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Astronomy Large Infrastructures

* Cherenkov Telescope Array (CTAO)

(gamma rays: La Palma, Chile)

« Square Kilometer Array (SKAO)

(radio; South Africa, Australia)

 LSST / Vera Rubin Observatory
(Optical; Chile)

* Pierre Auger Observatory
(Cosmic Rays; Argentina)

* Einstein Observatory
(Gravitational waves; “Europe”)

* IlceCube, Lofar, MeerKAT, H.E.S.S.,
MAGIC, VERITAS, Ultrasat, ...
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CTAO (cta ==

* next-generation gamma-ray observatory
(5-10x increase in sensitivity; broader energy range 20 GeV to 300 TeV; precision)

two observatories (La Palma / Chile)

open observatory serving user community (proposal driven)
follows FAIR principles (open software, data formats)

full operations 2028 (30 year life time)
6 PB / year + 20 PB simulation data




LSST / Vera C. Rubin

VERA C.RUBIN

Bolton, CHEP 2023

LSST aims to deliver a catalog of 20 billion
galaxies and 17 billion stars with their .
associated physical properties

Survey strategy developed by science consortia;
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SKAO

* largest radio observatory

« 200 dishes (~GHz) spread in Karoo
desert (South Africa)

« 1300,000 antennas (100 MHz) in
Western Australia

» operational 2026-2028

* open to scientists from all
member states (proposals)

* science archive
« ~600 PB/year (observatory)

« ~200 PBl/year (user generated)

Brontobyte
loT raw data

Zettabyte

Yottabyte SKA raw data

Petabyte
SKA Catalog

2

L 10°  Gigabyte

Terabyte 108
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From Sites to Data Centers

Data acquisition in “remote place”: mix of onsite computing plus (tiered)
off-site computing.

Rubin Observatory

In operation

Under construction

Einstein telescope (possible locations)

(slide from G. Hasinger (modified))

@ IceCube
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Science Operations Flow - example CTAO

CTAO

Site On Site Off Site Outside World
Environment

p: Alerts from Other Observatories E E

Other
Observatories

Dynamic
Scheduling &

Science Alerts

Almost all computing executed by CTA Observatory staff.
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Science Operations Flow - example CTAO

CTAO

Site. Outside World
Environment SCIENCE ALERTS

Other
Observatories

Dynamic
Scheduling &

30s LATENCY

Almost all computing executed by CTA Observatory staff.
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High-throughput Observatories

Evolution of Time-Domain Optical Astronomy

* enormous increase J. Nordin (2023)
of alerts from variable /
transient objects

* require follow ups on
sec to days time scale

=
o
o

Astronomical alerts / night

- challenge of selection 1o
° expensive ObserVing <1900 1900 1980 2000 2020 2025
Epoch
time should not be
wasted

 HPC using modern statistical methods (ML)
» systematic processing and filtering of (non-) selection
« dynamic (real-time) filtering of huge data streams

 challenge of combining data from many observatories

DESY. | MT-DMA POF Nov 2023 | Gernot Maier 8



International Virtual Observatory Alliance

“The Virtual Observatory (VO) is the vision that astronomical datasets and other resources
should work as a seamless whole.” (IOVA website)

Technological standards to find and access astronomical datasets
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IVOA / EOSC connection established as ESCAPE project
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FITS Header [

Cautions 1. Header is not saved when you save in the form of other than FITS file.

