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Left-right asymmetry and 750 GeV diphoton excess
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We propose left-right models based on SU(3). ® SUM), ® SU(N), ® U(1)y gauge symmetry for

(M,N) = (3,3),(2

,3), 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 SU(3)-®SU(2),®SU2)xQ@U(1)5_,
that preserves SU(2); and SU(2), interchange, called
left-right symmetry. Consequently, SU(2), and SU(2)g
coupling constants are equal, and every left-handed fermion
doublet of SU(2), corresponds to a right-handed fermion
doublet of SU(2)  that composes those of the standard model.
All such fermions have the color [SU(3) | and baryon-minus-
lepton [U(1),_; ] quantum numbers, as usual. The minimal
left-right model often works with a scalar bidoublet and two
scalar triplets (a left and a 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 SU(3). ®
SU(3), @ SU(3)r, ® U(1)y, gauge symmetry. The extra
quarks exist as the third components of SU(3), and SU(3),
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
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second and third models are proposed based on SU(3). ®
SU2), @ SUB)r ®U(1)y and SU3)-® SU(3), ®
SU(2)r ® U(1)y 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.

IL SU(3), ® SU(3), ® SU(3)z ® U(1)y MODEL

The minimal left-right model cannot explain the
750 GeV diphoton excess. Let us suppose a higher gauge
symmetry, SU(3)- ® SU(3), ® SU3)x ® U(1)y, com-
pleted by a Z, symmetry of SU(3), and SU(3); inter-
change, the so-called left-right symmetry [8]. The fermion
content, which is anomaly free and reflects the Z, sym-
metry, is given by
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Here, a =1, 2, 3 and a =1, 2 are family indices. The
quantum numbers in the parentheses are given upon
[SUB3)¢e, SU3).,SU(3)g, U(1)y] groups, respectively.
The extra fields E, and J, are new leptons and new quarks,
respectively, whose electric charges depend on a free
parameter ¢g. The electric charge operator also reflects
the left-right symmetry, which is given by

Q =T;; + Tag + p(Tg + Tsg) + X, (4)

where Ty, (i=1,2,3,....8) and X are SU(3), ; and

U(1)y charges respectively, and f = _1\/_52". Further, the

SU(3), charges will be denoted by #;. 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 SU(3), [note that the fermion represen-
tations of SU(3), can be derived from the left-handed ones
by a Z, transformation as mentioned previously], the
SU(3), 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

|
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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),

ZO i %
L11 V2 V2
5= - ya-! 2(6]—1)
=l %o | = (e ) e
S Ip s
V2 V2 L33
- e 2(g—1)
Ty T oy
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and two scalar bitriplets,

(I)(-)m q)iu ‘51?3
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Note that under the Z, symmetry, the scalars transform as
Y, <> Xpand &, < &_, while under the gauge symmetry
SU3), ® SU3)x they transform as X, — U, %, U7,
Sp = UgZpUL, &, — U; & Uk, and &_ — Upd_U].
The total Lagrangian of the considered model is given as

L= ‘Ckinetic + [’Yukawa — Vicatar» (9)

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

‘cYukawa = xab(\iJzCszz\IlbL + \TJZRZ;\IIbR) =+ y—}—ab\TIan)-&-\I/bR + y—ab\i]aL@i\I/bR
+ 24330309, O3r + 2330302 Osp + 20500t O Opr + 20 Qe PL O + Hoc. (10)

The scalar potential that is invariant under the gauge and left-right symmetry and is renormalizable can be divided into
V = Vs + Vg + Vi, Where the first and second parts include only (X;, %) and (®,, ®_), respectively, while the last

parts contains the mixtures of (X, ®), such as
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+ (Tr(ZxZ}))?]

