General four-zero texture mass matrix
parametrizations in the neutrino and quark sector

Lao-Tse Lépez Lozano
In collaboration with
David Delepine and Juan Barranco

Divisién de Ciencias e Ingenieria - Campus Ledn
Universidad de Guanajuato
18th Symposium on Particles, Strings and Cosmology.

June 7, 2012



Outline

v

v

v

v

Fritszch's matrices
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Fritszch's matrices

» Make able to generate strong hierarchy of quark masses with
small flavor mixing angles

» Suitable to accommodate the neutrino oscillation data
representing large mixing angles quite well

» Compatible with specific models of GUTs i.e. SO(10)

» Fritzsch-like texture 4 zero neutrino are seesaw invariant
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Fritszch's matrices

> Make able to generate strong hierarchy of quark masses with
small flavor mixing angles

» Suitable to accommodate the neutrino oscillation data
representing large mixing angles quite well

» Compatible with specific models of GUTs i.e. SO(10)

» Fritzsch-like texture 4 zero neutrino are seesaw invariant

Some interesting issues

» Does exist a parallel structure between strongly hierarchical
fermions and weakly hierarchical fermions?

» Can weakly hierarchical quark mass matrices are able to
reproduce the mixing data which involves strongly hierarchical
parameters?

» Does we have something new using non-hermitian mass
matrices?
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Mass matrix diagonalization

» Diagonal mass matrix

Mf = diag(m{,...,m{i) = U}EMfUR for f=wu,d {,v
» The hermitian squared mass matrix

Hy = MfMJf = UgMJ%U{T (Unitary transformation)

If M}Mf = U};M]%U};T (U}J; can not be observed)

» Diagonalizing Hy gives a mixing matrix of the form P}Of
» Free parameters in the general case of n generations
N=2?-n? — n — n - X
—~ =~ =~ ~~

mixing ~ masses  rephasing additional assumptions
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The non-hermitian 4 zero mass matrix

»  Fritszch matrix

0 Cy 0
Cel=1Cy 5 Arg(Cy) # Arg(C%)
Mm,=| ¢, Dy B with | HI=1] !
! ( J B; Ay ) Byl = By Arg(By) # Arg(B})
» Hierarchy
|Cfl << |Bf| ; |Ds| << |Ag| Strong hierarchy
|Cy| < |Byl i |Dyfl S 1Af] Weak hierarchy

» Removing off-diagonal phases.

Hy = MM} = Pl Py,

i=

with P; = e~ 2%diag (G%E7ei(¢c—¢>D)7ei(¢c+¢B/+E)) and

= = arctan [

asin(¢p + ¢pr — pa — ép) :|
d+acos(¢pp + ¢p/ — A — ¢D)
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The mixing matrix

> Orthogonal matrix (as in the hermitian case)
~ c? cd be

A= cd +d>+b> bld+adl with § = ¢! (¢p—¢p1—0n+04)
be  bld+ ad*| a? + b2

Dy = diag (m{,m3,m3) = O;H;O;!
» Mixing matrices
Vekm = O 'PaPlOy 5 Veuns = O, ' PP O,
» Additional phases

PfP}L, = e*%(Aadiag (1, ei®1 , ei¢2eiAE>

thus AZE = 0 is a good assumption, but not the only one.

14



Constructing parametrizations
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Invariants give 32 solutions, not all independent.
Tr(Hy) M+ A3+ A
T2 (Hp) — Tr(H25) = 20302 + 20202 + 2)2)2
Det(Hy) = A3

Chiral transformations makes able to choose A\; > 0
(IAi] = mai)

Every solution define different parameters spaces.
Masses, hierarchy and the value of § define which one is
phenomenologically compatible.
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The orthogonal matrix

O{] = Ui((m§)27 af, 5f)

v1(m3, a,8)

2+ —cd+d® — m2)(a® — bld + ad| + b2 — m?)
—b(c — |d + ad|)(=bld + ad| + b> + * + d* — m?)

vg(m?,a, 8) 7771?(0,2 + b2 4 2 7cd)+c(n,2 + bd)(c — d)

+b [c(b —c)+ mﬂ |d + ad| + mf
vg(m?,a,é) = [c(dfc)fm?] (b2+c2+d27b|d+a5|fm?)

+e(b— d)(b% + ¢ — cd + d* — m?)

