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[1 "KamLAND: Beforeand After™’

[J Solar Neutrinos

[J Reconstruction of the neutrino mass spectrum
[0 Atmospheric neutrinos

[J Supernova neutrinos

[1 Theend of era of the neutrino anomalies?



Before and After
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B Neutrino Physics after KamLAND’’ started much before announcement
of thefirst results

Since 1998 -1999 most of the papers - in context of the LMA solution
(phenomenol ogy, implications etc..)

@ Strong evidence of oscillations
of the atmospheric neutrinos

® SMA MSW solution of the solar
neutrino problem - disfavored

M 1998 isthe turn point
“"Revolution 98"

=

The prejudice of small mixing was destroyed




Rlavorstanuyylasses

Flavor states: Mixing:

‘ @ ‘ Flavor # Mass
states eigenstate

Eigenstates of the CC weak

Interactions

Sterile neutrinos N
no weak interactions *
Mass eigenstates:

Vi1 Vo

m, m, m; Neutrino mass and flavor spectrum



Wixing and fiavor states

- | V,= Sil’l@ve+COS(9vlLL
IV, = COSD v~ SOy,
&vacuum mixing angle

coherent mixture
of mass eigenstates

V,=C0S0 v, + SN0 v,

v, D || wave
\ZQ packets

Interference of the partsof wave packets A = S
with the same flavor depends on the
phase difference A¢ between v, and v, AM? = m2 - m?




Kamioka
L arge Anti-Neutrino Detector

RamLAND

B Reactor long baseline experiment 1ktonof LS

150 - 210 km
Liquid scintillation detector

- Ve+p-—-> e +n I

E, > 2.6 MeV

Crane

Rock lining

| +' Outer water tans
B Total rate
energy spectrum of events

Inner tank

Lig.-scinti.

Container

mLMA ) I\ A
precise determination of PR
the oscillation parameters
10% accuracy

B Detection of the Geo-neutrinos
E. > 1.3MeV



K. Eguchi etal.,
Phys. Rev. Lett., 90, 021802 (200z

KamLAND results

Rate Spectrum

14F ME — [epctor neuirines
§ B geo neutrines
O accidertals

F
e

N
o Ln
B RRLEE LEERS LERE

=
e
=
= "=
&
|
I
i
I
5 MeV
2 =

=
E"}‘I GE ‘..‘ r ‘T e e, A TN Y Y NN YN N Y Y O Y O I A Lo i
' i 25E 2.6 MeV & KamLAMND data
% & 1L . i : "‘i i analyss threshold  —— po oscillation
X 06 » En'ran!mh Rives bW € of — best-fit oscillation
L.'I H.u::f:. ".i : L = _' 5in2 = 1.0
045 ljmﬂﬁm L 15k A= 9 % 107 ¥
A Keasnovask ‘U
O Palo Yok
ﬂ.r:,' B Chooz 10F
& KamLAND E
-"__ e
{}---lilllllil-r-llllullII-II-||||I--|IIIIr = "
] . 4 & B

Prompt Energy iMeV)

zZ Z
o
7]
|
@ &
[o')
+
o Z
o8
|
[HE
Z
ot
a__
prd
Q
I
o
o))
S
[N
|+
o
3
N



Culmination of ~ 40 years
of solar neutrino studies

amLAND:
GPT

B has confirmed the LMA MSW solution
excluded other solutions at |east as dominant mechanisms

B further shifted the allowed region and best fit point to larger Am?

(5 =) 7) 105 eVv? I

B Thelowerbound: Am2 > (4 - 5) 10° eV2
looks rather solid

Mixing is practically unaffected

Confirmation of the whole oscillation picture including
oscillations of the atmospheric neutrinos




Neulrino Flux
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4p+ 26 = “He + 2v_+ 26.73 MeV

a

el ectron neutrinos are produce

F =610 cm?ct

N flux at the E
Oscillations oI i s =

N vacuum

Vv Oscillations

in matter
of the Earth



J0lar neutrino probiem

Signal/SSM

1.0

0.8

0.6

Threshold energy

Ga ‘
SK N CC/INC
0.4 Cl 2
0.2 [ [

@ Deficit of signd

B Deficit is different for
experiments with
different tresholds

B R(CL) < R(SK)

B SNO: direct evidence

CC/NC ~0.34



Large mixing. Iy

KamLAND
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P. de Holanda, A.S.
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Am? = 6.8 10° eV?
tan’6 = 0.40




