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NEUTRINOS
Experimental Data:

912 ~ 34°
923 ~ 46°
6.5° (7.2°)

9.6° (11°) T2K
5.7° (8°) MINOS
9.8° RENO

Guido Altarelli, et, al. Arxiv:1205.4670

Theory: Tri-Bimaximal scenario
012 = 35°%; O3 = 45°; 013 = 0°

013 =

M, = U*diag(my,, my,, my,) ut

a b b
M,=|b a+c b-c
b b—c a+c

Bi-maximal scenario:
012 = 45°; O3 = 45°%; 013 = 0°

X,
Y L G
BM = 5 5 A
1 i Y2
2 2
X y y
M,=y z x—2z|,5
y x—z z
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QUARKS
0.97428 0.2253 0.00347 )

V KM = 0.2252 0.97345 0.0410
C 0.00862 0.0403 0.999152

Particle Data Group

@ Nearest Neighbor Interaction (NNI)

0 ar 0
M= |=%ar 0 bf|;f=udl v
0 Cf df

H. Fritzsch,et, al. Phys. Lett., B697:357, 2011.

@ Mass matrices with two textures

0 ar 0
Mf: ar bf Cf ;f:u,d,&z/g
0 Cf df

H. Fritzsch and Z. Z. Xing. Prog. Part. Nucl. Phys., 45:1-81, 2000.
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Flavor Symmetries play an important role to understand mixings
Hajime Ishimori,et al. Prog. Theor. Phys. Suppl., 183:1-163,2010
Qs
@ 12 elements
Qe = {1,A A% A3 A* A% B, AB,A’B, A3B, A*B, A°B};
A [ cos (2m/6)  sin(27/6) B _ i 0
~ \—sin(27/6) cos(27w/6))’ - \0 —i
@ 6 irr-representation: 149, 112, 1_1, 1_3, 21 and 2.
@ 27 and 25 allow to construct mass matrices in NNI.

Qs works out very well for fermions in supersymmetric models.
K. S. Babu and Jisuke Kubo. Phys. Rev., D71:056006, 2005;

Yuji Kajiyama, et, al. Nucl. Phys., B743:74-103;

K. S. Babu, et, al. Phys. Rev., D83:095008
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SUSY SU(5) x U(1) x Qs Model

(A
How @ looks like within GUT scenario?

Matter content in the SUSY SU(5) x U(1) x Q¢ model

SU(5) Qe U(1)

(H{, H) 5 2 x

HY 5 1, -x

(AT, AY) 5 2 x

HS’ 5 1. X
(F1, F2) 5 2 3x/2
F3 5 1_3 | 3x/2
(T1, T2) 10 2) -x/2
T3 10 1_3 | x/2
(T, NS) T 2 5x/2
NS 1 1_1 | 5x/2

%) 1 1, 5x

3 1 1,0 Bx

Hjs 45 1,0 -X

Hys 45 1,0 X

® 24 o 0

We assume that R-parity is conserved.
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Explicitly,

Hua

we have
C
d,-’1 0
c _ 1€
i2 J,3
_ c T?b _ 1 U-C2
= ¢ , =
i )
e di

HY g9
() ()

h+u hOd
B (hO“) = (h—d>

Va5, <H45>15 = —3v4s;

= Vs, <H4'5>15 = —3vs;
= Vs, <¢> = Vs, aaﬁ = 172a3'

Juan Carlos Gémez lzquierdo, Myriam MondrQg as the Flavor Symmetry in the non-minir

ST~ T=
~

~
+
o

June 8, 2012



W = V2l (AT~ RTa) HY +V2ys (RTsHS - RaTsHY)
+Vay§Fs (TS — ToH{ ) + Vayd B TaHg
+y7f (TiT2 — ToT1) H3 + %‘u (T1T3HS — T2 T3HY)
PBT (i - o)+ T T

+V2Y1 (FiTo — FaTh) Hig + V2YaF3 T3Hs

+y1 (Nf F2 — N3 F1) H3' + y5 (Nf FsHy — N3 F3HY')
+y3 N3 (FLH; + FoHY') + yi" (NfoNT + N3pN3)
+y2" N3 o Ns.
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Masses and Mixings

In the SU(5) basis, the mass Neutrinos
term is written as

—L = frM¢fy + NeMprj, + %NRMRNE, T he. 0 Ap BD,
. MD = —AD 0 _BD
Quarks: /
Cp CD 0
0 Au Bug\ Mgl = diag(xx,y)
Mu,d = _Au,d 0 _Bu,d
C“vd o llj,d Du,d M, = MZ)—MEIMD.

i hOu — hOu hOd — hOd
Assumming: Z 1" and b L

Charged leptons:
The free parameters are reduced

0 —-A B , /
My=|A 0 -B Bf = By, Cr = (.
G -C, Dy

f=ud¢D.
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Therefore, we end up having

0 Ar B A2 1 B? B2 AC,
Me=|-Ar 0 —Bf|; M, = B2 A2+B2 ACG,
¢ -G Dy AC,  AC  2C?

Making a rotation: fR,L = Uﬂ./4f1R,L = Myf = U7Z—/4MfUﬂ./4.

1 1

0 Af 0 V22 °

le = —Af O _\/iBf ) U7r/4 = i i 0
0 —V2Cr Dr V2 V2
0 0
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In order to obtain the U;g, we must build the bilineal form.