Standardised Data Formats / Models = ==

DATE-OBS= '2005-12-03T09:09:3¢€¢ .815"' / [UTC] The start time
UTSTART = '09:09:36.815" / [UIC] The start time of thi
MJD = 53707.381€7¢ / [days] Mcdified Julian Day:|.-
EXPTIME = 10.0000000 / [Seconds] Exposure length. |~
FILTER1l = 'clear ! / The first filter wheel £il:
FILTERI1l= 'Clear-01' / The first filter wheel £il:
FILTERZ = 'Bessell-V' / The second filter wheel £i!
FILTERIZ= 'Bessell-V-01' / The second filter wheel £i!
INSTRUME= 'DillCam ' / Instrument used.
INSTATUS= 'Nominal ' / The instrument status.
n " n CONFIGID= 33172 / Unique confiquration ID.
CONFNAME= 'Dillcam-Bessell-V-2 ' / The instrument con fiqurat:
I I n r I r r DETECTOR= 'EEV CCD42-40 7041-10-3' / Science grade chip.
I I I I l I I PRESCAN = 28| / [pixels] Number of pixels :
POSTSCAN= 28 / [pixels] Number of pixels :
GAIN = 2.6200000 / [electrons /count ] Leach FTI
READNOIS= 10.1800000 / [electreons/pixel] cim 22/0:
- EPERDN = 2.6200000) / [electrons/count] Leach FTI
(11 V3] CCDXIMSI= 1024 / [pixels] Imaging pixels
CCDYIMSI= 1024 / [pixels] Imaq pixel
CCDXRBIN = 2 / [pixels] X binning factor
CCDYRBIN = 2| / [pixels] ¥ binning factor i
[ Print ][Selup of a Distribution axis parameter] [ 0K ][ Cancel ] Help

« csv wherever possible (rare events)

e FITS | Pierre Auger Observatory Opén Data »

open data models developed in the
high-energy community based on [VOA
Sta n d d rd S Data formats for gamma-ray astronomy

« “game changer”, as it provides long-term

The Data formats for gamma-ray astronomy is a community-driven initiative for the definition of a

acceSS i b i I ity to d ata fro m eXi Sti n g O bse rvato ri eS common and open high-level data format for gamma-ray instruments.

¢ Repository: https:/github.com/open-gamma-ray-astro/gamma-astro-data-formats

b a S e Of O p e n - d a ta re I e a S e S « Docs: https:/gamma-astro-data-formats.readthedocs.io/

machine readable catalogs of physics
results 2000 gy o oo

February 19, 2022 [ Dataset |

(remark on time-ConSU mlng VTSCat: The VERITAS Catalog of Gamma-Ray
(meta-)data model development) Observations
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Science Data Platforms

* uniform interface to data for
observatory users

» Jupyter Notebook servers, web-/
command-line interfaces

 sharing of data and computing
services

 cross match across data sets of
different observatories

* high-performance / access for

images with large files sizes
(e.g., TB large images for ALMA, VLA,
SKA)
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Romaniello et al 2023

Archives
Pl = scientist proposing observations
45 45
40 | Pl +Arch|ve | 40
9 == Archive only
— 35+t 1 35
o)
S 30 L ESO Science Archive {30
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g refereed publications
= 10} l 110 using La Silla Paranal
© I data that made use of
w 5+t -. 19 the archive, entirely
= (dark orange bars) or
0 O partially (light yellow
2000 2004 2008 2012 2016 2020 2024 bars). Source: ESO
Year Telescope Bibliography?“.

Astronomical data is not getting old.
Long-term preservation and accessibility of data “forever”.
Software preservation.
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Open source software development

Typical example of reliance on open-source packages:

Dependencies Donath et al 2023

Optional dependencies

Optional dependencies: bring in useful functionality P

. Required dependencies .
A\ Pydantic Shcrpa
Configuration lmlnult

Optimisation, sampling
PyYAML
YAML I/O h e a Py
. Healpix maps
matpl:tlib

Plotting, visualisation P t
: u er
S click ~ JUPy
. Tutorial notebooks

Command line tools [

@ astropy SciPy Kﬁ‘: NumPy

Coordinates, Quantities, Tables, Interpolation, minimisation, ND-data structures

FITS I/0, etc. FFT convolution, etc. .
' and computat/on

Plus workflows (e.g., CWL) to connect data, software, computing
resources and generate provenance information
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Discussions.



