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Summary: Square Kilometre Array

SAUARE KILOMETRE ARRAY

o SKA is a large “array” of dishes and dipoles

@ Once built (in 2020), it will be the largest radio telescope ever built

o It will answer some fundamental questions in astrophysics, cosmology and
fundamental physics, starting from studying the first stars in the Universe to
testing Einstein's theory of gravity
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Radio frequency: smallest energies probed
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Challenges in radio frequencies

Radio frequency: v < 300 GHz, A 2 1 mm.

FM radio (~ 100 MHz), TV stations (bands in ~ 50 — 200 MHz)
Mobile phones (bands in ~ 800 — 2000 MHz)

Satellites, e.g., GPS (= 1 GHz)

Air traffic communication (~ 100 — 500 MHz)

lonosphere: distorts radio waves coming to us, reflects radiation v < 10 MHz.
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Dish antenna

2

Arecibo (Puerto Rico) Parkes Radio Telescope (Australia)
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Performance of telescopes

@ collecting area A oc D?: ability to detect faint sources
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Performance of telescopes

collecting area A oc D?: ability to detect faint sources
resolution Af ~ A/D: ability to distinguish between two closely spaced objects
resolution of our eye: A =~ 6000A /Imm ~ 1’

resolution of a (big) optical telescope: Af ~ 6000A /10m = 0.01”. often limited
by atmospheric conditions to ~ 1”.

resolution of a (big) dish antenna: Af =~ 1m/50m = 1°

To compete with optical telescopes, one needs to build dishes of diameter
~ 100km!
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Concept of interferometry

Direction to source

mornochromatic
anar wave
g 2 laser)

[r—
L=
[F—

o]

screen with optical  optical screen
screen Front view)

@ resolution A ~ A\/d, where d is now the distance between two dishes

@ d can be as large as ~ 50 — 100km.
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Radio interferometric arrays: GMRT

@ Giant Metrewave Radio Telescope

@ 30 antennas, 45 m diameter each. works in frequency range = 150 — 1400 MHz
@ situated at Narayangaon, about 80 km from Pune.
@ Currently being upgraded to uGMRT, one of the SKA pathfinders
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Radio interferometric arrays: VLA

@ Very Large Array
@ New Mexico, USA
@ 27 antennas, 25 m diameter each.
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Other radio interferometric arrays

Low-Frequency Array (LOFAR):
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Square Kilometre Array Phase 1

SAUARE KILOMETRE ARRAY

o will be built in two phases: SKAL should be completed by 2020
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Square Kilometre Array Phase 1

[
SIKA

SAUARE KILOMETRE ARRAY .

will be built in two phases: SKA1 should be completed by 2020

dishes in South Africa, called SKA1-MID

dipoles in Australia, called SKA1-LOW

largest distance between antenna elements: ~ 80 km

effective collecting area ~ km? = 10% m? ~ 5 — 10 times more collecting area
than any existing telescope!
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SKA1 compared to other telescopes

How will SKA1 be better
than today's best radio telescopes?

ronomers assess a performance by looking at
three factors - resolution, sensitivity, and survey speed. With
its sheer size and large number of antennas, the SKA will provide
a giant leap in all three compared to existing radio telescopes.
enabiing t to revolutionise our understanding of the Universe.

JVLA The Square Kilometre Array (SKA) will be the worid's largest
orl G dansky radio telescope. It will be buit in two phases - SKA1 and SKA® -
[ iy Cargih e U starting in 2018, with SKA1 representing a fraction of the full
SKA. SKA1 wil include two instruments. - SKA1 MID and
SKA7 LOW --observing the Universe at different frequencies

.SKA‘1 MID WIHTIE S WITH CURFENT RADE TELESCEFES.
South Afri

ska1 Low X 1.2 ... ska1 Low X135 ... sKA1 Low X8 ...
ska1 vio X60

SURVEY SPEED

sKA1 mMID XD ...