LA MW solution

An example: E = 10 MeV

Resonance layer:
Ng Y.=20g/cc
R=0.24 R,

In the production point
sn?0,. % =0.94
cos?0,.0 =0.06




|

de the Earth. Regeneration

nsi

Regeneration of
the v, flux

= Day - Night asymmetry

= Variations of signal
during nights (zenith
angle dependence),

= Seasonal variations

= Spectrum distortion

= Parametric effects for the
core crossing trajectories




Profile.of the effect

Earth matter

Oscillations with Conversion + Conversion with  Non-oscillatory

small matter effect  oscillations small oscillation  transition
effect



n tan20 = 0.41,
AM2 = 7.3 10°5 e\

survival probability

resonance — :_D

E=14 MeV

distance
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Inside the Earth

m Averaging of oscillations,
divergency of the wave packets

‘ incoherent fluxes of v; and v,
arrive at the surface of the Earth

W v, and v, oscillate inside the Earth
‘Regeneration of the v, flux

P~sin?0 +f

foy~ 0580220 | /I, I

B The Day -Night asymmetry:

‘AND: fofP ~3-5%I

|, /l, ~0.03 IP,

E=10MeV

Oscillations
+ adiabatic
conversion

—h

reg

|||||||||||||||||||i||||
(0) Am*=3.65 107 tan*#=0.365
E= 10 MeV cos@,=0.72

distance



[SathelSolarNelttine
ProhlemiResolven?

m Accepting the first
KamLAND result ‘ LMA
B CPT N
All other possibilities are

excluded as leading effects

Still the allowed region should be diminished to identify physical processes:

W High Am?2 Averaged vacuum oscillations
with small matter corrections

B Low Am? Non-oscillatory adiabatic conversion
(for E>5 MeV)

m Small mixing: Resonance description isvalid
B Maximal mixing: "~ Resonance’’ isat zero density



P.de Holanda, A.S. hep-ph/0212270
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Lines of constant CC/NC ratio and
Day-Night asymmetry at SNO

NC

Delta m2 and mixing

worstages
B Identification of

the unique region:

2v analysis, sub-leading
effects (13 -mixing)
can be neglected

B Precision measurements:;

Possible sub-leading effects
should be included.

Generic 3v analysis
should be performed.

Problem of degeneracy of
parameters appears



LA Gonsistency Ghecks

Over deter mine solution, cross checks in the b.f. point

B Day -Night Asymmetries: Anp(SNO) =2-5%,
A (SK) =2-3%
5-10%

B Rateat the intermediate energies

BOREXINO/KamLAND R=(0.6-0.7)Rsgy

B Seasona variations Small (unobservable) effect:
Ays < 0.5%

- further confirmation of LMA

'mp’ications - precise determination of the neutrino parameters

- searches for physics "beyond the LMA”’



RomestanerAnomaly

Pull-off diagrams for the best fit points
of thel- and h- LMA regions

-ELMA

h=LMA

3 =4 =1 @

Deviation

+1 +2

+3

(=

Q. (LMA) > Q,,(Homestake)

(2-2.5) o pull
@ Statistical fluctuation ?

@ Systematics?
Related to time
variations of rate?

® Neutrino properties:
conversion driven
by second Am?

)

Additional deep
In the suppression
pitat E~1MeV?



dpectrum aistortion at SN

Turn up of the spectrum
at low energiesis expected

06
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P.Krastev, A.S.

— = 32104




sterile) neutrino
m~(2-3) 103 eV
which mixes weakly with
active neutrinos

LMA + SMA(sterile)

sin0
/1, ~E
Reduced Ar-production rate B Reduced rate in BOREXINO

3

No (or weak) turn up of the spectrum B Smaller Germanium production rate
or smaller sin?6 and larger origina

boron neutrino flux



Solar Neutrinos versus KamLAND

Parameters from
the 2v analysis.

