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Meson and anti-meson mixing processes constitute an important source of constraints on models that
give tree level contributions to flavor violating neutral processes. In electroweak SU(3). x U(1)y models,
where anomaly cancellation requires that one family of quarks transforms differently from the other
ones, processes involving flavor changing neutral currents gain tree level contributions mediated by gauge
and scalar fields. Here, we firstly investigate the contributions of the neutral scalar that mimics the
standard Higgs to the K% — K°, B — B%, and D% — D% mixing processes and confront our predictions with

experiments. The results will determine the quark mixing matrices Vi"d. In possession of this information
we, next, evaluate the contributions of the neutral gauge bosons Z’ and Z to the K® — K°, B® — B9, and
D° — DY processes. This realistic approach to meson transitions will provide severe bounds on Mz and

Z — 7' mixing angle.

© 2023 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license
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1. Introduction

Flavor changing neutral processes (FCNP) arise as a natural out-
come of the electroweak SU(3); x U(1)y models [1-4] because
anomaly cancellations require at least that one family of quark
transforms differently from the others [3,5]. These models predict
FCNP mediated by neutral gauge and scalar fields [6-9] and, for ex-
ample, the meson mixing K° — K9, B® —B°, and D? — D? processes
provide an important source of constraint on the parameters of the
models [6-18].

Flavor changing neutral processes mediated by Z’ have received
considerable attention within the SU(3)¢ x SUB)L x U(1)Ny (3-3-
1) models [6-8,10,15,19-29], but there are few works exploring
these processes mediated by neutral scalars [26,29,30]. In the 3-
3-1 model with right-handed neutrinos (331RHN) three neutral
scalars and one pseudoscalar give contributions at tree level to
meson mixing [26,29,30]. In order to address FCNP inside mod-
els with complex scalar sector, the first thing to do is to recognize,
in the spectrum of the scalar of the model, the neutral scalar that
plays the role of the standard Higgs. We then calculate the Higgs
contributions to K® — K, B% — B®, and D — D° mixing with the
aim of determining the unitary matrices, Vi”d, that mix the stan-
dard quarks. This is important because with such matrices in hand
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we can realistically probe the contributions of the 3-3-1 models to
FCNP. This approach gives us the real power of FCNP in constrain-
ing the parameters of the 3-3-1 models.

With this in mind, we focus on the 331RHN and recognize the
Higgs in the spectrum of scalar of the model and then obtain its
Yukawa interactions with the standard physical quarks that lead to
FCNP. Next we calculate the contributions of the Higgs to the mass
differences associated with K% — K%, B — B®, and D® — DO transi-
tions. We confront our predictions with experiments and, as result,
we determine Vi"d. In possession of V;”d, we calculate the contri-
butions of Z’ to K% — K°, B — BY, and D® — D? and derive bounds
on M. Finally, we calculate the contribution of the standard neu-
tral gauge boson to such processes and obtain upper bounds on
the Z — Z’ mixing angle.

This work is organized as follows. In section 2 we diagonal-
ize the mass matrix of the CP-even scalars, recognize the standard
Higgs and obtain their Yukawa interactions. In section 3 we calcu-
late the contributions of the Higgs, Z’ and of the standard neutral
gauge boson Z to the Amg g p and obtain the bounds. In section 5
we summarize our results and present our conclusions.

2. Higgs-quarks Yukawa interactions

We restrict our investigation to the case where the first family
of quarks transforms as triplet while the other two transform as
anti-triplet. For the fermion representation and content we refer
the reader to Ref. [31].

0370-2693/© 2023 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/). Funded by

SCOAP3.


https://doi.org/10.1016/j.physletb.2023.138216
http://www.ScienceDirect.com/
http://www.elsevier.com/locate/physletb
http://crossmark.crossref.org/dialog/?doi=10.1016/j.physletb.2023.138216&domain=pdf
http://creativecommons.org/licenses/by/4.0/
mailto:vlbo@academico.ufpb.br
mailto:cpires@fisica.ufpb.br
https://doi.org/10.1016/j.physletb.2023.138216
http://creativecommons.org/licenses/by/4.0/

V. Oliveira and C.A. de S. Pires

In the 331RHN the Yukawa interactions involving quarks and
scalars are composed by the following terms

— [:3 D) glaaledaR + 8ia QiLﬂ*daR
+h]aQ1L77u0R +hiaQiLi0*uaR +Hc., (1)

where Qq, is the first family of quarks (triplet) and Q;, with i =
2,3 are the second and third ones (anti-triplets).!

