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Mixing Angles

Mixing Angles experimental values

Quark mixing angles:
67, ~ 13° £ 0,05°, 63, ~2,37° +0,06°, 67; ~ 0,93°
Lepton mixing angles:
Am3y =T7,67705 x 107%V2, 0], =34,5° +-1.4°
—2,37 40,15 x 1073eV%,  (m,, > m,, > m,,)
Ami, =
+2,46 + 0,15 x 1073eV2,  (m,, > m,, > m,,)
o
o = (923733), Ol <790

M.C. Gonzalez-Gracia and Michele Maltoni, Phys.Rept.460:1-129,2008.

A. Ceccucci, Z. Legeti and Y. Sakai “The CKM quark mixing matrix” Phys.Lett:B667:1,2008.
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Mixing Angles

Possible hierarchies for neutrino masses
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B. Kayser arXiv:hep-ph/0506165
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Mixing Angles

Quark Lepton Complementarity

@ The solar angle and Cabibbo angle complementarity:

015 + 07, = 45° + 1,5° + 1,45°.

@ The atmospheric angle and 63; angle complementarity:

o
04+ 0% = (44.677332)

@ The 0]; angle and 67, angle complementarity:

015 + 07 < 8,8°.
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Mixing Angles

Unified Treatment of Quarks and Leptons

The similarity of quark and charged lepton mass hierarchies
suggests the use of similar Fritzsch textures for all Dirac fermion
mass matrices in the leptonic sector

ME® =ptirFp,

1 0 0 0 |a 0 1 0 0
MP) = 0 e o lal b ¢ 0 &% 0
0 0 e 0 c d 0 0 €°
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Mixing Angles

See-saw Mechanism Type |

Mz(/F) _ Mz(/F)(Mz(/F))_le(/F)T
L D R D 1 (F) T
(F) _ pt jiy(F) i1 (F) v
M = pinllp, (P;MVR PR) (PgMVD PD) ,
Symmetry of MVL' lVI,,L = MV-’;, fixes the right handed Majorana

neutrino phases, ¢,, = nm.
The right handed Majorana neutrino mass matrix is real and

symmetric.
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Mixing Angles

Invariance of Fritzsch Texture

The Fritzsch mass texture is invariant under the operation of
see-saw mechanism.

0 |ay, e 0
— inm
M,,L = |aZ,L|e by, a |,
0 Cy, d,,L
2
— |a”D‘2. d = dVD
v \aVRI ! Vi duy?
2 2 _ 2
b <, Cop b”R d”R |a,,D\ 260,
v, = d d 7€
Ve v r Ve ‘
Cv, Cu ‘31/
_ “p™r D
+2 (b, — S48 ) 2y cos(in, + ),
* *
c, = Cvp dVD Cvp aVD . Cvp aVD d”D ein7r
VL dVR ‘aVR‘ IaVRldVR

In general the left handed Majorana neutrino mass matrix is
complex, i.e. no hermitian.
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Mixing Angles

The matrix M(F) can be diagonalized by an orthogonal real matrix,
O, so that: )
0" MFIO = diag (my, mp, ms),

where m; with / = 1,2, 3, are the eigenvalues of M)
Then,

MF) = TP p = PO diag (my, my, m3) QT P.
Now with the unitary matrix:
U=0"P,

we have,
UMBIUT = diag (my, mo, m3).
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Mixing Angles

In our case, m3 > my > my, with my = —|mp| and d =1 — 6.

F) N °
M(F):T3: PR =m0 [ gl hib

0 a5 hh 1-4

where r771 = m1/m3, r772 = m2/m3, fl = (1— Ffll —5),
f2=(1—|—ﬁ12—5).
0<d<1l—m.
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Mixing Angles

Diagonalization of Fritzsch Texture

uMB Uyt = 0T PPTMF) PPTO = diag (i, fin, 1) .

