
HAL Id: hal-02507600
https://hal.science/hal-02507600

Submitted on 19 Mar 2020

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Sensitivity for astrophysical neutrino searches with
KM3NeT-ORCA

Gwenhael de Wasseige, Antoine Kouchner, Marta Colomer Molla, Damien
Dornic, Steffen Hallmann

To cite this version:
Gwenhael de Wasseige, Antoine Kouchner, Marta Colomer Molla, Damien Dornic, Steffen Hallmann.
Sensitivity for astrophysical neutrino searches with KM3NeT-ORCA. 36th International Cosmic Ray
Conference, Jul 2019, Madison, United States. pp.934, �10.22323/1.358.0934�. �hal-02507600�

https://hal.science/hal-02507600
https://hal.archives-ouvertes.fr


§  A	track-score:	track-like	(>0.6)	vs	shower-like	events	(<0.6)	
§  A	muon-score:	0	=	probably	not	an	atm.	muon,	1	=		probably	an	atm.	muon			
§  A	noise-score:	0	=	probably	not	noise,	1	=		probably	noise	
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	How	to	detect	neutrinos	with	ORCA	

ν	

μ	

~	2000	sensors		or	DOMs		with	31	PMTs	each	

ORCA	 (Oscilla'on	 Research	 with	 Cosmics	 in	 the	 Abyss)	 is	 the	 low-
energy	branch	of	the	KM3NeT	project.		
It	 will	 consist	 of	 a	 mulH-Mt	 deep-sea	 detector	 opHmized	 for	 the	
detecHon	 of	 neutrinos	 in	 the	 1-100GeV	 range	 and	 mainly	 targets	
fundamental	neutrino	physics,	 in	parHcular	 the	measurement	of	 the	
neutrino	mass	ordering	(NMO)	with	atmospheric	neutrinos	

ν	

The	 ORCA	 digital	 opHcal	 modules	 (DOMs)	 rely	 on	 the	 innovaHve	
KM3NeT	design	featuring	31	small	(3-inch)	photosensors	in	one	glass	
sphere.	 Such	 DOMs	 provide	 increased	 performance	 in	 photon	
counHng,	 direcHonality	 and	 background	 rejecHon,	 leading	 to	 beier	
selecHon	and	reconstrucHon	capabiliHes	for	neutrino	events.		
	
	

ORCA	detecHon	units	(DU):	
•  are	flexible	lines	about	200	m	high	
•  have	a	typical	spacing	of	20	m	on	average	
•  support	18	DOMs	equally	spaced	by	9	m	
•  are	installed	off	the	shore	of	Toulon	(France)		

ORCA	will	thus	soon	have	an	instrumented	volume	100	Hmes	bigger	
than	Super-Kamiokande	and	a	density	of	photosensors	about	30	

Hmes	greater	than	IceCube-DeepCore.	

Currently  4 ORCA DUs are taking data! 

 
ORCA will become a  6 Mt detector  with 115 DUs 

 

Low-energy	astrophysical		neutrino	searches		
Large	 neutrino	 telescopes,	 such	 as	 ANTARES	
and	IceCube,	have	so	far	focused	on	detecHng	
astrophysical	 neutrinos	 in	 the	 TeV-PeV	 range	
(blue	band).		
	

In	 this	 poster,	 we	 assess	 the	 capability	 of	
KM3NeT-ORCA	 to	 carry	 out	 astrophysical	
neutrino	 searches	 in	 the	 1-100	 GeV	 range.	
(light	grey	band).		
	

Are	 current	 neutrino	 telescopes	 sensiHve	 in	
this	energy	range?		
•  Super-Kamiokande	 with	 upward	 going	
muons	between	1.6	GeV	and	100	PeV	

•  IceCube	with	all-flavour	search	between	500	
MeV	and	5	GeV	

Example: Gamma-ray Bursts 
	

•  TeV	neutrino	emission	è	could	be	produced	by	the	internal	shock	in	the	prompt	emission	phase	
•  GeV	neutrinos		è	could	be	produced	by:	

A.	The	NMO	selecHon	

B.	OpHmizaHon	for		astrophysical	searches	

We	start	from	the	event	pre-selecHon	opHmized	for	the	NMO	analysis.	
Requirements	for	an	event	to	be	selected:		
(a)		pass	a	pre-selecHon	based	on	reconstrucHon	quality	
(b)	have	a	reconstructed	vertex	contained	inside	or	close		
to	the	instrumented	volume	
(c)	be	reconstructed	as	upward	going	in	the	detector		
	

Good	to	know:	
•  Pure	noise	=	radioacHve	decays	of	40K	+	bioluminescence	
•  Median	angular	resoluHon	arer	selecHon:	<	20	degrees	at	low	energies,		<	5	degrees	at	100	GeV	

•  Use	of	a	Random	Forest	Classifier	with	3	different	scores	([0,	1])	

ensure good  
reconstruction perfo

rmance  

suppress part of the dominant 

background ( atm. muons + pure 

noise) 

We	 can	 opHmize	 the	 muon-score	 and	 noise-
score	for	maximizing	the	signal-to-noise	raHo.		
	

-	 Signal	 (S)	 =	 neutrino	 events	 with	 a	 spectral	
index	 of	 -2	 between	 1	 and	 100	 GeV.	 The	
normalizaHon	is	such	that	3	signal	events	can	be	
detected	in	KM3NeT.	
	

-	 Background	 (B)	 =	 atmospheric	 neutrinos	 +	
atmospheric	muons	+	pure	noise	events.	

Maximization of S/sqrt(S+B)
: 

 

•  muon-score ≤ 0.15  

•  noise-score ≤ 0.15 

A.	Comparison	of	effecHve	areas	

•  Upgoing	neutrino	effecHve	area	
•  ConservaHve	 esHmate	 for	 ORCA	 capabiliHes.	 A	 detailed	
opHmizaHon	for	transients	will	be	done	in	the	near	future.		

•  ORCA	7	DUs	already	compeHHve	with	exisHng	analyses	

B.	Example	of	applicaHon:		
Search	for	a	neutrino	counterpart	to	compact	binary	
mergers	detected	by	the	LIGO	and	Virgo.		
	

When:	ConservaHve	Hme	window	of	[t0-500s,t0+500s]	
	

How:	CounHng	experiment	in	this	Hme	window.		
	
We	esHmate	the	90%	sensiHvity	level	by	searching	for	a	
significant	deviaHon	from	the	Poissonian	background.:	
3	signal	events	needed	to	reach	the	sensiHvity	level.	
 -> Sensitivity on the neutrino fluence  

 
= 3 x 105 GeV m-2	

	We	can	convert	the	fluence	into	a	limit	on	the	isotropic-equivalent	energy	Eiso	released	by	the	astrophysical	
event.	This	variable	allows	for	comparison	with	constraints	set	using	other	messengers	such	as	gamma-rays	
or	gravitaHonal	waves.		->	KM3NeT/ORCA	will	be	able	to	produce	compeHHve	constraints		

compared	to	exisHng	neutrino	searches,	in	an	energy	range	that	has	been	poorly	studied	so	far		
	

Energy	(GeV)	

-> We can do astrophysical searches!	

§  collisions	of	neutrons	and	protons	following	their	decoupling	during	the	acceleraHon	phase	
§  or	by	interacHons	of	the	accelerated	proton	flux	with	a	dense	environment	surrounding	the	source	

GeV	neutrino	searches	could	therefore	lead	to	the	evidence	of	hadronic	acceleraHon	mechanisms	
	but	also	consHtute	a	probe	of	the	amount	of	maier	surrounding	the	astrophysical	object.		

	
	