The triplet of scalars n and p, together with x, form the orig-
inal scalar content of the model. The scalar potential, the shift of
the neutral components of the scalar fields that develop VEV and
the set of constraint equations that guarantee the model develops
a global minimum are found in Refs. [33,34].

We are interested exclusively in the CP-even scalars. More
specifically we want to recognize the CP-even scalar that plays the
role of the standard Higgs. Then, according to Ref. [33] and consid-
ering the basis (Ry’, Ry, Rp), these scalars compose the following
mass matrix,

Mvi, +fvgvp/A4vyr havyvp/2—fvp/4 Asvyvp/2— fvy /4
A4vx/v,7/2—fvp/4 sz,z7+fvxrvp/4v,7 Asvﬂvp/Z—va/M
AsVyrVo/2— fvy/4 deVpVp/2— fvy /4 A3vE+ fvyvy/Av,

(2)

It is quite impossible to diagonalize such matrix analytically. We
then resort to the alignment limit characterized by the conditions,
M=Ais=AVvy=Vp=vand f= 20V, where v =175 GeV rep-
resents the standard VEV. With this approach M,% get simplified

2
M =

Alvi, + a2 0 0
M2 = 0 Mav?+2v2 /2 eV /2 — %Avi,
0 AgV2/2 — %Avi, r3v?i4+av2, /2

(3)

Diagonalizing analytically this matrix we obtain H = R, whose
mass is m% ~ Alvi, + %sz. The other eigenvalues are mﬁl ~
102 + A3 + Ae)v2, and mp ~ mﬁl — AgV2 + Mvi, where h; =
%(R,7 +Rp), and hy = %(Rp — R;). We soon recognize that hy
must play the role of the standard Higgs. The other two neutral
scalars, H and h;, are heavy particles with their masses scaling
with v,. In view of this, it is reasonable to assume that the main
scalar contribution to the meson transitions is given by hi. We fol-
low this approach and, then, obtain the Yukawa interactions among
hy and the quarks.

Let us consider the standard up quarks. For the basis u =
(u1, uy, usz) the Yukawa interactions above provide the following
mass matrix

hit  hiz  hi3

v
My=—=| —ha1 —ha —ha |, (4)
V2 —h31 —h3; —h33
diagonalizing this matrix by a bi-unitary transformation
my 0 O
vitmvi=[ o me o], (5)
0 0 m

we get the masses of the up quarks. The relation among the basis
is given by

1 For the most general set of Yukawa interactions allowed by the three triplet of
scalars and the quarks, see Ref. [32]. All the other terms that appear there mix the
standard quarks with the exotic ones. We avoid these terms because they violate
lepton number explicitly.
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iy g = V)T,HRUL,R» (6)
with i =, c, t)T.

For the down quarks we have the mass matrix

v [&11 812 &3
Myg=—1| 81 &2 &3], (7)
V2 831 832 833

diagonalizing this matrix by a bi-unitary transformation

g mg 0 O
viimgvi=[ 0 my o |, (8)
0 0 mp

we get the masses of the down quarks. The relation among the
basis is given by

dip= VIijdL,R , (9)

withd=(d, s, b)T.

Note that Vg’” act on the quark singlets ug and dg which
means there is no constraint on them. Consequently, without any
loss for the quark phenomenology, we may assume Vg’“ =1I.1In
this case Eqgs. (4), (5), (7) and (8) give

&ia = ﬁ(vg)ia% ) 83a= \/E(Vg)Ba% ,

(Myp) (Myp)
hig = —V2(V{)ia=— =, ha = V2(V[)3a— =, (10)
where i =2,3, a=1,2,3, (Mgown)a = My, Ms,Mp, and (Myp)q =
my, M, M.

