management

VO has been FAIR from the . ST Ly Pl
beginning! ' n
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SPS Image coverage (footprints)
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SPLAT-VO
(Starlink, Heidelberg, Ondrejov)

File Analysis Edit Options Graphics Help
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Spectra in SPLAT-VO - query

File Options Resolver Interop Help
Service selection options
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Spectra in SPLAT-VO direct access

Starlink SPLAT-VO. <plotY3>

File Analysis Edit Options Graphics Help
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Spectra in SPLAT-VO - DatalLink

Starlink ' SPLAT-VOT <plot96=>
Eile Analysis Edit Options Graphics Help
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HARPS-S in SPLAT

313138 points Procyon



1D Merges in SPLAT-VO

2-d compound coordinate system

HARPS
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Converted from 1-d pipeline spectrum (s1d_A) (adu)
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DaCHS Testbed Split-Order

2-d campound coordinate systern

2-d compound coordinate systam

Wawvelength (0. 1nm)

nu Pup HERQOS red




Continuum Normalisation

Theoretical spectrum of Vega



Light Curve in SPLAT-VO

Starlink SPLAT-VO: <plot5>

File Analysis Edit Options Graphics Help

Displaying: ASU CAS 2328832514924337365 Remove Y limits (%): |automatic |+ :V-hair

Modified Julian Date: |57034.2068 :log Magnitude: |15.3107 :log ‘Track free

X scale: [500.0 v + Y scale: |400.0 v|| +

2-d compound coordinate system

Magnitude (rmag)

| | | | | | |
57033.8 57034.2 57034.4 570346 57034.8 57035.2 570354
Modified Julian Date




VO Science Portals

VO embedded in astronomy services

 £2 Firefly
Caltech-IPAC

SVO Filter Profile service

Grav.cwaves




VO Science Portals

Stellarium + VirGo (ESO, unsupported)
ESASky

https://sky.esa.int/

ESO Archive Science Portal

https://archive.eso.org/scienceportal/home

IRSA IPAC archive (Firefly)

http://worldwidetelescope.org/webclient/

WWT (original MS, now AAS, web client)

http://worldwidetelescope.org/webclient

GoogleSky

https://www.google.com/sky/



Science Portals using VO standards

CDS (Vizier, Simbad), NASA (MAST)
SKAO (SKA)

DataCentral Science Platform (Australia)
CfA Nexus (Harvard)

Rubin Science Platform (LSST)

CTA

Astro-COLIBRI (real time alerts GW, Neutrinos, Gamma, Xray ...... ),
LIGO VIRGO..

CAESAR Space weather
NEORocks
Theory:

Simulations ILUSTRIS ...

Spectra (Kurucz, TLUSTY...)
SED builders  fitters — IRIS, VOSA
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VO 1n IAU

-

INTERNATIONAL
ASTRONOMICAL

UNION : ' -

Home | About IAU | 1AU Values | Donate | Member Directory | Site Map | Contact Us | Login

Division B WG Virtual Observatory —

Functional Search Scientific
Bodies

Description

This functional Working Group is intended to provide the liaison between the International Virtual Observatory Alliance (IVOA)
and the International Astronomical Union (1AL). The IVOA is an organization, composed of 22 international member initiatives,
that develops and maintains the technical standards needed to find, access, interoperate and re-use astronomy data (according
to the FAIR principles), thus realizing the Virtual Observatory (VO). IVOA also acts as a framework for discussing and sharing
VO ideas and technology, for engaging astronomy projects, missions and researchers, and as a body for promoting and
publicizing the VO. The IVOA processes for the development of interoperability standards includes the possibility for 1AU Follow the IAU on social media
endorsement. Since its beginnings in 2002 the VO is now a mature framework for the interoperability of astronomy data, with

IVOA compliant services operated by astronomy data centers worldwide. This functional working group will provide a

communication channel between the IVOA and the |AU on topics of FAIR-compliant standards, use of the VO for scientific

research, and for promoting best practices for interoperability of data and services in Astronomy.

