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Abstract
We added a mechanism for breaking the left-right (LR) symmetry in the new variant of
the left-right symmetry model. We added to the modela new scalar field ¢ that transforms

This work is licensed oddly under the new LR transformation. The mechanism can provide different values for
uders Clhe the vacuum expectation values of the left and right Higgs scalar, v;, and v;. A simple
Sliezilllic <. numerical analysis was performed to make sure that the parameters space in this model

International License

can satisfy some constraints of the model. It is shown that for some parameter values, this
mechanism can fulfill the constraint of v,= 246 GeV and the ratio v; /v, > 30.
Keywords: Left-right symmetry, left-right symmetry breaking, standard model extension

1. Introduction

The left-right symmetry model (LRSM) as an extension of the standard model (SM) of particle physics
has received much attention from scholars in recent years. The reason is due to the possibility of
accessing the phenomenology of the LRSM at the LHC (Large Hadron Collider) after the energy
upgrade [1], [2]. The LRSM is attractive because of several reasons, such as the seesaw mechanism for
neutrino mass and P-symmetry between the left and right Gauge sectors at high energies [3]-[5].

One of the variants of the LRSM is a model introduced by [6], which will be called a dual LR
model in this article. This model has an additional global quantum number F and leptoquarks in it,
which is different from the usual LRSM. The quantum number F with the left-right (LR) symmetry
makes it possible for the neutrino to get mass from a single seesaw mechanism, but it also forces all
neutrinos to be Dirac neutrinos. There is no Majorana neutrino in this model, which means that there is
also no leptogenesis. The baryon asymmetry can be explained by using the decay of leptoquarks into
SM particles.

The experimental fact observed until now shows that the right sector must be decoupled from the
left sector since there is no detection of right charged Gauge-Bosons WRJ—r until today [7], [8]. In the SM,
there is only left charged Gauge-Bosons WLJ—r present, as the SM are a left-right asymmetric model which

only has V-A current [9], [10]. The absence of WRi means that at the current energy level LR symmetry
must be broken. There are several ways to facilitate such a breaking, and in [6], we only mention a soft
breaking term that breaks the LR symmetry. It is necessary to explore further about the LR symmetry
breaking in the dual LR model since it can give more understanding about the phenomenological aspect
of the model. In this paper, we propose one possible scenario that can lead to the soft breaking term for
the dual LR model. A more detail explanation of the LR symmetry breaking mechanism of the dual LR
model is done in the following sections.
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Table 1. Particle content of the model, with their quantum number assignment.

SM Particles Irreducible Dual Irreducible
Representations Particles Representations

L=()) (1,2 1,-1) Lp = (f,) 11,2, -1)

Ve (1,1,1,0) N, (1,1,1,0)

Eermion er (1,1,1,-2) E; 1,1,1,2)
F=D o= @211 @=() 612,10
Ug (3,1,1,4/3) U, (3, 1,1, -4/3)
dg (3,1,1,-2/3) D, (3*,1,1,2/3)

X *
w=0) @21 xw=(l) @n2x
Scalar

(F=0) n (3,1,1,4/3) n* (3%, 1,1, -4/3)

p 3,1,1,-2/3) p* (3%, 1,1, 2/3)

2. Method

2.1. Description of the Dual LR Model

The model is based on the Gauge group SU(3) ® SU(2), ® SU(2)z ® U(1), but with a new LR
transformation, which reverses both the LR chirality and the local quantum number of a particle. The
LR chirality and Gauge group of a particle were changed into its charge conjugate representation. In
addition, the SU(2), representation was changed into SU(2)g representation, and vice versa. The
fermion and the scalar contents of the model are displayed in Table 1, categorized as SM particles and
their dual LR particles. These dual LR particles were related to the SM particles by the new LR
transformation.

The Gauge couplings of SU(2),, and SU(2)g in this model are equal, g, = gr = g. The scalar
sector consists of the two Higgs doublet y; and yr, and also two leptoguarks scalar # and
p with their corresponding dual LR particles. The leptoquarks were introduced to facilitate the decay of
massive dual LR particles into the SM particles and neutrinos. The existence of leptoquarks is necessary
for this model not only for the decay process of the dual LR particles but also to generate baryon number
asymmetry.

There are several advantages of this model, such as that there is no mixing between the left and
right Gauge-Bosons since there is no bidoublet in this model. Dual LR model can also provide a
formulation for neutrino oscillation, has no proton decay, and can avoid the big bang nucleosynthesis
(BBN) constraint. Baryogenesis from the decay of leptoquarks particles can lead to baryon number
asymmetry in the universe (BAU). All of the dual LR particles have large mass and should have decayed
at the current low energy level. [6].

2.2. LR Symmetry in the Scalar Sectors

The scalar sector of the LRSM has been discussed in several papers in detail, particularly the breaking
of charge (C) and/or parity (P) in such models [1], [11]-[15]. In the dual LR model, the scalar potential
that is invariant under the Gauge group and the new LR transformation is given by

V = —pflx? = uglxrl® + ufnl® + p3lpl? + A1 (ol + Ixel®) + L2 0nl* + 251p]*
+er P )® + xrl?) + e2lpl> (x| + [xr1?) + e3nl?Ipl® + €alxL1* 1 xx |
+esptmntp (1)
with the parameters y; , 4; and €;. These are scalar constants, which can be chosen so that y; and yg

have non zero vacuum expectation values (VEV). The leptoquarks n and p must have zero VEV since
otherwise, the gluon tends be massive.
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The doublet Higgs x; and yx can have different VEV, and can be written as

v 0
G =(¢) om =) @
where in general v; # vi. Dual LR model then only has two Higgs doublet with non-vanishing VEV.

