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1 Introduction

Asumption :
the existance of only three kind of convensional nentrinos

AN T 1T
The results of Kamiokande and SuperlKamiokande experiments suggest
Py = wy) + Pl = )= 1,

which means that the matrix elements of U7 defined by

I Wel Wr2  UWerd, P4

should be constrianed by the condition
Wpn 22 (0.
c.f. CHOOZ experiment sin®(26y) < 0.2, f.e. 83 < 13°
The parametrization of U

Cyey Sy 53
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where
s;i=sinb;, ¢; =cosf; fori=12 and3
and
0 =i 0 0 =i Hn 0 0
}l.g= ] () 0. :-'\:r.= 0 0 0 " }E'r= 0 0 =i
0 0 0 i 00 0O ¢ 0



33

1y : solar nentrino exp.
fly © ongoing atmoespheric nentrino exp.

The next issne is how to determine #y.

2 Neutrino Masses

Neutrino masses @ oy, my, and my

Mass differences : §m?; = mf - m?

Asuumption :
dmay, ~ 107 %eV?

andl
dm3, & bmi, > dmj, = Am? ~ O(1077) eV,

which means that
Smiy =0

to a good approximation.
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3 Matter Oscillations in the Earth

The remaining parameters
e two mixing angles: fy, and 0y

e one mass parameter; A’ = dmi, = dmj,

Resonance Conditions

Py, = p,)=0

The Prominent Feature of the One mass Dominant Model
The resonace condition in the earth can be determined by the the three
parameters, namely,

1. #; (lepton mixing angle which determines w,.g)
2. Am*/E where E is the nentrino energy
3. z (zenith angle)

e P(rv, — v,) is completely determined by the above three parameters,

o The other probabilities such as Py, = ). Py, = w:), Ply, = ),
Pl = ). aud Py, — vr) ave also depend on #s.
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4 Earth Model and the Calculations
We approximate the earth density as 20 constant layers,
The evolution matrix of the n layer model is given by
r'_m”h‘gﬁ’m"'h = e"”"‘“*s,,ﬁls v S 81808 000 800 SpieS, - “,ﬁ'?:-e"-."
Let
S iy Xy S{t‘}eiﬂgﬁ;
= oM. 8188 « -  Gpe'M
0 0 0 1 0 0 0 @ 1 1 9 9
=0 1 ole®+|0 0 olfi=i|l0 0 Oflg+i]l0 0 0 |h.
0 0 0 g @ 1 i G % 0 0 =1
The coefficients fi. gp. and hy satisty the following reconrsion relations,
fier = fecos(295) = gusin( 2y sin(20;) = hy, sin(2y ) cos(26;)
Gy = fusin(2ay) sin(20;) + gicos® @ 4 sin® @ cos(46)] = by sin® gy sin(40;)

hyer = frsin{2p04) cos(26,) — g sin? o sin(46;) + hy [m.'-;ﬂ wr = sin’ preos(48)]

where :
Sie=00+2) 0

i=1

and the phases o;, ¢, O are determined by the nature of the k-th layer,

The caleulation of the reconrsion formmula is faster than solving the differ-

ential equations.

The height of the neutrino production : 20km

Figures
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5 Deformation of Neutrino Fluxes
Further Assumptions
e Am? =3 x 1073172

L ] ﬁg = 43"

Examples

Resonance Condition
COS 2 0y AmP/BE(eV?]GeV)  E(GeV)

0,90 6.4° 6.1 x 101 T =5
-0.837 8.3° 4,1 x 10~1 EF=73
-0.60 12.7° 3.8 % 1071 E=79

The Effect of the Earth Crossing

o Excess of npward-going 1, fuxes.

Up-Down Asymmetry of Neutrino Fluxs

co e S Up(ees v) = Down(cos :
definition ; A{cosz) = EU]J{HH %) + Downfcosz)

Figures




6 Summary

o Investigation in the wide range of parameters the resonance

conditions of nentrino oscillations in the earth.

o The excess of the upward-going v, fluxes due to the matter

enhanced oscillations.
e The deficiency of the upward-going v, fuxes.

e Possiblity to determine the lepton mixing angle #y in the wide
range of 0° < @3 < 40° by observing the zenith angle depen-
dence of the atmospheric neutrinos in the energy range of

4GeV R ER8GeV.

e The up-down asymmetry of v, + 7, is nearly equal to 0.5 in the
resonance region even in the domain of parameters allowed by
the CHOOZ hound.

o Mega-(Hyper-, or Ultra-)Kamiokande would be the best place
to study 0.
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0, = 6.4° . An'/E = 0.00061 (eV"/GeV)
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—— o oscillation

sl g (v_+anti-v ) fluxes, E = 5GeV
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2(up - down)/(up + down)
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Up - Down Asymmetry of Electron Neutrinos
Ev=SGeV
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no oscillation
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Up-Down Asymmetry of Electron Neutrinos
E =7.3GeV
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