+ M[Tr(Z 22 20) + Tr(ZZhZeZi)] + A Tr(Z 25 ) Tr(ZRZE). (11)

Vo = iTr(® & + &_&F) +43[Tr(®, @) + He] + py [(Tr(®, 1))% + (Tr(®_d1))2] + po[(Tr(@,.@_))? + Hee ]
+ p3[Tr(®, &_)Tr(®, &) + &_01) + Hee] + pyTr(®, 01 )Tr(d_oF)
+ ps[Tr(®, B &, BT ) + Tr(®_&T B_d7)] 4 pg[Tr(®, _d, P_) + H.c.], (12)

Vinix = K1 [Tr(@4 @) Tr(2,2]) + Tr(@_ ) Tr(ZpER)] + &o[Tr(® OL)Tr(xZR) + Tr(®_ 91 )Tr(£,2] )]
+ 15 [Tr(®, D) Tr(Z,2) + ZpZh) + Hec] + &4 [Tr(®, @72, 1) 4 Tr(d_dF £2h)]

+ Kks[Tr(®, &_%, 31 ) + Tr(P_P, T

The scalar potential is generally minimized at (Xz)=

\/%diag(A,0,0), (2L>:%diag(A’,0,O), (@) :\/%diag(u,

v,w), and (®_) = %diag(u’, v',w'), where only the neu-
tral fields can develop vacuum expectation values (VEVs)
due to the U(1), invariance. We can choose the potential
parameters so that A, u/, v/, w' = 0, while A, u, v, w # 0;
this breaks the left-right symmetry spontaneously, as
desirable. The VEVs (A, w) break the gauge symmetry
down to that of the standard model and give masses for the
new particles. Subsequently, the VEVs (u,v) break the
standard model gauge symmetry down to SU(3). ®
U(1), and provide the masses for ordinary particles. To
be consistent with the standard model, we must suppose u,
v<<w, A

The real and imaginary parts of the neutral scalar ®° ,; =

\/ij (S + iA) possibly explain the 750 GeV diphoton excess.
Let us choose S, which couples to new fermions as

1 _ _
7§(y—abEaEb + Z—abJan)S' (14)
Notice that E and J get masses as (mg),, = —Yiap % and
(my)up = —Z1ap \/% Due to the left-right symmetry, we

have h, =h' (h=y,z). The S scalar is dominantly
produced due to gluon fusion by J loops at the LHC
and is given at the leading order as

azm’ 12
:—3SCyg<_) ) (15)

o(pp = S) =R "

which is independent of the Yukawa couplings z, due to
the left-right symmetry. The dimensionless partonic inte-
gral was evaluated as C,, = 2137 at /s = 13 TeV for

mg = 750 GeV [12]. Takiﬂg ay = 0.12 and the QCD factor
K =2, it follows that

¥ 4+ H.c] 4 ko[ Tr(®, Zp®* %% ) + Hec.]. (13)

| TeV2
6(pp—>S)=0.32X( © > pb.  (16)
w

The S scalar mainly decays into two gluons as induced
by J loops, while the yy mode that is induced by both J and
E loops is smaller than the gluon mode. We compare

I(S - yr)

(S - g9) _< ) 2.0+ ZEQ%Z
_2(64> +4q+1) <g> '

9 (17)

The photon field as renormalized, elz = 2 +o —|— & i
lqj—zz—i—giz, yields > < —1+1/2s%,, where g, =gr =g
and sy = e/g. For 53, = 0.231, it follows —1.4345 < g <
0.4345. We plot 6(pp—S—yy)=c(pp—S)Br(S—yy) as
a function of ¢ for three values w =1, 3, and 5 TeV

as in Fig. 1. We see that the cross section is more enhanced
when w is small, in O(1) TeV, and |¢| is large, close to its

bounds; only in this case can it fit the data
154 — w=1TeV |
— w=3TeV
— w=5TeV
2
EIO»
]
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FIG. 1. The cross section for pp — S — yy at the LHC /s =

13 TeV and mg = 750 GeV.
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o(pp = S = yy) ~5 fb. This model predicts a narrow
width of S decay, Lt = & (M5)2 = 6 x 1075("2)2 < 0.06.

mg 87 \w
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 ®9,; 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
tt, 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.

