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We propose a renormalizable theory with minimal particle content and symmetries, that successfully
explains the number of Standard Model (SM) fermion families, the SM fermion mass hierarchy, the tiny
values for the light active neutrino masses, the lepton and baryon asymmetry of the Universe, the dark
matter relic density as well as the muon and electron anomalous magnetic moments. In the proposed model,
the top quark and the exotic fermions do acquire tree-level masses whereas the SM charged fermions lighter
than the top quark gain one-loop level masses. Besides that, the tiny masses for the light active neutrino are
generated from an inverse seesaw mechanism at one-loop level.
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Despite the considerable experimental success of the
Standard Model (SM), it leaves many unanswered ques-
tions such the origin of the observed SM fermion mass
hierarchy, the number of SM fermion families, the tiny
values of the light active neutrino masses, the nature of
the dark matter (DM), the electric charge quantization, the
lepton and baryon asymmetries of the Universe and the
anomalous magnetic moments of the muon and electron. To
address these issues, we propose a minimal renormalizable
theory with the extended SU(3)-xSU(3), xU(1)y gauge
symmetry, which is supplemented by the U(1) 1, lepton

number symmetry and the Z, discrete group. Its scalar and
fermionic spectrum with their assignments under the
symmetries of the model are shown in Tables I and II,
respectively. The above gauge symmetry is crucial for
explaining the number of SM fermion families since to
fulfill the anomaly cancellation conditions, the number of
left-handed SU(3), fermion triplets has to be equal to the
number of SU(3), fermion antitriplets, which only happens
when the number of fermion generations is a multiple of
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three. Additionally, the charge quantization in theories with
SU(3)c x SU(3), x U(1)y gauge symmetry is explained
thanks to the anomaly cancellation as shown for the first
time in [1]. The U(1) 1, lepton number symmetry is

spontaneously broken down to the residual Z<2Lg) lepton

number symmetry, under which only leptons are charged,
thus forbidding proton decay [2]. In this model, the lepton
number is defined as:

4
L=—Ts+L, (1)

V3

where L, is a conserved charge associated with the U(1) L,

global lepton number symmetry. Furthermore, the Z,
discrete group is spontaneously broken down to the
preserved Z, symmetry, which allows stable DM candi-
dates that trigger a one-loop level radiative inverse seesaw
mechanism for the generation of the light active neutrino
masses. Such DM candidates also mediate the one-loop
level radiative seesaw mechanism that produces the SM
charged lepton masses.

Notice, as follows from Table I that the electrically
neutral gauge singlet scalars 7 and ¢ as well as the neutral
components of the ¢ scalar triplet are scalar DM candidates
since their Z, charge corresponds to a nontrivial charge
under the preserved Z, symmetry. In addition, from the
fermionic assignments shown in Table II, it follows that
Q,r (n =1, 2) are fermionic DM candidates. The one-loop
Feynman diagram contributing to the u parameter of the
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TABLE L. Scalar assignments under SU(3)c x SU(3), x xU(1)y x U(1), x Z,.

x p ) o % 0 n S i >
SU(3)¢ 1 1 1 1 1 1 1 1 1 1
SU(3), 3 3 3 1 1 1 1 1 1 1
U(l)x -1 Z z 0 0 0 0 0 +1 +1
u(l),, 2 -2 -2 0 2 0 2 4 0 0
Z, 1 1 i -1 -1 —i —i ~1 -1 —i

TABLE II.

Fermion assignments under SU(3). x SU(3), x U(1)y xU(1), xZ;. Here n=1, 2, k=1, 3 and i=1, 2, 3.

Notice that there are six SU(3), fermionic triplets (three from Q;; and three from L;;) and six SU(3), fermionic antitriplets, i.e., Q,
(n =1, 2). In this counting the color quantum numbers are taken into account.

