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We summarize the results of Ref. [1] in which we determine the
effects of three flavor mizing on the day-night asymmetry in the
flux of solar neutrinos. Analytic methods are used to determine
the difference in the day and night solar electron neutrino survival
probabilites and numerical methods are used to determine the effect
of three flavor mixing at detectors.

Effect at Detectors

We study the effect of a non-zero 6,3 on the day-

Two Flavor Case

In two flavor oscillations, we have the mixing angle

§ and the mass squared difference Am? as funda- night asymmetry at detctors |3, 4], both for the to-
mental parameters. The probabilities also depend tal day-night asymmetry and the day-night asym-

on the neutrino energy F£. Using an approxima- metry at specific energies. Here we give the re-
D No h t E ff t tion of constant electron number density in the sults for the charged-current (CC) detection at
Ay-1N18 eC Farth, the difference between the night and day the Sudbury Neutrino Observatory (SNO). The
eutino survival probabilities for solar electron neutrinos results for the elastic scattering (ES) detection at

becomes Super-Kamiokande are similar.

Pnq= FPsp — Pg Results at specific energies
KVg
= —D,, sin”(26) sin(a L),
7 40/2 ( ) ( ) T=5MeV T=75MeV T =10 MeV
where : '
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Dy, = /ORQ dr f(r) cos(Qé(fr)),

1
a = 5\/‘@2 — 2K Vg cos(20) + K2,
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P Day at detector
® Night at detector K = Am?/(2F), 0 is the mixing angle in matter,

f(r) the normalized spatial distribuition function
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of neutrino production in the Sun, L the length the
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Different event rates at a detector during day D and night N due to
matter effects in the Earth.

neutrinos travel in the Earth, and Vg the effective
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Earth potential.
The day-night asymmetry is defined as

N — D
N+ D

Our general approach is that neutrinos arrive at

The matter effects of the Sun are included in the The relative effects of a non-zero #13. The effects become larger for
decreasing 019, decreasing energy, and increasing Am?.

parameter Dy, and the matter effects of the Earth

An—d = 2

in the effective Earth potential V. The expres- Results for total asymmetry

sion for P,_; has many nice limits, in particular,
P,_;=0when Ds,, L, or Vg vanish.
In the LMA region, P,_, is well approximated by

Vi K
P,_gq —DQV?E sin(26) sin <2L> .

the Earth in an incoherent superposition of neu-

trino mass eigenstates [2]. The daytime solar elec-

tron neutrino survival probability i1s then given by

&:;mmmw,

I og(Am2/ eV 2)

Three Flavor Case

In the three flavor case, we can make some well-

where k; is the fraction of the mass eigenstate v,

in the solar neutrino Hux and n is the number of

neutrino flavors. motivated approximations:

The nighttime solar electron neutrino survival e The third mass eigenstate is not affected by the & 02 | SCR— VR 05
probability is given by effective matter potential in the Sun. sre,,
e The third mass eigenstate is not affected by the [socontours in the 619-Am? parameter space for the CC day-night asym-

PSE — Z kiPiea
1=1

metry for two different values of 613. The values of A,,_; for the different
isocontours are shown in the figure. The colored regions correspond to
the allowed regions of the parameter space for different confidence levels
and the circle corresponds to the best-fit point according to Ref. [5].

effective matter potential in the Earth.

e T'he two remaining mass eigenstates evolve ac-

where P, is the probability of the mass eigen-
& cording to an approximate two flavor case.

state v; being detected as the flavor state v, after

traversing the Earth. As a result of these approximations, the difference

between the night and day survival probabilities
in the three flavor case becomes

KVg

6

sin®(26012) sin*(a L),

where Contact information:

R A
D, :/o dr f(r) cos(26015(r)),
1
a = 5\/(:‘113‘/5 — 2K ¢33V cos(20) + K2,
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P,_4 18 well approximated by

V K
P,_g —C%Dgyﬁ sin(26053) sin” <2L> .

The Sun seen in elastic scattering detection of neutrinos. Is it brighter
at night than at day?




