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Why	neutrinos?	
•  Clean	probe	of	the	Violent	Universe	&	direct	bound	to	UHECRs	

See	D.	Dornic	presentation	
Also	through	interaction	of	UHECRs	with	CMB	during	
propagation:	cosmogenic	neutrino	(guaranteed	flux)	
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Why	UHE	neutrinos?	
•  Extend	energy	range	to	UHE	to	better	constrain	models.		
•  Direct	link	to	UHECRs	(Eν~5%ECR).	
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Satellites	projects	

•  POEMMA,	K-EUSO	&	pathfinder	EUSO-SPB	
Neronov	et	al.,	
arxiv:1606.03629	

Olinto,	APS	Spring	
meeting,	2017	
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Antarctica	projects	

Beautifull	principle	
Already	a	lot	of	expertise	gained	(and	limits	produced)	
Tough	polar	environment	è	high	cost	(&	limited	area)	
Uncertainties	on	signal	propagation	è	poor	angular	resolution	

Allison	et	al.,	arxiv:1507.0899	
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ντ	

•  Goal:	search	for	cosmic	neutrinos	
•  Detection	principle:	

–  ν-induced	tau	decays	in	atmosphere	generate	
~horizontal	extensive	air	showers.	

						[Fargion	astro-ph/99066450,	Bertou	astro-ph/0104452]	

–  Issues:		
•  VERY	seldom	events		
•  Earth-skimming	trajectories	(mfpν	<1000km)	

τ

Earth-skimming	neutrino	detection	
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Why	radio?	Because	it	works!	
•  MHz	radio-detection	of	air	showers	becoming	a	mature	technique	

•  ΔE/E<20%	

Aab	et	al.,	AUGER	
astro-ph/1508.04267	

Buitink	et	al.,	LOFAR,	Nature	

•  σ(Xmax)	~	20g/cm²	 •  Autonomous	
radio-
detection	&	
identification	
of	air	showers	
Le	Coz	et	al.,	
TREND	
ICRC2017	

--	Data	
--	EAS	simu	
	

--	Data	
--	EAS	simu	
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Why	radio?		
Because	it	is	perfect	for	horizontal	air	showers!	
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Use	mountains	as	
projection	screen	for	

radio	emission	

50-200MHz	radio	emission	of	a	1017.5eV	shower	viewed	from	the	side:		
~10s	of	km²	detectable	footprint	@	~100	km!!	

Background	level:	15µV/m	
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Why	radio?	Because	it	is	cheap!	

Basic	ó	cheap	

P.	Lautridou	(2011)	
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•   Size of the neutrino detector is a key 
parameter. 

•  >10000 km²? 
 - technical capacity? 

        - topology? 

Ulastai 

The	GRAND	project	
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GRAND	goal	
•  Large	enough	to	guarantee	detection	of	UHE	
neutrinos	

o(10-20)	hotpsots	of	o(20-10)	kAntennas		
deployed	over	o(20-10’000)	km²	hotspots	with	
favorable	topographies	around	the	world.		
è	total	area:	200’000km²	

<ψ>=	0.2°	
(Plane	wave	approx)	
(V.	Decoene)	

PRELI
MINARY

	
è	Astronomy!!!	

PRELI
MINARY
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GRAND	FoV	

•  85<θ<95°	but	all	azimuth	è	large	fraction	of	
sky	covered	in	24h	

Here	computed	for	one	single	200’000km²	array	located	at	TREND	site.		
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GRAND	aims	at	taking	part	in	the	
MultiMessenger	Astronomy	Era	

More	generaly:	
France	wide	variety	of		experimental	projects		
IS	a	strength…	and	should	be	presented	as	such!	
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GRAND	&	CRs	
•  Very	large	footprint	for	inclined	air	showers		
è	good	detection	efficiency	&	good	Xmax	resolution	(20g/cm²?)	
è Precision	+	stat	(aperture	~	15x	AUGER)@highest	energies		
è Great	tool	for	UHECRs	&	UHE	γ		

C.	Guepin	&	A.	Zilles	

PRELI
MINARY

	p@1019eV,	θ	=	80°	
(N.	Renault-Tinacci)	
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GRAND	in	practice	

•  Huge	technical	challenge:	Trigger?	Data	collection?	
Reconstruction	of	~horizontal	showers?	
Background	rejection?	

•  Need	for:		
–  time	(full	array	not	before	2030)	to	develop	a	staged	
approach.	

–  Important	step:	an	engeneering	array	with	dedicated	
design	è	GRANDproto300:	300	antennas		over	
~150km²	
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GRANDproto300	
•  300	antennas,	half	with	200m	step,	

half	with	1km	step	
•  GRAND	antennas	+	dedicated	

electronics	(a	la	AERA),	with	bullet	
WiFi	data	transfer.	

•  Site:	XinJiang.	Funding	secured.	
Expected	start	date:	2020.	

•  Goal:		
–  Demonstrate	identification	&	
reconstruction	of	inclined	CR-induced	
air	showers		(2020-1)	

–  Develop,	optimise	and	validate	
trigger+data	transfer	strategies	(2022+)	

–  Physics	program	as	well:	study	of	Gal-
Extragal	CR	origin	transition	when	
complemented	by	surface	array	(stat:	
10s	of	kEvents/year	above	10^17eV).	
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Conclusion	

•  UHE	neutrino	as	a	natural	&	powerfull	tool	for	
multimessenger	study	of	violent	phenomena	in	
the	Universe.	

•  Several	projects	in	early	development	stages.	
Nothing	to	be	expected	before	mid-2020’s.	

•  GRAND	aiming	at	gigantic	antenna	network.	
First	stage	=	300km²	engineering	array,	allowing	
for	CR	physics	@	Gal-Extragal	transition	