SENSITIVITY

SKA1 MID )(4

RESOLUTION

Thanks to its size, the SKA will see Thanks to its sensitivity and ability to see a Thanks to its many antennas, the SKA
smaller details, making radio images larger area of the sky at once, the SKA will will see fainter details, like a
less blurry, like reading glasses help be able to observe more of the sky in a long-exposure photograph at night

distinguish smaller letters. given time and so map the sky faster. reveals details the eye can't see
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SKA: sites

THE
BIGGEST
S

000 antennas spaced
over halfthe coninent.

SOUTH
AFRICA
SKA core site

@ Very low population density
@ Large amount of empty space
o Western Australia, Karoo desert (South Africa)
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Countries participating in the SKA

-
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This map is intended for reference only and is not meant to represent legal borders
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SKA: Indian involvement

The Telegraph ] €
India in radio telescope club

New Delhi, Oct. 5: India
today joined a nine-nation
consortium to build the
world’s largest radio tele-
scope, an instrument so large
that it will span two conti-
nents and so sensitive that it
could detect a radar signal
from an airport on a planet 50
light-years away.

Several academic institu-
tions led by the National Cen-
tre for Radio Astronomy
(NCRA), Pune, will contribute
to the design and operations of
the Square Kilometre Array

(SKA) to be co-located in Aus- (Left) Anil i f dish site in South Africa; an illustration of
traliaand South Africaand ex- low-frequency receivers at the SKA site in Australia

pected to become operational

in the early-2020s. never done before. said Yashwant Gupta, princi- malising India’s entry into the|

@ India has been associated with the SKA from the beginning
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The Telegraph ] €
India in radio telescope club

OURSPECIAL
CORRESPONDENT

New Delhi, Oct. 5: India
today joined a nine-nation
consortium to build the
world’s largest radio tele-
scope, an instrument so large
that it will span two conti-
nents and so sensitive that it
could detect a radar signal
from an airport on a planet 50
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The activities within India are coordinated by the SKA-India Consortium

Tirthankar Roy Choudhury




SKA: Indian involvement

The Telegraph (] J€
India in radio telescope club

OURSPECIAL
CORRESPONDENT
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(SKA) to be co-located in Aus- n site in South Africa; an illustration of
traliaand South Africaand ex- low-frequency receivers at the SKA site in Australia

pected to become operational

in the early-2020s. never done before. said Yashwant Gupta, princi- malising India’s entry into the|

India has been associated with the SKA from the beginning

NCRA became a full member of the SKA in 2014

India formally joined the SKA on Oct 5, 2015

The activities within India are coordinated by the SKA-India Consortium
13 organisations are members of the Consortium
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Science with the SKA: Pulsars

Pulsar Model spin

Axis

Radiation

/ Beam

Magnetic
Field

/1

excellent clocks, precise timing
SKA1 will detect a large number of pulsars
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Gravitational waves

@ Einstein's theory of gravity predicts that the space-time is curved by the presence
of matter / energy

@ Gravitational waves are ripples in the curvature of space-time, propagating with a
speed ¢

b
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Pulsar timing arrays

o Identify a set of pulsars in different directions, and study their timing

@ When a gravitational wave passes between the earth and the pulsars, it distorts
the space-time, thus affecting the time of arrival of the pulses

@ This feature can be used to detect gravitational waves
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Science with the SKA: low frequency transitions

@ The most interesting (quantum) transitions for radio telescopes are the ones that
have small energy difference
@ For example, take electronic transitions of the hydrogen atom:

1 1 AE 1 1
AE—13.6EV<2—2>:>V—%3X1015HZ<2—2)
ngn h ny  n

Flectron Energy Levels in Hydrogen
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moe 1ot GHz. This happens when an electron

18T e (re-)combines with the proton at a high n
and cascades downwards. These are called
radio recombination lines.
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@ Other interesting transitions are rotational
and vibrational ones of more complex

HYDROGEN
atoms/molecules.
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Spin-flip transition of hydrogen (21 cm line)

Hydrogen atom

Higher energy state

Hydrogen radio emission

Wavelength21 cm
Frequency 1420 MHz

b Lower energy state

The transition is not possible when hydrogen is ionized!
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The 21 cm line in astrophysics

@ Hydrogen is the most abundant element in the universe, 21 cm line can probe
neutral hydrogen
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The 21 cm line in astrophysics