1ML SU(3), ® SU(2), ® SU(3); ® U(1)y MODEL

The fermion content of the SU(3), ® SU(2), ®
SU(3)r ® U(1)y model that is anomaly free is given as
follows:

1
dig | ~ <3,1,3,ﬂ>, (19)

2
q+5

EZLN(I’I’I’q)’ ]3L‘N(3’1’17q+_)7

. 1
Jaf£~<3,1,1,—q—§>, (21)
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where a = 1, 2, 3 and @ = 1, 2 are family indices, E, and
J, are new fermions, and ¢ is an electric charge parameter,
similarly to the previous model. The electric charge
operator takes the form

O ="Ts +Tsg+ T + X, (22)

where T, Tig (i=1,2,3,...,8), and X are SU(2),,
SU(3)g, and U(1)y charges, respectively, and f = —(1 +
2q)/ /3 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
SU(2), and SU(3), gauge couplings are generally unre-
lated, and the electric charge ¢ (or f) is arbitrary as the
photon field is renormalized. Again, the number of fermion
generations must be 3 as a consequence of SU(3)g
anomaly cancellation and QCD asymptotic freedom.

The gauge symmetry breaking and mass generation are
properly done by using the following scalar multiplets:

S_<$ St Sﬁ)Nozy_m+v
- o —1— s~ 9 9
SZI S(2)2 S23 ! 6

¢! -
b= ¢2—‘1—1 ~ <1,1,3,— J; q)’ (23)
3
=0 Ep  Eh
= v
- | = - = 2(¢q—1)
= _lé ':'22 W ~<171767f>,
= =1 =2q
0 \/j —33
M %
A:(A ‘5>~@1L4% (24)
)

where the introduction of A implies a combination seesaw
mechanism, of types I and II, for the neutrino masses.
Otherwise, if A is omitted, the neutrinos gain masses only
from the type-I seesaw mechanism. Moreover, when =,
and ¢; develop VEVs, (Z;,) = %A and (¢h3) = %w, they

will break the gauge symmetry down to that of the standard
model and provide masses for new particles such as vy, E,
J, and new gauge bosons, whereas the VEVs of S;; and

Sy, (S11) :%u and (S,,) :%v, break the standard

model gauge symmetry down to SU(3). ® U(1), and
generate masses for ordinary particles. For consistency with
the standard model, we assume u, v < w, A.

Apart from the kinetic part that including gauge inter-
actions, the Yukawa Lagrangian and scalar potential are
obtained as
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+ 33 J30 0" O3k + gl ar @" Qpr +Hee.,
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iy War SWor + hloy Uy AW, + W UG W + 3001 SQsk + hypQur ™ Qpr + iy Ear ' i

(25)

) + Ap=Tr(Z'EZTE) + WA Tr(ATA)

+ 21aTr(ATA)? + AppTr(ATAATA) + 235 Tr(ATAT)Tr(AA) + " + 24 (7 4)* + 245(#7 ) Tr(STS)

+ Ag= (@ ) Tr(E'E) + Aga(¢') Tr(ATA) + 2= Tr(ETE

Above, we denoted 0 L =_i0,Qp, which transforms as 2*

under SU(2 )L, 0, - ULQL Note also that § — U, SU},

E— UrEUL, A - U AU, and Q. = UsQug, under
U2), @ SU(3)g.

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 ¢ triplet is a standard model singlet
which dominantly couples to the new quarks and to the new
leptons. The imaginary part of ¢; 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 SU(3), gauge bosons as well as other new scalars.
To keep the rate X — yy reasonably large, the SU(3)g
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 o(pp — X) 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 g is arbitrary. The total
cross section 6(pp — X — yy) is given in Fig. 2, which fits
the data when ¢ is actually large. This case favors a narrow
width of X decay ’% =6 x 1077 ("%)? < 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 ff 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 Br(X — yy)=
['(X - yy)/45 GeV, where

JTr(ATA) + ApsTr(ATA)Tr(STS).
(26)

a’ms
X =71 = g,

205+ ZQE -

(27)

We plot the total cross section as a function of g forw = 1,
3, and 5 TeV in Fig. 3. Consequently, the signal strength fits
the data if |¢| 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 g is not bounded.
This relaxation of ¢ 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 g, we can introduce an

inert scalar triplet ¢’ ~ (1,1,3, —H%) that has
gauge quantum numbers similar to ¢. The field ¢’
couples to the leptons and quarks like ¢, 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 ¢} as the
750 GeV diphoton excess instead of X. Taking the
real part, called S, into account, the signal strength is
naively proportional to