O O Qs uig dig Jiw Jor Jsr Tie Tiw Tor Tor Bip Big Bop Bag Lip lig Eir Eig Nig Qg
SUB). 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 1 1 1 1 1 1
sUui3), 3 3 3 1 1 1 1 1 1 1 1 1 1 1 1 1 3 1 1 1 1 1
U R 0 B U B e T T G A B B B A
iy, -3 3 3 0 0 -2 2 2 0 0 0 0O O 0O 0 O 5 I 1 1 -1 -I
Z, -1 -1 1 1 1 =1 -1 1 -1 1 — —i 1 =1 i i 1 =1 i =i 1 i

inverse seesaw is shown in Fig. 1. Besides that, it is worth
mentioning that the Z, discrete group allows preventing a
tree-level charm quark mass, which in the model only
appears at one-loop level. On the other hand, the appear-
ance of tree-level up quark and SM down type quark
masses is prevented due to the U(1)y assignments of the
particle spectrum. Such masses are only generated at the
one-loop level. The one-loop Feynman diagrams contrib-
uting to the entries of the SM charged fermion mass
matrices are shown in Fig. 2. Notice that the electrically
charged scalars together with heavy vectorlike up (down)
type quarks mediate one-loop level radiative seesaw mech-
anisms that produce the masses for the down, strange and
bottom quarks (up and charm quarks). It is worth mention-
ing that the set of heavy vectorlike quarks 7; (i = 1, 2, 3),
B, (n =1, 2) is the minimum amount of exotic quarks
needed to provide one-loop level masses for the SM quarks
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FIG. 1. One-loop Feynman diagram contributing to the Major-
ana neutrino mass submatrix p. Here, n =1, 2, i, j =1, 2, 3.

lighter than the top quark. In the case of minimal scalar
content, one seesaw fermionic mediator is needed to
provide one-loop level masses for each light SM fermions.
Because of this reason, three vectors like-charged exotic
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FIG. 2. One-loop Feynman diagrams contributing to the entries
of the SM charged fermion mass matrices. Here,n = 1,2, k = 1,
3and i, j, r, s =1, 2, 3.
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leptons E; (i = 1, 2, 3) are needed to provide one-loop level
masses for the SM charged leptons. Having several fer-
mionic seesaw mediators lower than the number of SM
fermions lighter than the top quark will yield a proportion-
ality between rows and (or) columns of the SM fermion
mass matrices yielding a vanishing determinant.

Furthermore, the SU(3), x U(1)y gauge symmetry is
also spontaneously broken down to the SU(2), x U(1),
symmetry, at the scale to the A;, > O(10) TeV, by the
vacuum expectation value (VEV) of the third component of
the SU(3), scalar triplet y.

We consider A;,; > O(10) TeV to comply with collider
[3] and flavor constraints [4-8]. The breaking of the
SU(2), x U(1), symmetry is triggered by the VEV of
the second component of the SU(3), scalar triplet p, whose
CP even neutral component corresponds to the 126 GeV
SM like Higgs boson. Consequently, the spontaneous
symmetry breaking chain proceeds as follows:

G=SUQB)cxSUB), xU(l)x x U(1), xZ,
MSU(3)e x SU2), x U(1)y x 23 x Z,

LSUB)e x U(1)g x 25 x 2, (2)

The SU(3), scalar triplets of this model are represented as:
J

b oF
x= X2 , p=| 5 il |.
5o, +& £i,) of
i
p= \/Lj(”p""épj:l{ﬂ) . 3)
p3

whereas the SU(3), fermionic triplets and antitriplets take
the form:

O = (uy.dy. Jy.)],

Ly = (’/i’ liv”?){v

QnL = (dm —Uy, Jn){’
n=273, i=123. (4)

where the first two components of the SU(3), fermionic
triplets and antitriplets correspond to the left-handed SM
fermionic fields.

