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We propose left-right models based on SUð3ÞC ⊗ SUðMÞL ⊗ SUðNÞR ⊗ Uð1ÞX gauge symmetry for
ðM;NÞ ¼ ð3; 3Þ; ð2; 3Þ, and (3,2) that address the 750 GeV diphoton excess recently reported by the LHC.
The fermion contents are minimally introduced, and the generation number must match the fundamental
color number in order to cancel anomalies and ensure QCD asymptotic freedom. The diphoton excess
arises from the field that breaks the left-right symmetry spontaneously in the first model, while for the other
models it emerges as an explicit violation of the left-right symmetry. The neutrino masses, flavor-changing
neutral currents, and new boson searches are also discussed.
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I. INTRODUCTION

The minimal left-right model [1,2] is defined by the
gauge symmetry SUð3ÞC⊗SUð2ÞL⊗SUð2ÞR⊗Uð1ÞB−L
that preserves SUð2ÞL and SUð2ÞR interchange, called
left-right symmetry. Consequently, SUð2ÞL and SUð2ÞR
coupling constants are equal, and every left-handed fermion
doublet of SUð2ÞL corresponds to a right-handed fermion
doublet ofSUð2ÞR that composes those of the standardmodel.
All such fermions have the color ½SUð3ÞC� and baryon-minus-
lepton ½Uð1ÞB−L� quantum numbers, as usual. The minimal
left-right model often works with a scalar bidoublet and two
scalar triplets (a left anda right).An interesting consequence is
that the parity is exact, but its asymmetry as seen in the
standard model is due to the spontaneous left-right symmetry
breaking. Additionally, the seesaw mechanisms that generate
small masses for the neutrinos naturally emerge because the
right-handed neutrinos are supplied as fundamental fermion
constituents and the seesaw scales are designated as the gauge
symmetry breaking scales.
The leading postulate (for various proposals see [3]) that

solves the 750 GeV diphoton excess [4] recently observed at
the LHC interprets the excess as a new neutral scalar that
couples to extra heavy quarks (and/or new charged leptons or
bosons in some cases). We will show that such a mechanism
works in connection with fundamental left-right asymme-
tries. The minimal left-right model does not contain extra
quarks, nor does it naturally explain the excess, so it should
be extended. The first setup is based on SUð3ÞC ⊗
SUð3ÞL ⊗ SUð3ÞR ⊗ Uð1ÞX gauge symmetry. The extra
quarks exist as the third components of SUð3ÞL and SUð3ÞR
triplets/antitriplets to complete the fermion representations,
where the first two components are the standard model
quarks. The new neutral scalar responsible for the 750 GeV
diphoton excess becomes (3,3) component of a second scalar
bitriplet that reflects a left-right symmetry from the first
scalar bitriplet including the usual scalar bidoublet. The

second and third models are proposed based on SUð3ÞC ⊗
SUð2ÞL ⊗ SUð3ÞR ⊗ Uð1ÞX and SUð3ÞC ⊗ SUð3ÞL ⊗
SUð2ÞR ⊗ Uð1ÞX gauge symmetries, respectively, which
explicitly violate the left-right symmetry. The nature of the
scalar excess and heavy quarks radically differs from the first
model. All the models require three generations of fermions
in order to cancel anomalies as well as to ensure the QCD
asymptotic freedom, analogous to the 3−3−1 model [5,6].
Our setups have advantages and distinguishable phenome-
nologies, especially in the neutrino masses and flavor-
changing neutral currents, compared to the known minimal
left-right and 3-3-1 models. Our theories also provide some
new gauge bosons that possibly explain the recently-
observed diboson anomalies [7].
In Secs. II, III, and IV, we propose the models and

correspondingly identify the mechanisms that explain the
750 GeV diphoton excess, respectively. The neutrino
masses in each model are also discussed. Section V is
devoted to the flavor-changing neutral currents, new gauge-
boson searches, and other aspects which improve the
previously studied theories. In this section, we also form
conclusions and discuss the outlook.