Further checks of the

Possible deviations

(mismatch of parameters
if thefitisdoneinterms
of 2v mixing):

Am? m— Am?
tan20 tan20
olar. KRamLAND

neutrinos

equalty

CPT-violation I

The equality

is satisfied

within loc
Gives hint

that CPT
1S OK

If some effect influences
KamLAND signal

it should also show up

In the solar neutrinos

Inverseis
not correct:

Physics Beyond the LMA I

Some effect can influence
solar neutrinos
but not KamLAND result




volagheutrinosihave
muchihighergsensitivityito
RhysicsyBeyonditheliA

B Am? -0 region of sensitivity is much larger for solar neutrinos
than for KamLAND

Additional small Am? or/and 6 can strongly influence the solar neutrinos
but not KamLAND

B Magnetic moment: the Earth magnetic field is too small

] Non-standard interactions (NSI) of neutrinos do not change the KL signal
since the matter effect is small

Even in the CPT conserving case one can find

Am?, 0

7! Am?, 0 ‘
solar KL




lesting the theory or conversion
SolarneltHing’s AR

W Adiabatic conversion (MSW) B Vacuum oscillations

W Matter effect dominates W Matter effect isvery small
(at least in the HE part)

B Non-oscillatory transition @ Oscillation phase is crucial
the oscillation phase for observed effect
Isirrelevant

Adiabatic conversion Vacuum oscillation

formula ~ ‘ ( formula

Coincidence of these parameters determined from the solar neutrino data
and from KamLAND results testifies for the correctness of the theory
(phase of oscillations, matter potential, etc..)  SeeasoF.L. Fogli et a., hep-ph/021141



Beyond LMA MSW

LMA MSW + ...
+ SlFP

snuzsiterile

* NS

(non-standard
neutrino interaction)

eV ER

(violation of
eguivalence principle)

Signatures

W Searchesfor v, flux
W Time variations
Beyond single Am?

context ~

Bl CC/NC
B Additional distortion
of spectrum

B Additional contribution
to the matter effect

Physics of sub-leading effects

Implications

Magnetic moment,
magnetic fields
Inside the Sun



Saalchesgorivlzsterile

Single Am? context

107

The 3o alowed region for
n= 0.0, 0.2, 0.4, 0.6 (fromright to |eft)
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+ Spin-flavor precession
(resonance, noNn-resonance

B Post-KamLAND’’ study , , E. Akhmedov, J. Pulido
In the context of single Am= = AM< 4 hep-ph/0209192

B The effect (neutrino spin flip) isin the central regions

of the Sun (radiative zone) B e

B Signature: Appearance of the antineutrino v, flux
ﬂle)_ 1 50 (for the boron neutrinos)
10- & Mg 100 MG
At the present SK bound
: e (unless Voloshin's

B Magnetic moment: n, ~ —— m, : N

(natural* value) A2 cancellation, or polarizatior

SUppression occurs)
For thecut energy A =100GeV and m,=1eV: p ~ 10-'6p, unobservable?

B Bevond sinale Am2 - if for cecond Am2 << Am2 - effect can be miuch laraer



SolagNeutrineyAStrophy/Sics

Back to th o
RTINS D e 05O pyAoTRS olardNeUtrine’s

AL toYstudydinteriodproperntiesfofathexStin

G.T.Zatsepin _ _
V.A. Kuzmin Diagnostics of the Sun

B Determination of the original solar neutrino fluxes

In a sense these fluxes do not exist since neutrino conversion
starts already in the neutrino production region

Still we can introduce these fluxes since there is no back influence
of neutrino conversion on the solar characteristics and production of
neutrinos. Conversion effects can be subtracted

J. N. Bahcdll,
M. Gonzal ez-Garci

B Determine neutrino fluxes from pp- and CNO - cycles %Eﬁ”i’fé%%m
B Searchesfor time variations of fluxes P



reconstiictionioraneutring
masSyandiilavoSHECEIU M-

determination
Fundamental problem of particle physics of parameters

Mechanism of
neutrino mass
generation

Fermion
mass
problem

Unification of
particles and
forces, GU
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%

v, I,

Normal mass hierarchy Inverted mass hierarchy
(ordering) (ordering)

B Type of mass spectrum: with Hierarchy, Ordering, Degeneracy B absolute mass scale
B Type of the mass hierarchy: Normal, Inverted

mU_.=?



Accompiisiing Stangard Pleture

sSinf,; = |U|

Type of mass hierarchy | [ Normal
or ordering: sign Amz2,, W Inverted

J hierarchica

Type of mass spectrum || g Partialy degenerate
H quasi-degenerate

Absolute scal e of
neutrino mass My ‘

Dirac CP-violating phase, & ” Leptonic Unitarity triangle

Nature of neutrinos: m Dirac _ B
B Magorana ‘ Majorana CP-violating
phases, p, o
B Am?%,

Precision measurements g tan?o,, ey
of oscillation parameters
P B Am?,

m sn220,, &

Deviation from
maximal mixing

Search for new

neutrino states



Standard and Non-Standard

Standardipicture [Bevene e Stancara

[] Three neutrinos [ New neutrino states
Sterile neutrinos

[1 Massive, m <1eV [ New interactions
1 Bi-largeor B Large anomalous
: dipole moments
L arge-maximal
mixing
[1 Smallness of neutrino EXOtICS
Mass is related to Effects of violation of
Majorana nature
B Lorentz invariance
Oscillations and matter m CPT,
conversion -- W Equivalence principle
common phenomena




AtmosphericaNeutrinos:

Anylproblem?