With the particle spectrum and symmetries specified in
Tables I and II, we find that the relevant quark and lepton
Yukawa interactions crucial to generate the observed SM
fermion mass and mixing pattern, are described by the
terms:

3
—Ly) =y 01 ir + Z)’EL]) Ouix*Jug +mpTo Top + Z (y}(¢T>TkL6TkR + xi(cj)TkL@Jm)

n=2

k=13

3
D D D * _ * T) A
+ ygB116Big + mgBy Bog + x;B1 9" Jog + E YSM)Q3L/) uir +x§ )Q2L¢*T2R
—

1

3 3
P d) = d) = -
+ E <x1(<T)Q3LP Twr + E x/i,-)TkLéTdiR> + E x<2i)T2L§2+diR +x5Q01.¢Bog
=13 i—1 ey

3

+ Z Z ng)BnL(:;M,'R +H.c.,

n=1 i=1

3
l N) 7 L Ta *\C
-Ly) = > [y,('j 'LixNx +x§j)€abCLiL(LjCL)b(p ) }
=

+

NE

P 3
O~ ae N
<Z Vi QG + Z ) >NiRQr€R”>
m=1 i=1

n=1

+

N

(xz('jE>I_4iL¢EjR + ZEJI‘)EiLQljR)

<
Il

+

-

(mg);Ei Eig + Hec. (6)
I

1

After the model symmetries are spontaneously broken, the
above Yukawa interactions generate the one-loop level

(5)

[

entries for the SM charged fermion mass matrices, as
indicated by the Feynman diagrams of Fig. 2. In the SM
quark sector, only the third row of the SM up type quark
mass matrix is generated at tree level from the first term of
the fourth line of Eq. (5). Such a third row is associated with
the top quark mass which arises at tree level in the model.
Furthermore, note that the terms between the first and third
lines of Eq. (5) give rise to tree-level exotic quark masses.
In addition, from the lepton Yukawa interactions of (6),
it follows that the charged exotic leptons E; (i = 1, 2, 3)
(which are assumed to be physical fields) and the right-
handed Majorana neutrinos Q,r (n = 1, 2) get tree-level
masses at the scales mg and v,,, respectively, whereas the
SM charged leptons masses as well as the mass terms for
the gauge singlet neutral leptons N, (i = 1, 2, 3) appear at
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one-loop level. Furthermore, from the quark Yukawa
interactions, it follows that the exotic quarks J; (i =1,
2, 3), Ty, B, and By, T, (k=1, 3) do acquire tree-
level masses at the scales v,, my, mp and v, respectively.
Given that we are considering such scales to fulfill
A > O(10) TeV, the exotic quark masses are larger than
their LHC mass limit of 1.3 TeV [9], for exotic Yukawa
couplings of order unity. In addition, from the one loop
Feynman diagrams of Fig. 2, we find that the SM quark
mass matrices take the form:

ey ey ey
u u u v
5%1) 8&2) 5<23> 75’
y(lu) ygu) y(3u)

i=1,2,3,

. (u)
e = U Ay X850 Ve c (Mot M
1 16x2 mg. v 0 mg, myg,

L xglay L (myr mg
=— Col 2=, —2
167~ mpg,

mp, mp,
(1) _(u)
RONIER. Aot Y2 2 Yy c <m),2+ m§]->
2i 1672 my,p, 0 myp Mg s
_ 1 A, C()(’"x; mé;) o
167 my,p, myp myp
d d d
851> 552) 853)
| @ @ |
Mp =&/ e é5 No i=1,23,

d d d
8&1) géz) 853)

d
Aortets y<, )xl(cz)vfﬂ Co< My Mgt )

my,r,

@ _ 1

li 1672 ft

d
_ a4 c (’"x; Mg )
k=13 162°my,7,
(T)_(d)

1 AgyipesXs X3 0,0, My Mg+
ng): ' 932 T2 Co< & Cz)’

9
mpyr, My,

myr, My,

167> mr, v my, mr,
_ A
167%my, mr, my,
(1) (d)

X Xki

3l 16 ZZ ﬂx(/f{

— E 'xk xkz
- 1671' mr,

ViV Co(mpf mCT)

mTk mTk
(’"”" i) )
mTk mTk

where the following loop function has been introduced
[10]:

Co(imy, finy) =

The experimental values of the SM quark masses and
Cabbibo-Kobayashi-Maskawa (CKM) parameters [11-13]:

m,(MeV) = 1457038, m,(MeV) =2.9107,
my(MeV) = 577188 m (MeV) = 635 £ 86,
m,(GeV) =172.14+0.6+0.9, m;,(GeV) = 2.8209,
sin@), = 0.2254,sin0,; = 0.0414, sin6,; = 0.00355,
J =296 x 1073, (10)

can be well reproduced for the following benchmark point:

dV~01,  Wx239, W0,
044, Mxo01,  Wxod,

A 20694153, x\9 ~0.025-0.86i,
A~ —112-346i, 9 ~0.18+3.53,

0 ~225-059,  yWx-065  x\9~085

174 -349i, x4 ~0.08 4343,
A~0095, X ~-13,
W12, W 154,

A; ~ 1.9 TeV, A3 ~4 TeV,
my,p, ~ 7.7 TeV, mr, =~ 26 TeV,
myr, =928 GeV,  myr, =500 GeV,

ng) ~1.25,

xp ~0.57

mg, ~=7.7 TeV,
mr, ~6 TeV,

my =100 GeV,  xi =051 Y ~-044,

Mes 5 TeV, Mps 2.7 TeV, M, = 5 TeV,

my:=55TeV.  mp, =32TeV,  y3=—061.
(11)

Note that we use the experimental values of the quark
masses at the M, scale, from Ref. [12], which are similar
to those in [11]. The experimental values of the CKM
parameters are taken from Ref. [13]. Furthermore, from
the neutrino Yukawa interactions of Eq. (6) we get the
following neutrino mass terms:

VL
v 1 — —
[:r(ngﬂs_ (I/g Ug NR)MU 1/163v +H.c., (12)
NC
R

where the full neutrino mass matrix is given by:
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033 52 05
MI/ = %(Z(L))T O3x3 \L/_%y(N) . (13)

033 \v/—% ()’(N))T H

with

and the entries of the submatrix, which are generated at
one-loop level from the Feynman diagram of Fig. 1, take
the form [14]:

N) (N
i = ixi(n xﬁ'n>(m9)nm |: m%R 1[1( m%R )
! n=1 167° mYZIR - (mﬂ)%m (mﬂ)im
2 2
mﬂl m”ll >:|
- In , (14)
m%;l - (mﬂ)%m <(m9)3lm

where i, j=1, 2, 3, (mg),, :yﬁ)v(p (n, m=1, 2),

Myg = MRen> My, = Mimy-

We would like to note that the neutrinos v,;, v,z carry
the lepton number one unit and the fields N,z have an
opposite lepton number with respect to that of neutrinos.
The Majorana mass term of Nz, p-parameter, does not
conserve the lepton number. The smallness of x can be
naturally realized via a radiative correction given in (14).
For another one-loop level realization of the inverse seesaw
mechanism see for instance [15].

Diagonalization of the neutrino mass matrix (13) for
,u,z%z(’“) < % y™) leads to the physical neutrino mass
matrices as follows

v
MY = Y () (W)Y 2 (15)

where M, £l) corresponds to the mass matrix for light active

neutrinos (v,), whereas M 52) and M 53) are the mass matrices

for sterile neutrinos (N, N/) which are superpositions of

mostly v, and N, as N N%(DM; F Ngg). In the limit

1 — 0, which corresponds to unbroken lepton number, we
recover the massless neutrinos of the SM. Due to the
smallness of the u- parameter, the mass splitting of three
pairs of sterile neutrinos becomes small, thus implying that
the sterile neutrinos form pseudo-Dirac pairs and the light
active neutrino mass scale resulting from the inverse seesaw
mechanism takes the form: [16]

v, _(N 2 _
M,(,]) _ ng ) U M,<,2’3) :
0.1 eV 100 GeV 1 keV ) \10* GeV)

(16)

