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_eptonic flavour mixing

The Pontecorvo-M aki-Nakagawa-Sakata matrix:

FlavourBasis 0 MassBasis
("™ ) =3 v < (M)

and Its space-evolution:

L) > (v 5|+ V‘DQB )

Am? 1
|: oF, :| — oF, dlag(oa Am%lv Am%l)

[A] = diag(vV2GrN.,0,0)
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The PMNS matrix
o |Am? | =(2.6+£04)  102eV?

a

O AmQOl — (8.3 T 0.4) . 1072 eV?

S

o sin?fy3 = (0.33 — 0.68) at 3¢
o sin?f;; = (0.22 — 0.38) at 3¢
e sin’fi3 <0.041 at 30

e Thesign of Am?,
e The 0,3-0ctant

e |[s f5 different from zero?
e Is o different from zero?
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Two more missing pieces

e The absolute neutrino mass:
tritium decay experiments;
cosmological bounds (WMAP, PLANCK, ...

e Majorana or Dirac neutrinos?
neutrinoless double-5 decay experiments;
plenty of additional phases,
needed for LEPTOGENESIS.

| will not cover these two 1items in this talk.
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Neutrino sources

e Natural sources:
The Sun — v,
Cosmic rays — v, v,

Supernovae and relic SNs —; v, v, v,
(wait for gadolinium SK!)

Geoneutrinos ! — 1,

*
*
*
*
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Neutrino sources

e Natural sources:
% The Sun — v,
% Cosmic rays — v, v,

% Supernovae and relic SNs — v, v, ;
(walt for gadolinium SK!)

% Geoneutrinos !l — 1,

e Man-made sources:
/\ Reactors: n — pe v,

A\ Conventional beams: 7= — u* v,(77,,)
/A Neutrino Factory: u* — e™ v, U.(v,, V)
/\ Betabeam: ® He — 7., 1®* Ne — 1,
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Foreseen bounds on 645

e
H
N
: EXP (913 SiH2(2(913) Sin2 (913
- Global Fit| 11.5°  0.157 0.041
- BEAMS
. K2K ? ? ?
- MINOS | 6° 0.04 0.01
L] — &° — 0.08 — 0.02
. CNGS | 5° 0.03 0.008
R S 7° 50.06 — 0.015
N
- P, ~
N
N

1 — sin?(2653) sin” [Aatsz} - O Kﬁ) sin 013 cos 5}

Sensitivity loss due to (6,5 — 0)-correlations
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Foreseeable bounds on 6,5 (1)

EXP 913 Sin2(2913) SiIl2 (913

Global Fit | 11.5° 0.157 0.041

SBEAMS

JHF-I 2.2° 0.006 0.0015
(T2K) — 3.3° — 0.013 — 0.0030

NUMI-OA 2° 0.005 0.0010
(NOvA) | —3.5° — 0.015 — 0.0040

SPL 1.2° 0.003 0.0007

— 2.9° — 0.010 — 0.0025

Sensitivity loss due to (6,5 — 0)-correlations
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Foreseeable bounds on 65 (2)

EXP (913 Sin2(2913) SiIl2 913
Global Fit 11.5° 0.157 0.041
REACT.
Japan 4.5° 0.025 0.006
USA 3.5° 0.015 0.004
FU (D-CHOOZ) | 5°  0.030  0.008

2
Pee = 1 —sin®(2613) sin® [Se422] + O {(AA—WZ) }

no sensitivity loss due to (¢35 — ¢)-correlations
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Around 2012...

After the wave of conventional beams and first
generation superbeams, and of high-power reactors
experiments, we will know something more on the
PMNS matrix:

> mass differences Am?

atm)

Am?  at some %;
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Around 2012...

After the wave of conventional beams and first
generation superbeams, and of high-power reactors
experiments, we will know something more on the
PMNS matrix:

> mass differences Am?,  Am?  at some %;
> mixing angles 0,5, 055 at 10 %;
> the value of 6,3, If large;

> the sign of Ams3,, if lucky.

Precision measurements of the LEPTONIC MIXING
will start with the next-to-next generation man-made
sources, the Neutrino Factory and/or the Beta Beam.
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- Appearance Signal at a SB

wt = Uy, Ve — €7 Background
%
V), —> Ve —> € Signal

The oscillation probability Is

P;te =~ X:|: Sin2(2 913)

AatmL>

+Y. cos (6 + cos 013 sin(2 613)

+Z + ...
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The Coefficients

For the golden channel we have:

Xy = atmfo(HQ?nALE)
Y:I: s Asol X Aatm X fY (9127 ‘9237147 L7 Ez/)
A — Agol X fZ (‘91270237147 L7EV)

(+ neutrinos, — antineutrinos)

Roma, 15 Ottobre 2004 — p.18/3



The (613, 0) correlation

The number of signal electrons is:

Ne—(H_lg,é_) — {Ee ® O',/e ® P;;(élg,g) ® (I)Vu}

N (013,0) = Ni(b13,0)

By changing (¢,3, o) accordingly,
curves are drawn in the (¢,3, ) plane.