12
— w=5TeV
10f — w=7.5TeV 1
1’9‘2 . — w=10TeV
N
T
> 6 i
1
o
Sy
5 J
0 . . . :
-4 -2 0 2 4

FIG. 2. The cross section for pp = X — yy at the LHC /s =
13 TeV and my = 750 GeV.
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— w=1TeV
10+ — w=3TeV
I — w=5TeV
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;: L
1
e i
1
o
&
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0 i
=30 -20 -10 0 10 20 30
q

FIG. 3. The cross section for pp — X — yy at the LHC /s = 13 TeV and my = 750 GeV.

h/F 2
o(pp = S —yy)~ (h—p> o(pp = X = rr),

(28)

where A’ and hf (F =E, J) are the Yukawa
couplings of § and X to the new quarks or new
charged leptons, respectively. Therefore, the total
cross-section is more enhanced when A'f/hf is
large. Assuming that the Yukawa coupling ratios
are equivalent for any new quarks and new
charged leptons, k = h'F'/h*, we plot the total
cross section as a function of k for ¢ =0 (the

10

model without exotic charges), g = 0.4345, and
g = —1.4345 (the bounds of the previous model)
as in Fig. 4. Hence, when ¢ =0, k~12 is
required to fit the data 6,, ~5 fb, whereas when
g =—14345 we only need k~15 to have
6,, ~5 fb. The scenario with the inert scalar ¢’
yields a narrow width for the 750 GeV diphoton
excess. In summary, a large ratio between A’F and
h* can explain the observed excess while still
keeping the SU(3)p symmetry breaking scale w
high enough to satisfy the other constraints and
keeping the electric charge value of the new
fermions not too large.

o (pp = § - yy)(ib)

/ —| q=0.4345
— | q=—1.4345

—[q=0

k

10 15

FIG. 4. The cross section for pp — S —yy at the LHC /s =13 TeV and my =750 GeV. The w scale is taken as
w =3 TeV.
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(3) Inthe SU(3) ® SU(3), ® U(1)yx model, the elec-
tric charge operator takes the form Q = T3+

pTg + X, where = —% and the g parameter

as the electric charge of the third component of the

left-handed lepton triplet is constrained by —2.08 <

g < 1.08 [14]. Hence, if the scalar field that is used

to break SU(3), 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 ¢/’ in the second remark above.

To conclude, the 750 GeV diphoton excess can be

explained in the SU(3), ® SU(2), ® SU(3)x ® U(1l)x

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, ¢, =S @ ¢* while

®_ D ¢'; therefore, h' # h'F is a consequence of the

explicit left-right asymmetry, through the same reasoning

that ¢ is unconstrained. Both the candidates are thus

interpreted as a result of the obvious left-right asymmetry.

IV. SU(3), ® SU(3), ® SU(2); ® U(1)y MODEL

The apparent left-right asymmetry can also be achieved
by introducing the gauge symmetry SU(3),®
SU(3), ® SUR2)g ® U(1)y. In this case, the electric
charge operator is

Q=T+ pTg + Tar + X, (29)
where T;; (i =1,2,3,...,8) and T (a = 1,2,3) are the
generators of SU(3), and SU(2), groups, respectively, and

X is the generator of U(1)y, as usual.
The anomaly-free fermion content is given by
V= ea

q—l)
~ 173’17_ )
E? < .

aL

. 1
”R>~(1,1,2,——>, (30)
€4R 2

VaL
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o UaR 1
e (5)-(r2Y) o

3 2
Elx~(1.1.1.q). 12’23~(3’1,1,q+§>,

gL 1
e (e o

where E and J are new charged leptons and new quarks,
and a = 1, 2 as usual. The model requires three generations
of fermions in order to validate the SU(3), 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:

- _ —1— s~y ) )
S21 S(Z)Z S23 ! 6

¢y’ -
=g | ~ (1,3,1,— +3 q), (34)
§
ST A
- | = —_ = 2(¢—1)
= | % =z 5 ~<1,6,1,3>,
E13 EZ;I =2q
VARV
A 2
a=| . 7 ~as. (35)
ﬁ A22

Here, = may be included or not. Its presence implies the
type-1I seesaw mechanism for neutrino masses. Otherwise,
the neutrinos always get small masses via the type-I seesaw
due to A.

