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International LOFAR Telescope (ILT)
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 LOFAR Superterp provides dense sampling of air shower pulse
e Leads to high precision in power penetration depth and hence
precise measurements of the original cosmic ray
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Buitink et al. 2016, Nature RAPP Inauguration, 22 September 2016
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How will SKA1 be better
than today's best radio telescopes?

Astronomers assess a telescope's performance by looking at LOFAR JVLA The Square Kilometre Array [(SKA) will be the world's largest
three factors - resolution, sensitivity, and survey speed. With Netherlands Korl G. Jansky 5 radio telescope. It will be built in two phases - SKA1 and SKA2 -
its sheer size and large number of antennas, the SKA will provide | e Vrytaree Arrey LEA starting in 2018, with SKA1 representing a fraction of the full

a giant leap in all three compared to existing radio telescopes,
enabling it to revolutionise our understanding of the Universe.

SKA. SKA1 will include two instruments - SKA1 MID and
SKA1 LOW -‘observing the Universe at different frequencies.

VATH T SXA WVITH QURFENT RADID TELESOORES SKA1 LOW ‘SKA1 MID VATH THE SXA WITH CURFENT RADD TELESCOFES
Australia South Africa .
ska1 Low X1.2 ... ska1 Low X135 ... SKA1 LOW X8 ...
ska1 mip X4 ... ska1 mip X60 .. SKA1 MID XD ...
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.

www skatelescope.org Squere Kiometre Array [ @SKA telescope 8§ Y@ The Square Kilometre Arvay As the SKA isnt operatonal yet, we usa an optical mage of the Milky Way to ilustrate the concepts of increased senstivty and resolution
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DISH ARRAY

SKAT MID

SKA1 MID - the SKAs mid-frequency instrument
The Square Kiometre Armay [SKA] will be the world's largest redio telescope, revolutionsing
our understancing of the Universa, The SKA wil be bult n two phases - SKAT and SKAZ -

starting in 2018, with SKA1 representing a fraction of the full SKA SKAT wil nclude two
instruments - SKA1 MID and SKA1 LOW - observing the Unaverse & dferent frequences
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SKA LOW

APERTURE ARRAYS

- N » »
- T e Dy W

Ty KSR S
—= M-Lm.rx S %
a i -~

My Sw.o

_n s .t o w® I oo

Retan ) St &4-; 1}.‘%

Y, TPy

-
z : g Lk g - = £ i
° - - - Ve - - - - - _—
\ - . - p— . i -y et =
- s » - - -
- - hored . — - - e -
8 s e - ST o — ~ ] - A B — ' - %
) - ' - de s 3 > e - - - b = ., - et - B2 e
) . - ) 2 - ‘X . P—— - - ® - - — - . ;. - - -
; . " " el L - g - S - - - o -
a0 - - ;—u_ .- - 2 - g v = O 8 P g . :j',‘ d . - L e sl ;! 3 \ ? "
. > — M dr & ~ > o L e . - -l e e e P —_ -
.- didm g ' .--- ol A ’ —d B b sl T - - . e - . - ~ S RS r—"— - - "
. . —_- o = i ziilizs - » L - ~ - Tl - == = v
RS i\ 1 W oahs = ‘-vn:. T - - { = 3 - el SN T - k) - . | LA o2 _. o - -~ ok LL A - N - - = : o~ —
-] - ca e b Lot & ~ S - : » W - o2 ] . B e k. I ot T Lot Hla - - ! N —
Riranmaw s — AL = -—- - - - ~
< AV .. o ‘oui SlE M - . A SRS - WAL . i d il = o R ——— -2 o -
— THHamee» ¢ . 4 .- o 2 o > . — < .
ke - i T - ; - 3 | T A e e - — e ke - - - Preeieiy &5 P
A= - Spe — - ) LW S e . : - « o o KN > i - - -t e =
ey - Ay g RS - < | V0T N e ¢ Lk e . " - — - [ O N, - e
= — R A el e L i B i {3 = e S - e - B ™ - - . i P
Bl w o e W g e e = o ) 1 - ’ L Ja NUw j Yap oy -
- -, - : + , -  — - - 4
"L ;\ ald BRA B =) JIIEL L 17} oy — - W .~‘l‘:.\‘-— _, i | . o e — -, 4l . -
a at . — el BB g g o = - & ot 3 e [N b
ol - SA="1 T L - ! In ',,/ 4 : | ~ NS IES wdne - 1 " -
: ) - A - -
(--v-_.-' ) By Y oo HNE ; N e - < WEEW o ™ ::u:--
o Wi o da L, TN L e - = - . SEEEEN.
' - - S P —— ] N ] e ™
- ~ . Ve i '
- ! - J— ! 3 c D > - ! - Naww i e
- - - — Y .
s.:_—- T - “.‘.-. T AN | e v : ' €1
' - - A e~ £ - %

