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1. Introduction

1.1 Scheme of 3 flavor v oscillation

Functions of
mixing angles
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Analytical expressions for v oscillation
probability are useful to discuss
qualitative behaviors in various cases.

v oscillation probability in matter is
complicated beyond the 2-flavor case.

The results which are obtained so far

are mainly for the case of matter with
constant density

In this talk treatment of more
generalized cases is discussed.
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1.2 Exact oscillation probability in = diag (B, Es, E3)
matter with constant density = diag(4,0,0)
= dlag (El, EQ, E3)
‘\/ﬁGFNe
L; — F

Probability of v oscillation can be expressed in terms of the
energy eigenvalues | F/;|and bilinear forms | x+¢ = 7 .2
of effective mixing matrix elements in matter
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Thus the problem of obtaining the exact analytical
oscillation probability is reduced to obtaining only the
eigenvalues || ! 6148




2.Extension of KTY’s formulation

® It can be generalized to the case with
adiabatically varying mass matrix in L=co limit:
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®To generalize to the nonadiabatical cases,

e

the mixing matrix element Uaj itself is required.

In KTY’s formulation the bilinear form| X’ = 0,03
can be obtained, but |

It turns out that
‘ the bilinear form X"
: the main result of this talk
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In the following, the notation

used; we assume

From trivial identities,
we have:




To get the standard parameterization, we multiply a
diagonal phase matrix both from Ieft and right as
follows: o 1

1 N
~ ——arg det U,
arg U,y = 3 ’

~ 1 A | =
arg Ues argdet Uy — §argX§e,
argU,3 =

s ~ 1 = 1 ~
argU,3 = arg det Uy — 3 arg X5° + 5 arg X3°,

arg det U,,; = 1 .
. = —arg X3°.

1
arg det Uy + 3 argX3 + 3

X5 — Xg At a locally given density,
jﬁfe 4+ )’256’ we can obtain the analytical
1 —2Xee expression for the effective
mixing angles.

X3 — 1X5P
X3P + [ X5P
a+ B +v—2y =argdet Uy — arg X{° — arg X7°




3. An example of non-adiabatic cases

Adiabatic case

Pa = v3) = ({Unl [Usl (

Non-adiabatic case: we can
describe it by inserting the
probability ofjumping




Probability of jumping

exp [—(7/2)Fvy] — exp [—(W/Q)F’)// sin? 9}
1 — exp [—(W/Q)F"}// sin? 6’}
B AE sin® 20
~ cos20|dlog N,/dx|,es

The probability of jumping depends on details of the
density profile
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Three flavor case
Adiabatic case
|{}{I1|2

P(va = vg) = (|Usi|% |Usol?, |U,33|2) ( |Uas|?
|Ua3|2

Non-adiabatic case: we
can describe it by inserti
the probability of j

at two regions

P(va = v5) = ([Usnl* |Usl’, |Uss|?)




To describe non-
adiabatic transitions,
the expressions for
the effective mixing
angles are useful.

The expression for 023
can be used for 7. ~ 7,

The expression for 012
can be used for f, ~
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Example:Supernova v with Non-
Standard Interactions in matter

For simplicity self interactions
of v are not considered

From other v experiments pu
components can be ignored.
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Ag=diag(1,0,-1) || y=arg(&.r)

_&_Constraints from
high energy v,im

p = 97 diag(1, 1, e'eUns) [U”(S'U"_l + diag (A, 0, O)}

’ AL R R A
xdiag(1l, 1, e "8 Vrs) s =170

Ué{o’| — |C)3€_i,YU63 -+ 856i7U73|
U /|ULL| = |cge™ U + 536" Usa|/|cge™ "Uet + 55" Up]|
Uns|/|Urs| = Uys/|cge™ " Urg — 53" Ul
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From these, we get the probability which takes into
account non-adiabatic transitions

| 1-PL P 0\ /1 0 0 |Uer|?
P(_Vf: — L"f.-:] = (erllza |U+_':2|27 |E-"'Tf:3|g) Pr-L 1 — ‘F:L 0 01 o PrH PLH |['"rf?2|2

0 0 1 0o PH 1-PH |U.3)?

© (0%3/\6: — AFEsy; cos 29’1’2) Pr

exp(—57z) — exp(—=F7/s13)
1 — exp(—3571/513)
A FEsy; sin® 207, cos 267,
f3|dlog N /dz | es

O (A — AFEs3 cos 207,) PH

1 = e‘ip(——’Yﬂ/S"Q)

A E3; sin? 260, cos 20",
CB1d1og N, /da],e:
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® From trivial identities, we can (in principle)
obtain the analytical expression for the
mixing angles and the CP phase.

® Using such expressions, probability for v
flavor transitions including non-adiabatic

processes can be analytically obtained.

® As a demonstration, one example was

discussed: Supernova v with Non-Standard
Interactions in matter
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