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Local	density	of	relic	neutrinos		
with	minimal	mass	

Based	on	arXiv:1706.09850,	in	collabora:on		
with	P	F.	de	Salas,	J.	Lesgourgues	and	S.	Gariazzo	



History	of	the	Universe	

Role	of	
neutrinos?	



The	Cosmic	Neutrino	Background	

Neutrinos	coupled		
by	weak	

interac?ons	

Decoupled	neutrinos	
(Cosmic	Neutrino	Background	or	CNB)	

T ' 1MeV f� =
1

exp(p/T ) + 1



The	Cosmic	Neutrino	Background	

f� =
1

exp(p/T ) + 1

Decoupled	neutrinos	
(Cosmic	Neutrino	Background	or	CNB)	

n⌫,0 ' 336 cm�3



The	Cosmic	Neutrino	Background	

Rela?vis?c	neutrinos	
(radia?on)	

At	least	2	NR	neutrino	states	
today	(maFer)	
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The	Cosmic	Neutrino	Background	

Rela?vis?c	neutrinos	
(radia?on)	

At	least	2	NR	neutrino	states	
today	(maFer)	

T ' m⌫i/3

Standard	neutrinos	only	
	
																																							Ne↵ = 3.045 [de	Salas	&	SP,	2016]		



The	Cosmic	Neutrino	Background	

Rela?vis?c	neutrinos	
(radia?on)	

At	least	2	NR	neutrino	states	
today	(maFer)	

T ' m⌫i/3

Indirect	detec?on	at	a	significant	level	
	
		



The	Cosmic	Neutrino	Background	

Rela?vis?c	neutrinos	
(radia?on)	

At	least	2	NR	neutrino	states	
today	(maFer)	

T ' m⌫i/3

⌦⌫h
2 =

P
m⌫i

93.2 eV

hE⌫i ' 5⇥ 10�4 eV

Direct	detec?on	of	the	CNB??		



Direct	detec?on	of	massive	relic	neutrinos	
A	process	without	energy	threshold	is	necessary	
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Cocco	et	al,	JCAP	06	(2007)	015	
see	also:	
Lazauskas	et	al,	J.Phys.	G	35	(2008)	025001	
Blennow,	PRD	77	(2008)	113014	
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spectrum	



Direct	detec?on	of	massive	relic	neutrinos	
A	process	without	energy	threshold	is	necessary	
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Direct	detec?on	of	massive	relic	neutrinos	

CNB	

Long	et	al,	JCAP	08	(2014)	038	
BeFs	et	al	arXiv:1307.4738	



Direct	detec?on	of	massive	relic	neutrinos	

CNB	

Long	et	al,	JCAP	08	(2014)	038	
BeFs	et	al	arXiv:1307.4738	

fc(mi) > 1
Enhancement from ν 

clustering in the MW?!



Relic	neutrino	clustering	in	the	Milky	Way	
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Ringwald	&	Wong,	JCAP	12	(2004)	005	



Relic	neutrino	clustering	in	the	Milky	Way	
To calculate the clustering factor we use the !

N-1-body simulation technique (Ringwald & Wong 2004)!
	 



Dark	maFer:	profiles	today	

de	Salas,	Gariazzo,	Lesgourgues,	SP,	arXiv:1706.09850	



Baryon	content	of	our	galaxy:	complex	structure	

de	Salas,	Gariazzo,	Lesgourgues,	SP,	arXiv:1706.09850	



Local	neutrino	clustering	for	a	60	meV	mass	



Local	neutrino	clustering	for	a	150	meV	mass	



Conclusions	

ü 		Cosmological	relic	neutrinos	predicted	but	not	directly	detected		
(strong	indirect	evidence	via	Neff).	A	future	detector	rate	depends	on	
massive	neutrino	clustering	in	the	local	maQer	distribu:on	
	
ü 	We	used	the	N-one-body	method	to	calculate	the	relic	neutrino	
density	in	the	Milky	Way	(requires	knowledge	of	DM	and	baryonic	
profiles	and	their	evolu:on)	

ü 	We	find	local	overdensi?es	from	10-20	%	(60	meV)	to	170-300	%	
(150	meV).	Enhanced	event	rates	at	a	PTOLEMY-like	experiment	
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