D1 = (1 — 5)(ﬁ71 + hv'72)(1 - hv?l), D2 = (1 - (5)(!711 + ﬁ"l2)(1 + IT'72)7
D3 = (1 —6)(1 — my)(1 + my).
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Mixing Matrices

Mixing matrices

UE’;(M(PMNS) = Y yaet = (O)UT(V) ’Dq(l)©d(e)7
where

P = diag (1, &40, €} | G0y = du(e) — D).

At first order in m; /m;, with i = u,d, e, v:
The Cabibbo(Solar) angle,

Uth M) | Mue) o | Mawy) Mue) $a(l)
2 pq(l) us(e2) Ms(p) — Me(u) Ms(1) Me(p)
tan“ 0, = ‘Uth ‘ ~ ~ — = — )
d(vy) Mu(e) d(vy) Mu(e) (1
d(el 1 + == 2 —L ——% cos p9
ud(el) My(1) Me() Fetig) i) 0% ©
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Mixing Matrices

Mixing Angles

Mixing angle 63, (Atmospheric),

ot = (0] (- o

tb(73

Mixing angle 9;’3 (Reactor),

\/—(FF)
1-| Usz . v
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Mixing Matrices

x2 fit for lepton mixing angles
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Region of parameter space(green area) in which we can reproduce
simultaneously the solar(red line) and the atmospheric(pink line)
angles.

0,06eV <m,, <0,068eV, 0,062<6, <0,085
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With qbq(’) = 90°, maximal CP violation in both sectors

@ Charged lepton masses:

me = 0,5109 MeV, m, = 105,685 MeV ~ m; = 1776,99GeV
@ Neutrino masses:

m,, = 44x1073V  m,, =9x1073%eV m,, =50x1072eV
@ Theoretical values of mixing angles:

01, ~ 33,9° 0h3 ~41,5° 015 ~ 3,58°.
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Mixing Matrices

@ Quark masses:
my, = 2,75MeV  m. = 1310MeV my = 6,0MeV ms = 120 MeV
@ Theoretical values of mixing angles:

67, ~ 12,8° 603, ~1,4° 67, ~0,07°
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Quark Lepton Complementarity

Quark Lepton Complementarity

The solar angle and Cabibbo angle complementarity:

tan («9?2 + 9{2) =1+ A,

1 1
(o)t (Breg) ema)|
A%.g_ o % 1 X
(1+ﬁg—;) (145 2)?-
. 1 -
o) (En) - (rma)|
x I
(Fe+2)? (Fr2e)”

07, + 01, = 45° +1,7°
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Quark Lepton Complementarity

The atmospheric angle and 63; angle complementarity:
tan (023 + 023) =1 + A23,

1— (VB = VD) [(Vig = V&) +1] - (VB3 — V3
1= Vo, —V3)(V3a — V5,)

095 + 04 = 45° — 0,8°,

th _
Az =

The 9{3 angle and 9f3 angle complementarity:

VBV - VBBV - VE)
1= /BB (VB — V(g — V)

tan («9?3 + «9;’13) =

075 + 9{3 ~~ 4°.
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Quark Lepton Complementarity

The effective Majorana neutrino mass

<mee>max = |U§1IA7:I,,1~—|- U§2r~nl/2 + U33ﬁ71/3‘
4 ~ /
< ee>max myl mVl + 2 frTT:,Z ZZ; (mVl - ml/2 COos ¢)l))

~ 2 o >
(1+5) (”Té)

(Mee), = 0,028eV
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Conclusions

Conclusions

© The strong hierarchy in the mass spectra of the quarks and
charged leptons explains the small or very small quark mixing
angles, the very small charged lepton mass ratio explain the
very small 9{3 which, in our scheme, is independent of the
neutrino masses.

© The see-saw mechanism type | gives very small masses to the
left handed Majorana neutrinos with relatively large values of
the neutrino mass ratio my, /m,, and allows for large 0{2 and
053 mixing angles.
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