My = diag(in, o, 1) = Ul o Mie Uy
MIfle = UIfL/\A/’If/\A”NUm: UIfLQf(MIfMIf)Q}LUIfL
We appropriately choose Ui = QfOp.
. A2 0 |Ar||B|
(Micme)=1{ 0 |AP+]GP [ CellDyl
\Ael|Be|  |CelIDel  |Bf[? + | Df|?
, . 1+ Pr—y*—R 2
|Afr| = qfa|Bf|:\/+f i f—(c”);
yr 2 yr
. L+ Pr—yt+Rr ar
Gl = \/ 5 £ (& |Df|—yf
Y
42 4 2 2
Re = \J(L+Pr—yt)> —4(Ps +qt) + 827

T _afsz0 m2
Pr = mip+ mye, qr = \) i,

K. Harayama et al. Prog. Theor. Phys., 97:781-790,1997, K. Harayama et al.Phys. Lett.;-B387:614-622,1996.
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Therefore, Uy = Uy /4Qf O then

Vekm = Ul Ugr = 0 QqOur; Qq = diag (1, exp iy, exp i)
Taking into account neutrinos, we rotate v; = U, 7.

M, = diag(m,,my,,my) = U MU, = Uj,ul,;M,u4Uy,
- U17,—/M1VU1V - Ul—II_/PV/AVhVPVUlV - O];,_IAW].VOV'

A +2|B,[> V2IAIC| 0

V2

Mlu — \/§|AV||CV| 2|C1/|2 0
0 0 |A|?
1o, L
V2 2
Ur/a = i 0 if
V2
0 0
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Orthogonal neutrino matrix is given by

J My (Mo + My — mug + Ry) J oy (Mg + muy = mug + Ry )

0
O (myz — m”l) (muz = My + Myz — Ru) (mle — m“l) (mL,2 — My — myy + RL,)
v — My, — My +mu; — Ry My, — my; — m3y, + Ry o
2 (mu2 — m“l) 2 (m,,2 — m,,l)
0

0

2
R, = \/(my2 + my, —my,)" —4my,m,,.
@ An inverted ordering,m,, > m,, > m,,, is predicted.

@ There is a sum rule: m,, < (\/m,, — Vo7 )?

Then, U, = 7r/4P,EOV. Therefore, the PMNS mixing matrix is given by

V=U/UK=0/Q]S»Pl0,.K
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01200110 + 0320021, exp (if13e)  O120 0120 + 0320 0221 exp (ifi3e)  Oop exp (im2e)

v (One O111 + 03100211 exp (i7j3e)  O1100120 + 03100221 €xp (if3e)  O21¢ €xp (i772e)> K
01300110 + 0330021, exp (if3e)  O13¢ 0120 + O330 022y exp (ifize)  Oa3p exp (in2e)

Comparing with the PDG parametrization, we obtain

| 022
V1= 10212
| 0110012, + 031002, exp (ifze) |2
|O11¢011, + 031/ 021, exp (iff3e) |2

|sin¢913\ = ‘0213‘, ]sin923|:

‘ tan 912’2

A. Mondragén et al. Phys. Rev., D76:076003,2007
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Quarks: x? analysis

v = 0.95355510%5 y, — 0.9602600° 39202
B - Laas186*OOTNS, B, - Lagiont ‘GRS

X2, = 0.06136717.

++0.0001849 +0.0007666 ++0.000347107

0.974274116)‘(%)6)71676881 0.2253394;&]k)({)({]()l%os()?4 0'003492633;00‘0%01%32%562803

Viewkm = { omsetoggs  Domusslogn,  O0uesgug
0.008577626 " g00534336  0-040329117 ¢ 5754501 0.9991496 4 500556

For the Jarlskog invariant, J = 2.916157133599 x 107°.
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Figure: Allowed region for the three CKM mixing angles as function of the four

free parameters in the quark sectoe at 65% (orange color) and 90% (yellow color)
of C.L.
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Neutrinos: x? analysis for sin® 205 and sin? 6%,

4
Ye = 0.84787050% 1o
oth +0.66 0th +0.03
923 — 46‘18—0.657 013 - 3.38_0.027
2
Xmin = 0.85
© om| 1
>"4 084 | / +4 /
.9 .92
sin” fog sin” 26,5

Figure: Atmospheric and reactor mixing angle values at 65% (orange color) and
95% (yellow color) of C.L.
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For the solar angle:

2
My < <</m§3 +Am? + Amry, - </ml%3 + Am/24TM>

0<m, <4x 107% eV. As a result, we obtain

m,, ~ 5.0+0.087 x 10 2%eV,
4.90 4+ 0.089 x 10 %eV

Q

my,

In order to calculate the solar angle we consider:m,, = 0.05080 eV,
m,, = 0.04987 eV and m,, = 3.9 x 107° eV; ij3. = 7 and using the y.
value at 90% at C.L, we obtain for the solar mixing angle

0Ly = 36.62 + 4.06.
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Figure: Solar mixing angle values as function of the y. parameter and the m,,
neutrino mass considering m,, = 0.05080 eV, m,, = 0.04987 eV and 3. = 7.
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Conclusions

@ We have reproduced successfully the CKM mixing matrix which is
consistent with the experimental results.

@ The model predicts a notable inverted hierarchy among the neutrino
masses and an appealing sum rule of the neutrino masses appears
such that it turns out fundamental to determine the neutrino masses,
and therefore, the solar mixing angle.

© As main result, we have that the atmospheric ( 05: = 46.1875:5%) and

solar angle (Hf;h = 36.62 + 4.06) are in good agreement with the
experimental data, however, the reactor angle is not consistent with
the global fits but it is not completely negligible and this is so large in

. - . . th
comparison to the tribimaximal scenario, 9{3 = 3.38J_r8:83.
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