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SKA Phase 2 implementation’
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» ~ 2700 dishes ~ 250 dense aperture array stations - ~2,000,000 SKA-low apetture ar
0.35-10+ GHZ 400 -1400 MHz stations
e K 50 - 350 MHz
S » Adapted from Andy Faulkner (University of Cambridge.) ¢




The Square Kilometre Array in Australia
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« 1200 authors; ' ADVANCING
1 , ASTROPHYSICS

with the SQUARE KLOMETRE ARRAY




Courtesy, Robert Braun (SKA Project Scientist)




Galaxy evolution, cosmology and dark energy

How do galaxies evolve? What is dark energy?
The accaieraton N he axpanson of the Unverse has
attrbuted 10 a MysStenous dark energre. The SeCA wil
investgate this expanson after the 8ig Bang Dy marx
e COSMIC AdEtnbDution of ydrogen

(Aiawy OOl T DEITONTON A AR STy

| Strong-Tield tests of gravity using pulsars and
| Biack holes

Was Einstein right about gravity? The SKA w
mvestGate the nasure of gravty and chalaenge the tNeory of
Qenoral redat vty

SUe Sk ety Oof Drevty RN PRERars S S

w2

The orgin and evolution of cosmic magnetism

What generates giant magnetic fielcs in space?
The S<A will Crea!s T -Cmersioral M Of COserme
MAgNETS 2O LNCRrSLand NOow INeYy SIEDASE ORROES, ™
N fOrmMmanon Of $25rs and Dlangts, and reguilats SOlnr
S1ly Uty

PO M S A oot OF COumrT

www.skatelescope.org
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4 Probing the Cosmic Dawn

Mow were the first Diack holes and stars formed? The
SKA wil 100k back 1o e Dark Ages. a time Defore the
Universe it up, 10 dscover Bow T aarfest Dlack holes
ANe Siars were formed .

Pty the Ay a5ws — the Tirst Dipch Aches 8T

The cradie of life

Are we slomeT Tha SHA will Do abie 1O SHNeCT Vvary W
exiratomesinral signais and wil search for compiex
molecules, the Duiding blocks of Me, In space.

The cracin of My seavrclieng for e s plarsets

Flaxibie design to enabile omploration of the unknown

While This s truly excilng and transformational soence, history
has shown that many of the groatest discovenes have
happenad unexpectodly. The unigue sensitivity and versatiny of
e SKA will make & a discovery machine

We shoula be prepared for the possiDitios. FRontee Sesgr will aralie sonsioraton of
MRS
For the full SKA sclence case in detall see the
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I EM folléw;up of neutrino detections;
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Gravitational Waves

Hw'e(d, Washington (H1) va-woﬁ. Lo.mam(L‘.v

- .

Strain (1077

: o { Sty :
(o b et e . ~_--;~.‘°:~- ' \ . 36 Msolar +25 Msolar -> 62 I\/Isolar

_gz J.JN. Nt N M iVt SYIPTNTS Redshift ~ 0.1
il : : - mi f Localised to ~600 square deg. (~1% of sk
E 250 % .
¢ 128 . | ‘
e : § Abbott++2016
“ 5 03

0.30 0335 0.40 0.45 0.30 035 0.40 045



Abbott++2016
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BH-BH ->
EM signal
expected.

But, of co
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looked! -
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Direct GW detectioh.v_vith the SKA, using pJIsar.s.

GW:s cause changes in distance to pulsars, which
S ' changes the times of arrival of individual pulses.
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of GWs.
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Neutrinos — EM counterparts

)

‘Only astrophysical neutrino signal to
detected from SN1987A.

ANTARES ANTARES

Sky ANTARES can see .



- - < .
ANT131121A Pre “‘[ ANTIIL121A Prompt . o e ANTIINZIA Late R T é =" o
! 7 - b X
| 25t0000.0°| AN - .
" 3 M -, M
- = -
‘3 1) 26500’ = -
| i | \ . 26°00'00.0 X ‘ $ 2
1 X % N
. : . °» - o 2 " . ; 2 » S -27%00'00.0%] © =, , : .
o - »
d C J d =] < ' e
Y 11 p) Y LY i By T %] £ %3 L] e e 1Y 3] g ,, - - e
gt Asceraon (1000 Bght Ascermon, (2000 e Ascemaion (2000 g - 3
ANT140323 Pre “7° ANT140323 Promet 1 ANT140023 Late PR o :
. -2800'00.0" .
‘t 1 XS LI ;
| . " - ~ N -
| - 03 i A2 PR iy TG S 475 oA ’
-29°00'00.0"} ¢ ‘ TLA R e A RS .
I’ Y el 3 g n Y -
At - ; .
. > - A y A4 1
o) > T R
y 30°00'00.0" [ 538 Sy i S G SN S 7 NN
= - 4_‘4.:. ..';.,‘:,_;- -- ‘.‘—,_...H» :.". 8 _..‘. (_-‘ e
12m00.00s 06m00.00s 10h00m00.00s  9h54m00.00s

