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Introduction

The standard model of particle physics based on the local gauge group SU(3). ® SU(2), @ U(1)y has
been very successful.

However, the SM fails in explaining things as: hierarchical charged fermion masses, fermion mixing
angles, charge quantization, strong CP violation, replication of families, neutrino masses and
oscillations, and the matter-antimatter asymmetry of the universe. Besides, gravity is excluded from
the context of the model, which also fails to provide a good candidate for the dark mater and the
dark energy present in the universe.

It is therefore widely believed that the SM is not truly fundamental, the prevailing view being that the
model is just an effective model. We are going to propose an extension of it; that is, a new model
for three families based on the local gauge group SU(3). ® SU(2)r @ U(1), ® U(1)s where the hyper-
charges of the two abelian factors are non-universal, in the sense that they are not the same for the
assumed three families.



The Model
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Electric charge generator:
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implies that the SM hyper-charge Y can be identified as
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Covariant derivative
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Gauge anomalies:
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Spontaneous symmetry breaking

SU3)e ® SU(2)1 ® U(1)a ® U(1)5 -2 SUB). ® SU2)L @ U(L)y 25 SU(3)e ® U(1)o,



Spontaneous symmetry breaking

SU3)e ® SU2)1 ® U(1)a ® U(1)5 -2 SU(3). ® SUQ2)L @ U(1)y 25 SU3). @ U(1)o,

Where two new parameters o, and (s come into play which must
satisty

A 5 —+- blj)o- — Yo' —2 1

When the SM-singlet scalar field o acquires a non-vanishing
vacuum expectation value (VEV) V at a large energy scale, it induces
a mixing between the B, fields.



which gives place to the SM gauge boson B associated with U(1)y the
hyper-charge and to a new massive Z’ non-universal gauge boson.
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which gives place to the SM gauge boson B associated with U(1)y the
hyper-charge and to a new massive Z’ non-universal gauge boson.
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The next step is to break the SM local gauge symmetry downto U(1)g at
least two Higgs scalars must be introduced at this stage:

ot 5 g HQ)T, 18— R

a ’

Our assumption here is that only the doublet ¢35 develops a VEV (¢3) = v/v2
and couples to the third family via Yukawa terms, providing with masses to all
the four particles in the third family, including Dirac masses for the neutrinos
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The Yukawa Lagrangian is

['mS = Y€3¢l3<¢3>w63 Yn3¢l3<§53>wn3
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The Yukawa Lagrangian is

L3 = Ye313(03)0e3 + Yn3thiz(d3)0ns + Yaz1,3(03) a3 + Yusthes(d3)hus + h.c.,

equation which brings the following constraints between the abelian hyper-
charge values:

Q3 — Q3 + Q3 = 0, B¢3 — P13 + Bes = 0;
g3 + gz — ap3 = 0, Be3 + P13 — Bes = 0;
Qg3 — g3 + ag3 = 0, Be3 — Bg3 + Bas = O;

Qg3 + g3 — 03 = 0, Be3 + Pg3 — Pus = 0.
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A second scalar doublet ¢1 with abelian quantum numbers (v, and B¢,
which provides masses to the first two families must be introduced, the

constrains are the same as before only we need to replace 3 —1.
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A second scalar doublet ¢1 with abelian quantum numbers (v, and B¢,
which provides masses to the first two families must be introduced, the

constrains are the same as before only we need to replace 3 —1.

A simple algebra shows that the Yukawa mass terms of these two scalar
Higgs doublets brings the following set of twelve new constraint equations
for the fermion v and 3 U(1)’s parameters:

2001 = Op1 + Olel; 20tg1 = Q1 + O ; Oyl + Qel = Qi1 + Od1;
2003 = p3 + Qe3; 20043 = O3 + 043; Oy3 + Ole3 = Oip3 + (Yg3;
2011 = Pn1 + Pe1; 20q1 = Pu1l + Bd1; Bul + Be1 = Bn1 + Bdu;
2013 = On3 + DBes; 2043 = Bu3 + Bas; Bu3 + Bes = Bn3 + Bds-
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Solution I:

(Yl — _Baqla

Chel = Ol 604(]17

Uyl — Anl 4aq17

Qdl = —Qnl — 2041,
X3 = _305q37
(leg = Gy 605q37

Qy3 = Op3 + 404q37

Qd3 = —Oip3 — 2043,
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B = —3Bq,