The Yukawa Lagrangian and scalar potential are, respec-
tively, obtained as
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Lyukawa = "y Var SUpp 4 b, W ENW, 4+ W8 W AT g 4 1y 0y S* Our + h3,03.8Quk + hE, Vo dE R

+ B3 03193k + By Qar " Jgr +Hec.,

V = g3Te(S1S) + Ays[Te(STS)? + ApsTr(STSSTS) + p2Tr(E'E) + 4i=[Tr(E7E)? + p=Tr(Z'Z2TE)
+ HATE(ATA) + 24a[Tr(ATA)]? + paTr(ATAATA) + 23a TrATATT(AA) + p5p"d + 24 (97 )?

+ /1¢s(¢' $)Tr(SS) + /1¢E(¢T¢)Tr(ETE
+ AESTI'(E

Above, note that under SU(3), ® SU(2); the fields
transform as S — ULSUR, = - ULHUL, A — URAUR,
QaL - ULQ(IL’ and QR - IUZQR - URQR

The photon field as renormalized yields a bound on f
such as [B| < coty; thus, —2.08 < g < 1.08 for s3, =
0.231, analogous to the 3-3-1 model. The 750 GeV
diphoton excess can be identified as the real part of ¢9,
called X (its imaginary part is a Goldstone boson) or,
alternatively, an inert scalar field as a copy of ¢s, 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 ¢ is close to the bounds and the new physics scale
is low, i.e., in O(1) 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, SU(3), ®

U(3), @ SUB), ® U(1)y, the new neutral gauge
bosons are Ag; , Agg, and B, as coupled to the nonuniversal
charges Tg;, Tgr, and X, respectively. Moreover, X is
related to T'g’s via the electric charge operator. Therefore,

the FCNCs are associated with the fields Z7 = (Ag; gz —
PtxB)/\/1 + f*t% with ty = gx/g, as obtained by

Lrene = \/— 1+ p( Vior)si(Var)sjaic?* 4L 2y,
+ (L = R)], (37)

where i # j, g = (u,c,t) or g = (d,s,b), and V. are
left- and right-handed quark mixing matrices that relate the

)+ Apa (@) Tr(ATA)
TEVTE(STS) + AzaTr(E E)Tr(ATA) + ApgTr(ATA)TH(S'S). (36)

l
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
Z) x with the standard model Z negligibly change the
FCNCs. However, the contribution of Z, gauge boson to
the FCNCs can be large due to the large mixings with Z} .

The above FCNCs contribute to neutral meson mixings
as well as rare semileptonic/leptonic meson decays. Taking
a strong bound coming from BY-BY mixing, as governed by
the effective interaction after integrating out Zj  from the
FCNCs, such as

1 2 2
Lilne %“(VZL)32(VdL)33|2(§LyﬂbL>2
+ (L - R)], (38)

where M is a typical mass for Z} p, which is proportional to
the new physics scales. From the data [10], we obtain

¢ (1 + p*1%)

3M? (39)

|(Vi)a(Var) sl < (100 Tev)?”

where |(Vi; )3 (Var)ssl = 3.9 x 1072, assuming Vg =
Vekm- Thus, we get

M > 1.46 x \/1 + p*3TeV ~ O(1) TeV.  (40)

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 v, 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 in O(1) TeV, all the models survive, and when w
isin O(10) 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
SU(N)g and SU(N),/SU(2), 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 SU(3). ® SU(3), ® SU(3)x ®
U(1)y 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 ¢ is large, close to its bounds. The
SUB)®SUR2), ®SUB)r ®U(l)y and SU3), ®
SU3), ® SU(2)gx ® U(1)y models can explain the 750
diphoton excess naturally as a consequence of the explicit
left-right asymmetry. All the other bounds can be evaded

PHYSICAL REVIEW D 93, 095019 (2016)

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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