After all this, in the end of the day we obtain the following
Yukawa interactions among h; and the physical standard quarks

hi - upJa u u upla \ ~
L= \—}zum ((vm(vi‘)m (Mupla (V)ig(V} )bf@) fiag
hy (Mdown)a
n T%dbL ((VS>1a<VS>b1 —down’a
+ (ﬁ)m(%’)m@)t}“ +Hc., (11)

where the subscripts a,b=1,2,3 and i =2, 3.

Observe that the interactions in Eq. (11) lead inevitably to pro-
cesses that violate flavor mediated by hi. In this regard, particu-
larly important are its contributions to meson-antimeson mixing
K% — K°, B% — B® and D° — DO. We calculate such contributions
with the aim of shedding light in the pattern of quark mixing by
determining the elements of Vf’d.

3. Flavor changing neutral current bounds on the parameters of
the model

3.1. Higgs contributions
As we can observe in the Eq. (11), the neutral meson-antimeson

transitions K® — K9, B® — B9, and D? — DO receive contributions
from hi by means of the following effective interactions [35]

ol 2;1_%] [d(ckpr—ckry) s]z,
el 21;_%1 [5(ckPr - chPy) d]z, (12)

1 - R L 2
e - [ (cBPr—chPi)c] .
hy
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. L,R .
where the coefficients Cy'; , are given by

ck=[(v),, (vi),, +(vi), (v]), ] 3

ck=[(vi),, (ve),,+ (vi),, (vi),] 5

ci=[(vi),, (v),, +(v2), (v0),] 5 (13)
ch=[(ve),, (vi),,+ (vi),, (v8), ]

CB=[(VE) sy (VE)y + (VE) (V)] 5

Ch=[(vE)], (V)3 + (VI3 (V)R] 5.

with i =2, 3.

According to these interactions the contributions of hy to Amg,
Amp and Amp are given by the expressions [35]

my B f2 r\2 mg \?
=ML gy (cf)’ +(c)] M
K mﬁ] K K ms+md
+2Re[C cR ! ] (14)
Nz T3 rmg my
mpB 2 m
Amp = Bizsfs O Rei(ch)’ | ( B )
my, 24 mg +mp
+2Re[CLCRY ! 1 ’ (15)
881521 3 my ~|—mb
mpB 2 m 2
Amp = DinD Re[(CD) (Cg) ] _ "
mﬁ] 24 my +me
1 m 2
Z <7D) >i| ’ (16)
4 \my +mg
where mg p,p are the masses of the mesons, Bx p p are the bag
parameters and fx g p the decay constants. Observe that the only

free parameters involved in these expressions are the elements of
the mixing matrix (Vf’d),-j which means that these contributions,

+ 2Re[CE k] i+
D=DI\ 24

in conjunction with the unitary constraint on Vi"d and the fact
that V| Vzd = Vckm, will provide the pattern of mixing among

the quarks by determining the elements of Vi”d. As we are go-
ing to see, this is very important in determining the contributions
of other neutral particles, as Z’, to these transitions.

3.2. Z' contribution

It is important to remember that, from the spectrum of 3-3-1
neutral particles that potentially contribute to meson transitions,
we are going to assume that Z’ gives the main contribution. That
said we have that in the 331RHN the effective lagrangians that
characterizes the contributions to Amyg, Amg, and Amp mediated
by Z’ are given by [8,10,22]

4 2
eff(z") 4GFcy Mz [( d\* ( d> ]2 St |2
Is = w Tz |(y v
K 3v2(3—4sy) M2, L)“ 12 iy TSl

(17)