Considering the neutrino Yukawa couplings, x™), of order
unity, assuming for simplicity degenerate Majorana neu-
trinos Q,z (n =1, 2) with a common mass of 20 TeV,
m,, = 400 GeV, with the splitting m,,, — m, =~0.63 MeV,
one sees that y ~ 1 keV. Thus, the light neutrino mass can
be 0.1 eV if heavy neutrino mass scale is a few ten TeV or
less and the Dirac neutrino mass is order of 100 GeV. This
means that this model can account for the smallness of the
light active neutrino masses and several singlet pseudo-
Dirac fermions have O(1) TeV masses. As mentioned
above, the pseudo-Dirac fermions are degenerate in mass
and thus they allow the implementation of the resonant
leptogenesis mechanism crucial to generate the baryon
asymmetry of the universe (BAU) [17]. In the inverse
seesaw mechanism, the smallness of the p-parameter can
naturally suppress the washout of pre-existing baryon
asymmetry [18,19]. However, to explain the smallness of
the p-parameter, the model introduces exotic fermions and
scalar fields. They create new washout processes as

IH" - NaR\l/aR - nQaR’ (EjR’ ¢’:‘r)7
IH" = Nog = {4 (17)

where H* ~ pfcosa+ y5 sina. In the case, the baryo-
genesis temperature (7g;) higher than the inverse seesaw
scale A;gg, the washout processes can only be avoided
if the Yukawa couplings related to the processes given in
Eq. (17) must be too tiny. So the radiative inverse seesaw
mechanism is insignificant. The singlets €, generate the
small lepton number violation u-parameter via one-loop
correction [see in Eq. (14)], the baryogenesis occurs before
electroweak symmetry breaking. In the case Agy < Tpg <
Ajgs, if at least one particle has a mass lower than the value
of the baryogenesis temperature, the washout process
can be suppressed [20]. We assume that y™) and x(V)
are diagonal matrices and that there is an inverse hierar-
chical structure between them as y%’) < yég’), yﬁl). This
choice allows us to successfully accommodate the exper-
imental value of the electron and muon anomalous mag-
netic moments as indicated by Eq. (33). Therefore only the
third generation of NF can give the contribution to the
BAU. We also assume that the masses of E 5, Q5 fields are
larger than the masses of the lightest pseudo-Dirac fer-
mions Ni = N*, the lepton asymmetry parameter, which
is induced by decay process of N*, has the following
form [21,22]
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N3 ANy = I,HT) =T(N. = [,H™)}
€ = —
T3 {T(Ny— L,HY) +T(N. - L,H)}
_Im(hlhyhihy)yy v

) 18
877.'Ai r2+& ( )
m[z\,¥
where we have defined i, = —y™) sina + z(!) cos a, hy =
yW™ sina 4 z(5) cos a, and
r= mlzw — mlzv_ ~ 2u
mysmy- 3= (N + (M)7)
AimNi
-= (hvahN>33v Ay = (hzhu)337 Iy = Sz :

(19)

If one neglects the interference terms involving the two
different sterile neutrinos N*, the washout parameter
Ky+ + Ky- is huge as mentioned in [23]. However, the
small mass splitting between the pseudo-Dirac neutrinos
leads to a destructive interference in the scattering process
[18]. The washout parameter including the interference
term is given as follows

K ~ (Ky+ + Ky-)82, (20)

with 5:%,1(1\# :% and H(T) = ’55"*— where
g* = 118 is the number of effective relativistic degrees of
freedom and Mp, = 1.2 x 10° GeV is the Planck constant.
In order to estimate the effective washout parameter, we use
the extended Casas-Ibarra parametrization for the case of

the inverse seesaw mechanism [23]

21}
W) = » (UPMNSM Ry~ )’( )) (21)

P
where, Upyns 18 the Pontecorvo-Maki-Nakagawa-Sakata

(PMNS) leptonic mixing mass matrix, whose Standard
parametrization is given by:

—id

C12€13 $12€13 S13€
is _is
—512€23 = C12523513€"" C12C3—812823513¢7 "0 $23C 13
is is
$12823 = C12C23813€"0  —C12893 —812C3813€"° €23C 3
(22)

with cij = €os 0,8 s =siné, i Notice that, for the sake of
simplic1ty, we dropped the Majorana phases in Eq. (22).
For normal ordering, the current best fit values for 6;;

and the CP violating phase are determined by [24]

S12 S2

0.20 23 0.20

o = 320080 1By = 547503,
% +0.083. o +0.21
Tz = 21605058~ = 12150

Furthermore, M, = diag(m,, ,m,,,m,,), being m, (i =1,
2, 3) the light active neutrino masses. The Dirac neutrino
mass matrix is antisymmetric, thus implying that one light
active neutrino is massless. Then, the light active neutrino

masses for the case of normal hierarchy are given by:

m3 =1/ |Am§1 . (23)

where the neutrino mass squared differences have the
following experimental values [24]:

|Am§1 ,

Am3,[1075 eV?] = 7551072,
Am3,[1073 eV?] = 2.50 £ 0.03.

Besides that R is a complex orthogonal matrix which can be
parametrized by
—SyCoSy = CyS;  SyS; — CySyC,

CyCr = Sy8yS,  —C.8, =Sy, |, (24)

5xCy cxCy
where ¢, = cosx, s, = sinx and so on, being x,y,z € C.
For simplicity, we assume x =y =z = 0 = R[0] + iZ|[0)

and we work on the basis where y») :Diag(y(lN),
ygN) (N)

.y3 ') is a diagonal matrix. In the Fig. 3, we plot
the washout parameter as a function of Z[f] for
u=1keV,p, = 10° GeV, v, = 246 GeV, and R[)] =

127,y =09, y¥ ~0.5i and y" = 0.01.

The washout parameter depends on the imaginary part of
complex angle # and the mixing angle a (see in Fig.(3)).
For a =7, we predict an extremely high value of the
washout parameter: Ky =~ 103,

For a # 7, the model predicts both weak and strong
washout regions. Especially, the 8 angle is real, the washout
parameter is larger than unit for any value of a. In the weak
and strong washout region, the baryon asymmetry is related
to the lepton asymmetry [22] as follows

_ng__28es off
nb_s_ 794 for K" <« 1,
28 0.3
Ny = s _ L for KT > 1, (25)

s - % g*Keff(ln Keff)O.ﬁ ’

Figure 4 shows the baryon asymmetry #;, as a function
of Z|[6)] for the difference choice « in the strong washout
region. The amount of baryon asymmetry can reach its
experimental value 5z = 6.2 x 107!, The value of Z[6)
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16)

FIG. 3. Effective washout parameter as a function of Z[6] for

different values of a.

that allows solving the baryon asymmetry depends on the
value of the mixing angle a. From results shown in the
Figs. 4, we can realize:
(i) The amount of baryon asymmetry strongly depends
on the mixing angle a.
(i) If € is a real number, the predicted results are
consistent with the results given in [23].
As a approaches 7, one gets into the strong washout regime,
the amount of baryon asymmetry suppressed. Figure 5
displays the amount of baryon asymmetry in the weak
washout region via using a logarithmic scale for numerical
data over a range of  value. Ata = % ora = 37” the curves
are pulled because the suppression of the lepton asymmetry
|

0.00298903 — 0.00104607i
—0.00131313 + 0.00347814i
—0.00661584 + 0.003165211i

MY =

It is worth mentioning that such light active neutrino
mass matrix generated from the one-loop level inverse
seesaw mechanism allows to generate enough baryon
asymmetry. Furthermore, from the light active neutrino
mass matrix given above, we obtain that the effective
Majorana neutrino mass parameter of neutrinoless double
beta decay takes the value of around 3.2 meV, which is
beyond the reach of the present and forthcoming Ovpf-
decay experiments.