II. SUð3ÞC ⊗ SUð3ÞL ⊗ SUð3ÞR ⊗ Uð1ÞX MODEL

The minimal left-right model cannot explain the
750 GeV diphoton excess. Let us suppose a higher gauge
symmetry, SUð3ÞC ⊗ SUð3ÞL ⊗ SUð3ÞR ⊗ Uð1ÞX, com-
pleted by a Z2 symmetry of SUð3ÞL and SUð3ÞR inter-
change, the so-called left-right symmetry [8]. The fermion
content, which is anomaly free and reflects the Z2 sym-
metry, is given by
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Here, a ¼ 1, 2, 3 and α ¼ 1, 2 are family indices. The
quantum numbers in the parentheses are given upon
½SUð3ÞC; SUð3ÞL; SUð3ÞR; Uð1ÞX� groups, respectively.
The extra fields Ea and Ja are new leptons and new quarks,
respectively, whose electric charges depend on a free
parameter q. The electric charge operator also reflects
the left-right symmetry, which is given by

Q ¼ T3L þ T3R þ βðT8L þ T8RÞ þ X; ð4Þ

where TiL;R ði ¼ 1; 2; 3;…; 8Þ and X are SUð3ÞL;R and

Uð1ÞX charges respectively, and β ¼ −1−2qffiffi
3

p . Further, the

SUð3ÞC charges will be denoted by ti. Note that X is not
identical to B-L, which is unlike the minimal left-
right model.
Provided that the left-handed fermion doublets are

enlarged to become fundamental (triplet or antitriplet)
representations of SUð3ÞL [note that the fermion represen-
tations of SUð3ÞR can be derived from the left-handed ones
by a Z2 transformation as mentioned previously], the
SUð3ÞL anomaly cancellation requires the number of
triplets to be equal to that of antitriplets; in other words,
the number of generations is a multiple of three—the
number of fundamental colors. Since the extra quarks are
included to complete the fundamental fermion representa-
tions, the number of generations is less than or equal to 5 to
ensure the QCD asymptotic freedom. Consequently, the

generation number is 3, coinciding with the observation
[10]. It is easily to check that all other anomalies vanish.
Such a result is similar to the case of the 3-3-1 models [5,6].
Our choice of the fermion representations is different from
the ordinary trinification [11].
To break the gauge symmetries and generate the masses

properly, we introduce two scalar sextets (a left and a right),
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and two scalar bitriplets,
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Note that under the Z2 symmetry, the scalars transform as
ΣL ↔ ΣR and Φþ ↔ Φ−, while under the gauge symmetry
SUð3ÞL ⊗ SUð3ÞR they transform as ΣL → ULΣLUT

L,
ΣR → URΣRUT

R, Φþ → ULΦþU
†
R, and Φ− → URΦ−U†

L.
The total Lagrangian of the considered model is given as

L ¼ Lkinetic þ LYukawa − Vscalar; ð9Þ

where the first part provides kinetic terms and gauge
interactions. The Yukawa terms are

LYukawa ¼ xabðΨ̄c
aLΣ

†
LΨbL þ Ψ̄c

aRΣ
†
RΨbRÞ þ yþabΨ̄aLΦþΨbR þ y−abΨ̄aLΦ†−ΨbR

þ zþ33Q̄3LΦþQ3R þ z−33Q̄3LΦ†−Q3R þ zþαβQ̄αLΦ�þQβR þ z−αβQ̄αLΦT−QβR þ H:c: ð10Þ

The scalar potential that is invariant under the gauge and left-right symmetry and is renormalizable can be divided into
V ¼ VΣ þ VΦ þ Vmix, where the first and second parts include only ðΣL;ΣRÞ and ðΦþ;Φ−Þ, respectively, while the last
parts contains the mixtures of ðΣ;ΦÞ, such as
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The scalar potential is generally minimized at hΣRi¼
1ffiffi
2

p diagðΛ;0;0Þ, hΣLi¼ 1ffiffi
2
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v; wÞ, and hΦ−i ¼ 1ffiffi

