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|, Introduction
Ve = ? Ue_j %

>

Mee = | %erj lzewj mjl

pre sent Qx?o.r'lmew*t'al

Mee < 02 eV
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Z e‘L(C'PJ"(Pl) erJ ,z \/mll_l_ amJ":-

P=0
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of gene rality

Constraints from Ve, Vatm, reactors etc
* Vo Vo sol. AMg sint200
LMA (0.0 ~ 15)xi0%eV? | 0.53 ~ |
Low 0.3~28)x10ev: | 0.8 ~1
S M A (04 ~ l.o)xlti'sevz 02 ~ l,.z)xit)'z
quasi VO S~ gt eV’ ~ |
* Vakm

almost  pure Vp <> Ve

sn?20atm = 0.88 ~ .0
AMZE, = @~ &) x102 eV’
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* reactors
2 I .,
Nu=3 eral < Z(j‘ CHOOZ

—

Ny=4 (3+ \) — scheme |Ue4l olr

= Ues " < 7 CHOO?

BL& 9’&)/

I

Q@+2) — scheme  |Ues|*lleal < [00 Bugey

I

¥ COS mology

large scale structure of the wuniverse

Zmy X 2eV Fukugita — Liu- Sugiyama ' 9
J

< 4eVv  Hu et al
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Ny=3 schemes & Ny= 4 schemes

=3 ( Vo + Uatm) —_— or ™
* Ny | Co Se €’

[,
Vo Ve“">4’~“ (VP'VC) Unns = (’SO/JE Colfz Wz
Vatm V}* = V-c SoMz. ~Colz MZ

e’ <5
*Ny=4 (Vo + Vatm ™ VLsND)

(2)(3+1) —scheme (@ 99% cL of LSND) ~

UHNS(N,\)—a) AN sup = 0.9, l.?-, 6.0 eV?

L1 5 °| |most the same

Umis = [Fso Az Cods WE| S " olmo am
| SoAz_ -~ Codz vz| © phenomenology

€ 5 € 5
I-: ‘ as Nv=3 scheme

—

R Ge @& T

(b) 2+2) ~scheme (@90%cL of LSND) —

|

Co Se €’ &” le* |z+ IG'”]ZS, =
U}ll up.‘!. UF'3 UP"‘
Ue Ucz Ues Uzs
Usi Usz Uss Uss

C oy o > Vach .
Vo : hybrid of ( e act\ve) Co=l & pure Veo Vs
| Ve €3 Vs distavored by SK

Vatm: hybrid of (\)rtevr) os=o X pure Ve Vs
V'LHVS

UMus =

2 . ’
Cs=|Usi|*#Use]’| Uotvatm DY LMA: 012 Cs£04
LOoWw: 015 CsX 0.2
SMA: 0.1< CsX 0%
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3  Schemes with norma

3.
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—> M3 =~ -'Vdma‘z'(:.m
Me x> JAMg
|f,_(51/ Mo

masS hiera rchy

Y

m,
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m.’-t Am

0
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mg’é ~ Wesl Vamin < 2x107%V

¢

(2 2
Moee Se YA mé

L~ gx10%V

(Sx 57 ~ 10_3) eV
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(3) 2 Zz L =3 .
Mee = lU'eal FJAMatm < 2 % 10 eV

' ‘ — -3 v
Mee = = (I-Jl— sin28e )Jamg = (0.4 ~4)xi0 ey
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3.3 Scheme with vacuum oscillation _So_lwcion £
(Vo : VO or LOW)

(2 2 -5
VO  Mee = Se Jamg < 2x 10 eV
@)
LOW Mee = So [AMg < 3x D Yey
®

g
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541 H

c) @) )
Mee Mee Meg Mee
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3.4 Triple maximal mlx'm_g s cheme

Oy = 9 T @ - | T
\2 23 T B = Sn 5 , S = =

7,:
U _ l ( -1 %—m‘, |
HM.S“\]'—E- 00 l w=e

W I

. _
*Vo  Pee = (= 4lUeil’ ezl m

4 l
ori ™ot~ vt v G

energy fndependent SQIu‘taon y
it + poor but sull <3s CL ‘

' 2
% Vntm  AMatm ~ 8x 1070V
it poor but  sull <3§ cL

(3) ' -2
Moe = Moe = %Vdm;ém ~ 10 eV

H

(3) (3] W
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4. Schemes with por tial  degeneracy

