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Australia	Southern	Africa	

190 dishes including 
MeerKAT 0.35 - 3 GHz 

~130,000 SKA-low aperture array 
stations  

50 - 350 MHz 
 

Adapted	from	Andy	Faulkner	(University	of	Cambridge)	

SKA Phase 1 implementa1on



Australia	Southern	Africa	

~ 2700 dishes 
0.35 – 10+ GHz 

~ 250 dense aperture array stations 		
400 -1400 MHz 

~2,000,000 SKA-low aperture array 
stations  

50 - 350 MHz 

Adapted	from	Andy	Faulkner	(University	of	Cambridge)	

SKA Phase 2 implementa1on



The Square Kilometre Array in Australia



The Square Kilometre Array in South Africa



 
  

SKA science book 2015  
(following meeting in Sicily in 2014) 

  •  135 chapters;  
 
 
•  2000 pages; 
 
 
•  1200 authors; 
 
 
•   9 kg.																																			 
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Courtesy,	Robert	Braun	(SKA	Project	Scien8st)	
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MWA	

Cur8n	University	
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SKA	South	Africa	
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SKA-low	(LFAA)	–	Peter	J	Hall	

LOw	Frequency	Array	(LOFAR)	

	

ASTRON	
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From:	Prof.	Bryan	Gaensler	



Radio astronomy in the mul1-messenger era

	 	 	 	 	EM	follow-up	of	gravita8onal	wave	events;	

	 	 	 	EM	follow-up	of	neutrino	detec8ons;	

	

	 	 	Radio	detec8ons	from	cosmic	rays/neutrinos.	



Gravita1onal Waves

36	Msolar	+	25	Msolar	->	62	Msolar	

Redshi_	~	0.1	

Localised	to	~600	square	deg.	(~1%	of	sky)	

	

Abbo<++2016	



Abbo<++2016	



BH-BH	->	no	
EM	signal	
expected.	

	

But,	of	course,	
everyone	
looked!	

	

Prac8se	for	
BH-NS….....	

Abbo<++2016	



• MWA	FoV	~2800	sq.	deg.	

•  40	mJy	RMS	levels	in	~3	min	obs.	

Kaplan+2016	
Expecta8ons	for	

detec8on	of	prompt	

radio	emission	from	

GW	events	(<minutes	

a_er	merger	of	

objects)	with	the	

MWA:	

	

Detec8on	of	~10	s	

transient	at	0.1	–	1.0	Jy	

(~1038-39	erg/s	for	

proposed	models	and	

expected	distances).	

Abbo<++2016	



Direct	GW	detec8on	with	the	SKA,	using	pulsars.	

	

GWs	cause	changes	in	distance	to	pulsars,	which	
changes	the	8mes	of	arrival	of	individual	pulses.	

	

Sensi8ve	radio	telescopes	(SKA)	can	monitor	a	large	
sample	of	pulsars	to	recover	and	localise	the	sources	
of	GWs.	

NanoGRAV	collabora8on	



Neutrinos – EM counterparts

ANTARES	
Equator	

ANTARES	

Sky	ANTARES	can	see	

Neutrinos	expected	from:	

•  GRBs;	

•  Core	collapse	SNs;	

•  AGN/microquasers.	

Only	astrophysical	neutrino	signal	to	date	

detected	from	SN1987A.	



1)  Search	list	of	ANTARES	events	that	occur	in	FoV	of	MWA	during	

observa8ons;	

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

EM	signature.	

Cro_+2016	





Radio Cherenkov emission from the Lunar 
Regolith

Panda+2007	

Bray+2013	



Bray	&	Nelles	2016	

Using	Jupiter	atmosphere	for	par8cle	detec8on:	Not	feasible	–	Moon	is	be<er	



Radio emission from Cosmic Ray showers

SKA-low	(LFAA)	–	Peter	J	Hall	

LOw	Frequency	Array	(LOFAR)	

	

ASTRON	

Radio	emission	from	cosmic	ray	showers		

by	Jelley+1965,	Nature,	205,	327	



•  Arrival	direc8on	–	from	8me	of	arrival	of	radio	emission	across	
the	geographical	extent	of	the	array.		Direc8ons	to	be<er	than	1	
deg;	

	

•  Width	of	radio	footprint	is	propor8onal	to	the	height	of	shower	
maximum,	Xmax.		Gives	mass	es8mate	of	primary	par8cle;	(radio	
footprint	->	Xmax;	par8cle	detectors	used	for	energy	
measurement).	