@ Hydrogen is the most abundant element in the universe, 21 cm line can probe
neutral hydrogen

@ Has been extensively used to probe the gas within our Galaxy, and also other
galaxies
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The 21 cm line in astrophysics

@ Hydrogen is the most abundant element in the universe, 21 cm line can probe
neutral hydrogen

@ Has been extensively used to probe the gas within our Galaxy, and also other
galaxies

@ Cosmology: rotation curve of galaxies

DISTRIBUTION OF DARK MATTER IN NGC 3198
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Proof of dark matter!
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The 21 cm line in astrophysics

@ Hydrogen is the most abundant element in the universe, 21 cm line can probe
neutral hydrogen

@ Has been extensively used to probe the gas within our Galaxy, and also other
galaxies

@ Cosmology: rotation curve of galaxies

DISTRIBUTION OF DARK MATTER IN NGC 3198
200

LI B B L B

NGC 3198
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Radius (kpe)

Proof of dark matter!
@ Cosmology: plans to probe the era when the Universe lit up!
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First stars using 21 cm line

@ The Universe lit up for the first time (i.e., the first stars formed) when the
Universe was ~ 3 x 108 years old (its current age is ~ 13 x 10° years)
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@ The Universe lit up for the first time (i.e., the first stars formed) when the
Universe was ~ 3 x 108 years old (its current age is ~ 13 x 10° years)

@ These stars are so far away that they are too faint to be observed by present day
telescopes. A satellite called James Webb Space Telescope (JWST) will fly in
2018 with aim to detect these stars!
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@ They can also study the effect of first black holes! (X-ray heating)
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telescopes. A satellite called James Webb Space Telescope (JWST) will fly in
2018 with aim to detect these stars!
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Concept of Dark Ages, Cosmic Dawn, Epoch of Reionization.
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Radio maps for the first stars

e First stars formed when the Universe was ~ 3 x 10® years old (its current age is
~ 13 x 10° years)
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Radio maps for the first stars
e First stars formed when the Universe was ~ 3 x 10® years old (its current age is

~ 13 x 10° years)
o By today, the Universe has expanded by ~ 10 — 15 times
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Radio maps for the first stars

e First stars formed when the Universe was ~ 3 x 10® years old (its current age is
~ 13 x 10° years)

o By today, the Universe has expanded by ~ 10 — 15 times

@ The radiation which was emitted at 21 cm would have a wavelength ~2 —3 m
by today (i.e., 100 — 150 MHz)

Tirthankar Roy Choudhury SKA 22 /25



Radio maps for the first stars

e First stars formed when the Universe was ~ 3 x 10® years old (its current age is
~ 13 x 10° years)

o By today, the Universe has expanded by ~ 10 — 15 times

@ The radiation which was emitted at 21 cm would have a wavelength ~2 —3 m
by today (i.e., 100 — 150 MHz)

@ Major science goals for LOFAR, MWA and SKA1-low!
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Ghara, Choudhury & Datta (2015)
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Radio maps with many stars
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SKA: exploring the universe
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SAUARE KILOMETRE ARRAY -

@ SKA is expected to answer some of the most fundamental questions about the
Universe (how did first stars form? is Einstein's theory of gravity right? dark
energy? are we alone?)
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@ The first science is expected in 2020. The years 2020-2025 would be very
exciting as many of the fundamental questions would be answered.
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o Indian astronomers / physicists are involved in most of the science areas: first
stars, pulsars, cosmology, etc.
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@ SKA is expected to answer some of the most fundamental questions about the
Universe (how did first stars form? is Einstein's theory of gravity right? dark
energy? are we alone?)

@ The first science is expected in 2020. The years 2020-2025 would be very
exciting as many of the fundamental questions would be answered.

o Indian astronomers / physicists are involved in most of the science areas: first
stars, pulsars, cosmology, etc.

@ Looking for bright, enthusiastic students to make contribution.
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o SKA is a large “array” of dishes and dipoles

@ Once built (in 2020), it will be the largest radio telescope ever built

o It will answer some fundamental questions in astrophysics, cosmology and
fundamental physics, starting from studying the first stars in the Universe to
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