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Motivations

* v masses and mixing — indication of New Physics
beyond the Standard Model

* typical explanations (see-saw) involve NP @ energies > Ag,,

* NP @ high energy often induces violation of unitarity @ low energy

We relax the assumption of unitarity of the leptonic mixing matrix
and we constrain the matrix elements

first only with present oscillation experiments and

then by combining them with other electroweak data
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I[s this Lagrangian well-motivated? ... let’s go into the flavour basis...
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In the flavour basis...
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M, — diagonalized — unitary (bi-unitary) transformation

K,; — diagonalized and normalized — unitary transf. + rescaling

l

source of non-unitarity

Non-unitarity in the MUV < non-normalized kinetic terms
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This affects both electroweak decays and oscillation probabilities...
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v oscillations in matter
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1. non-diagonal elements 2. NC effects do not disappear




N elements from oscillations: e-row

— AP

Only disappearance exps — informations only on |N,,|?

CHOOZ: A,=0 A, =Am:L[2E

ij

B, - 7) = (N + NP f 4N + 2Nl 4[N f V.o cos(ge)

| g
K2K (v,-v,): Ay P~
08 ™.
1. Degeneracy 2 ™. UNITARITY
*0.6;
2 2 2 Z /
Nel i NeZ S Ne3 ‘“i
% 0.4
Z
2 i i
2. |Na| v [N, >

gl Y

0 0.2 0.4 0.6 0.8 1
[Nes |

cannot be disentangled



N elements from oscillations: e-row

KamLAND: A,;>>1

ﬁ(ve _)‘76); Nel4+ Ne2 4+ N€34+2N612N€2 2COS(AlZ)
N, : sl NI g 1 i
‘Ne3‘2 ~0
KamLAND+CHOOZ+K2K
0.8’ \_\ ™
— first degeneracy solved o
~ 0.6 \\ \\
_ﬁ \\ \\
Z. "
_04 \\ \\
\ AN
N \
\
02 N
0 02 04 06 08 1

2
|Nell



N elements from oscillations: e-row
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N elements from oscillations:

Atmospheric + K2K: A,,=0

~ 2 2 4 2
B, v, )= (N N+l 2 8 o cos(a )

UNITARITY
1. Degeneracy . o8
N+ o [N, 2
E0.4-
- ’NM’ ’ ’NuZ‘ _0.2-
cannot be disentangled 0

0 02 04 06 08
|N,u3|2



with unitarity
OSCILLATIONS

without unitarity

OSCILLATIONS
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7 ...adding near detectors...
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Electroweak decays




Electroweak decays

= FSsz

With decays we can only constrain (NN') and (N'N),
we cannot extract the matrix elements
— we need oscillations!

Different from quark sector...
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(NN') from decays
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©) (NN') from decays
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D) (NN') from decays
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D) (NN') and (N'N) from decays
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(1.002+0.005 <7.2-10°° <1.6-1072
\NN*\z <7.2.10° 1.003+0.005 <1.3-107°
\ <1.6-10°° <1.3-10% 1.003+0.005 Experimentally
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1.00+£0.032  <0.032 <0.032
|N*N| ~| <0032 1.00+0.032 <0.032
| <0.032 <0.032  1.00+0.032) Estimation

(the most conservative)

— N is unitary at % level



N elements from oscillations & decays

(0.79-0.88 0.47-0.61 <020 °

with unitarity B

OSCILLATIONS U|=|0.19-052 0.42-0.73 0.58-0.82
0.20-0.53 0.44-0.74 0.56-0.81,
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without unitarity
OSCILLATIONS IN|=|0.19-0.54 0.42-0.73 0.57-0.82
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In the future...
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e t-row — high energies: NUFACTs
e phases — appearance experiments: NUFACTSs, f-beams
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Conclusions

If we don’t assume unitarity for the leptonic mixing matrix

e Present oscillation experiments alone can only measure
the e-row and part of the y-row

e EW decays probes unitarity at % level

 Combining oscillations and EW decays we obtain values for
the leptonic mixing matrix comparable with the ones obtained
with the unitary analysis

Future experiments will:
- improve the present measurements on the e- and uy-rows
- give informations on the r-row and on phases (appearance exps)

- test unitarity by constraining the zero-distance effect
with a near detector

- discriminate among different NP scenarios



