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Two remarks:

® There is a hope that detailed information
on neutrino mass spectrum and mixing
(just knowledge of the fact that the masses
are small is not enough) may eventually
shed some light on

» the origin of neutrino mass
quark-lepton symmetry / unification /
GUT

h*uumu mass problem in general
physics beyond the standard model

® Results on atmospheric neutrinos show that
the simplest possibility:
hierarhical mass spectrum
with small flavor mixing
has not realized

We should consider without prejudice
all possible mass and mixing spectra
which do not contradict experiment.
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mixing flavors
in the mass
eigenstates
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VT versus v S

Propagation Interaction in
detector

s Chnnvly
[ u V,El Un.f{mn .
- QOscillations
No matter effects

cc:
= T-appearance

NC: unchanged
}

. ?1"( -CVents

» NC enriched

sample
Vo~ Vs Matter effects CC: suppressed
on oscillations .« &
Modifications of
» zenith angle NC: suppressed
distribution suppression of
L] 0... ¥
dependence * NC enriched

sample



In schemes with sterile neutrinos (e.g. when

Vg is mainly responsible for the solar neutrino
conversion) one expects, in general, some mixing
of Vg in the third mass eigenstate:

Dts:% # 0

Atmospheric neutrinos: effects intermediate

between pure Vg and V. cases

Long Base Line experiments.

& appearance’ 4 1 — C-disappearance

L 2 .2 .20
!-—Pw— Pu'c = 4 Ull3 US2 Sin =
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Assume that v , W are responsible for

solution of the solar neutrino problem:

.
Am12 e Am@

Hierarchyof Am 2 7

2 .
£1m® << Amafm -‘

Best fit points of the solar neutrino data
(LMA, LOW, SMA, VO solution regions)
satisfy this inequality

Measuring Am %

e Reactor experiments, KAMLAND

® Day-Night asymmetry of the solar
netitrino rate

® Atmospheric neutrino data:
excess of the e-like events in sub-GeV
sample. Screening ot the effect?



.= 7
U=

mainly in v and V,  mass eigenstates

will be determined by solving the solar
neutrino problem

Key step:

Identification of the solution
of the solar neutrino problem

Set of solutions:

SMA LMA, LOW, VO
| — | —
) )

inverted _—
hierarchy

‘  —
(dark side)
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Type of the mass hierarchy

m,eV
10" - mf
L Vo [—
10-2 : Vatm | - 5 9
Y Vatm
| 0—3 L Vol { | i 4
A— T
107
Normal mass Inverted mass
hierarchy hierarchy
Am ﬂ%m = Am aztm < ()
(partial degeneracy)
j)u zZ e J&VV\%TM'
Phenomenology is different:

® Supernova neutrinos
® Neutrinoless double beta dﬁfgr v
e Earth matter effects, U,3 £0

CERl INUED ..




MiNog
CERNGS

V-sper, AL

2
Ly uﬂf:}

> 457 16> 162 1571 4

10

APE WEB CLOSE 1O "chc,owm

| BMALL) ,Z,MD Tul n?;,'
Cam i
M = Mo e PR Il % A&
\E-f 40 4‘*‘3'*5; l
2 2
uee _ A tan 29 _bAwmg
3~ 4 1 i)
(1 +taif29, Y S |
Akhnevoy LMA
BRANCO
o
REBELO TWO DARAMETEIS E' S

=P RecamnoN BETWEEN
3 ol:sewa%t.'as




Smirnov - 13

IpENTIRYING
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ZEN|ITH ANGLE DISTRIBUTION
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Observables: X Y Z RahcalL

® rates, (total fluxes) KRASTEV

= .
e characteristics of spectrum distortion h h/
(shift of the first moment, slope ...) i i
0006078

® characteristics of time variations of signals
Ann % distribution

winter-summer asymmetry

Correlations - signatures of solutions
enhancement of the identification power
of analysis

SNO observables
fy from the SK rate

X:)((Amz 8) Y:Y(Amz 9)

w| )

sin229 Y

Mapping

Am
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Solar neutrinos: 0 ~ 2—- is accepted by global fit

Atmospheric neutrinos: 0 ~ %— gives the best fit

Is maximal or close to maximal mixing
a generic property of leptons?