It is worth mentioning that the chosen benchmark of
diagonal SM charged lepton mass matrix as well as
diagonal y™) matrix allows to have very suppressed
charged lepton flavor violating (CLFV) processes. Note
that the CLFV process y — ey receives one loop-level
contributions arising from vertex diagrams involving the
exchange of heavy W’ and the heavy sterile neutrinos.

Given that we are considering the case of diagonal yV)

—0.00131313 + 0.00347814i
0.0299126 + 0.000395314i
0.0213737 — 5.363173174949189 x 107%;

5x1079F T=ﬂ
a=n/4
1x1079F
5x10710F
a=n/3
<
=
1x10710}
5x107 11
Ix107 1
-2 -1 0 1 2

1(0)

FIG. 4. Baryon asymmetry as a function of Z[6)] for fixing the
mixing angle a in the strong washout region.

parameter. From the results shown in Fig. 5, one can find
values of Z[6] and « that allows creating a sufficient amount
of baryon asymmetry consistent with its experimen-
tal value.

On the other hand, given that we are considering the
exotic charged leptons E;, E, and E5 as physical fields, the
SM charged lepton mass matrix is diagonal and the lepton
mixings only arise from the neutrino sector. Consequently,
to reproduce the experimental values of the neutrino mass
squared splittings, leptonic mixing angles, and the leptonic
Dirac CP-violating phase, for the scenario of normal
neutrino mass hierarchy, we obtain the following numerical
solution for the light active neutrino mass matrix:

—0.00661584 + 0.00316521i
0.0213737 — 5.363173174949189 x 107% | eV
0.0249309 — 0.000337142i
(26)

1[6]=-2.5

0.0 0.5 1.0 15 20 2.5 3.0

FIG. 5. Baryon asymmetry as a function of the mixing angle o
in the weak washout region.
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matrix, the off-diagonal entries of the sterile neutrino mass
matrices will be very small compared with the diagonal
ones, as follows from Eq. (15), thus implying that the
u — ey will be suppressed by the square of the off-diagonal
entries of the sterile neutrino mass matrices. Thus, our
model fulfill the constraints arising from CLFV processes.

On the other hand, as previously mentioned, the model
has several DM candidates. Here we assume that the
lightest of them is the gauge singlet scalar #;. Such singlet
scalar dark matter candidate #; mainly annihilates into
WW, ZZ, tt, bb and HH via the Higgs portal quartic scalar
interaction H?pj that arises from the 4,,7m'pp" term of
the scalar potential. We have numerically checked that in
order to successfully reproduce the experimental value,
Qh? =0.1198 + 0.0026 [25], of the relic density, the
mass m, of the scalar field »; has to be in the range
400 GeV < m,, < 800 GeV, for a quartic scalar coupling
Ay, in the range 1 < 4,, < 1.5. Notice that we have taken
m, ~m, =400 GeV, which corresponds to the lower
bound for the mass of the singlet scalar DM candidate, as
shown in Ref [26], where the scalar DM candidate is also a
gauge singlet as in our model. This bound is consistent with
the current constraints arising from LUX and PandaX-II
experiments [27,28]. In what concerns DM-direct-detection
prospects, the scalar DM candidate would scatter off a
nuclear target in a detector via Higgs boson exchange in the
t-channel, thus yielding a constraint on the coupling of the
(p*p)nm; interaction. The corresponding scattering cross
section takes the form [29]:

1 TeV

mMpm

2
OpM—pn =5 X 10‘44/1,%p< ) cm? (27)

Using the experimental value of the dark matter relic
density, we find that the scattering cross section is predicted
around 7 x 10~* cm?, which is consistent with direct
detection limits from the LUX [30] and XENONIT [31]
experiments. In addition, note that the Yukawa terms
XEL pEx and 2 E, 0l,x (n =1, 2), as well as the
trilinear scalar interaction Ap¢'o*, will give rise to one-
loop level contributions to the muon and electron anoma-
lous magnetic moments. Such one-loop level contributions
to the (g,, — 2) will involve the exchange of CP-even and
CP-odd scalars as well as of the heavy charged exotic
leptons E, (n =1, 2) running in the internal lines of the
triangular loops. Besides that, the muon and electron
anomalous magnetic moments also receive one loop-level
contributions arising from vertex diagrams involving the
exchange of the electrically charged scalar y;, which
couples to the right-handed Majorana neutrinos N g
(s = 1 for electron and s = 2 for muon). Then, the electron
and muon anomalous magnetic moments take the form:

2 2
YioMeu [(1,2) (12)
en = 872 - |:IS (mEl,z’ mHl) = I

+ 11([,]‘2) (mg,,,my,) — 11(01'2>(m5112, mAZ)} sin @ cos 0

Aa (mELZ, mHz)

( () )zm2 m m

yll,22 E,MJ Hi122 Hi1.22 28

 8m? me, m ' (28)
L ep Vel

where H; = cosOsRe ¢ +sin0s&y, H, = —sinOsRe o +
cosOs&,, Aj = cosOplm +sin0péy, Ay =—sinfplme +

cosfpl, and for the sake of simplicity we have set xS,E> =

2= v (n=1,2),085 = 0p. In addition, the loop integrals

are given by [32-34]:
12
Ii7) (mg.m)

1 x2(1 = x &+ 2E)dx
- A m2 3%+ (mE —m2,)x +m*(1 —x)

m m
Hi122 Hi1.22
J( ’ )
me’# mxzi

P+(x m#n.zz) + P_(x mﬂn.zz)

1 bl .
— | dx Mes e (29)
J (=P (=)l = (2] + 1
with
Pi(x,e) =—x(1-x)(x*e) (30)

Notice that whereas the charged exotic vectorlike lepton E;
contributes to the electron anomalous magnetic moment,
E, contributes to the muon anomalous magnetic moment.
This is due to the fact that we are considering the exotic
charged leptons E; and E, as well as E5 as physical fields,
thus implying a diagonal SM charged lepton mass matrix,
where the SM charged lepton masses are given by:

Vi .
m; == [F(my,,my .mg) — F(mpy,,my,, mg)] sin 20

2
(31)

being i = 1, 2, 3 and the loop function given by [14]:

m m2 mz
F(my,my, my) = Fj_z {ﬁln(—é)

2 2

my my
———=—In{—= ]|, 32
m} —m} (M (32)

From the previous relations we find that the SM charged
lepton masses [35] and the muon anomalous magnetic
moment can be very well reproduced for the following
benchmark point:
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y 2043,  y, =101,  y3~3.07,2em0 = %,

mg, ~5.6x10° TeV, mp, ~ 1.8 x 10* TeV,
mp, ~27x10° TeV, my ~10TeV, my, =52 TeV,
my, =~ 18 TeV, my, =~ 14.5 TeV, My = 0.1 TeV,

yWart,  yWa07i  |up| = || ~0.1 keV.

(33)

Then, for such benchmark point we get the following values
for the muon and electron anomalous magnetic moments:

Aa, ~22.5x 10717, Aa, ~—1.6x 10713, (34)
This shows that the obtained values for the muon and
electron anomalous magnetic moments are consistent within
the 1o and 20 experimentally allowed ranges, respectively,

with their corresponding experimental values [36-39]:

(Aaﬂ)
(Aa,)

(26.1 £ 8) x 10710,
(—0.88 4 0.36) x 10712,

exp

(35)

exp

In conclusion, we have constructed a minimal renorma-
lizable theory that successfully explains the number of SM
fermion generations, the electric charge quantization, the
SM fermion mass hierarchy, the tiny values of the light
active neutrino masses, the lepton and baryon asymmetry
of the Universe, the observed DM relic density as well as
the muon and electron anomalous magnetic moments. In
our model, the top quark, as well as the exotic fermions,
obtain tree-level masses, whereas the SM charged fermions
lighter than the top quark get one-loop level masses.
Besides that, the tiny light active neutrino masses are
produced from a one-loop level inverse seesaw mechanism.
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