, 4Gpcd M2 * 2 _
et = 2w B2 (v (ve) ] il
3v2 (3 —4s2,) M3, 1 13

(18)
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’ 4Gpct 1v12 2
£Eff(z): Ftw V VU ) y23 2’
(19)
which leads to
_ 4Gkcy, N fody 12 M2
(Am1<)2/—73ﬁ(3_4s‘2/v) [(VL)“ (VL>12] M2, Z fEBxmy
(20)
_ 4Gecy, N (ody 12 M2
(Ams)z’—muvl)n (VL)B] M2, A faBsms.
(21)
(ampyy = —2CFW gy vy P Mz g2g
32 (3—ast,) b 2l 2 oD ’
(22)

where Gfr is the Fermi constant, M is the mass of standard Z
boson, My is the mass of Z’ and 6y is the Weinberg angle. Ex-
cept by M/, the values of these parameters are found in Ref. [36].
Observe here that Egs. (20), (21), (22) involve six free parameters,
namely (V{)i1, (V)i2, (Vis, (VO11, (V)12 and M. Thus it

is imperative to know the elements of Vi"d

on M. In previous work on this subject the elements of Vi"d (the
pattern of mixing) were postulated and then bounds on Mz were
obtained, see Refs. [15,26,30]. Here we do the following: we obtain
the elements of V;"d from hy contributions to the meson transi-
tions and use them in the expressions above to extract bound on
M. Besides of being possible, we think that this approach is much
more realistic than the previous one.

to extract any bound

3.3. Z contribution

In 3-3-1 models Z mix with Z’ to form Z; and Z,. Due to this
mixing Z; starts to contribute to meson transitions, too. As we
are going to see, such contributions are determined by the mix-
ing angle ¢. We, then, switch on the Z-Z’ mixing, where now
Z1=Zcos¢ — Z'sing play the role of the standard gauge boson.
In this case Z; contribute to K9 — K°, B® — B?, and D°® — D° mass
difference by means of the following effective lagrangian [10],

eff2y _ AGECW SI® (@) o a\* (ud\ 125 i 2
L= 3v2(3-4s%) [(VL)H (VL>12] iy st (23)

eff(z) _ AGECY SIN®@) [0 a\* (va\ (3 oup 2
Ly = 3v2(3-4s%) [(VL)H (VL>13] iyl (24)

pelf@ _ AGECy sin’ (@)
b 3v2(3 - 4s%)

which give the following contribution to Amg, Amg, and Amp

D (vg), (1), semem. a9

a0, (1), mms. e

[V, (v, lay e, (25)

(Amg); =

(Amg)z =
1T 3V2(3-45%)
4GFCW sin (¢) 2 .
(Amp) —((V 1% fsBpmp . (28)
1= g (VD VD)l 3
These contributions provide information exclusively on the mixing
angle ¢.

In summary, the Higgs contributions to the meson transitions
cannot be neglected because they depend directly of Vi"d. As a
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Table 1
Input parameters [36,43,44].
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Input Parameters

Quark masses K° D° BO

my =2.16 MeV mg =497.611 MeV mp = 1864.84 MeV mp =5279.66 MeV
Me = 1.27 GeV VBrfe =131 MeV  Bpfp=212MeV  Bpfs =210 MeV
mg =93.4 MeV

mp =4.18 GeV

mg =4.67 MeV

result, such contributions will provide information on VL”’d. In pos-
session of this information, and assuming that the main contribu-
tion to the meson transitions from the spectrum of 3-3-1 particles
is due to Z’, we extract bound on my.. From the contribution of Z
to the meson transitions we get information on the mixing angle
¢. We do this analysis in the next section.

4. Numerical analysis
4.1. Higgs contribution

Observe that, according to the coefficients C 1’?'[} p in Eq. (14),
the only free parameters in the expressions of the mass differences

above are the elements of V{"d. Thus any bound on these mass
differences fall exclusively on the elements of Vz"d. It is in this
point that lies the importance of the contributions of the standard
Higgs to these processes, namely assuming that such contributions
recover the experimental errors, as consequence, we obtain a real-
istic proposal for the pattern of quark mixing V;"d.z

In general, neglecting CP phases, unitarity on Vz"d imposes
these mixing matrices be parameterized by three angles each.
Moreover they lead to the CKM matrix by means of the relation

vIivI = vegu, (29)

which allows us to eliminate V' in favor of Vf in the expression
above

Vi =VamVy. (30)

In this way we have that, once Vcky is determined by experi-
ments, in determining Vf we automatically obtain V.