By inserting the VEV of all scalar particles into the potential and minimizing it, the resulting two sets
of the equation are given by

—2p2v, + 40V + 2 €y vE =0 (3)
—2 pAvg + 44 V3 + 2 €4vgvE =0 (4)

The value of v, and vy in terms of y; , A; and ¢; are given by solving equation (3) and (4) together

v = HR€s — 2Uf Ay Ve = i€y — 2upA (5)
L e2—422 'K €2 —4 1%

It can already be seen that in this model the VEV of left and right Higgs doublet, v;, and vy are
symmetric with respect to the LR symmetry. As a consequence, their value should not be too different

if 4, and pg have similar values. This can become a problem, since the mass of WRi is proportional to
Vg, 1.6, My, = igv,%. If vp = v;, then WRi should have been found in the LHC experiments.

3. Results and Discussion

3.1. LR Symmetry Breaking

The LR symmetry must be broken in order to give different values to v, and vi. The value of v must
be relatively high to explain the no detection of WRi. One way to break the LR symmetry is by
introducing an additional scalar singlet field (see, for example [16]-[18]), ¢ with the quantum number
(1, 1, 1, 0), which under the LR transformation transforms as ¢ — —¢ . With the addition of ¢, the
scalar potential given in (1) changes into

Vo= —pflol? — 3 (xel? + Ixrl®) + 3 Inl? + uZlpl? + 44 1p1* + 2 (xe I* + Lxl*)

+3nl* + Aalpl* + €11 Ux)® + Ixr1?) + €210 > (x| + [x&1?)

+eslpl?(xl? + [xrl?) + e4l@l?nl? + esld1?1pl? + €sInl?|pl + €71 217 xR

+egpTnntp + (819 Uxel* — Ixr1*) +h.c.) (6)
Notice that the parameters for y; and yy in the above potential are the same, i.e., the mass term u,. It
is assumed that at this scale, the LR symmetry is still present. There is a new term which will be
responsible for the LR symmetry breaking, i.e., the term with the &; factor. This term explicitly breaks
the symmetry, which can be seen from the minus sign in it, as a consequence of the transformation of
¢ that transforms oddly under the LR transformation. The singlet ¢ can have a VEV, and it can be
written as

(@) = v (5)

Inserting this value together with the VEV for yx;, xz, p, and n into equation (6), and minimizing
it with respect to v, and vy gives the following result

=2 p3vy, + 42,V + 2 vV, + 2 €,V vE + 28,vv, = 0 (8)
—2 [3vg + 4A,vE + 2 €Vivg + 2 €,vgVE — 26,0 vg = 0 )

Now the value of v; and v, can be obtained by solving equation (8) and (9) together:

2 _ 2
v, = (:UZ Elvh) _ 61Uh (10)
20, + €, 2, — €7

2 _ 2
Vg = (#2 Elvh) + 51vh (11)
2, + €, 21, — €,
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Figure 1. (a) Ratio of vz /v, (w) as function of VEV of ¢ (v},) (with u2=100 TeV and §; = 6.374025316 TeV), (b) Ratio
of vg /v, (w) as function of VEV of ¢ (vy,) (with u2=250 TeV and §; = 2.402889173 TeV).

Depending on the value of u, , 4,, €1, and €, the term with &; can make the difference between
v, and v; to be sufficiently large. To explore further, their values can be taken based on some
assumptions that (i) u3 is related to the LR symmetry, and it may as well be assumed to be above the
LHC energy. Current energy reach of LHC is 14 TeV, then it will be assumed that p, is of the order of
(10%) TeV; (ii) €;,€,, and A, are constant parameters related to the interaction between scalar fields,
with the order of unity; and (iii) &, is a constant parameter related to ¢ and it will be determined from
each test case values of u3.

There are two bounds that will be checked in order to determine the values of the VEVSs. The first
is that v, must give the experimental value of 246 GeV, and the second comes from the minimum bound
for w = vy /v,, the ratio between left and right VEV [6], [19], [20]. An analysis has been done for two
choices of values, and the result is given in Figure 1.a and 1.b.

The &, values are obtained by inserting w3 into equation (10) and (11) along with other
parameters as described in the assumptions. Then it is solved simultaneously by imposing two
conditions, v; = 246 GeV and w = 30. The latter is abound for this model, w > 30, obtained from fitting
correction of the SM fermions coupling with a neutral weak boson Z; to the experimental data [19].
The result shows that it is possible to have realistic values for both &, and v, within each test case
parameters values. The first case with 43=100 TeV and §; = 6.374025316 TeV gives the values of
vy, = 4.267624258 TeV. This vy, value exactly gives w = 30, for higher vy, the w will also increase.

The second case with u5=250 TeV and §; = 2.402889173 TeV that gives the values of v, =
13.58421315 TeV. This v, value exactly gives w = 30, and also for higher v, w will also increase.
We conclude that there is enough parameter space in this model to break the LR symmetry while also
satisfying several bounds given by the experimental data. Further works can be done on the
phenomenological aspect of the new field ¢.

4. Conclusion

We have investigated the possibility of breaking the LR symmetry in the dual LR model. The
mechanism needs the introduction of a new field into the model, namely a new scalar singlet ¢. The
addition of ¢ can break the symmetry in v, and vy values, when it gains its VEV. The reason underlies
behind the LR symmetry breaking is the odd transformation of the new field, ¢ — —¢ under the LR
transformation. This introduces a term that will break the LR symmetry in the scalar potential. Two test
cases values have been analyzed numerically, and the result shows that it is possible to have a set of
values that gives good agreement with the bounds from the experimental data, i.e. v,= 246 GeV and
w = 30.
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