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Big Data and Transformational Science

A= Emmis— i & =
F

A

. a4 AVERR

| :vu%i‘“mm\ T

Dr Chris Pearson : RAL Space

credit-SKAO-Max Alexander




The Square Kilometre Array Observatory (SKAO) : an international effort to build
' The world’s largest radio telescope

The largest scientific facility in the‘history of humankind
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Why Radio Astronomy ?

1. Access the invisible Universe.

2. Observe from the ground without launching expensive rockets
Into space.

3. High sensitivity (collecting lots of light)

4. Observe objects in extremely high resolution (detail).
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Why Radio Astronomy ?

2. Observe from ground without launching expensive rockets into space.
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Why Radio Astronomy ?
3. High sensitivity (collecting lots of light)




Why Radio Astronomy ?

4. Observe objects in extremely high resolution / detail.

* ] _

Slide / 9




The Square Kilometre Array Observatory

* Location: Needs an isolated and wide-area location.

» Sensitivity: Needs to have many radio dishes / radio arrays.
» Resolution: Dishes need to be separated by big distances.

* Timing: Needs computer software to synchronise telescopes.

- Data Storage: Big Science needs Big Storage

Challenge:
Make all these single telescopes work together like one giant single telescope!
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The Square Kilometre Array Observatory

South Africa : SKA MID
The Karoo 800 km north of Cape Town

Frequency range 350 MHz — 15.4GHz

197 Dishes
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The Square Kilometre Array Observatory

Australia : SKA LOW

Murchison Region 800km north of Perth

Frequency range 50 MHz — 350 MHz

131,072 Antennas
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Il SKAO Partnership - includes SKAO Member States* and SKAO Observers (as of Nov 2024) African Partner Countries
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The Square Kilometre Array Observatory
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The Square Kilometre Array Observatory

Adding up all the dishes and arrays, the total collecting area of the SKA will be towards 1 Square km.

Hubble Space Telescope ~ 4.2 square metres ......

The SKA will be so sensitive that it will
be able to detect an airport radar on an
alien planet tens of light years away.

(that's at least 60,000,000,000,000 miles away).
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The Square Kilometre Array: Smence

Slide / 21




The Square Kilometre Array: Science




The Square Kilometre Array: Science
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The Square Kilometre Array: Science
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Beamforming Digitization Correlation
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Data Challenges: Timing

* Need to synchronise
 100’s radio dishes and more than 100,000 antennae
e over 3000-5000km

» Needs a lot of optical fibre

The SKA will use enough optical fibre to wrap

twice around the Earth!
(that's at least 80,000 km).
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Data Challenges: Timing

« Need to move a lot of data

* Data flowing from the antennas to the on-site signal processor will be transferred
65,000 times faster than the projected global average broadband speed for2023*

* Needs a lot of computing power —] aup§mml<A;qu

J e

Processing 10 petabytes of data every hour
(10 million Gigabytes)
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Data Challenges: Data Storage

Big Science needs ALOT of Data Storage

The data stored by the SKA telescopes in
a single year would take nearly two
million years to playback on your iPhone.

The raw data produced by the SKA
telescopes in a single year ........
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Data Challenges: Data Storage

170 million years
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Data Challenges: Processing Scaling

(INCLUDING 64
MEERKAT DISHES)

CENTRAL SIGNAL
PROCESSOR

SCIENCE DATA PROCESSOR
~35 PFLOPS EACH
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SKA REGIONAL CENTRES

OF SCIENCE DATA DELIVERED TO SCIENCE USERS

OR CLOSE TO 1.5 MILLION 500GB LAPTOPS

1.5 MILLION+
S00GB LAPTOPS

SPREAD ACROSS 512 STATIONS

CENTRAL SIGNAL
PROCESSOR

SCIENCE DATA PROCESSOR
~35 PFLOPS EACH

Data flowing from the antennas to
the on-site signal processor will be
transferred 65,000 times faster
than the projected global average
broadband speed for 2023*
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*Globally, the average broadband speed per household in 2023 should reach ~110Mbps. Source: CISCO

Need to compress, reduce the data.
Extract what we need and throw away the rest.
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SKAO Data Storage

Canada SRC

Science Regional Centre Network

Storage (PB) China SRC
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SKA-MID
First Dish




SKAO - Lty \
First Image




SKAO -
First Image

SKAO

*Simulated 8-hour SKA-Low observation

*Simulated 8-hour SKA-Low observation

2026/2027

2030+

*Simulated 8-hour SKA-Low observation

e

*Simulated SKA-Low deep survey

2028/2029

2030+
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‘Cosmic Clocks’ preparing SKAO for early sciehce




Vela pulsar (J0835-4510) observed by SKA-Low telescope
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The Square Kilometre Array

Community involvement starts Credit: 1. Heywood,

Construction Commissioning Science Verification Cycle 0

e Building antennas, e SKAO activity A full dress rehearsal of the end-to-end e Shared-risk PI

dishes, roads etc! Collaborative system for every mode of operation projects

e Followed by across system Once modes and pipelines are working, the ~ ® SRCNet resources
Assembly, verification and community can submit target ideas ready for user
Integration and science Data will be publicly available for scrutiny e proprietary
Verification commissioning Build trust and fostering an early science periods

return

®

’ Now First half 2027 First half 2029

First half 2029 First half 2031
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The Square Kilometre Array

The SKA will produce a leap forward in
« Advanced engineering
 high-performance computing
« Big data structures
* New manufacturing and construction techniques.

Many of our everyday products come from inventions pioneered by BIG science research, including;
* Wi-Fi technology
* Digital cameras
* Medical imagery devices.
« The World Wide Web
« HTML
« GPS (Satnavs), would not work without Einstein’s Theory of Relativity.

The creation of new knowledge, young scientists and engineers with skills and expertise in a wide
range of innovative fields in a large number of countries around the world.
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The Square Kilometre Array

ONE OBSERVATORY TWO TELESCOPES THREE CONTINENTS

We recognise and acknowledge the Indigenous peoples and cultures that have traditionally lived on the lands on which our facilities are located
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