RA (J2000)

1) § Search list of ANTARES events that occur in FoV of MWA during
observations; s

Table 1
Details of the two ANTARES events with simultancous MWA observations

Trigger ID UT date UT time RA Dec Energy
(deg) (deg) (TeV)

535 =351
1509 -274

»
S 2) Examine data pre-event, during event, and post-event to search

s EM signature.

ANT 131121A
ANT 140323A

2013 Nov 21
2014 Mar 23

14:58:28
15:31:01

Croft+2016
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Radio Cherenkov emission from the Lunar
Regolith

“~._Observer

" " Panda+2007 & - = |

’ R(6,) “

; Bray+2013 *
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Using-Jupiter atmosphere for p;article detection: Not feasible — Moon is better
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. Radio emission from Cosmic Ray showers §
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Radio emission from cosmic ray showers : 5 s S¥ .
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*Arrival direction — from time of arrival of radio emission acro
the geographical extent of the arrax Directions to better th
deg;’

Y Width of radio footprint is proportlonal to the height of sho
o et Much higher density maX|mum Xmax. Gives mass estimate of primary particle; (

SRR IR o i antenpas * _footprint -> Xmax; particle datectors used for energy

sovvanluveipizene

s i e than implemented measurement).
""" at Auger (AERA).

* Monte Carlo simulation«approach.
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Buitink++2016, Nature,531, 70
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Proion showers

iron showers
= = Two-component mode
« = Fourcomponent modal

Buitink++2016, Nature,531, 70

0 ‘ll . <Xproton> — shower
<Xproton> - (Xiron>

» . »
Constrain mixture of “ﬁeavy” and “light” elements, which is ihconsistent with known galactic
sources of cosmic rays and points to possible:

1. Extragalactic source (concluded to bewnlikely);

2. *New galactic source (e.g. explosions of Wolf Rayet stars into their stellar winds).
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The future with the SKA

N £

* More antennas: MWA /LOFAR -> ~1000; SKA -> ~100,000;

» Better geographical footprint (filled area of ~1 km diameter + high density < 5 km);

e Overall antenna distribution up to ~100 km extent;

* More bandwidth, more signal processing;

* Radio quiet location — important to discriminate between astrophysical and terrestrial signals;

* In the same epoch as LIGO/VIRGO, KM3NeT, Ice Cube, CTA etc etc.
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Lunar detection of ultra-high-energy cosmic rays and neutrinos with the Squaré~l('ilometre Ar

J. D. Bray, J. Alvarez-Muiiiz, S. Buitink, R. D. Dagkesamanskii, R. D. Ekers, H. Falcke, K. G. Gaviey
T. Huege, C. W. James, M. Mevius, R. L. Mutel, R. J. Protheroe, O. Scholten, R. E. Spencer,
S. ter Veen

https://arxiv.org/abs/1408.6069

' Precision measurements of cosmic ray air showers with the SKA

v | T. Huege, J.D. Bray, S. Buitink, R. Dallier, R.D. Ekers, H. Falcke, C.W. James, L. Martin, B Revenu
| 4 O. Scholten, F.G. Schrdoder

https://arxiv.org/abs/1408.5288

|

" NOTHING ON SKA AND GRAVITATIONAL WAVES (except with pulsars)!!!
~ Science case published in 2015 (pre-GW detection with LIGO).

But EM follow-up of GW and neutrinos basically covered by the capabilities of the “transient
science” case for the SKA.
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v 2 at wavelengths longer than

s .

',
17 . : e future suite of grand-scale
ulti-wavelength, multi-messenger worl

Juency an

print;

Ehy cs, 'the most relevant part of the SKA is the low
0— 350 IVIHz) where ltalian technology has a large

-

. T SKA precursor telescopes, in partlcular LOFAR and the MWA, are
o already taking partin a range of multi- -messengef experiments:

* First steps — big scope for a lot more future work.

. |taly is spectacularly well-placed.to take advantage of this future:

* We need people who understand the cultures of astronomy and particle phy5|cs
help ‘glue” everything/everyone together.