Links:




Tutorials of VO

https://hendhd.github.io/ivoa_newcomers/

https://www.canfar.net/storage/list/pdowler/ivoa/virtual2021a (video)

IVOA Interoperability meetings (May + November)
Newcomers Intro

Watch the link https://www.ivoa.net
Number of VO Schools:

EURO-VO DCA, AIDA, ICE
CoSADIE, ASTERICS, ESCAPE


https://www.ivoa.net/

Technology of VO
Unified data format— VO Table, UCD (Vizier)

Transparent transport (VOunits)
VOregistry (DNS like) Google for data+WS

Protocols

ConeSearch (searching in circle on sky)

SIAP (Simple Image Access Protocol)

SSAP(Simple Spectral Access Protocol)

SLAP(Simple Line Access Protocol) - VAMDC

TAP (Table Access Protocol) — query e.g. whole SDSS
VOEVENT (transients, robotic telescopes,Sun
DATALINK (related data products, e.g. raw, mosaics..)
SODA Server-side Operations for Data Acces



Technology of VO

ADQL (Astronomical Data Query Language)
XMATCH, REGION (2 catalogues — shifted)

Application interoperabilty —

Allows develop applications as bricks

sending VOTABLES (catalogue-spectra-images)

Surveys visualization

HIPS (Hiearchical Progressive Survey ) - allsky zoom
MOC (Multi order coverages) time, space, spectral (FoV)



Big Data handling

VO Space Moving big tables across (load only results)

SSO Authentication, authorization, groups and consortia
UWS Universal worker service (job synch, asynch)
PDL Parameter Description Language

SIM-DB  Simulations, theory data

Science platforms for BD analysis and ML

(SciServer JHU, NOAO Datalab, CANFAR, Gaia, Jupyterhub, Docker, ASTROpy)



FITS standard

>30 years, separation of metadata (human readable and data )

T file does conform to FITS standard

16 number of bits per data pixel

2 number of data axes
2048 length of data axis 1
NAXIS2 2048 length of data axis 2
EXTEND T / FITS dataset may contain extensions
COMMENT FITS (Flexible Image Transport System) format is defined in 'Astronomy
COMMENT and Astrophysics', volume 376, page 359; bibcode: 2001A&A...376..359H
BZERO 32768
BSCALE 1
ORIGIN 'PESO '
OBSERVAT= 'ONDREJOV'
LATITUDE= 49.91056
LONGITUD= 14.78361
HEIGHT = 528
TELESCOP= 'ZEISS-2m'
GAIN = 2
READNOIS= 10
TELSYST = 'COUDE
INSTRUME= 'OES '
CAMERA = 'VERSARRAY 2048B'
DETECTOR= 'EEV 2048x2048°
CHIPID = 'EEV 42-40-1-368'

SIMPLE
BITPIX
NAXIS

NAXIS1

REAL=TAPE*BSCALE+BZERD

AsU AV CR Ondrejov

Name of observatory (IRAF style)

Telescope latitude (degrees), +49:54:38.0
Telescope longitud (degrees), +14:47:01.0
Height above sea level [m].

2m Ondrejov observatory telescope
Electrons per ADU

Readout noise in electrons per pix
Telescope setup - COUDE or CASSegrain
Coude echelle spectrograph

Camera head name

Name of the detector

Name of CCD chip

i
'l
'l
'l
'l
'l
'l
'l
'l
'l
'l
'l

!
!
!
!
!
!
!
!
!
!
!
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<PARAM n

<FIELD

<FIELD

<FIELD

<FIELD

<FIELD

<FIELD

In '
name="RA" ID="coll"
datatype="float" widt

name="Name" ID="col

datatype="char" arr

RVel” ID="col4"

<DESCRIP
</FIELD>

<DATA>

<TABLEDATA>

<TR>

<TD>010 TD><TD>+41.2

VOTable Example

lerVeloc" datatype="int"

-t

t. |j_ |:|Plpl'-‘31'1-l"

SCRIPTION>

Header with metadata first
Unknown end

BIG DATA transfer

Links to streams...

Live pre-processing URLs

On-the-fly creation of data



Universal Content Descriptors

S | | Infrared part of the spectrum

S| | Infrared between 1.0 and 1.5 micron
S| em. IR H | Infrared between 1.5 and 2 micron
S| em.IRK | Infrared between 2 and 3 micron

S | em.IR.3-4um | Infrared between 3 and 4 micron

S | em.IR.4-8um | Infrared between 4 and 8 micron

S | em.IR.8-15um | Infrared between 8 and 15 micron

S | em.IR.15-30um | Infrared between 15 and 30 micron
S | em.IR.30-60um | Infrared between 30 and 60 micron
S | em.IR.60-100um | Infrared between 60 and 100 micron

