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Neutrinos	



Neutrinos	
•  Neutrino	=	Italian	for	neutral	[‘neu’]	small	[‘ino’]	one	
•  First	the	electron	neutrino	was	conceived	in	the	mind	
of	Wolfgang	Pauli	in	1930	as	a	‘desperate	remedy’	to	
explain	electron	energy	spectrum		in	β	decay,	thought	
to	be		
–  To	conserve	lepton	flavour	number,	νe	has	Le(νe)	=	+1		
–  Electron	neutrinos	were	subsequently	discovered	by	
Reines	and	Cowan	in	1956	[!]	

– Muon	neutrino	‘discovered’	in	1962	
–  Tau	neutrino	existence	implied	by	previous	experiments,	
but	finally	‘discovered’	only	in	2000.	(The	last	ma4er	
paracle	of	the	SM.)	
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KATRIN	
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Karlsruhe	Triaum	Neutrino	Experiment	
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KATRIN	
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Neutrino	masses	and	Mixing	
•  Neutrinos	have	mass	
–  New	unitary	mixing	matrix,	
potenaal	new	source	of	CP	violaaon	

		

Sept	2019	 Jon	Bu4erworth:	London	PG	lectures	 8	

Pontecorvo–Maki–Nakagawa–Sakata	(PMNS)	matrix	



Neutrino	masses	and	Mixing	
•  Neutrinos	have	mass	
–  New	unitary	mixing	matrix,	
potenaal	new	source	of	CP	violaaon	

– Maybe	new	(Majorana?)	mass	
terms		
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Neutrino	masses	and	Mixing	
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Neutrino	masses	and	Mixing	
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Neutrinoless	double	beta	decay(?)	
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Three	lepton	generaaons	

Generation Particle Mass (MeV) Q/e Le Lµ Lτ

1 νe < 2× 10−6 0 1 0 0
e− 0.511 -1 1 0 0

2 νµ < 0.19 0 0 1 0
µ− 105.658 -1 0 1 0

3 ντ < 18.2 0 0 0 1
τ− 1777 -1 0 0 1

Table 1. Standard Model lepton properties.

Muon neutrinos
The neutrino partnering the µ− appears in the decay of the π−:

π− → µ− + ν̄µ

where the ν̄µ is an antineutrino of muon type (Lµ (ν̄µ) = −1, Le (ν̄µ) = 0, Lτ (ν̄µ) = 0). How do we
know that ν̄µ and ν̄e are not the same? An important experiment by Danby et al. (1962) provided
evidence that they are not. They found that neutrinos accompanying muons from π−decay always
produced muons on interacting with matter, never electrons. Thus, for example, the lepton flavour
conserving reaction

ν̄µ + p → µ+ + n

was observed, but the lepton flavour violating reaction

ν̄µ + p → e+ + n

was not. Leon Lederman, Melvin Schwartz and Jack Steinberger were awarded the Nobel prize for
this discovery in 1988. As with (1.1), ‘non-observation’ of course means, in practice, an upper limit
on the cross section.

Both types of electron and muon neutrinos are produced in the β−decay of the muon itself:

µ− → νµ + e− + ν̄e,

in which Lµ = 1 is initially carried by the µ− and finally by the νµ, and the Le’s of the e− and ν̄e
cancel each other out.

Tau neutrinos
In the same way as in the electron and muon cases, the tau neutrino, ντ is associated with the τ−.
Its existence was implied in a series of experiments by Martin Lewis Perl and collaborators at SLAC
between 1974 and 1977. The discovery of the τ neutrino was announced by the DONUT collaboration
at SLAC in 2000 (DONUT stands for ‘Direct Observation of the Nu-Tau’).

Three generations
We thus arrive at three generations of charged and neutral lepton doublets

!
νe, e

−" ,
!
νµ, µ

−" ,
!
ντ , τ

−" , (1.5)

together with their antiparticles. Their properties are summarized in table 1
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QUIZ	
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