In - j‘\"“ ‘._“’_ -— 5 -~ ~— - - i~
=B - Ty« i - b > i
u--"' S, N _.ﬁ-. | | :--\—.-‘ - e -
. - -\
. - : — "y
3 — s ¥2 > N - w“.l- V_-/
. , = sk iy = ) =
T L : T o\ S AR el e, e TN O _,"‘ S
E s L“.q wi g | s ol .,~ o ’
| ' (et L N-—tw

- -
L\ 1" T ‘-;’ < 2 :
45—‘ ‘A ) S - . . -










APERTURE ARRAY

SKAT LOW

TERABYTE = 10'* BYTES
ZETTABYTE = 104! BYTES

An “Extreme Data” project
151\

SKA1 LOW - the SKAs low-frequency instrument
mwmmmuuhwmwmm
of the Universe, The SKA will be bullt in two phases - SKAY and SKAZ -

mnwe weh SKA1 a fraction of the full SKA. SKAT wil include two
nstruments - SKAT MID and SKA1 LOW - observing the Unverse a2 derent frequencies.
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Enough to fill up

35,000 DVDs
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global internet
traffic in 2015
[source: Cacol

— Compared to LOFAR Netherlands, the current
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EPOCH OF REIONIZATION

* HOW THE FIRST STARS & GALAXIES FORMED
* WHEN THE FIRST STARS & GALAXIES FORMED
*  REVEALED BY REDSHIFTED HYDROGEN




GRAVITATIONAL WAVES

* RIPPLES IN SPACE-TIME

*  USE ANETWORK OF PULSARS TO DETECT THEM

*  CAUSED BY INTER-ACTING SUPER-MASSIVE BLACK HOLES




COSMIC MAGNETISM

DETERMINE THE ORIGIN OF COSMIC MAGNETIC FIELDS.

* USE RADIATION FROM THE EARLY UNIVERSE THAT HAS PASSED
THROUGH MAGNETIC FIELDS.

* LOOK FOR ROTATION OF THE PLANE OF POLARISATION.




CRADLE OF LIFE

* LOOK FOR EMISSION FROM ORGANIC MOLECULES.
* |IDENTIFY “EARTH-LIKE"™ PLANETS.
*  ARE WE ALONE?
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SKA High Energy Cosmic Particles (HECP) Focus Group JBCA-ICE
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« LOFAR results sL Rs around JBCA-ICE
10175 eV !
 Requires detecto

0.90
g 0.75 -
0% g :i
b . ©
.:.‘./..'-' 10.60 T
10" 1 ¥ K, [
% 1 =
g z - .5 "..:.‘.:l. | A 8.

v o0 Iron N i A/ 0.45
@ ¢ 3 TN ©
a . knee - o K, L. o
" From Galactic Buitink et al. + 100 T 9
€ supernova = . . ) T ©
g 10 1 remnants ) (@) ..'&‘.‘" A ‘ﬁ 0.30 a

s m s
g < -200 | : S
(0° - . Ankle 0.15 £
rom .
extragalactic | =300 r .
.y sources?
1 1 1 1 I 0000
—-400 :
0* 16“ ;81.; 161 ;31,. ;619 1(1)20 -400 -300 -200 -100 0 100 200 300 400
Energy (V) West-East (m)

arXiv1608.08869 RAPP Inauguration, 22 September 2016



The University of Manchester

Jodrell Bank ig;
Observatory

1824

Cosmic Rays with SKA(?)

| The
f Economist

10

—
—

o
7
()
ap
é

—

" 10 Cosmic-ray astronomy

Moonbeams

==
£

An intriguing proposal to study cosmic rays by looking at Earth’s satellite
Oct 4th 2014 | From the print edition
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THE Large Hadron Collider (LHC) is far and away the most powerful particle accelerator /

=
o

built by the hand of man. Yet it is puny compared to the most powerful particle accelerator

=
£

of them all: the universe itself. Earth is under constant bombardment from cosmic rays

Diffuse Flux x Energy’ (eVm % s

19 (mostly atomic nuclei travelling at high velocity) that streak in from deep space, smash into
the atmosphere and disintegrate in a puff of radiation and subatomic debris.
arXiv GH
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Now is an exciting time for radio astronomy;

The technical advances that are being made in radio astronomy are
advantageous for astroparticle physics;

Community collaboration is key to maximising the science from these facilities