» We have only one additional parameter with equations
difficult to solve.

> If we assume = = 0 we get § = £1, that means
¢p — ¢ — ¢+ P4 =mn
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Parametrizations

With 6 = 1 solutions of the invariants equations are

Here ¢/ = 4/ T0208 with X/ = X
m

TMmax —Mmin
MM max

> a(xf) = Mmax (1 —xf

i
3

(a/—1ivy) (=a’ $172) (g +a’)
a
= —a’ + M1 4+ m2 — M3

(a/*ml)(a”r,ﬁbz)(ﬁm*a’)

= —a’ +m1 — ma + m3

— \/(a”rﬁll)(a’*ﬁlz)(ﬁba*a')
al
= —a' — M1 + o + M3

» There are 3 independent forms to diagonalize Hy

> There are 9 possibilities to parametrize the mixing matrix.
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x? experimental inputs

» For quarks
» Masses (at the scale of Z)
» Mixing angles (Vckm)
» For leptons
» Limits on the mass difference of neutrinos
» The angle 6,3

0.97428 + 0.00015 0.2253 4 0.0007  0.0034770:90016
Vorm = | 0.2252 i+ 80(3)%%7 0.97345108;§§18§2 0.0410{%;%80(16%30
0.00862 50020 0.0403% 0007 0-99915274 500045

0.011 0.016 0.022

0.824t8,8;(7J 0'547t8'8ié‘ 0'145t8'8%%

Upmns = | 0.50070 051 0.5827 0053  0.6417 053

0.044 0.048 0.052
0.2671_0.027 0.6011_0.022 0'7541_0.020
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Four parametrizations for quarks sector

2
Xeuarks(@us ad, 8) = 3

2
9 (Vi (au, ag, ¢) — |Voru| 2
+ Xangles
i=1

SVekm

1 I
0.998 1 0.998 |-

0.996 0.996 -
=

T I 1
0997 0998 099 1

ool 111,
0996 0997 0998 099 1

0.998 - —~ 09981 —
. 0996 — 0996 |- —
I 1 I j
0.994 - — 0,994 |- —
0.992 - — 0992 - -
gl 0 ¢ T o § o el e T 5 F o 1 o
00996 0997 0998  0.999 10996 0997 0998  0.99 1
> ,
& 4
Parametrization 1 2 3
1 2 — 2 — 5 2 — 5
X2 in = 930.02 Ximig = 3:55 x 10 Xinig = 3:55 x 10
2 sz.n =1.43 x 10° Xogin = 1.270 Xjpin = 2.212
3 XZin = 4.50 x 10° Ximin = 1.44 Xinin = 2.163
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Nine parametrizations for lepton sector

3 3
314 _—w T .14 o 14 r T
2351 — 235 2.355 H
157 — 157 1.57
0.785 — —0.785 0.785 [
ol 11 oI, | o[ 1 |
0.0495 0.05 0.0505 0.0495 005 0.0505 0.0495 0.05 00505
4 T 314 T T 3.4
T r T T N T
=235 2355 —
— 157 157 -
—0785 — 0.785 —
i - P I R oL 1 |
0.0495 0.05 0.0505 0.0495 005 0.0505 0.0495 0.05 00505
A T T 314 : . 3.4
' 1 T \ 1 I T
235 — 235 2355 —
15T — 157 157 —
0.785 — —{0.785 0.785 —
ol 1 1 I PR S T ol 1 |
0.0495 0.05 0.0505 0.0495 005 0.0505 0.0495 0.05 00505
vz eV]
Parametrization 1 2 3
] — — 2 —
1 Xgpin = 4758 Xgnin = 0.009 i, =11.02
2 Xipin = 4798 Xpnin = 0.006 Xz, = 3.119
3 Xoin = 7-087  x2 . =0.456  x2 . = 0.006
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Something about 63

r — Using old results for 8 1
- — Current large value of 8, |
4+ =
3 =
x| ]
< [ |
2 -
1 -

0 1 L

Parallel parametrization (1,1)
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Conclusions

» Some class of non-hermitian mass matrices can be analysed
with the same number of free parameters

» Four zero mass matrix can deal with strong and weak
hierarchy with the same mechanism

» With this analysis we found that the mass of the third
neutrino is m,,, ~ 0.05eV.

» Predictions is highly sensible to the experimental
measurements
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