2
p diagðu0; v0; w0Þ, where only the neu-

tral fields can develop vacuum expectation values (VEVs)
due to the Uð1ÞQ invariance. We can choose the potential
parameters so that Λ0, u0, v0, w0 ≃ 0, while Λ, u, v, w ≠ 0;
this breaks the left-right symmetry spontaneously, as
desirable. The VEVs ðΛ; wÞ break the gauge symmetry
down to that of the standard model and give masses for the
new particles. Subsequently, the VEVs ðu; vÞ break the
standard model gauge symmetry down to SUð3ÞC ⊗
Uð1ÞQ and provide the masses for ordinary particles. To
be consistent with the standard model, we must suppose u,
v ≪ w, Λ.
The real and imaginary parts of the neutral scalarΦ0−33 ¼
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Let us choose S, which couples to new fermions as
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Notice that E and J get masses as ðmEÞab ¼ −yþab
wffiffi
2

p and

ðmJÞab ¼ −zþab
wffiffi
2

p . Due to the left-right symmetry, we

have hþ ¼ h†− ðh ¼ y; zÞ. The S scalar is dominantly
produced due to gluon fusion by J loops at the LHC
and is given at the leading order as
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which is independent of the Yukawa couplings z� due to
the left-right symmetry. The dimensionless partonic inte-
gral was evaluated as Cgg ¼ 2137 at

ffiffiffi
s

p ¼ 13 TeV for
mS ¼ 750 GeV [12]. Taking αs ¼ 0.12 and the QCD factor
K ≃ 2, it follows that
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The S scalar mainly decays into two gluons as induced
by J loops, while the γγ mode that is induced by both J and
E loops is smaller than the gluon mode. We compare
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The photon field as renormalized, 1
e2 ¼ 1

g2L
þ 1

g2R
þ β2

g2L
þ

β2

g2R
þ 1

g2X
, yields β2 < −1þ 1=2s2W , where gL ¼ gR ¼ g

and sW ¼ e=g. For s2W ¼ 0.231, it follows −1.4345 < q <
0.4345. We plot σðpp→S→γγÞ¼σðpp→SÞBrðS→γγÞ as
a function of q for three values w ¼ 1, 3, and 5 TeV
as in Fig. 1. We see that the cross section is more enhanced
when w is small, in Oð1Þ TeV, and jqj is large, close to its
bounds; only in this case can it fit the data
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FIG. 1. The cross section for pp → S → γγ at the LHC
ffiffiffi
s

p ¼
13 TeV and mS ¼ 750 GeV.
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σðpp → S → γγÞ ∼ 5 fb. This model predicts a narrow

width of S decay, ΓS
mS

≃ α2s
8π3

ðmS
w Þ2 ≃ 6 × 10−5ðmS

w Þ2 ≪ 0.06.
The last value is favored by ATLAS. Further, the w scale
might be in tension with other bounds such as the flavor-
changing neutral current (FCNC), dijet, and Drell-Yan
processes at the LHC, which are briefly considered
in Sec. V.
Another possibility is to interpret the real part of Φ0

þ33 as
the 750 GeV diphoton excess (note that its imaginary part is
a Goldstone boson). The production cross section of this
candidate is the same previous case; however its branching
decay ratio into two photons should be radically smaller
than the case above because it has a VEV and thus mixes
with the standard model Higgs boson, which decays
significantly into standard model heavy particles such as
tt̄, hh, WW, and ZZ. Without a fine-tuning in the scalar
couplings to omit the mixing effects [13], the total cross
section would be too small to fit the data in some fb for the
w scale in TeV. This candidate is disfavored, but a similar
candidate is viable for the model below.

III. SUð3ÞC ⊗ SUð2ÞL ⊗ SUð3ÞR ⊗ Uð1ÞX MODEL

The fermion content of the SUð3ÞC ⊗ SUð2ÞL ⊗
SUð3ÞR ⊗ Uð1ÞX model that is anomaly free is given as
follows:
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where a ¼ 1, 2, 3 and α ¼ 1, 2 are family indices, Ea and
Ja are new fermions, and q is an electric charge parameter,
similarly to the previous model. The electric charge
operator takes the form

Q ¼ T3L þ T3R þ βT8R þ X; ð22Þ

where TaL, TiR ði ¼ 1; 2; 3;…; 8Þ, and X are SUð2ÞL,
SUð3ÞR, and Uð1ÞX charges, respectively, and β ¼ −ð1þ
2qÞ= ffiffiffi