S | pos.eq | Equatorial coordinates

Q | pos.eq.dec | Declination in equatorial coordinates

Q | pos.eq.ha | Hour-angle

Q | pos.eq.ra | Right ascension in equatorial coordinates

Q | pos.eq.spd | South polar distance in equatorial coordinates
S | pos.errorEllipse | Positional error ellipse

Q | pos.frame | Reference frame used for positions (FK5, ICRS,..)
S | pos.galactic | Galactic coordinates

Q | pos.galactic.lat | Latitude in galactic coordinates

Q | pos.galactic.lon | Longitude in galactic coordinates

P | stat.stdev | Standard deviation

S | stat.uncalib | Qualifier of a generic incalibrated quantity

Q | stat.value | Miscellaneous statistical value

P | stat.variance | Variance

P | stat.weight | Statistical weight

Q | time | Time, generic quantity in units of time or date

Q | time.age | Age

Q | time.creation | Creation time/date (of dataset, file, catalogue,...)

Q | time.crossing | Crossing time

Q | time.duration | Interval of time describing the duration of a generic event or
phenomenon

Q | time.end End time/date of a generic event




VO Registry — XML

=validationLevel validatedBy="1vo://archive.stsci.edu/nvoregistry"=2</validationlLevel=
=ti1tle=Hubble Space Telescope Spectra=/title=
=shortMame=HST Spectra=</shortName=
=1dentifier=ivo://mast.stsci/ssap/hst=/1dentifier=
=curation=
<publisher=MAST=/publisher=
vacreator=
=name=>=MAST =/nama>
= /creator=
version=1l.0</version=
v=contact=
=name=Archive Branch, STScI</name:=>
<amal l=archive@stscl.edu=/email=
=/contact=
-fcuration=
v=content=
=subject=Uv=/subject=
<subject=0Optical=/subject=
=subject=and Infrared Astronomy=/subject=
=description=
Spectra from the following HST instruments are available: GHRS (processed by CADC), FOS (processed by ECF), and STIS (1st
order). Service 1s still under development. Links point to new (but incomplete) vO-compatible FITS files created by MAST staff.
/description=
<referencelRL=http://archive.stsci.edu/=/referencelRL>
=type=Archive=/type=
=contentlLevel>Research</contentlLevel>
=/content>
v=capability standardID="iveo://ivoa.net/std/SSA" xsi:type="ssa:SimpleSpectralliccess"=
v<interface role="std" version="0.5" xsi:type="ws:ParamHTTP"=>
<accessURL use="base"=http://archive.stsci.edu/ssap/search.php?id=HST&=/accessURL>
=gqueryType=0GET=/queryType=
=/interface=
=compliancelLevel=query</compliancelLevel=
<dataSource=pointed=/dataSource=
<creationType=archival</creationType=
<maxSearchRadius=360.0</maxSearchRadius=
<maxRecords=10000</maxRecords=
<defaultMaxRecords=10000</defaultMaxRecords=
=maxbAperture=180.0</maxlperture=
<maxFlleSize=1000000000</maxFlleSize=
=/capability=
¥ <coverage=
<STCResourceProfile xmlns="http://www.ilvoa.net/xml/STC/ste-v1.30. xsd"=
..atro-oordbystem id="mast.stsci_ssap_hstUTC-FKS-TOPO" xlink:href="ivo://STClib/CoordSys#UTC-FKS-TOPO" xlink:type="simple" /=
stroCoords coord_system id="mast.stsci_ssap_hstUTC-FKS-TOPO" =
v<PositionlD=
=Size pos_unit="arcsec"=0.0S00000007450581</S1ze=
</PositionlD=
</AstroCoords=
</STCResourceProfile=
<waveband=UvV</waveband=
=waveband=Optical<=/waveband=
Scoverage=
</ri:Resource=




Simple Spectra Access Protocol
Spectral Data Model

Simple Spectral Access Protocol V1.04

Intemarional
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Simple Spectral Access Protocol
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IVOA Recommendation Feb 01, 2008
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SSAP Parameters

4.1.1 Mandatory Query Parameters
The following parameters must be implemented by a compliant service:
Parame
POS
see | 000000 0.0s 0] grees
BAND : | metes |  sting |
TIME EELRCL -
FORMAT | - 0000| sing |

4.1.2 Recommended and Optional Query Parameters

IR 5 double
double
double
douile

double
string
string
string
string
string
string

string
string
string

=g [ [wec | wwg
“91-01/2006-01-01 S0 8601 | mEc | sting |

PR [ [®ec| ook
®owB | | [mc | sting |




Analysis







