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Topics

I The SKAO
I Indian participation
I One science case: the first stars
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The SKAO

The next-generation radio astronomy-driven Big Data facility
that will revolutionise our understanding of the Universe and the laws of fundamental physics.

Global HQ at Jodrell Bank, UK

197 mid-frequency dishes in South Africa
1,31,072 low-frequency antennas in Western Australia
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SKA-Mid

I Karoo site in South Africa
I Frequency range: 350 MHz – 15.4 GHz
I 133 15 m SKA dishes and 64 13.5 m MeerKAT dishes
I Baseline design: core of around 50% of the dishes, randomly distributed within 2 km, three logarithmic

spiral arms with a maximum baseline extending out to 150 km
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SKA-Low

I Murchison Radio-astronomy Observatory, Western Australia
I Frequency coverage: 50 – 350 MHz
I Log-periodic dipole antennas distributed across 512 aperture array stations of 256 antennas each
I Baseline design: around 50% of the stations within a 1 km diameter core, remaining stations organised in

clusters of 6 stations on three modified spiral arms. The maximum baseline ∼ 70 km.
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SKA timeline

Assumes construction start date July 2021, in reality December 2022.
Tirthankar Roy Choudhury 5



Countries participating in the SKA

I Members: Australia, China, Italy, The Netherlands, Portugal, South Africa, Switzerland, United Kingdom.
I Prospective Members: Canada, France, Germany, India, Japan, South Korea, Spain, Sweden.
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SKA1 compared to other telescopes
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Big data with the SKAO

I 8 Tbps from SKA-Low to Perth, 20 Tbps from SKA-Mid to Cape Town.
I Two high-performance supercomputers called Science Data Processors (SDPs), each ∼ 135 PFlops.
I SKAO will archive 300 petabytes of data per year.
I From the SDP supercomputers, data will be distributed via intercontinental telecommunications

networks to SKA Regional Centres in the SKAO Member States where science products will be stored for
access by the end users.
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SKAO science data challenge
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SKA: Indian involvement

I India contributed heavily to the design phase of the
project, leading role in the Telescope Manager system
(controlling nerve centre and brains behind the
functioning of the entire SKA observatory.).

I The proposal to join the construction and operation
phase is pending with the Government of India.

I The activities within India are coordinated by the
SKA-India Consortium, ∼ 20 organisation members.

I Science activities coordinated by SKA-India Science
Working Groups.
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SKA-India science

I Indian scientists involved in almost all the
interesting science areas in the SKA.

I These cover areas starting from the Sun to
our Galaxy to the largest scales in the
Universe.

I The Indian science interests have been
compiled in an upcoming issue of the
Journal of Astronomy & Astrophysics.

I About 30 articles, all accepted, the volume
under process at the moment.
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Science with the SKA
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Growth of large-scale structures
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N-body simulations using GADGET-2 (Springel et al 2005), run on a NCRA Fujitsu server
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Search for the first stars

Probes planned for detecting the first stars

JWST TMT

Brighter stars easier to detect, faithful distribution of the underlying population?
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JWST already breaking records
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Alternate method: hydrogen

I The galaxies are surrounded by hydrogen, the most abundant element in the Universe.
I Is it possible to infer about the stars using the hydrogen?
I Yes, several methods. One promising way is through the 21 cm radiation.
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21 cm radiation

I Radiation originates due to “spin flip”.
I Only possible when hydrogen is neutral, no radiation when ionization happens (i.e., the electron

dissociates).
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Reionization of hydrogen by first stars

Neutral hydrogen atoms emitting 21 cm radiationFirst stars form, emit ionizing radiationHydrogen near the stars ionized, no radiation
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Galaxies and reionization
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21 cm maps and power spectra

SCRIPT (Semi-numerical Code for ReIonization with PhoTon-conservation)
https://bitbucket.org/rctirthankar/script (TRC & Paranjape 2018)
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Present constraints on the 21 cm power spectrum

2 − σ upper limits at k ∼ 0.1 h/Mpc
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Figure courtesy Leon Koopmans
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Summary

I Most ambitious radio astronomy project ever attempted.
I To be built in Australia and South Africa.
I First science expected around 2029. One of the main science cases is the detection of HI signal from the

epoch of reionization.
I India is a member of the SKA international collaboration (lead by NCRA-TIFR). uGMRT, an SKA

pathfinder, o�en provides useful test-bed for SKA.

Thank you

This presentation was prepared using the Beamer class of LATEX
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