3
p

is similar to the above model.
We see that the gauge symmetry and fermion content

contain those of the minimal left-right model, but the theory
does not conserve the left-right symmetry. Therefore, the
SUð2ÞL and SUð3ÞR gauge couplings are generally unre-
lated, and the electric charge q (or β) is arbitrary as the
photon field is renormalized. Again, the number of fermion
generations must be 3 as a consequence of SUð3ÞR
anomaly cancellation and QCD asymptotic freedom.
The gauge symmetry breaking and mass generation are

properly done by using the following scalar multiplets:
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where the introduction of Δ implies a combination seesaw
mechanism, of types I and II, for the neutrino masses.
Otherwise, if Δ is omitted, the neutrinos gain masses only
from the type-I seesaw mechanism. Moreover, when Ξ11

and ϕ3 develop VEVs, hΞ11i ¼ 1ffiffi
2

p Λ and hϕ3i ¼ 1ffiffi
2

p w, they

will break the gauge symmetry down to that of the standard
model and provide masses for new particles such as νR, E,
J, and new gauge bosons, whereas the VEVs of S11 and
S22, hS11i ¼ 1ffiffi

2
p u and hS22i ¼ 1ffiffi

2
p v, break the standard

model gauge symmetry down to SUð3ÞC ⊗ Uð1ÞQ and
generate masses for ordinary particles. For consistency with
the standard model, we assume u, v ≪ w, Λ.
Apart from the kinetic part that including gauge inter-

actions, the Yukawa Lagrangian and scalar potential are
obtained as
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LYukawa ¼ hlabΨ̄aLSΨbR þ hLabΨ̄
c
aLΔ†ΨbL þ hRabΨ̄

c
aRΞ

†ΨbR þ hqa3Q̄aLSQ3R þ hqaβ ~̄QaLS�QβR þ hEabĒaLϕ
†ΨbR

þ hJ33J̄3Lϕ
†Q3R þ hJαβJ̄αLϕ

TQβR þ H:c:; ð25Þ

V ¼ μ2STrðS†SÞ þ λ1S½TrðS†SÞ�2 þ λ2STrðS†SS†SÞ þ μ2ΞTrðΞ†ΞÞ þ λ1Ξ½TrðΞ†ΞÞ�2 þ λ2ΞTrðΞ†ΞΞ†ΞÞ þ μ2ΔTrðΔ†ΔÞ
þ λ1ΔTrðΔ†ΔÞ2 þ λ2ΔTrðΔ†ΔΔ†ΔÞ þ λ3ΔTrðΔ†Δ†ÞTrðΔΔÞ þ μ2ϕϕ

†ϕþ λϕðϕ†ϕÞ2 þ λϕSðϕ†ϕÞTrðS†SÞ
þ λϕΞðϕ†ϕÞTrðΞ†ΞÞ þ λϕΔðϕ†ϕÞTrðΔ†ΔÞ þ λΞSTrðΞ†ΞÞTrðS†SÞ þ λΞΔTrðΞ†ΞÞTrðΔ†ΔÞ þ λΔSTrðΔ†ΔÞTrðS†SÞ:

ð26Þ

Above, we denoted ~QL ¼ iσ2QL, which transforms as 2�
under SUð2ÞL, ~QL → U�

L
~QL. Note also that S → ULSU

†
R,

Ξ → URΞUT
R, Δ → ULΔUT

L, and QαR → U�
RQαR, under

SUð2ÞL ⊗ SUð3ÞR.
Let us interpret the 750 GeV diphoton excess. From the

Yukawa interactions, there is generally no mixing between
the ordinary quarks and new quarks, and no mixing
between the ordinary charged leptons and new leptons.
The third component of ϕ triplet is a standard model singlet
which dominantly couples to the new quarks and to the new
leptons. The imaginary part of ϕ3 is a Goldstone boson, but
its real part is a physical Higgs boson to be identified as the
750 GeV diphoton excess, called X. Moreover, X interacts
with the SUð3ÞR gauge bosons as well as other new scalars.
To keep the rate X → γγ reasonably large, the SUð3ÞR
breaking scales should be high so that X cannot decay into
the new particles while it is kinematically suppressed. This
also ensures that the dangerous FCNC, dijet, and Drell-Yan
processes are prevented.
Further, there might exist from the scalar potential