Very compelling evidence that

v, <> v,

vacuum oscillations

- SuperKamiokande

- K2K
- MACRO
- SOUDAN

IS the dominant mechanism of
the atmospheric neutrino conversion

KamLAND gives an additional confirmation of the oscillation picture
- confirms oscillations
- large/maximal mixing in the lepton sector

Nothing statistically significant beyond this picture

Winat is tne nest?

Searches for

O v, oscillations

[ sterile neutrinos '

] CP-violation '

O CPT-violation

[ specific oscillation effects

CR phvgsics with atmosnheric nti



Oscillations of atmospheric nu_e

Oscillations of electron (anti) neutrino must

After K@WMM@ appear at some level even for 6,, = 0 dueto

the solar oscillation parameters

4 Excess of the e-like events
m@ﬁw in certain energy range with
- specific energy and
- zenith angle dependence

Dueto non-zero 0.,

and atmospheric Am?,,

Q Multi-GeV

Sub-GeV nterf events
avents nterference
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Excess of the e-like eventsin the sub-GeV

F, =F(P, +rP,) =8

F _
—FZB -1 = P,(rcyg? -1)

" screening factor’’
P,=P(Am2,,0,,) isthe 2v
transition probability
In the sub-GeV sample
r=F°/F2~ 2
m) Theexcessis zero for
maximal 23- mixing
Zenith angle dependence
of the e-like events
0.Peres, A.S., hep-ph/0201069




ExcessyofatheXe:likeXevents

F

e =—e_ -1

F.0

In the best fit points of the |- and h- LMA regions

sin? 20,, g ,% e 0
0.91 2.8 4.8
0.96 1.9 3.2
0.99 0.9 1.6

(=

Once the LMA parameters are known: restrict deviation

of 23-mixing from maximal by measuring ¢

EXxcess increases
with Am?



5_13

CHOOZ

Excess of the e-like events
in multi-GeV region

U: cos®, = (-1 -- -0.6)
D: cos®, = (0.6 -- 1)

Contours of constant up - down
asymmetry of the e -like events

Akhmedov, A. Dighe,
P. Lipari, A.S.
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Excess of the e-like eventsin the sub-GeV of the e-like events

F
o -1 =P(reg -1)

e

A I S138IN20,5 Re (A* Ag)
- $13[2(1-15%;) + P, (r-2)] | .

P, =|A[? isthe 2v transition probability | : | :

| nterference term:
- linear in s 4
- No screening effect
- has opposite sign for neutrinos
and antineutrinos
- maximal if Am?, =710> eV?

Am2,, =5105 eVv?2
Can be dominant if 23-mixing is maximal: | -
8int ~ 5% _.SL3_

0.3 (in maximum)
: 0.Peres, A.S., hep-ph/0201069



Sleriie Neutrino

H. Nunokawa, O.L.G.Peres,
R. Zukanovich Funchal, hep-ph/030203€

Fourth neutrinowith Am? ~Am?2 ¢, ~0.5€eV? resonanceinthe 0.5-1.5TeV range

For (3+1) schemeresonancesarein v, —vq,

17004
" B IAmeel =0.5 eV?
2 a0
S 130
O 12000
D 11000
S o 3 o
el B0
j F il 1
5 m -
E iz t sandord asciliotion (3g)
Ewl (3+1) 1) tormal
3 X0 Eﬂ harmal
Z 0 +2] Ivveried

1000

a
-1 =08 -08 -07 -08 -0.8 -04 -03 =02 =01 a
cos B,

Upward-going muons

W Searches new neutrino states

B NOhecoarv/atinn nf the naramaotri o offoctce

o)

Vu/r

— V¢ channels |ceCube
(=10
Amigel = 0.5 eV*
i
2w
o
400
B
354
(3+1)
o =00
: x|
B 30
e
8 200
:
150 tandard ascdlats
Z t i et an (3g)
100 3+ 1 Inveried
242 Mormal
A (3) £ +.2 Imveried
@
=1 =08 =08 =07 -08 =00 =04 -0.3 =02 =01 [+]
cos O,

