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Motivation

X 1998: Lepton Family Number Violation [Secular low violated]
X Implementation of seesaw Type-I (g) and Type-llI (X)
 Extending the Gauge Group: [ Leike; Langacker ]

SU(S)C (%9 SU(Z)L RU1)y® U(l)x

with o [ Ma, Roy, Sarkar ]
o a b Z bL;
i=1

* Gauge anomaly cancellation = prediction of two zero textures (m,)
X Minimal Higgs sector: doublet H (neutral) and singlet S (charged)

k Richer Phenomenology:

o If kinematically accessible: detectable at LHC
o New gauge boson Z’
o Nonstandard neutrino interactions
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Anomaly-free Constraints

[ Gross, Jackiw
Bouchiat, llliopoulos, Meyer

A, (2 Al xd) e Georgi, Glashow ]

A, :%xq+ ng, -2 me_o

i=1

ne ny;
A5:nc<6x3~3x3~3x3)+Z(2xgi ) Z w3'Zx2_l:

i=1

nG
Ag =ng (6xq —3x, — 3xd) + Z (2 xg; — %) me - 32)((” =0
i=1
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Anomaly-free solutions

nG
= Z b;L;
=it

Under the gauge group U(1)x, the charge for the quarks qp, ug, dg, is
universal, x; = x;, = xg = a/3, while the charged leptons /;, eg; have the
family nonuniversal charge assignment xy; = x,; = —b;, with all b; different

k<nx,

ng

Z bi == Z bj = Nnga
i=1 J<ng
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Anomaly-free solutions

X Minimal seesaw type | and/or type Ill with ng + ny, < 4
X Charged lepton mass diagonal i # j # k and b, = b;/a
X Purely leptonic symmetry when a = 0

ng | ny | Anomaly constraints Symmetry generator X

e R =S b =0 B—3L; — V(L = L;)
bi+bj:07bk:0 Li*Lj

0 2 bi+bj:07bk:0 LivLj

2 1 bi+bj:3a, bk:() B*3Ljvb;(Ll*L])
bi-‘rbj:(),bk:o Ll—LJ

1 2 s b = oy = S B—3L,— bi(L; — L)
b = b0 K —L;

B 0 bbb =34 B=L)*+ (1= b)(L; —L;) + (1 =bpi= L)
bi Jr bj + bk == 0 *b:(L, e Lk) S b]/(L] o Lk)

O 3 b1+bj=0,bk:0 Li*Lj

3, 1 bi+bj:3a~, kaO B*3Lj*bi(Ll*Lj)
bi+bj:07bk:O Li*Lj

1 3 bi+bj:03bk:0 Ll—LJ

2 2 bi+b;=0,b=0 Li—L;
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Yukawa interactions

Y, GrurH + Y4 GrdrH + Yo CrerH + Y, CrvgH
+ %mRVECUR + Y, vECupS+ Yy vE CupS*

+ %mgTr (ZTCE) + Yr it H

+Y;Tr (87C) S+ Y, Tr (B7CE) $* + He

Seesaw type-l and type-II

m, >~ —mp MEl mg —mry Mgl m%

where
mp :YV<H>, Mp :mR—|—2Y1<S> —|—2Y2<S*>
m7 =Yr(H), My = my + 2Y5(S) + 2Y4(S*)
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Neutrino two-zero textures

[ Frampton, Glashow, Marfatia ]
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Two-zero textures compatible with data

=) =)

A1:

e

*
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0 [ Frampton, Glashow, Marfatia
& Z.-7. Xing
5 W. Grimus, Ludl
Ludl, S. Morisi, E. Peinado
R Meloni, Blankenburg
% Frigerio, Villanova del Moral
0 Fritzsch, Xing, Zhou ]
0
Z o my is diagonal with

proper ordering .

o This textures are viable
and imply correlations
among the data
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Viable type I (type Ill) two-zero textures

X Case: ng = 3 (ny, = 3) with mp (m7) diagonal

X All cases belong to the permutation set P;

0=k Figk
Mg » D, |x x 0 By, | 0
¥ 050 (0F- =55

m,;, Al A2
ki) k()
Mg s B lix 0k x B; |0 0
02 = () R

m, B; B,
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3) with mp (mr) non-diagonal

3(!’[2:

* Case: nR

& All cases belong to the permutation set P,
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2yand np.—3 (ny — 3)

2(712:

* The cases with nR
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X The cases of type I/lll mixed seesaw with ng = ny, = 2
e mp and mt contain the maximum 4 zeroes elements

mp

mr, My,

m,

(=}

B,

OO

T A A ey L e DY
* © o *

=5 =) * o

R N ke N N g

B,
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Anomaly-free and viable two-zero textures