a mixing between the Higgs singlet X and the standard
model Higgs boson. This mixing is expected to be small
when its VEV w is large or when a fine-tuning in scalar
couplings is needed [13]. The former leads to a cross
section σðpp → XÞ that is too small to compare with the
data, so it is not imposed. In the case under consideration,
the couplings of X to the standard model fermions, Higgs,
and gauge bosons can be neglected. The X excess decays
only into gluons (via J loops) and photons (via J and E
loops), very similar to the previous model. The difference,
however, is that w is sizable and q is arbitrary. The total
cross section σðpp → X → γγÞ is given in Fig. 2, which fits
the data when q is actually large. This case favors a narrow
width of X decay ΓX

mX
≃ 6 × 10−5ðmX

w Þ2 ≪ 0.06, as suggested
by ATLAS.
When keeping the VEV w in a few TeV and the scalar

couplings are relaxed, the large decays of X into WW, ZZ,
hh, and tt̄ channels dominating over the gluon mode
are expected due to the mixing, and it can fit the large
width as suggested by ATLAS [13]. Therefore, the branch-
ing decay ratio of X into two photons is BrðX → γγÞ≃
ΓðX → γγÞ=45 GeV, where

ΓðX → γγÞ ¼ α2m3
X

16π3w2

����X
J

Q2
J þ

1

3

X
E

Q2
E

����2: ð27Þ

We plot the total cross section as a function of q for w ¼ 1,
3, and 5 TeV in Fig. 3. Consequently, the signal strength fits
the data if jqj is large, corresponding to each w.
Some remarks are in order.
(1) The advantage of the model considered here over the

model in the previous section as well as the 3-3-1
models [13] is that the parameter q is not bounded.
This relaxation of q makes the candidate we inter-
preted as the 750 GeV diphoton excess viable.

(2) To avoid the unwanted low values of w and the
disfavored large values of q, we can introduce an
inert scalar triplet ϕ0 ∼ ð1; 1; 3;− 1þ2q

3
Þ that has

gauge quantum numbers similar to ϕ. The field ϕ0
couples to the leptons and quarks like ϕ, but it does
not develop VEVs; this can be ensured by choosing
appropriate potential parameters. At this stage, we
can interpret the real or imaginary part of ϕ0

3 as the
750 GeV diphoton excess instead of X. Taking the
real part, called S, into account, the signal strength is
naively proportional to

4 2 0 2 4
0

2

4

6

8

10

12

q

pp
X

fb

w 5 TeV

w 7.5 TeV

w 10 TeV

FIG. 2. The cross section for pp → X → γγ at the LHC
ffiffiffi
s

p ¼
13 TeV and mX ¼ 750 GeV.
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σðpp → S → γγÞ ∼
�
h0F

hF

�
2

σðpp → X → γγÞ;

ð28Þ

where h0F and hF (F ¼ E, J) are the Yukawa
couplings of S and X to the new quarks or new
charged leptons, respectively. Therefore, the total
cross-section is more enhanced when h0F=hF is
large. Assuming that the Yukawa coupling ratios
are equivalent for any new quarks and new
charged leptons, k ¼ h0F=hF, we plot the total
cross section as a function of k for q ¼ 0 (the

model without exotic charges), q ¼ 0.4345, and
q ¼ −1.4345 (the bounds of the previous model)
as in Fig. 4. Hence, when q ¼ 0, k ∼ 12 is
required to fit the data σγγ ∼ 5 fb, whereas when
q ¼ −1.4345 we only need k ∼ 1.5 to have
σγγ ∼ 5 fb. The scenario with the inert scalar ϕ0

yields a narrow width for the 750 GeV diphoton
excess. In summary, a large ratio between h0F and
hF can explain the observed excess while still
keeping the SUð3ÞR symmetry breaking scale w
high enough to satisfy the other constraints and
keeping the electric charge value of the new
fermions not too large.
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FIG. 3. The cross section for pp → X → γγ at the LHC
ffiffiffi
s

p ¼ 13 TeV and mX ¼ 750 GeV.
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FIG. 4. The cross section for pp → S → γγ at the LHC
ffiffiffi
s

p ¼ 13 TeV and mX ¼ 750 GeV. The w scale is taken as
w ¼ 3 TeV.
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(3) In the SUð3ÞC ⊗ SUð3ÞL ⊗ Uð1ÞX model, the elec-
tric charge operator takes the form Q ¼ T3þ
βT8 þ X, where β ¼ − 1þ2qffiffi