Cascade events (induced by the CC
Interactions of electron, and tau neutrinc
and by the NC scattering)



Upernovaneutrinos
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N neutrinos and MW effect

i-

m The MSW effect can be realized
in very large interval of
neutrino masses ( Am?) and mixing

H Very sensitive way to search for new
(sterile) neutrino states

wh
!

m Small mixing angle realization
of the MSW effect

If 1-3 mixing isnot too small

S3° > 10°° I

strong non-oscillatory conversion
isdriven by 1-3 mixing

AMZ = (106 - 107 eV/2

sin220 = (10 - 1)

In the case of normal mass hierarchy:

ol F(v) =F(v,) hard v_- spectrum

B No earth matter effect in v, - channel
butin v, - channel

- NIl A~ s~ i ot o~~~ Y R |-y



Lol Gpariieis Wid S NeYsines

— @ Two well separated Comparison of signals
Ses itz i S detectors are used from the two detectors:
Canibecoilio] call I Properties of medium oscillation effects between
are know them and also test properties

of the original flux

Thisisrealized for oscillations
of SN neutrinos inside the Earth:

Fluxes arriving at the surface
of the earth are the same for
both detectors




Neutrinos from SN1987A
after KamLAND

B Certainly, neutrino signal from SN1987A has been affected by conversion
Inside the star and probably oscillations in the matter of the Earth

B Effects of neutrino conversion must be taken into account in the analysis
of neutrino data:
- determination of parameters of the original neutrino fluxes,
- comparison of signals in different detectors

B The observable conversion effect depends also on the difference
of original spectraof the electron and muon/tau antineutrinos



Lonversion of SN (anti)neutrinos

InSide¥the¥stars;

— -,
adiabatic Vo —> Vy [< Ve | v>[? = cos?0
transitions: v /v

<V, | vy>2 =sin20

4

Electron antineutrino — — =
F, = cos6 FQ +sin’0 F,°
flux at the detector: e e X

B | F, = FO + sin?h AP AFO= FO -

T
R

0
e

where F.0, F 0 arethe original fluxes of v, and v,

Insicde tne [Earn

v, and v, oscillate | M), sin2® --> p= (1-P,)

P, isthe probability of v, —> v_transition in the matter of the Earth

®[F = Fo+pap




ONO/A and the Earth matter erect

L | F(v) = P(v) +pAF° I

p=(1-P,) isthepermutation factor

P,. is the probability of v,—> v, transition
inside the Earth

AFP=F(v ) - Fo(v,)

B P dependson distance traveled
by neutrinos inside the earth to agiven

detector:
4363 km Kamioka

d= 8535 km IMB
10449 km Baksan

Bl Can partially explain the difference
of energy distributions of events
detected by Kamiokande and IMB:
at E ~40 MeV the signal is suppressed
at Kamikande and enhanced at IMB




Specra of events

C. Lunardini, A.S. PRD 63, 073009 (2001)
Kamiokande

original

0
o
o
©
@
!
=
5
Z

Number of events

Energy, MeV

cos20 = 0.5

AM2 = 2.75 10 5 eV/2
T(vg) = 35MeV, T(v,) =7 MeV

Energy, MeV




Reconciling Kamiokande and IMB

Bands of equal oscillation
phases.

dme(40MeV) ~ kn

b (40MeV) ~ (/2 + K)n

C. Lunardini, A.S. PRD 63 073009



Probing mass hierarchy
and 1-3 mixing

Extreme A. Normal hierarchy | B. Inverted hierarchy | C. Very small
cases large 1-3 mixing large 1-3 mixing 1-3 mixing
v, -spectrum composite, weakly unmixed, hard composite, weakly
(sin20 ~1/4) (sin<6 ~1/4)
mixed mixed
Vv, -Spectrum unmixed, hard composite, strongly composite, strongly
(cos?0 ~ 3/4) (cos?0 ~ 3/4)
permuted permuted
Earth matter N antineutrino N neutrino both in neutrino
effect channel channel and antineutrino
channels

Large 1-3 mixing: sin?9,, > 104



O SEPELES

B Ratio of the neutrino and antineutrino
eventsin thetails

B Ratio of thetotal number of neutrino
and antineutrino events

B Ratio of the average energies

B Ratio of the width of the spectra:

the observed spectra
of v,and v, events

_ N(E>E)
RELE)= (E>E)
N,
Rtot: Ntot
(= <E>
E™ <E>
_ o <I>
o=
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Shock Wave Effect