'3
Ay, K MK amg,
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M3
—> M> M= | Amg‘tm
M3 2 Vdm;tm Mo .
S | . m‘:_JA'Amo
05x10eV < m < 3x10 eV
. _ o
{) @ 2 ' P (3)
'mee+ Meel o= m.f Co + e Sol ) Mee = |Ues|zJBMa?€m
< wxigiey =
= (cos20 ~ 1) x m, S xwo ey
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(@ o
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ee ~ 3x1p eV
min _
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@ Ve : LMA , Low , VO

LMA m, = U’v 3) x ]D—z*e\/ v
.‘ ;\ot Amﬁ; 2
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5 Schemes

0

with

—> m, > o.leV

Vo . SMA
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Mee =~ C; m, >> me?-e s
12
Se ™M,
W |
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auinl

complete mass degeneracy
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@ Vo : LMA, LOwW, VD
(2) 1,
m&g'\' mee X m|( C01+ S;Qw)

= (QoSZ@o ~ l)x m,

3) ‘
W\ez = |U93|ze|(03 m,
\ . X , _3
£ |- sin"200 | >i0
then
W )
Mee = |mee + Mg | = (0.2~ LO)x m,

-2
Z 2x10 eV

I‘F Uetz=Ue’22' and Uesz":O

then
Mee =0
max ,
Mee = Mee (experimental upper bound)
min
Mee =0
mee/eV,\
0 1
N 7
| %
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- /)
0 %
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-2 /
0 7 /
H 7
m%é ﬁ%i*mgé Mee
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6. Transition regions Q‘
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be large as - large
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7. Scheme with inverse mass hierarchy

2
A M atm

2

)
—

m3 X~ m;

> m’

2 * -2
M << AMtm = m < 2x0 eV
?or _wl‘. <o,
ms
2
CHOOZ : Uer < 2.5x 1072
me“e’ < T X lD'q'e\/
(2 3) V(P9
Mo + Mep =  (Sa+ oge' ™) Vamatm
O Ve : SMA
@) 3
Mee = Mee + ee = \/ﬁma%m
-
= (4 ~ %) x 1D eV
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@ Vo : LMA, Low, VO
(2 (3 ~
mee + Mee. = (QOSZGO ~ l) X \/dmatm
for  swtes < 0.3

(e

Mee > 4 x (D Q\/ > Mee

2. M

-2
(D,@ ‘le:' q1.5 eV R ~ 0.0
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g Four
8.1

newtrino

(341) ~ scheme

sCenarios

Am Lzsup =

D.9,13F 60eV’

- L
© nomal hierarchy ) Ma
T
' AMspp
My = yamswpe = (09 ~2.4)eV
. 2
y ms
my = \{ Am;'tm 3 AMatm m2
4& ame* m,?®
m, = [amg
m, << Ms  ordinary 3x3 MAS matrix
for Ny=3
U T )
Unus = K ke 2 >
U'c! U‘c'z . U'I:B s
€_¥
A aw O |
n rd . 2 Li)
mee = UQ; m|' = C@ m <L mee
2) 2 -
mE = Usmy = Sevame ={ (I~ x5 %y SMA
(04~3)x %y  LMA
(03~ () xigtev Low
‘ \ ID‘_4 Q.v )
@) 1 2 -
Mee = lUE’}_, VA Mytm S. 2x |03 eV
&)
Mee = iVeal My = e"\)dm:}suv
[]_m?!__sub 0.9eV? .3} eVv® 6.0 eV*
i _ ,
S max 4x107% | 26107 3.6xip""
€ min L4x10™" | 14x102 | {.9xi07?
3z v - -
_€Vn4“’"'-$“°/ev L3x107% | 3.4xpp72 8.8x 1072
Eminl@MIso e | 13 %107 | (B x1072 | 4. %x 072
@ -2
Mee > Mpe = . ("\’ Q) x |b eV 'FOV a“ Vo
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@ inverse h‘lerarck)/

Am.;_sup = Oq, lq', 6.0 eV?'z M

/rAmol r':;';_
L AMgim
My 2Ny > Mg \/Amtsub > m, T 2 d
AmE-SND
—> reduced to the
r A
Ny=3 scheme with M, 5

com Ple‘te degeneracy

1) Vo: SMA

Mee = Q@zm,_ > mzz\/AML?'sma

= 049, 1.3,24¢eV
: already excluded

)Vo : LMA , LOW, VD

Mee = - ‘(QOS'Z@@NI) X\/dm:s.up
Depend'ms on  Now Small (\— s"m’ZQo) 'S,

it s still acceptable
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. A
8.2 Scenario wrth two heavy degenerate newtrinos