Deviation from maximal mixing: €
2 1
sin 8 = J(1- €) (c0s20 = ¢g)
1 i i i i i L
D N B 0 -0.1 -02 -03 €
m
e=—% = 0005
i
g~ k= 022

Phenomenology: Nothing dramatic!

all observables change smoothely when
¢ changes the sign.

no divergencies, discontinuities

some observables depend on €
very weakly
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RBoy AND IDENTIFICATION OF SPECTRUM
VN

NORMAL MASS
HIERARCHY.

o e 2
M. =
e ™ AWMy, U%

X .2 4038V

TWERTED MAsS
HIERARCHY

o e ¥

M \J:‘_\.mim €

Y= sivf'z% Z 0.9
€ >0 3

Mo z 10722V

Howevee PREDICTIONS OF THESE Two

SPECTRA OVERLAP

|0 THE CASE Or

PARTIAL OR COMPLETE DEGENERALY



S 4 - %, . -
® DROBE WHOLE MASS (AWT ) SDECTRUM

o Fim gl . : > .
1 :} {f\, RO 'd, "({H:I.—".fr}h]\‘ -‘:—..--::y ' 1;_ '( f\ !"R{&'-;ﬁ". % .
J | () -

1 a

XINE  ASSOCATED WItH R0 AWMS
CAN BE MATTER- ENHANCED

o UvceEpTainTies

- DENS(TY  PROFILE
- ORiGivAL  sPECTRA ) () A=l ..

Qw We €T SN MODEL
INDEPENDENT RESULTS ?

‘;;EEE.EE_;C;:
(1), BEM)Z B(T,) ¢ &( xp

e 1 :
). pinched” erercy specea (n>0)
T o x '
- Novatiod 7 ¥ O Wi \
SIGUATURER : | OF ‘WeQuAUTY &), s
. “‘f'

0, W ——
\‘/'""'g* '“"T’

P N




Smirnov - 33

Due to EAPTH MATTER
EFFECTS SiGMALS N
DETECTORS wiLL RE

DIFFERENT

NORMAL. INVERTED
HIERARCHY Ho EMPLCH‘L
' -
é-\IUL?)[ >403 \':f\) \ r/\; \N
@&TtON =

RESOUMJC.E ADIARATI c_

CAPTH MATTED. BAPTH MATTER.
EFFECT (N EFFECT N
Ve —SiGNAL Vo —SIGNAL.
NO EFFECT ¥ NO EFeecT ¥

Ve  SIENAL Ve —SGUAL



108

104

100

AM‘,eV‘

10-4

10-8

| | | ] T
- 4
4 I-l
— . A
STRONG-
i CONVERS1ON |
s vﬁ?gﬁ
RANG
o
L .|

bttt I T

sin22943

)

caN pRoee U :Jz =




Smirnoy - 35

Vo vmu AND LSND

_/@REE VERY DIFFERENT:
ams = vs
ilou’ ks b '\ f,: ‘) B
Gruwdi Ve E | THE &Z‘ &) @Q f”Am .
i if SHOULD CONWNERT 1o V.«
Peves N N~ D
s e :

® V> Vs - nlgmuoyzb

L TF BOTH V#T ’Qc"‘wﬂ_ AVD v@évﬁ(‘:ﬁm

| -
R 2 : .
5‘ — . ]
Uy fk‘-l 1) 2QLSND LL! _U@" %& .
BUCEY (DYs
Sk
‘ ]
i [ I
[ ﬁ’ T NTPODUCTLON
“ OF ADDITIONAL
CTl UTRING SERiLE VEUTRIOS
StTUMLOtb

SURSTAVTIALCY



e
>
ﬂﬂ 10 -
=]
<
I &
-1
10 r
2 """:'?'1'7-1.,*:;
10
I 1 7% Systematic
5 7% Systematic
_____ sin’(20,,)=0.8
--------- 2in’(20,,)=0.9 10 % Systematic
10 -3
|_4. .......|_3. T ....|_2. i III”I_}'I PEAT TR [ Y 17 I3
10 10 10 10 1

OPepres, A<, 0.P.




Smirnov - 36

Ve 10 S0LAR NEUTRNOS

SMA  V, ). CONVERSION :
o SUALL (£ 2%) D-N asymueey
o LCC’ISNO & Rs""
* el
|Cc1

e TURN Dowwu ot ‘SPECTEMH
DisToEMoN  wipvg AT
SMALL ENelsie s



