
Mass Eigenstate Composition of 8B Solar Neutrinos1

Hiroshi Nunokawa1, Stephen Parke2 and Renata Zukanovich Funchal3
1 Departamento de F́ısica, Pontif́ıcia Universidade Católica do Rio de Janeiro,
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Abstract. 91±2% of 8Boron solar neutrinos observed by SNO are ν2 mass eigenstates.

Around the MSW “triangle” , where 〈P (νe → νe)〉 = 0.35, the composition of 8Boron solar
neutrinos is either 65% or 100% ν2 except at the top and bottom right hand corners of this
triangle. Nature’s choice for the solar oscillation parameters is at the top right hand corner, the
LMA corner, where the fraction of ν2 is 91±2%, see Fig. 1. Details of this two flavor calculation
can be found in [1] using the analytical formulation of [2] and the global solar analysis of SNO,
[3]. For non-vanishing θ13, the ν2 fraction is reduced by sin2 θ13, see Ref. [1].
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FIG. 1: The normalized 8B energy spectrum broken into the ν1 and ν2 components. The left hand

curves (black and white) are unweighted whereas the right hand curves (blueand red) areweighted

by the energy dependence of the CC cross sect ion [16] with a threshold of 5.5 MeV for the recoil

elect ron’s kinet ic energy.

How does the fract ion of ν2 vary if we allow δm2
! and sin2 θ! to deviate from their best

fit values? In Fig. 2(a) we show the contours of the fract ion of ν2 in the δm2
! versus sin2 θ!

planewherewehaveweighted the spectrum by theenergy dependence of theCC interact ion
cross-sect ion, and wehaveused a threshold on thekinet ic energy of the recoil electronsof 5.5
MeV. This energy dependencemimics the energy dependence of theSNO detector. Because
of the strong correlat ion between sin2 θ! and the day-t ime CC/ NC rat io we also give the
contours of the fract ion of ν2 in the δm2

! versus day-t ime CC/ NC plane in Fig. 2(b). Thus
the 8B energy weighted average fract ion of ν2’s observed by SNO is

f2 = 91± 2% at the 95% CL. (1)

This is the two neutrino answer to the quest ion posed in the t it le of this paper. We note,
however, that asweshowed in Fig. ??(c) the valueof f2 is a funct ion of the threshold energy
and also depends on the experiment. We est imate that for SK with the current 4.5 MeV
threshold for the kinet ic energy of the recoil electrons, that

f2 = 88± 2% at the 95% CL. (2)
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Figure 1. Left panel: The mass eigenstate composition of 8Boron solar neutrinos in
δm2

� v sin2 θ� plane showing the MSW triangle (red) dotdashed line. Middle panel: Focusing in
on the current allowed region. Right panel: The normalized 8B spectrum broken into its ν1 and
ν2 components both unweighted, left, and weighted, right, by the charge current cross section
using a 5.5 MeV threshold on the kinetic energy of the recoil electron and the best fit point for
the solar oscillation parameters given in [3]. These weighted mass eigenstate fractions are the
fractions that SNO is sensitive to. All panels of this figure are for vanishing sin2 θ13.
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