3
p and the q parameter

as the electric charge of the third component of the
left-handed lepton triplet is constrained by −2.08 ≤
q ≤ 1.08 [14]. Hence, if the scalar field that is used
to break SUð3ÞL symmetry is interpreted as the
750 GeV diphoton excess, its status is quite similar
to the second candidate in the model of the previous
section [13]. However, if one introduces an inert
scalar field instead it may fit the 750 GeV diphoton
excess, similar to ϕ0 in the second remark above.

To conclude, the 750 GeV diphoton excess can be
explained in the SUð3ÞC ⊗ SUð2ÞL ⊗ SUð3ÞR ⊗ Uð1ÞX
model of the TeV new physics scale by appropriately large
electric charges for the new fermions or, alternatively, by
introducing an inert scalar triplet. Embedded in the higher
symmetry of the previous model, Φþ ¼ S ⊕ ϕ� while
Φ− ⊃ ϕ0; therefore, hF ≠ h0F is a consequence of the
explicit left-right asymmetry, through the same reasoning
that q is unconstrained. Both the candidates are thus
interpreted as a result of the obvious left-right asymmetry.

IV. SUð3ÞC ⊗ SUð3ÞL ⊗ SUð2ÞR ⊗ Uð1ÞX MODEL

The apparent left-right asymmetry can also be achieved
by introducing the gauge symmetry SUð3ÞC ⊗
SUð3ÞL ⊗ SUð2ÞR ⊗ Uð1ÞX. In this case, the electric
charge operator is

Q ¼ T3L þ βT8L þ T3R þ X; ð29Þ

where TiL ði ¼ 1; 2; 3;…; 8Þ and TaR ða ¼ 1; 2; 3Þ are the
generators of SUð3ÞL and SUð2ÞR groups, respectively, and
X is the generator of Uð1ÞX, as usual.
The anomaly-free fermion content is given by

ΨaL ¼

0
B@

νaL

eaL
Eq
aL

1
CA ∼

�
1; 3; 1;

q − 1

3

�
;

ΨaR ¼
�
νaR

eaR

�
∼
�
1; 1; 2;− 1

2

�
; ð30Þ

Q3L ¼

0
B@

u3L
d3L

J
qþ2

3

3L

1
CA ∼

�
3; 3; 1;

qþ 1

3

�
;

Q3R ¼
�
u3R
d3R

�
∼
�
3; 1; 2;

1

6

�
; ð31Þ

QαL ¼

0
B@

dαL
−uαL
J
−q−1

3

αL

1
CA ∼

�
3; 3�; 1;− q

3

�
;

QαR ¼
�
uαR
dαR

�
∼
�
3; 1; 2;

1

6

�
; ð32Þ

Eq
aR ∼ ð1; 1; 1; qÞ; J

qþ2
3

3R ∼
�
3; 1; 1; qþ 2

3

�
;

J
−q−1

3

αR ∼
�
3; 1; 1;−q − 1

3

�
; ð33Þ

where E and J are new charged leptons and new quarks,
and α ¼ 1, 2 as usual. The model requires three generations
of fermions in order to validate the SUð3ÞL anomaly
cancellation and QCD asymptotic freedom. The other
anomalies are also canceled out.
Analogous to the previous model, the scalar multiplets

are properly imposed as follows:

S ¼
�S011 Sþ12 S−q13
S−21 S022 S−1−q23

�
∼
�
1; 3; 2�;− 2qþ 1

6

�
;