S e s By I
Bul = Bn1 + 48,1,
Bd1 = —Pn1 — 204,
Oi13 = —3043,

De3 = —Fn3 — 6043,
e R A0
Bda3 = —Pn3 — 203.
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Standard model

U(1)g ® UL)a -2 U(L)y,

the following twelve equations must be satisfied:

bBn + acyp = —1, bfi3 + acys = —1,
b0e1 + atte1 = —2, bBe3 + ate3 = —2,
iBrdtan 113 bBs3 + aagz = 1/3,
B a1 bBus + a3 = 4/3,

bBa1 + aoa1 = —2/3, bBas + acgs = —2/3,

bBn1 + a1 = 0, bBn3 + aaps = 0,
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The before constraints implies

O
gk
|

(1 —3bBq1)/(3a),
ag3 = (1 —30Bg3)/(3a),
On1 = —bfni/a,
An3 — —bﬁng/a.
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The before constraints implies

(1 —3bB41)/(3a),
ag3 = (1 —3bBg3)/(3a),
B E0L = AR
—bfBnL3/a.
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We can obtain the SM, from two U(1)’s non universal. With the others two
solutions one of them reproduce the same results, however, the other one
can not arrive to the SM.
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Another important question here is: if the scalar singlet 0 Is able to produce
a Majorana mass for the right handed neutrinos. To do it, a set of new
constraint equation must be satisfied,

2001 + Oy = O’ Qﬁnl 1 /Ba = 0,
20an Ay — O, 2/8713 + ,Bo' — O,
Qnl + On3 + Qg = O, /Bnl 3 B /6773 g /80' —

The analysis shows that in order to provide Majorana masses for the right-
handed neutrinos, we must have:

Apl = Ap3 = Op, and 677,1 — /672,3 — 5717
that is: universality must be present in the right-handed neutral lepton sector.
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The next question is: if there are solutions for the former analysis to the case
when right handed neutrinos are absent

Onl = Op3 = Bnl S 577,3 — (

21



The next question is: if there are solutions for the former analysis to the case
when right handed neutrinos are absent

Opl — Ap3 = 572,1 - 6713 — (

There are two different kinds of solutions all of them functions of four free
parameters 3., 8., @ and b

an = (—1+3bB41)/a; a3 = (—1 4+ 3b83)/a,
Bin = —3Bq1; Bi3 = —3043,
a2 300 1) a0 ae3 = 2(—1+ 3bB,43)/a,
by = OO Bes = —60,3,

ag = (1-3bBg1)/(3a);  agz = (1—3bBy)/(3a),
ay1 = 4(1—3bB8,1)/(3a); 3 = 4(1 — 3b843)/(3a),
Dal — 405 Bus = 48,3,

aqgr = 2(—14308,1)/(3a); agz3 =2(—1+ 3b843)/(3a),
Uil - 2000 Baz = —20,3.




Benchmark models

B-L model: In this case the lepton charges must be minus three times the quark
charges

CLOé—l—bﬁ — U(l)B_L

It Is easy reproduce B-L charges with our model, in this case

Bql = 1/3 — (g1, BqS S 1/3 — (g3, Bnl = —1 nl, 5713 = —1 Xn3.

and a=0=1. Same results for the three solutions.
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Lepton-Phobic model

For this particular model any linear combination of the charges ¢ and 3 must
be zero for all leptons.

(g3 = _Qﬁql o 6(]3 o 205(]17 Apl = _67117 Xp3 = _Bn?);

Quark-Phobic model at the first two families

The charges for the first two families of quarks must be zero.
For solution|: 3,1 = —ay1, Bui = —n1

For solution lland Il 1 3,1 = —ag1; ans = —28n1 — Bus — 3843 — 2001 — 30u3;

24



PhenOmenOIOQy: The charges associated with Z’ for solution I:

7' — ff Field Vectorial
Vi %;95 c08 (Bn1 — 3841) + g 8in 0(1 + Br1 — 3841 )]
e —5(95€080(Bn1 + 9B41) + ga 8in0(—3 + Bn1 +9B841)]
U %[9[3 COSH(Bnl 5 B 56(]1) 5 Jo Sin@(_g o Bnl i 5/8q1)]
dz’ _%[9[3 COS H(Bnl 2 Bql) 5 o %ga Sin 9(_1 H g 3677,1 5 35(]1)]
U3 %:95 cos0(Bns — 3843) + Ga sin0(1 + B3 — 3843)]
es | —5[95c080(Bns + 9Bg3) + o 8N O(—3 + Bz + 9By3)]

us3 2 gp cosO(Bns + 5B43) + go sin 9(—% + Bn3 + 5843)]
d3 _2[95 COS 9(677,3 e 5(13) o %ga Sing(_l + 30n3 + 35(13)]