Following the standard parametrization for a 3 x 3 unitary ma-
trix we write Vf as [36,37]

p C€12€13 $12€13 S13
Vi =| —S12023 —C12523513  C12€23 — S12523813  S23C13 |,
$12523 — €12€23513  —C12523 — $12€23513  €23C13

(31)

where s;j = sin6jj, ¢jj = cos6;j. The parametrization of V}' in terms
of sij and cj; is obtained substituting (31) in (30). With Vi”d
parametrized by the angles 6;; we substitute them in the expres-
sions to the coefficients CE:;D given above and plug such coeffi-
cients in the expressions to Amg g p. After all this we are ready to
obtain constraints on these three angles from Eqs. (14), (15) and
(16) by imposing that the Higgs contributions respect the exper-
imental values of Amg g p. This is reasonable because we have a
system involving three equations, namely (14), (15), (16) and three
variables (612, 623 and 613). However each equation of the system

2 Of course that we have to have in mind that this is possible based in a certain
set of reasonable assumptions as, for example, that the right-handed quarks come
in a diagonal basis.

behaves likes (Oij)4 which implies in many set of (613, 623, 612) as
solution to the system.

Besides the loop standard model contributions (Amsy) to these
mass differences present a good agreement with experiments
[38-40], we have that Amsgy still involves a considerable amount
of uncertainty due to errors in QCD corrections [41,42]. We then
find reasonable to assume that all the contributions from new
physics fall inside the experimental error. This is even more jus-
tifiable inside the 3-3-1 model because the model itself provides
new contributions at loop level to the mass differences that will
increase the uncertainties.

Our input parameters are shown in Table 1, and Vcky is given
in the PDG [36]

0.97435 0.22500 0.00369
0.22486 0.97349 0.04182
0.00857 0.04110 0.999118

[Vexm| = (32)

The current experimental value for the mass difference are [45-
48]
Amg = (3.484 4+ 0.006) x 10712 MeV,
Amp = (6.25316"35987%) x 10712 Mev, (33)
Amp = (3.33440.013) x 107'° MeV.

The experimental errors of the mass differences that we use to
constrain new physics is,

Amg = 0.006 x 10~12 MeV,

Amp =2.69 x 10712 MeV,
Amp =0.013 x 10710 MeV.

(34)

That said, the idea here is to demand that any new physics con-
tribution to these mass differences falls inside these errors. The
new contributions we are considering here are due to hy, Z and
Z'. Then the sum of such contributions must fill the error. In this
point of the work we have to make another assumption regard-
ing the amount of contribution of each mediator. We consider two
scenarios. Without strong reason, in one scenario we assume that
hi get in charge of 10% of the error while in the second scenario
hy get in charge of 80%.

For the case of the Higgs, whose interactions and contributions
are presented above, after solving numerically the set of Egs. (14),
(16) and (15) by demanding that the Higgs provides a contribution
to the mass differences exactly equal to the 80%, and 10% of the
errors in Eq. (34), we obtain the following proposal of solutions to
the mixing angles:

For the scenario where h; contributes to for 80% of the error,
we get as solution,

612 = 1.580313,
673 =1.59713,
613 = —1.845500.

(35)
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Fig. 1. Evolution of Amg, Amg, and Amp in function of M. The excluded red region represents the error of Amg g p. The continuous (dashed) black lines represent the
contribution of Z’ for 80% (10%) of the error of difference of meson masses. The continuous (dashed) horizontal purple lines represent the contribution of 10% (80%) of

Amg B.D-

These angles imply in the following pattern of quark mixing,

0.0025814 —0.271249 —0.96250
vi=100171729 0962379 —0.271168 |, (36)
0.999849 —0.015829 0.00714249

and by means of V¥ = VcxuV§{ we obtain,

0.010068 —0.0478151 —0.998804
Vi =10.0591118 0.875211 —0.480109 (37)
0.999695 0.0214141 —0.0122575

For the scenario where hq contributes to 10% of the error, we
get as solution,

012 =2.047993,
623 =0.978181, (38)
613 = 1.555508.

