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The	capture	rates	of	non-relativistic	neutrinos	on	beta	decaying	nuclei	depends	on	whether	their	mass	is	Dirac	or	
Majorana.	It	is	known	that	for	relic	neutrinos	from	the	big-bang,	and	within	minimal	assumptions,	the	rate	is	a	factor	
two	larger	in	the	Majorana	case.	We	show	that	this	difference	also	depends	on	the	value	of	the	lightest	neutrino	mass	
and	on	the	type	of	mass	hierarchy.	If	the	lightest	neutrino	has	a	mass	below	the	meV,	so	that	it	is	still	relativistic	today,	
its	capture	rate	for	the	case	of	Dirac	masses	becomes	equal	to	that	for	Majorana	masses.	As	a	consequence,	for	the	
case	of	normal	neutrino	mass	hierarchy,	for	which	the	total	capture	rate	is	dominated	by	the	contribution	from	the	
lightest	neutrino,	if	this	one	is	below	the	meV	the	distinction	between	the	Dirac	and	Majorana	scenarios	can	only	rely	

on	the	detection	of	the	two	heavier	neutrinos,	which	is	something	very	challenging.	
	

Based	on	Roulet	&	FV, JCAP10(2018)049 



masslessness of  neutrinos 

¥ Neutrinos massless in standard model (SM) 

¥ Oscillations say that this is wrong – good! - and 

learned a lot with their study 

¥ But oscillations treat equally neutrinos and 

antineutrinos, as we study only the case p>>m: 

Dirac/Majorana masses give the same result 

¥ And lightest neutrino mass is not probed 
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what we did not learn 

¥ Neutrinos massless in standard model (SM) 

¥ Oscillations say that this is wrong – good! - and 

learned a lot with their study 

¥ But oscillations treat equally neutrinos and 

antineutrinos, as we study only the case p>>m: 

Dirac/Majorana masses give the same result 

¥ And lightest neutrino mass is not probed 

Fa
nt
in
i,	
Ga

llo
	R
os
so
	e
t	a

l,	
20
18
	





neutrinos from big-bang (CνB) 

¥ recombination temperature ~250 meV 

¥ any imprint of  ν masses of  this size on CMB? 

¥ today, neutrinos from big-bang have T~0.2 meV 

¥ 2nd heaviest neutrinos is >8 meV; 3rd >50 meV; but  

what about the lightest? maybe this is relativistic 
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CMB sensitive to Σ=m1+m2+m3	

Both
hierarchies

here

Only normal
hierarchy here
(also 1σ C.L.)
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neutrinos from big-bang (CνB) 

¥ recombination temperature ~0.2 eV 

¥ any imprint of  ν masses of  this size on CMB? 

¥ today, neutrinos from big-bang have T~0.2 meV 

¥ 2nd heaviest neutrinos is >8 meV; 3rd >50 meV; but  

what about the lightest? maybe this is relativistic… Le
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¥ radioactive nuclei can capture big-bang neutrinos 

¥  this yields lines that occur after ‘endpoint’ 

¥  their positions depend upon lightest neutrino mass 

¥  the rate is sensitive to the type of  the mass  

 

let us elaborate on the difference of  Dirac & Majorana 
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νe	+	T	à	e-	+	3He			[1/2]	
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νe	+	T	à	e-	+	3He			[2/2]	
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Dirac mass means less event 
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Remarks	
	
	
Three	lines:	positions	depend	upon	mi			
intensity	depends	upon	|Uei

2|	
	
Thus	with	normal	hierarchy	the	most	
intense	line	is	due	to	the	lightest	neutrino	
	
Issue	of	energy	resolution	especially	with	
small		mi		and	normal	hierarchy	
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summary 

¥ capture rate of  CνB depends upon neutrino mass type and 
spectra, i.e., mass hierarchy and lightest mass value: stay tuned 
on oscillation and CMB neutrino studies 

¥ Dirac rate twice less (Lunardini et al) except if  m1 very small (Roulet et al)  

¥ normal mass hierarchy could in principle allow to measure m1 

(even if  small m1 doesn’t make detection of  CνB easier)

¥  (I know you know, still) need very good resolution & enough mass 

 
for discussion & details, see JCAP10(2018)049 
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Thanks 
& good 
luck! 
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