ϕ ¼

0
B@

ϕ−q
1

ϕ−q−1
2

ϕ0
3

1
CA ∼

�
1; 3; 1;− 1þ 2q

3

�
; ð34Þ

Ξ ¼

0
BBBBB@

Ξ0
11

Ξ−
12ffiffi
2

p Ξq
13ffiffi
2

p

Ξ−
12ffiffi
2

p Ξ−−
22

Ξq−1
23ffiffi
2

p

Ξq
13ffiffi
2

p Ξq−1
23ffiffi
2

p Ξ2q
33

1
CCCCCA ∼

�
1; 6; 1;

2ðq − 1Þ
3

�
;

Δ ¼

0
B@Δ0

11

Δ−
12ffiffi
2

p

Δ−
12ffiffi
2

p Δ−−
22

1
CA ∼ ð1; 1; 3;−1Þ: ð35Þ

Here, Ξ may be included or not. Its presence implies the
type-II seesaw mechanism for neutrino masses. Otherwise,
the neutrinos always get small masses via the type-I seesaw
due to Δ.
The Yukawa Lagrangian and scalar potential are, respec-

tively, obtained as
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LYukawa ¼ hlabΨ̄aLSΨbR þ hLabΨ̄
c
aLΞ

†ΨbL þ hRabΨ̄
c
aRΔ†ΨbR þ hqαaQ̄αLS� ~QaR þ hq3aQ̄3LSQaR þ hEabΨ̄aLϕEbR

þ hJ33Q̄3LϕJ3R þ hJαβQ̄αLϕ
�JβR þ H:c:;

V ¼ μ2STrðS†SÞ þ λ1S½TrðS†SÞ�2 þ λ2STrðS†SS†SÞ þ μ2ΞTrðΞ†ΞÞ þ λ1Ξ½TrðΞ†ΞÞ�2 þ λ2ΞTrðΞ†ΞΞ†ΞÞ
þ μ2ΔTrðΔ†ΔÞ þ λ1Δ½TrðΔ†ΔÞ�2 þ λ2ΔTrðΔ†ΔΔ†ΔÞ þ λ3ΔTrΔ†Δ†TrðΔΔÞ þ μ2ϕϕ

†ϕþ λϕðϕ†ϕÞ2
þ λϕSðϕ†ϕÞTrðS†SÞ þ λϕΞðϕ†ϕÞTrðΞ†ΞÞ þ λϕΔðϕ†ϕÞTrðΔ†ΔÞ
þ λΞSTrðΞ†ΞÞTrðS†SÞ þ λΞΔTrðΞ†ΞÞTrðΔ†ΔÞ þ λΔSTrðΔ†ΔÞTrðS†SÞ: ð36Þ

Above, note that under SUð3ÞL ⊗ SUð2ÞR the fields
transform as S → ULSU

†
R, Ξ → ULΞUT

L, Δ → URΔUT
R,

QαL → U�
LQαL, and ~QR ¼ iσ2QR → U�

R
~QR.

The photon field as renormalized yields a bound on β
such as jβj < cotW ; thus, −2.08 < q < 1.08 for s2W ¼
0.231, analogous to the 3-3-1 model. The 750 GeV
diphoton excess can be identified as the real part of ϕ0

3,
called X (its imaginary part is a Goldstone boson) or,
alternatively, an inert scalar field as a copy of ϕ3, called S,
which all have Yukawa couplings to the new fermions as
usual. Referred to the cases of the 3-3-1 models [13], all the
conclusions drawn for the 750 GeV diphoton excess
exactly apply for this model, as mentioned in the previous
section. That being said, X is a good candidate for the
excess if q is close to the bounds and the new physics scale
is low, i.e., in Oð1Þ TeV, which must be in tension with
other constraints from the FCNC, dijet, and Drell-Yan
searches. Otherwise, such constraints can be evaded if S is
interpreted as the excess instead. However, in this case—
again, as a consequence of the explicit left-right asymmetry—
a hierarchy in the Yukawa couplings of S and X to the new
quarks and charged leptons might be required.