E+AFE
E
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- The (63, 0) correlation (2)

The number of signal electrons is:

—(013,0) {Ee & 0y, & PJZ(H_B,(S) R b, }E+AE

1 (N N = _ 1
Nj:(el?n 57 Satm s Soct) — Nj:(el?n 57 Satm s Soct)

where

sign(Am?2, ) = +1
sign(tan 20,3) = +1

Satm
Soct
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Solving degeneracies
It is possible to compute analytically the location of
each clone in the (63, 0) plane as a function of
e the flux and the beam characteristics
e the input parameters (6,3, 9)
A.Donini, D.M€loni and S.Rigolin, hep-ph/0312072

E.g., for the Intrinsic clones in vacuum:

_ 1 _ _
SiIl2 2913 — SiIl2 2013 + ﬁ [1 + 2D cos 0 sin 2(913]
These results can be used, in principle, to design

experiments with complementary characteristics to
solve the parameter degeneracies.
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The understanding of the clones location permits to
study a SETUP to solve most of the degeneracies.

Two

>

nossible setups:
"he Neutrino Factory

>
Both

"'he Beta Beam
facilities are multi-sources plants, including:

e one SuperBeam facility
e two 1 or heavy ion decay tunnels
Neutrino Factory setup:

A. Donini, hep-ph/0310014; NuFact03, New York

BetaBeam setup:

J. Bouchez et al., hep-ph/0310059
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Bunch 2.2 GeV Superconducting H Linac
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Muon decay ring
Bow-tie on mcined plane

Neutrino Factory schematic (isometric view)




- The Golden channel: v-factory

A. Cerveraet al., hep-ph/0002108

ot
ut = Uy — pt Background
Ve = V), —> [ Stgnal

The oscillation probability Is
Pej; — Xj: Sin2(2 913)

Aa, mL .
+Y cos (5 F ; ) cos 013 Slﬂ(2 913)

+Z + ...
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- The Silver channel: v-factory

A. Donini, D. Meloni and P. Migliozzi, hep-ph/0206034

6+

N Uy = 1
Ve > Vr T — U

The oscillation probability is
P:t XT sin (2 (913)

Aatm[/

—~Y] cos (5 F— ) cos 013 8in(2 613)

S A ———
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The Coefficients

For the golden channel we have:

Xy = atm X fX (‘923714 L E)

Yi = Ay X Aypn X [y (012,003, A, L, E,)

/4 — Agol X fZ (‘91270237A7L7EV)
For the silver channel we have:

XL = (033/3%3))@
Y] = Y.
47 = (3%3/033)2

(+ neutrinos, — antineutrinos)

Notice: X, Z interchange 6s3 — 7/2 — 3.
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The intrinsic clones
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The v-factory/detectors setup

CERN design for a 2.2 GeV superbeam
and a 50 GeV Neutrino Factory

e 40 Kton Magnetized iron detector (MID)
L = 2810 Km (Canary Islands)

A. Cerveraet al.,
Nucl. Instr. Meth. A 451 (2000) 123; NuFact99, Lyon

e 400 Kton Water Cherenkov (WC)
L = 130 Km (Frejus)
A. Blondedl et al.,
Nucl. Instr. Meth. A 503 (2001) 173; NuFactO1, Tsukuba

e 4 Kton Emulsion Cloud Chamber (ECC)
L =732 Km (Gran Sasso) or L = 2810 Km
D. Autiero et al., hep-ph/0305185; NuFact03, New York
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NF—golden (2810 km)




NF—golden (2810 km)+ silver (732 km)




NF—golden (2810 km) + SPL—SB




NF—golden (2810 km)+silver (732 km) + SPL+SB
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The Golden channel: 5-beam

6+

18Ne |5 ¢ YF
Ve —> V) —> [~ Signal

The oscillation probability is
Pe:z — X:t Sin2(2 (913)

Aoz mL :
+ Y. cos (5 + ; > cos 013 Slﬂ(2 913)

+Z 4+ ...
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The S-beam/detector setup

CERN design for 2.2 GeV superbeam
and a low-v 3-beam:

v = 60 for ® He; v = 100 for ' Ne

e 440 Kton Water Cherenkov (WC)
L = 130 Km (Frejus)
UNOQO Collaboration, hep-ex/0005046;

D. Casper, Nucl. Phys. Proc. Suppl. 112 (2002) 161.

The high-+ option must be considered seriously:

J. Burguet-Castell et al., hep-ph/0312068
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i3 = 1°,4°,7° § = 45°






Conclusions

The next generation of neutrino experiments (beams,
first generation superbeams and reactors) will
Improve our knowledge of the leptonic mixing matrix:

> mass differences Ams3,, Am7, at some %;

> mixing angles 5, 653 at 10 %;

> the sign of Ams3,, if lucky;

> the value of 03, if 013 > 3°(sin” 2613 > 0.01).

Some (unexpected ?) presents could originate In
natural source experiments, in particular from
cosmology and supernovae.
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Conclusions,2

The precision era in the leptonic mixing will start only
with the next-to-next generation: the Neutrino Factory
and/or the BetaBeam concepts.

In this phase, we will start
the quest for leptonic CP violation.

A non-vanishing phase ¢ i1sakey ingredient in leptogenesis
(the most popular theory for baryogenesis, nowadays).

It is crucial to combine experiments and neutrino
sources to solve the severe parameter degeneracy that
obstacles a clean measurement of ¢.

So what?
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