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Fig. 1. Angular dependence of the transmission probability I of cosmic-ray muon-type
neutrinos coming through the earth. ‘
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The oscillation length in matter is

1 (k)= lv(k)[l +(l~’%—§l>z -2 005290(%?)]-1/2 , (24a)

and the transformation probability is given by
(0| v, () |2 = 5 si0%(20,) U/ 1"
x [1 ~ cos(27x/1,)] - (24b)

As long as I,<1,, it is seen irom Eqgs. (23) and
(24) that 1, %1, 0,0, and therefore the oscilla-
tions in the medium will be very much the same as
in the vacuum. For I,> [, it is seen that [, =1,
independent of 6, and therefore from Eq. (24b) the
amplitude of the oscillation is very small. Some
examples of the effect of the medium for the in-
termediate case [,=1, are illustrated in Table IL
Independent of the value of 1,/1,, it follows from
Eq. (24b) that as long as (2a%/1,)<1, the oscilla-
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Fig. 2. — The region of neutrino parameters m, in® 20 for which resonant amplifica-
tion. of oscillations takes place in the Sun. Inside the regions Jimited by full lines the
suppression factor for Cl-Ar andfor Ga-Ge cxperiments exceed 109%,. The dashed lin

restrict- the .region of 109, effect due to vacuum oscillations only. S

San. The system of cquations (10) bas been solved with the density distribution
of ‘standard solar model (*). For the point EJAm* = 4-10t the resonance
occurs in the contre of the Sun. In the region E|Am® < 4-10¢ there is no
resonance at all (case €)). In the wide region EfAm® < (E[Am?),,, = f(sin? 20)
sondition (12) is fulfilled. So at 4-10~ < BlAm* < (B|Am?),,. o©ase A)
takes place. For E[Am®> (B|Am?),,, the resonant layer is thin: B < L_f?
(case B)). ' :

Solid curves in fig. 3 represent the probabilities P(E}Am?) for neutriio
production region with R, = 0.2-R,. The solid and dashed curyds differ
appreciably in the region B[Am*<4- 10-1. The reason is that the part of%ﬁutrinos
with E[Am* > 4-10-* produced in the forward hemisphere (with rdspeet 1o
Earth) does not pass ‘through the resonant layer.

Consider now possible changing in solar-neutrino speetrum and in cxperi-

- : i nesillation  The solar-neutrino flux near the
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Signatures of Oscillation Solutions

A common signature of most neutrino oscillation solutions is distortion of B-
wrino spectrum. The survival probabilities for SMA MSW, LMA MSW and just-
VO are shown ;i Fig.2. The survival probabilities for- RSFP are similar to SMA
JW and shown in Fig.3.
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Fig. 2. Electron neutrino survival probabilities as function of neutrino energy.

One can see there that LMA MSW (and LOW too) predicts small distortion of
.neutrino spectrum spectrum in the region of observation 5 - 15 MeV. For EIS VO
e distortion is absent. The strongest spectrum distortion one can expect for SMA
SW and just-so VO. However, spectrum of recoil electrons are distorted weaker
.an that of neutrinos, because of cross-section and averaging over energy bins in
»servations (e.g. see Fig.8). The absence of distortion of neutrino or recoil-electron
sectra is not a general argument against neutrino oscillations.

Anomalous NC/CC ratio is another common signature of meutrino oscillations
hich can be observed in SNO. The NC events will be seen there by detecticn of
sutrons produced in v + D — p + n + v reaction. Oscillation v, — v, (vr) does not
1ange NC interaction but changes CC interaction and thus the ratio of NC/CC rate.
. case of oscillation to sterile neutrino the NC/CC ratio is not changed. Therefore,
. mormal ratio NC/CC is not a general argument against neutrino oscillations.
MSW solutions have very specific signatures which are unique. They are day/night
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FiG. 10. Contours of constant day-night asymmetry An-d [see Eq. 9] in Supcr-Kanﬁokmdc. SNO, ICARUS, BOREXINO, and

HERON/HELLAZ. The shaded regions are the same as in Fig. 1.

creases, for both the SMA and the LOW solutions, the aver-
age Kinetic enerEy of the recoil elecorons in both Super-
Kamiokande and SNO. This decrease OCCUIS because in the
sun these (WO solutions prefercm-iaﬂy wransform low-energy
neutrinos from ¥, 10 Yy {or v,) and therefore there is 2
relatively larger chance at low-energy of regenerating ¥,
from v, (of v, in the Earth. For the LMA solution, regen-
- eration increases the average Kinetic energy since in this case
e high-eriergy part of the ®B neutrino encrgy spectrum is
preferentially depleted of v, it the Sun.

The shift between day and night of the moments is most
significant for the LMA solution. In fact, if Nature bas cho-
sen the LMA solution, then the spectral distortion may be

TABLE 1V. Day-night asymmetry in Super-l(amiokmdc and
$NO. The table gives the magnitude of the expected day-night
asymmetry [An-d- see Eq. (9] (in.percent) in Super- i
and-SNO for values of the neuirino oscillation parameters aAm® and
sin?2 8 cotresponding 1o dhe best it SMA and LMA solutions [see
Egs. (12), (1b) and (2a), (b)) The indicated uncertainties describe
thie expectedliniits at 95% C.L.
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highlighted by comparing the day-time and night-time Mo~

ments.

X. SENSITIVITY

We calculate in

dictions to the assumed density profile and

TABLE V. What statisti
statistical power of three methods for analyzing
eration effect: (2) moments
night asymmetry (A
the zenith-angle distrib
corresponds 1o the

scribed in Sec. v

The numerical results

TO EARTH MODELS

AND SOLAR MODELS

Sec. X A the sensitiv

cal test i

of the zenith-angle
amd)r and {c) KolmogoroV
ution. The number of o's
deviation of
from the un

istorted zemith-angle distribution.

correspond 0 30000 events for the SMA

ity of the MSW pre-
chemical compo-

s best? The table compares the
data on the regen-
Jiswibution, (b) day-
gmimov (KS) test of

the best-fit MSW solutions de-

solution and 5000 events for the LMA solution.

. - Moments  An-d KS test
Detector Solation (o) (o) (o)
Su'per—'Kamiokand‘e SMA 5 44 3.7

IMA 535 92 6.3
SNO SMA 6.5 49 4.4
LMA 10 18.8 12.4
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