Field Axial
Vi = %[gﬁ COS Q(Bnl i 3/8(11) a5 Ja Sing(_l S Bnl + 36(11)]
€; %1[96 o8 0(Bn1 + 3B41) + ga sSinO(—1+ Bn1 + 3B41))
U; = 5[9[3 COS Q(Bnl i B 36(]1) i Ja Sin@(_l B Bnl " 36(11)]
d; 5198 €080(Br1 + 3B41) + go sinO(—1 + Br1 + 3641)]

vs | - (96 c080(Bn3 +3B43) + ga sin (=14 B3 + 3543)]

|
)
|

€3 %[95 cos0(Bns + 3843) + go sSinO(—1 + Br3 + 3843)
Us ® %[95 cos 0(Bns + 3643) + Go sin0(—1 + B3 + 3643))
d3 %[gﬁ COS 9(6713 ' 36(]3) + Jao sSin ‘9( 1 | 5713 o 36(}3)




Z’ models with zero couplings to
the SM particles of the first family.

We obtain the allowed regions In
the parameter space for Z’
masses . 11eV, and 3 TeV.

We obtain these Ilimits from the
intersection of the 95%CL

upper limit on the cross-section
from searches of high-mass ditaus
resonances at the ATLAS
experiment and the theoretical
cross-section for the process.

26

Allowed region, 95 % CL




Conclusions

*|t is possible to obtain the SM as an effective theory from two non-universal U(1)
Gauge structures. This is possible in both with and without right-handed
neutrinos.
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Conclusions

*|t is possible to obtain the SM as an effective theory from two non-universal U(1)
Gauge structures. This is possible in both with and without right-handed
neutrinos.

*In this model Is necessary to have one scalar singlet and two scalar doublets.
The first one is responsible to break the two U(1)’s to SM hyper-charge and to
generate the mass to Z' boson, and the others one to break the
SMto SU(3). ® U(1)p and generate the masses of the fermions.
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Conclusions

*|t is possible to obtain the SM as an effective theory from two non-universal U(1)
Gauge structures. This is possible in both with and without right-handed
neutrinos.

*In this model Is necessary to have one scalar singlet and two scalar doublets.
The first one is responsible to break the two U(1)’s to SM hyper-charge and to
generate the mass to Z' boson, and the others one to break the
SMto SU(3). ® U(1)p and generate the masses of the fermions.

 \We can obtain a variety of benchmark models, as was shown, this implies that
the model analyzed here is more general.
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To check the validity of our analysis, let us calculate Y, for example, using solution A,
combined with the former results:

¥

Solution 11

a1 + bfe1

—a(am1 + 6ag1) — b(Br1 +6541)
1 — 3aag

ZYoms — 6(

_a(oznl -1 6aq1) -1- b( b

3

ayp = (o1 — a3 — 6ag1 — 3ay3) /3,
Bir = (Bn1 — Bn3 — 6Bq1 — 3643)/3,
Qel = (—0m1 — 2003 — 12041 — 6043) /3,
Ber = (—Bn1 — 2Bn3 — 12841 — 6843)/3
ayl = (201 + an3 + 9041 + 343) /3,
Bur = (28n1 + Bn3 + 9Bq1 + 3543)/3,
ag1 = (—20m1 — ans — 3aq — 3aq1)/3,

Bdl — (_Q/Bnl = 6713 R 3Bql o 35q‘3)/3

Bes = (—4Bn1 + Brz — 12841 — 6843)/3,
a3 = (2001 + a3 + 6ag1 + 6043) /3
Bus = (2Bn1 + Bn3 + 6841 + 6843)/3,

ags = (—20m1 — apg — 6a41)/3,

Baz = (—28n1 — Bn3 — 6841)/3.

):_27
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Solution 111

Q= —Qp1 — ap3 — 601 — 33,
Bi1 = —Bn1 — Bng — 68q1 — 3543,

Bet = —30n1 — 26n3 — 12541 — 6343,
Oyl = 201 + ap3 + T + 303,
Butl = 2Bn1 + Bn3 + 7Bq1 + 3543,

g1 = —20p1 — 0p3 — 50g1 — 3043,
Ba1 = —2Bn1 — Bn3 — 96q1 — 3543,
3 = 201 + 2003 + 6041 + 303,

Bis = 2Bn1 + 28n3 + 6841 + 3843,
Qe3 = 4dap1 + 3apg + 12041 + 6043,
Bes = 4B8n1 + 3Bn3 + 12841 + 6843,
0y3 = —20p1 — pg — 60g1 — 2043,
Buz = —20n1 — Pn3 — 68q1 — 203,

Q43 = 201 + apg + 601 + 4ays,

Bas = 2Bn1 + Bn3g + 6841 + 4543.