R.C. Schirato, G.M. Fuller, astro-ph/0205390 The shock wave can reach the region
relevant for the neutrino conversion
15
mn p ~10% g/cc
13 During 3 - 5 s from the beginning
=12f of the burst
P Al
; 1g : Influences neutrino conversion if
L sin29,, > 10°
27t : :
[ E : The effects are in the neutrino
é 5t (antineutrino) for normal (inverted)
i+ : _
g 3
25
-1 3
ID E
1
1

0° [/ | A 1)L (| L (|
Radius (cm)




Monitoring shock wave with neutrinos

G. Fuller

Studying effects of the shock wave
on the properties of neutrino burst
one can get (in principle) information on

W time of propagation

W velocity of propagation

m shock waverevival time

B density gradient in the front
W Size of the front

Can shed some light on

mechanism of explosion £




Ultimate oscillation

A g
LSND <

CPT-violation
IS
“ [}
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~~Sterile neutrinos’

Generic possibility of interest even
independently of the LSND result

Generation of large mixing of
active neutrinos due to small
mixing with sterile state

Produces uncertainty in interpretation
of results

MiniBOONE:

- checks v , - disappearance

- oscillations v, <—> v, and
V, <> Vg




Non-Standard Interactions

Non-oscillation interpretation K. S. Babu, and S. Pakvase
hep-ph/020422¢

uwt—>et v, v, (e m, 1)

Due to exchange of new neutral scalar bosons with M = 300 - 500 GeV

B [AL|=2 ®) keytoavoid boundsfrom p—>eee , etc.
B Michel parameter p=0 ®), LSND and KARMEN better consistency ??

B No effect for = No effect for ‘_‘decayinflight” =) |
pion decay can not explain LSND data for neutrinos

MiniBOONE can not check even if it will work
both in neutrino and antineutrino modes

B Observable ) e e > pt
effectsin ete-->vvy

Z0 --> et vy with Br=107



GP I-violation

G. Barenboim et al, hep-ph/0212116
After KamLAND: ultimate possibility?

A% A%

2 2

Bl L5ND

| -

II.|III'.?‘|ir|I|.'I i

Mass spectra of neutrinos and antineutrinos
In original scenario KamLAND

would see very small oscillation effect
" DParonhnirnm of Al

TILHED N2O10 0N (ONND)\

B Atmospheric antineutrinos. ~10 - 15%
averaged oscillation effect

B SuperK analysis of CPT excludes such’
apossibility?

B Strong oscillation effect for v, driven ’
by KamLAND oscillation parameters

~8% excess of the e-like eventsin the
sub-GeV region

B MINOS: checks of oscillations in the neutrin
and antineutrino channels

B KamLAND can not check LMA. However.
LOW, VO, SFP, etc., are not excluded yet,
further check by SNO, BOREXINO...
are needed

B MiniBOONE: null result in the neutrino mo
positive result in the antineutrino mode



Gonciusions

B The main developmentsin neutrino physics where rel ated to various
““neutrino anomalies’ (both real and fake).
The anomalies were driving force of both theoretical and
experimental developments

Are solar and atmospheric neutrino problems solved?
B After KamLAND: What isleft? LSND?
New anomalies?

B Does the standard picture’’ of neutrino mass and mixing emerge?
Do neutrinos change their character becoming more predictable?



WithoutiAnomalies

WEell defined program:

1). Determination of masses, mixings,

CP- phases

Precision measurement of parameters

2). Searches for new physics beyond

““standard picture’’
restrictions of exotics

3). I dentification of origins of
neutrino mass and mixing

Vwarning:
Future High Enerqy

experiments (LHC ...)
may have serious impac
on this program

“Technological problems”
absolute scale of neutrino
mass, CP-phases - big challenge

Non-standard interactions
New neutrino states
Effects of violation of

- CPT

- Lorenz invariance

- Equivalence principle

- Pauli princi ple‘

Reconstruction of neutrino
mass matrix
tests of the see-saw (and other)
mechanism
- flavor violation processes
- leptogenesis
- high energy experiments



Perspectives

DS tandard, I’SND e,

= (J(J 0 o
plicture comifiimee — ancmalies

Well defined program New perspectives: Lead to something
characterized by - new heutrino states unexpected

- further tests - hew interactions - NuTeV

- precision measurements - CPT-violation - Z9 - width

- searches for /bounds on - - ?7?

new physics

SOME MR oF (nese Secanaiosy