	

•  Monte	Carlo	simula8on	approach.	

Much	higher	density	

of	radio	antennas	

than	implemented	

at	Auger	(AERA).	



Bui8nk++2016,	Nature,531,	70		

(and	Corrigendum)		



Best	fit:	(p,	He,	N,	Fe)	=	(0%,	79%,	19%,	2%)	–	large	(~80%)		light	element	component	at	1017-17.5	eV	

	

Constrain	mixture	of	“heavy”	and	“light”	elements,	which	is	inconsistent	with	known	galac8c	
sources	of	cosmic	rays	and	points	to	possible:	

1.  Extragalac8c	source	(concluded	to	be	unlikely);	

2.  New	galac8c	source	(e.g.	explosions	of	Wolf	Rayet	stars	into	their	stellar	winds).	

Bui8nk++2016,	Nature,531,	70		



Trinh+2016	

Simula8ons	

Fair	weather	

50	kV/m	

100	kV/m	

Schellart+2015	

astrophysics/par8cle	physics/meteorology?	



The future with the SKA

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

•  Be<er	geographical	footprint	(filled	area	of	~1	km	diameter	+	high	density	<	5	km);	

•  Overall	antenna	distribu8on	up	to	~100	km	extent;	

•  More	bandwidth,	more	signal	processing;	

•  Radio	quiet	loca8on	–	important	to	discriminate	between	astrophysical	and	terrestrial	signals;	

•  In	the	same	epoch	as	LIGO/VIRGO,	KM3NeT,	Ice	Cube,	CTA	etc	etc.	



Lunar	detec.on	of	ultra-high-energy	cosmic	rays	and	neutrinos	with	the	Square	Kilometre	Array	
J.	D.	Bray,	J.	Alvarez-Muñiz,	S.	Bui8nk,	R.	D.	Dagkesamanskii,	R.	D.	Ekers,	H.	Falcke,	K.	G.	Gayley,	
T.	Huege,	C.	W.	James,	M.	Mevius,	R.	L.	Mutel,	R.	J.	Protheroe,	O.	Scholten,	R.	E.	Spencer,	
S.	ter	Veen	

h<ps://arxiv.org/abs/1408.6069	

	

Precision	measurements	of	cosmic	ray	air	showers	with	the	SKA	
T.	Huege,	J.D.	Bray,	S.	Bui8nk,	R.	Dallier,	R.D.	Ekers,	H.	Falcke,	C.W.	James,	L.	Mar8n,	B.	Revenu,	
O.	Scholten,	F.G.	Schröder	

h<ps://arxiv.org/abs/1408.5288	

	

NOTHING	ON	SKA	AND	GRAVITATIONAL	WAVES	(except	with	pulsars)!!!			

Science	case	published	in	2015	(pre-GW	detec8on	with	LIGO).	

	

But	EM	follow-up	of	GW	and	neutrinos	basically	covered	by	the	capabili8es	of	the	“transient	
science”	case	for	the	SKA.	
	





Summary
•  The	SKA	will	be	the	ul8mate	radio	telescope	at	wavelengths	longer	than	1	
cm	for	the	next	20+	years;	

•  The	SKA	will	take	its	place	among	the	future	suite	of	grand-scale	
astrophysics	infrastructure	in	a	mul8-wavelength,	mul8-messenger	world;	

	

•  For	astropar8cle	physics,	the	most	relevant	part	of	the	SKA	is	the	low	
frequency	array	(50	–	350	MHz),	where	Italian	technology	has	a	large	
footprint;	

•  The	SKA	precursor	telescopes,	in	par8cular	LOFAR	and	the	MWA,	are	
already	taking	part	in	a	range	of	mul8-messenger	experiments:	

•  First	steps	–	big	scope	for	a	lot	more	future	work.	

•  Italy	is	spectacularly	well-placed	to	take	advantage	of	this	future:	
•  We	need	people	who	understand	the	cultures	of	astronomy	and	par8cle	physics	to	
help	“glue”	everything/everyone	together.	