Without neutrinos

Solution 1 Solution |
air = a3 = (—1+2bBp +0pBy3)/a,
B = Biz=—2B4 — By, i (_1 T 3bﬁq1)/a; 3 = (_1 T 3b/8q3)/aa
Qo1 = g =2(—1+ 2bBe1 + bBy3)/a, bn = —3Bq: Bz = —3[43.
Bei = Bes =—2(2B41 + By3), a1 = 2(—1+43bBq1)/a; ae3 = 2(—1 4 3bB43)/a,
ag1 = (1—3bBg1)/(3a), Ber = —60q1; Bes = —6/343,
ags = (1 —3bBg3)/(3a), agr = (1—3bBg1)/(3a); g3 = (1 —3bBy3)/(3a),
a1 = (4 —9bBpn — 3bBg3)/(3a), @ur . — A4l —3bF.i )30y ays = 4(1 — 3bBy3)/(3a),
a3 = (4—6b55 —60343)/(3a), Bur = 4Bqa: Buz = 4/343.
But = 3Bq1+ B, agr = 2(—1+3bBg1)/(3a); a3 = 2(—1+3bB43)/(3a),
Bus = 2(Bq + Pas). Bar = —2B84; Bas = —2543.

agr = (=24 3bBq + 3b843)/(3a),
ags = 2(—1+3b8q)/(3a),

Ban = —Bq1 — Bg3,

Bazs = —2Bq4,
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Charges Z’, solution |l

Field

Axial

_%[gﬁ COS 9(2,877,1 -+ 577,3 — 66(11 -+ 35(]3 -+ Jo Sin (9(—3 + 2677,1 an 677,3 &= 6/Bq1 nE BBCI ]

5(95 €08 0(2fn1 + Bns + 681 + 3Bg3 + ga SN O(—3 + 2611 + Bus + 6841 + 35y

5005021 T s T 01 7 5 T G2 OC3 T 21 T s 7 Ot 7 3]

5195 €08 0(2Bn1 + Bn3 + 6841 + 3643 + g SInO(=3 4 28n1 + Bn3 + 68,1 + 36,3

5198 €08 0(28n1 + Bns + 6841 + 3843 + o SN O(—3 + 2811 + Bns + 6851 + 3Bgs

— 2195 €05 0(2B1 + B3 + 6841 + 3843 + g SN O(=3 + 281 + B3 + 6841 + 3043)]

3)
)]
3)
)]
— =195 c080(2Bn1 + Bns + 6841 + 3043 + 9o SINO(—3 + 28,1 + B3 + 6641 + 3843)]
)]
3)
)]

=[98 €08 0(26n1 + Bns + 6841 + 3843 + Ja SINO(—3 + 2851 + Bns + 65841 + 3843

Vectorial

%[96 co8 (481 — Bns — 68,1 — 3843 + 9o 85in0(3 + 48,1 — Brns — 6841 — 3843)]

—%[gg cos O(Bn3 + 6841 + 3843) + ga SINO(—3 + Brs + 6841 + 3543))

£(95 €08 0(2B1 + Bn3 + 12641 + 3Bg3 + ga SN O(=5 + 281 + Buz + 1281 + 33|

— 5195 €08 0(28n1 + Bn3 + 3843 + ga sin 0(—1 + 28,1 + Bnz + 3By3]

_%[96 COS 9(26721 - 5/8713 —+ 66(]1 —+ 36(]3) T Jo Sin 9(—3 o 2672,1 o 5677,3 a5 65(]1 5 36(]3)]

%[95 COS 9(_25711 4 /Bn?) — 66q1 — 36(]3) T Jo Sin 9(—3 T 2677,1 g 6713 R 66q1 R 35q3)]

8195 €08 8(2Bn1 + Bu3 + 6841 + 95y3) + ga 5 O(=5 + 261 + Bn3 + 681 + 9B;3)]

_%[95 COS 9(25711 — 572,3 - 66(]1 — 35q3) —— Jo Sin 9(—1 + 257},1 + Bng m 65(]1 R 36(]3)]
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