Symmetry generator X | %] Mg m,
FRERES S 2 D,
B+3L,— L, —5L; % T
B+ 3L, — 6L 3 (Mg)11 = (Mg)23 = (Mg)33 =0 -
B4 9L,— S i 6
B L, 3L il 2 D,
B 13L. 5) = 2 <
B+ 3L, — 6L, 3 (Mg)11 = (Mg)22 = (Mg)2s =0 Z
ByoL. ol JH 6
BT T, - Bl 2 B,
B= 1} 135, o& ) "
B+ 3L, — 6L, 3 (Mg)13 = (Mg)22 = (Mg)33 = 0 2
BZ3E, olg— i 6
RN i 2 B,
B 1, iy Tals 2 .
B— 6L, +3L, 3 (Mg)12 = (Mg)zz = (Mg)s3 = 0 7
BLBL, 9L, T 6

For a mixed type I/11l seesaw scenario with ng = 3 and ny; = 1 only the
solutions with |x;| = 3 remain viable
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Phenomenology

X Minimal scalar content: a doublet H and a complex singlet S :

V=—m?HH+ XNHH)? - m2S'S+ Xs (575)2 + B (s's)(H'H)

* Spontaneous breaking of the gauge group (v ~ 246 GeV)

0
o Ry S
7 V2

with m* > 0 and m% > 0
X For V to be positive-definitive A\, \s > 0 and 3? < 4\)\g
X Massive gauge bosons: W+, Z and 2’
X The massive h and s mixes (limit vs > v and AsvE > AvP)

Bv
2AsVs

82
mf:2<)\—4v/\s Vim0~
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X The mass of the new Z’ gauge boson

mzr = \Xs| 8xVs

X An indirect constraint on my from analyses of LEP2 precision
electroweak data:

my

8x

* Depending on the charge x;, different lower bounds on the breaking
scale of the U(1)x gauge symmetry are obtained are

= x|'vs > 1355 TeVY

| =2, 36 A =" V5= 6.5 de AT T 25 Ty

% To put limits on the my the gauge coupling strength must be known

& ~01 =— my > 1.4 TeV

X Could be probed through the search of dilepton Z’ resonances at the
final stage of the LHC, y/s = 14 TeV TeV and L ~ 100 fb~!

% pp collisions (ATLAS and CMS) at /s = 8 TeV and integrated
luminosity of about 20 fb~! requires my > 3 TeV
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Non Standard Interactions
[ Wolfenstein |

Lnst = —2V2 Gr el (Tavulvg) (FY*PY)

X The dimensionless couplings sgpﬁ encode the deviations from Sl
* If NSI are mediated by intermediate particles: mys; ~ 1(10) TeV

le] ~ miy/mys = [e] ~107% (107%)

X For the extra U(1)x model one has

Vz xfxl,a
o e 5045
2vs  xg :
* Model-independent bounds [ Ohlsson ]
|5|<42\5 |<OO68|5 2 ext21.0

€S| < 2.5(9,| < 0.046|2.| < 9.0
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Non Standard Interactions

Lower bounds: breaking scale vs, Earth-like (V;B) and solar-like (v?) matter

(X1l v? [GeV] v? [GeV]
et @ 522 539
(5,1 723 849
Goaa s 106 133
(9, 23520F =g 692 837
(1= 905 934
i R 1617 1898
(3,—6,0) 3 1181 1386
(Gge3) | 6 1198 1451
(S 4 o 522 539
(e 5| 5 905 934
(0,3, —6) 3 545 481
(=38 20y |95 723 849
Conr 3 905 934
(o1 Sokgjt 1168 1205
(0:263) 3 771 680
(3 W ori 723 849

18 /21



Branching Ratio Plane
[ Diener, Godfrey, Martin ]

% Flavour model discrimination
‘ 2

/ TaY e 2 2
F(Z "?ff) o= Emzl (fo +fo> s

in the limit my << mgz

i olpp=>Z — bb) K&
VT Glpp—Z > ) 3 B

alpp — Z' > t1) " T Kpas

o ~ it
T olpp— Z = ptpm) 3 B
Sl olpp— 2 —7777) e b‘g
T elpp— Z s ptpt) B

* K ~ O(1) factors incorporate the QCD and QED next-to-leading

order corrections
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Leading to neutrino mass matrix patterns of type A; ; and B3 4
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Conclusions
X Extensions of the SM based on Abelian gauge symmetries U(1)x

ne
e Z b:L;
=i

X We looked the possible charge assignments that lead to cancellation of
gauge anomalies and to a predictive flavor structure for m,

X We restricted the charges so charged leptons are diagonal and

 therefore m, is directly linked to low-energy parameter

k" We found that only a limited set of solutions are viable, leading to
two-zero textures of the neutrino mass matrix with a minimal extra
fermion and scalar content

Al allowed patterns were obtained in the framework of the type |
seesaw mechanism with three right-handed neutrinos (or in a mixed
type /11l seesaw framework with three right-handed neutrinos and
one fermion triplet), extending the SM scalar sector with a complex

scalar singlet field
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