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What is a neutrino? n ! p+ e� + ⌫̄ebeta-decay particle 
“weakly interacting” <free path> in water is 1600 light years!

why does the universe have it?





The average value of the solar neutrino rate obtained by Homestake  
after more than 25 years of almost continuous measurement is

theoretically predicted**  

(One Solar Neutrino Unit, SNU, corresponds to one reaction per 1036 target atoms per second.)

2.56 ± 0.16 (stat) ± 0.16 (sys) SNU

Homestake (Davis 1968)  

8.5 ± 0.9 SNU

“solar neutrino problem”
100,000 gallons of cleaning fluid ⌫e +

37Cl ! 37Ar + e�

…collect the Ar

**note that prediction depends on detected spectrum 



Homestake measured only electron-neutrino

3 flavors of neutrinos: ℓ=e,μ,τ

NC

νℓνℓ

CC

νℓ ℓ

me= 0.5 MeV
mμ=106 MeV
mτ=1777 MeV

CC interaction tags flavor



Layout of SNO



ES mostly measures νe 

Combined measurement 



The 8B neutrino flux from the final fit to all reactions is

φ=φ(νe)+φ(νµ)+φ(ντ)=5.25±0.16(stat)	+	0.11-0.13	(sys)×106	cm	-2	s-1	
in	very	good	agreement	with	the	theoretically	expected		
			5.94	(1	±	0.11)	[SSM	BPS08]	or		
			5.58	(1	±	0.14)	[SSM	SHP11]	
The flux of muon- and tau-neutrinos deduced from the results 

φ(νµ)+φ(ντ)=(3.26±0.25±0.40	)×106	cm−2s−1

Solar neutrino problem solved, but what are 
neutrinos telling us?