These angles imply in the following pattern of quark mixing,

—0.0070215 0.0135799 0.999883

Vf: —0.115207 —0.993261 0.0126809 |, (39)
0.993317 —0.115105 0.00853869

and
—0.0290977 —0.210677 0.977121

Vi’: —0.0721913 —-0.968689 0.237536 |. (40)
0.987645 —0.15571 0.0176213

These results are interesting because they offer concrete pat-
terns for the mixtures of the quarks. This allows us to probe con-
cretely the scale of 3-3-1 physics by means of the Z’ contribution
to such mass differences. We do this in the next section.

Before this, let us check if such patterns of mixing are in agree-
ment with ATLAS bounds on flavor changing neutral process in-
volving the Higgs. We refer to the ATLAS experimental upper limit
on the top quark decays t — hyc and t — hiu provided by the
Yukawa interactions,

L}l D heeh thic + Agun, thyu + H.C. (41)

The ATLAS bounds on these top decays are found in Ref. [49] and
impose Acp, < 0.13 and Ay, < 0.13. In this case we have to ver-
ify if the Yukawa interactions in Eq. (11) respect such bounds.

We have that for the two scenarios discussed above when hy con-
tributes with 80% of the error and when contributes with 10% of
the error we get Aecn, ~ O (107) and Agn, ~ O (1079), respec-
tively.

4.2. Z and Z’ contributions

Having in hand all this set of information we are ready to ob-
tain the contributions of Z and Z’ to Amg p p in both scenarios. In
the first case, where we assumed that h; contributes with 80% of
the error, we are going to assume that Z’ contributes with 10% of
the error, while in the second scenario, where we assumed that hq
contributes with 10% of the error, we are going to assume that Z’
get in charge of 80% of the error. The remaining 10%, in the both
scenarios, we assume is filled with the contribution of Z.

In Fig. 1 we show our numerical results for the contributions
of Z' to Amg p.p in both cases. The excluded red region repre-
sents the error of Amg g p as shown in Eq. (34). The first panel
shows the Z’ contribution for Amg while the second and third
panels represent its contributions for Amg and Amp, respectively.
The continuous and dashed black lines represent the evolution of
Amyg g p in function of M as required by Eqgs. (20), (21), and (22).

In the three panels of Fig. 1, the continuous black line repre-
sents the first case (Z’ contributing with 10% of error). The contin-
uous purple horizontal line indicates the value of 10% of Amg p p.
The vertical green line represents the lower limit imposed by LHC
[50]. In practical terms this means we are using the pattern quark
mixing given in Egs. (36), and (37). As we can see in these pictures,
the three transitions are demanding a heavy Z’. Observe that Amg
put the strongest bound o My . As we can see in the second panel,
for Z’ contribution constituting 10% of the error of Amg transition
it demands Mz ~ 16 TeV. This implies that the 3-3-1 model must
belong to a scale energy around v, ~ 40 TeV.

Concerning the second case, represented by the dashed black
curves, where Z’ is supposed to contribute with 80% of the er-
ror, the strongest bound on My is also given by Amp demanding
the same My =~ 16 TeV since the vertical dashed gray line in the
second panel is upon the continuous. In these pictures the dashed
purple horizontal lines indicate the value of 80% of Amg g,p which
means the dashed curves represent the pattern of mixing giving in
Egs. (39), and (40).

In general we observe that, in both cases, with Z’ contribut-
ing with 10% or 80% of the error, the bounds on My constitute
the most severe bound on the 331RHN existent in the literature.
We stress that this is due to the fact that we are using a pattern
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Fig. 2. Evolution of Eq. (26), Eq. (27), and Eq. (28) in function of ¢ (continuous black curves).

of quark mixing allowed by the Higgs contributions to such pro-
cesses. In Appendix A we display another set of possible patterns
for Vi”d allowed by the Higgs contributions and their respective
higher bound on Mz and ¢ from one of the mass difference
Amg g p. Observe also in these figures that such bound on My
is not alleviated by varying the percent of the contribution of Z’
to such transitions.