V. OTHER ASPECTS AND OUTLOOK

The three models proposed so far have the property that
the generation of the third quark transforms differently
from the first two, under the gauge symmetries. Hence,
there are tree-level FCNCs associated with the new neutral
gauge bosons, which are nonuniversally coupled to ordi-
nary quarks. For the gauge symmetry, SUð3ÞC ⊗
SUð3ÞL ⊗ SUð3ÞR ⊗ Uð1ÞX, the new neutral gauge
bosons are A8L, A8R, and B, as coupled to the nonuniversal
charges T8L, T8R, and X, respectively. Moreover, X is
related to T8’s via the electric charge operator. Therefore,
the FCNCs are associated with the fields Z0

L;R ¼ ðA8L;8R −
βtXBÞ=

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ β2t2X

p
with tX ¼ gX=g, as obtained by

LFCNC ¼ − gffiffiffi
3

p
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ β2t2X

q
½ðV�

qLÞ3iðVqLÞ3jq̄iLγμqjLZ0
Lμ

þ ðL → RÞ�; ð37Þ
where i ≠ j, q ¼ ðu; c; tÞ or q ¼ ðd; s; bÞ, and VqL;qR are
left- and right-handed quark mixing matrices that relate the

gauge states to mass eigenstates. For the second model
above, the left part in the FCNCs is omitted, whereas for the
third model the right part is omitted. The mixing effects of
Z0
L;R with the standard model Z negligibly change the

FCNCs. However, the contribution of ZR gauge boson to
the FCNCs can be large due to the large mixings with Z0

L;R.
The above FCNCs contribute to neutral meson mixings

as well as rare semileptonic/leptonic meson decays. Taking
a strong bound coming from B0

s-B̄0
s mixing, as governed by

the effective interaction after integrating out Z0
L;R from the

FCNCs, such as

Leff
FCNC ⊃

g2ð1þ β2t2XÞ
3M2

½jðV�
dLÞ32ðVdLÞ33j2ðs̄LγμbLÞ2

þ ðL → RÞ�; ð38Þ

whereM is a typical mass for Z0
L;R, which is proportional to

the new physics scales. From the data [10], we obtain

g2ð1þ β2t2XÞ
3M2

jðV�
dLÞ32ðVdLÞ33j2 <

1

ð100 TeVÞ2 ; ð39Þ

where jðV�
dLÞ32ðVdLÞ33j≃ 3.9 × 10−2, assuming VdL ¼

VCKM. Thus, we get

M > 1.46 ×
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ β2t2X

q
TeV ∼Oð1Þ TeV: ð40Þ

The w scale is also in this order, in agreement with the
bounds from the 750 GeV diphoton excess.
All the models discussed contain new gauge bosons that

might be produced and then decay into jets or leptons,
which are currently searched by the LHC. The bounds from
the Drell-Yan processes may be evaded when the masses of
E and νR, as well as the new neutral gauge bosons, are
large. We are not evaluating the new physics scales in
detail, at this is outside of the scope of this paper. However,
when w is inOð1Þ TeV, all the models survive, and when w
is inOð10Þ TeV, only the least two models that possess the
explicit left-right asymmetries may be alive for all the
searches. Because of the mixings, the new gauge bosons of
SUðNÞR and SUðNÞL=SUð2ÞL can couple to the ordinary
weak bosons such as WW, ZZ, and WZ, which provide a
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possible explanation of the recently observed ATLAS
diboson excesses. Note that the constraints from the
FCNC, dijet and Drell-Yan processes as mentioned can
change the results.
To conclude, the SUð3ÞC ⊗ SUð3ÞL ⊗ SUð3ÞR ⊗

Uð1ÞX model can provide the 750 GeV diphoton excess
as a result of the spontaneous left-right symmetry breaking,
where the new physics scale w is in 1 TeV and the new
electric charge q is large, close to its bounds. The
SUð3ÞC ⊗ SUð2ÞL ⊗ SUð3ÞR ⊗ Uð1ÞX and SUð3ÞC ⊗
SUð3ÞL ⊗ SUð2ÞR ⊗ Uð1ÞX models can explain the 750
diphoton excess naturally as a consequence of the explicit
left-right asymmetry. All the other bounds can be evaded

when the inert fields are interpreted instead, and the
Yukawa coupling ratios (and the electric charge parameter
for the second model) are free to float. Our theories show
why there are only three generations of fermions observed
in nature.
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