M3 >~ YY\4_ >~ \/AmL;NP

2
Ny
™ kX
m'l > \‘E m@ >> M| 1
AM swp
M':z
am'y m|1

o
n, & Mo \Jamg = (03~'127><10"zev LMA

(2~ S)xlotey Low
@ ~ 3) x18°vy  SMA
3 ~1) x 0%y VO =

M3 Mg o JAmeswe = (0.4 ~ 1.4) eV
extreme cases
~3) Weal*> Wesl®

LSND  sin®20ex = 4 Weal'Upel®

IUeqf' = sin*20eu
4 1Ueql?
lU;m |z= Sz: = (03 ~0.7) ( Vatm \
& %° L 00 S 589/
Mee +mee ~ |U94| VAM swp -

= Sna0er Pyt o (03 ~LF)x 1076y
4 Upal t 2 2

i {dm:_sm: = eV }

| 5In*20ep= 2x107°

sin ZSeP = 4 )Ues Ur.a + Ueq U,M,]
16 Ve IUM.I (If Uo(j = r”ea()
( hr 8
mesé * mee =~ 2 Weal VAM sy = sin20ep JAmst
f

,U|u4|z
- l’f (%'(Pq.

b) Uez = Uea, Uln-"-' U :
LSND

“(0.4~0.8) X153 ey
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From Buugey ]

Ues 12+ Wee I° £ o

(3) ) : ;=2
Mmee + mf; ~  (IDesl?+ Weal™) VAMswo S 10 eV

% 3 Scemario with [nverse mass h'lerard\)/

O vo : SMA | x5
. a2
@ 2 LSND
Mee > Mee = \)AMLsup )
| — (0‘4 ~ Lq.) e\/ | AWM 3im

: already  excluded

@{LMA . 0% s+ U< 0.4 (From V)
. m

Low : 0% [Usal'+IUs«l’<0.2

in either case
@ (-
mebe) t mge = (801‘* Co @l(% %))Jdmf’suo
= (0032(90 ~ 1) X Jd ML snD

Q. Summary

‘\‘t S \/E?Ty _Impor'tant-

o determine the type of the Vo solution

and deviatoon |- s‘m‘zeo\.
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2. Mass patterns @) 12

t
!

Two distinct  patterns :

4 | AMam Am%,tm
3 S . Am%
AM snp 2
” . AM 5w
| dmg
1
2+ 7 schemes 3+ | schemes ‘

Prop | —§+I schemes do NOT satisty the constraints -
s fnf Bugey (TeoVs), CDHSW (Vo) LSNDWWe)(?O%
N Okada- 0.Y. Int. J. Mod. Plys Alz (199 3669,
Bilenky- Griunt - (?rr‘lmus Eur. Phys. 3. Cl (118247

oY )
[N A

)
=F

Lo
L)
Lo
=
":..—.-“

.

.nFor 3| SCheme§ @ in the lim'l}: AME  AMaem 2o
Tnoc. B0 . | b
w4 [Bugey|: HPesTe)= 4 lesl Uz Weal) Ao
o 6301 negaive < S‘mzzeBu.gey
=m0y o0 result ”rsﬁgcl”‘
Byz= 4-E

COESWE: - POV 41Ul (- 1Upel?) Aea

negative < sin®*20cpHsw
result

conc.s = [Upel* € 5 (1= JT= 507 20consw ) (
e ‘ B0y L.
I' m:??l LSND|« "’PGVP*Ve) = 4|Uﬂa¢¥| \U}ml JAPRS

£N1Ge |- { a‘FﬂrmathE(wr L = S'In[tZ@LSND ()
result

TaYs 060

@), = gipy z@ﬁﬁ&ff’(l -JI=sin 2(9&;997)( |4 1= siri ZGcost)

This condition is NOT satisfied for any Amisy
@ 90% CL'/
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_ . 4
E@PB 3t| schemes do satis Fy the constramts &

(A2
of Bugey, CDHSW, LSND (99%CL) for |
Amisyp =03, 09, LF, 6 eV’

Barger ~ Kap@r“ Learned = Weiler - Whisnant
heP—P\A/OOO%'Olq

4 !

3

2

Ve | Vi 33 €
Vf* ::U Vs u__ UHNS . s -
v v [P A

€
Y V4 $-%8 2 &8 & I

These  3+| schemes are indj sTinguishable
from ordinary (3+0) scheme in most of
experiments except in high energy neutrinos

for L ~ lod'km_ :

ra ‘
PWVu>ve) = 4 IUILM,IZIUT:q.l2 Sinzkaﬂ‘gl‘) in vacuum

= 4IU;4\Z|U?4|2 sin’ %) n matter

enhancement due to matter eﬂ:ect:
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