The results of the contributions of Z for the remain 10% of error
are shown in Fig. 2, where the first panel represents the contri-
bution of Z to Amg in function of ¢, and the second and third
panels represent its contributions for Amg, and Amp, respectively.
The excluded red region represents the error of Amg g p as shown
in Eq. (34). The purple horizontal dashed lines indicate the value
of 10% of Amg g p, as we required. The black curves represent the
evolution of Eq. (26), Eq. (27), and Eq. (28) in function of ¢. The
continuous black curves means Higgs contributing with 80% of the
error, and the dashed black curves means Higgs contributing with
10% of error. The contributions of Z to these meson transitions
translate exclusively in bounds on the Z — Z’ angle mixing. As we
can see in these pictures, the most stringent bounds are put by
Amyg and Amp where both require ¢ ~ 6 x 10~3. Such bounds are
close to the previous ones found in the literature, see Refs. [31,51].

We are aware that the bounds on Mz may change by taking
V,‘é'd # I since, in this case, we may find space to handle Vt”d to
a pattern that could result in alleviation of the bound put here on
My2

5. Conclusions

In this work we considered the scalar sector of the 331RHN
and obtained the mass matrix of the CP-even scalars. Applying the
alignment limit we diagonalized it with the main aim of recog-
nizing the scalar that plays the role of the Higgs, hi. Next, we
obtained its Yukawa interactions with quarks in a scenario where
the first family of quarks transforms as triplet. As expected, these
interactions lead to flavor changing neutral processes. We then cal-
culated the contributions of h; to the mass differences involved in
meson-antimeson transitions. We assumed that any new contribu-
tion to the meson transitions cannot be larger than the experimen-
tal errors. Our investigation were divided in two scenarios. In the
one scenario hy get in charge of 80% or the error and in the other
scenario it gets in charge of 10%. We stress that the unique variant
parameters in the hy contributions are the quark mixing matri-

3 Work in progress.

ces Vi“d. The Higgs contributions serve solely to fix the elements
of these mixing matrices. This is a very important result because
with Vf‘d in hand we may calculate the concrete contributions of
the other neutral particles as Z’ and Z to the meson transitions.

Throughout the paper we assumed that hy, Z and Z’ give
the dominant contributions to the error of the meson transitions
which means the sum of their contribution must practically fill
the entire error. We then considered that Z always get in charge
of 10% of the error. This means the sum of the contributions of Z’
and hy must sum 90% of the error. Whatever is the contribution of
Z' to the error, it will provide severe constrain on the mass of Z’
to values around 16 Tevs. The contribution of 10% of Z to the er-
ror translate in bounds on Z — Z’ mixing that agree with previous
ones.

Our study indicates that FCNC is an important source of con-
straint on the parameters of the 331RHN. We remark that the
parameter space for new physics concerning meson mixing arises
from the discrepancy between experimental and theoretical (stan-
dard model) predictions but such discrepancy is highly non-
perturbative which leads to considerable uncertainty. In view of
our results, reducing this uncertainty is very important to the sta-
tus of the 3-3-1 models.

The results displayed in Fig. 1 and Fig. 2 and in the appendix
allow us to conclude that FCNC in the form of meson transitions
K% — K9, B9 — B% and D® — D may be a very efficient way to
constrain new physics as is the case of the 331RHN. However, we
stress that the weakness behind such analysis is the fact we do not
know yet the pattern of quark mixing matrices Vf”d. Determine
such mixing from other sources of constraints, as Higgs and quarks
violating flavor decays, will be decisive to the efficiency of meson
transitions in constraining new physics.
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Appendix A

Higgs Contribution of 80%

012 623 613 My limit ¢ limit
1.6818 —1.5212 1.612 31 TeV 2x1073
—3.907867 2.2188 —1.58868 87 TeV 103
2.562462 2.402145 —1.586674 90 TeV 1073
3.128632 —1.86437 0.002682 248 TeV 3.6x107%
Higgs Contribution of 10%
012 023 013 Mz limit ¢ limit
1.737666 1.6224 4.6562 22 TeV 4x1073
—1.138012 —1.280638 —1.551463 19 Tev 4x1073
—1.025063 1.224614 1.525326 56 TeV 1.6 x 1072
—0.000419 1.041301 —0.003637 107 TeV 8x107%
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