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Neutrino Telescopes 

Non-exhaus5ve	list	
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Neutrino Telescopes 

Non-exhaus5ve	list	
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IceCube Neutrino Observatory 
South Pole, 
Antarctica 
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~	5000	sensors	1	km3	
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How to detect  
high-energy neutrinos?  

High-energy	=	between	GeV	and	PeV	
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How to detect  
high-energy neutrinos?  
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ν	

μ	

Which information  
can we get?  

-  Amount	of	light	->	Energy	

-  Timeline	->	Direc5on	

-  Topology	->	Interac5on	type	
time 
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time 

Event topology 

Cascade	
NC	or	νe	CC	

Track	
νμ	CC	
	
	

Double	Cascade	
ντ	CC				



What do we learn? 



ν	

Neutrino    telescope 

What do we learn? 

Potential high-
energy ν emitter 

Goal: Identifying hadronic 
accelerators in the Universe	
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ν	

How to search for  
astrophysical neutrino sources?  

1.	Search	for	a	diffuse	flux	 13	



Astrophysical  neutrino 
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Detected	event	

1.	Search	for	a	diffuse	flux	
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+	charge	cut	



Veto	

ν	

μ	

Diffuse neutrino flux  
7.5 y 

•  Updated	calibra5on	
and	ice	model	

•  Changes	to	RA,	Dec,	
energy	

103	events,	with	60	events	>	60	TeV	
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-  No evidence for point sources 

-  No correlation with the galactic plane 
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Topology of the events 
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Topology of the events 



20	

Topology of the events 

	
ντ	or	mis-iden5fied	background	(astro	ν/	atm)?	

	



2.	Search	for	an	emission	from	point	sources	

ν?	
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ν	

Track	
νμ	CC	
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How to search for  
astrophysical neutrino sources?  
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How to search for  
astrophysical neutrino sources?  



	-	No	significant	point	source	
reported	

	
	-	No	correla5on	with	list	of	74	
sources	in	both	hemispheres.	
Galac5c	&	Extragalac5c	
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How to search for  
astrophysical neutrino sources?  



3.	Search	for	an	emission	from	transient	sources	

ν?	

ν?	ν?	

Track:	νμ	CC		
Cascade:	νe	CC,	ν	NC		
	
	
	

t	=	t0	

t	=	t0	

t	=	t0	
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How to search for  
astrophysical neutrino sources?  



3.	Search	for	an	emission	from	transient	sources	

ν?	

ν?	ν?	

Track:	νμ	CC		
Cascade:	νe	CC,	ν	NC		
	
	
	

t	=	t0	

t	=	t0	

t	=	t0	

-	Gamma-ray	Bursts,	Fast		
radio	Burst,	Novae,…	
	
-	Gravita5onal	wave	events	
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How to search for  
astrophysical neutrino sources?  
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3.	Search	for	an	emission	from	transient	sources	

ν?	

ν?	ν?	

Track:	νμ	CC		
Cascade:	νe	CC,	ν	NC		
	
	
	

t	=	t0	

t	=	t0	

t	=	t0	
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How to search for  
astrophysical neutrino sources?  
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GeV neutrino 
32	

Simulated	event	
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How to detect a GeV  
neutrino signal?  

# of 
events 

Time 

?

Astrophysical
transient	

Increase?	
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Increase?	# of 
events 

?

Solar		
Flare	

Solar  flares GW events 

How to detect a GeV  
neutrino signal?  

Neutrino	produc5on	
up	to	a	few	GeV	

Study	from	~0.5	GeV	
up	to	PeV	
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Increase?	# of 
events 

?

Solar		
Flare	

Solar  flares GW events 

Stay tuned! 

How to detect a GeV  
neutrino signal?  

Φν	=	C	E-δ		



4.	Trigger	other	observatories	 36	

ν	

How to search for  
astrophysical neutrino sources?  



4.	Trigger	other	observatories	

Source?	

Real	5me!	
	
Follow-up	from:	VERITAS,	MAGIC,	HESS,	
Fermi	LAT,	Fermi	GBM,	Swiu,	etc.	

Since 2016: ≈ 6-8/yr	
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ν	

How to search for  
astrophysical neutrino sources?  



September	22,	2017:	a	neutrino	alert	issued	by	IceCube	
Fermi	and	MAGIC	iden5fy	a	spa5ally	coincident	flaring	blazar		

(TXS	0506+056)	

IceCube-170922A  
& TXS 0506+056 

Work on-going 
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•  We	detect	astrophysical	neutrinos	

•  Sources	uninden5fied	so	far	

•  Many	new	results	coming	

•  We	keep	pushing	the	detec5on	limit	

Take-home messages 

PeV GeV 

+ MeV ν  
from Supernova 



Thanks! 


