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Introduction

New Formula for Three Neutrino
CP Violation
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1. Long Baseline Experiments will be planned.

2. Matter effects would be important. ' _
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Preliminary Reference Earth Model

Density Profile along the Neutrino Path
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1. Matter density is almost constant in L < 5000 km (radius)

2. Matter profile effect is important in L > 5000 km
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Effective Mixing Angles and CP Phase

Effective Mixing Angles and CP Phase
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H.W.Zaglauer and K.H.Schwarzer, Z.Phys.C40,273 (1988)

) Remark g

1. 815 and #,3 do not depend on the CP phase .

2. f»3 and § are especially complicated.

-~

= J= 5126125235235136%3sin o =7

Effective Masses

Standard Parametrization
8
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Effective Masses
1

A1 = gs—% 32—3t[u+ 3(1—U2)]
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A = 53—5\/32—31;[11— 3(1 — u?)
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Az = —s-{-gu\/s2—3t
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where
s = Aan+Azn+ta
t = AnAz +a[Bdan(l - sireis) + An(l - si3)]
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V. Barger et. al., Phys. Rev. D22,2718 (1980)

GEED» Effective Masses

1. do not depend on 2-3 mixing and CPphase

2. depend on both 1-2 mixing and 1-3 mixing
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Oscillation Probability in Constant Matter

Ve — vy transition
—i 2
P(ve = vy) = ’< vule " |y, >’
E =
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Uqi : MNS matrix

cyclic cyclic
P(ve & v,) = -4 Y ReJisin?Al; -2 Y Jsin2A;
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CP even CP odd
s E
T, = UUni(UeiUi)* J=Im g Al = EA,-J-

vacuum = matter
a 1
H=HA=H+ 0 OtED = ﬁdiag()q,,\z, A3)
0

Probability in matter is obtained by the replacements

{ Um‘ = ﬁai

Ay — A,;j = Af — Aj

CP Dependence of Probability

*» Standard Parametrization
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Finally we find

P(ve = vy) = Acoséd + Bsind + C
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Exact Formula for Oscillation Probabilities

H" = (H + diag(a,0,0))"

‘ A = Udiag(M, A2, s)0'1/(2E),
H = U'diag(0, Az1, A3 )U/(2E)

Udiag(\}, A%, A3) T

= {U'diag(0, Ay, A31)U + diag(a,0,0)}"

n = 0 (Unitarity)
(791[7:,1 + ﬁ62(7;2 a7 (7830";3 54
n=1
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Finally
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Our New Method

Probability

P(ve = vu) = |Spel?
Amplitude
Spe = exp (z’HL)He

o 2 : . b !
- Z UmU;-dlag (ezAlL ’ ezAgL : ez/\3L )z‘z’
1=1,2.3
where we use

N 1 1
OYET = —diag(A1, A0, A3), L'=-——L
o g(A1, A2, A3) >F
f]a'é = gﬂiﬁg’i
complicate simple (?)

) Key Points g

1. We need only the product of ﬁaiﬁgi and do not
need the calculating of single U,;.

2. We expect the expression of the product of
ﬁaiUgi is simple rather than the single U,;.
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Naumov-Harrison-Scott identity
Summary
e Naumov, Int.J.Mod.Phys. D1(1992)379
e Harrison and Scott, Phys. Lett. B476(2000)349
We have calculated P(ve — v;,) in constant matter.
- a =
H=H+ 0 0 = Hop = Hap 1. We have derived an exact and simple formula.
Im(ﬁe’jﬁ”‘rﬁTe) =1Im (He#Huqu'e)

' H = Udiag(A1, A2, A3) 01

A15Ar3A31T = A0 03A3,]

e 2oz
J= 812€12823€23813¢€713SIN é

[ Matter Effects = AU J

CP Effects = Siné

| Remark 2

1. Both matter effects and CP effects are simple in J.
2. How about Probability or Amplitude have simple
matter effect and CP dependence?

P(ve = vu) = | > U,;U}diag (e"’\ly, eihal’ 6“3‘[")
i

U(_: i

T
< i

—p(A; 4+ Ax) + ¢

A ;D

2. We have found the simple CP dependence.

P(ve =+ vy) = Acoséd + Bsind + C
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