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We study the extended colored Zee-Babu model introducing a vectorlike quark and singlet scalar. The
active neutrino mass matrix and muon anomalous magnetic moment, which can be fitted to experimental
data satisfying the constraints from the flavor-changing neutral current, are analyzed. Then, we discuss the
constraint from hgy; — 77, the implication of an exotic diphoton resonance as a signature of the model, and
the stability of the scalar potential. In addition, we discuss the signature of our model via vectorlike quark

production.
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I. INTRODUCTION

Radiative seesaw models are one of the interesting
possibilities not only to generate active neutrino masses
but also to explain some phenomenological viewpoints
such as the muon anomalous magnetic moment [(g —2),]
and dark matter candidate,l which have not been uncov-
ered yet. Furthermore, these particles can be correlated
with each other. Thus, following vintage papers at one-
loop, two-loop, and three-loop models that are, respec-
tively, found in Refs. [1,2], and [3], a vast amount of
literature has recently arisen along this idea [4] at one-
loop level, [5] at two-loop level, [6] at three-loop level,
and [7,8] at four-loop level. In many cases, neutrino
mass is generated via a loop diagram associated with
colorless particles. However, colored particles also can
propagate inside a loop diagram in neutrino mass gen-
eration, which would provide other phenomenologically
interesting effects.

In 2015, the excess of events in the diphoton channel
was announced by both the ATLAS and CMS collab-
orations at the LHC 13 TeV where the invariant mass of
the diphoton is m,, =750 GeV [9,10]. This diphoton
resonance could be considered as a spin-0 or -2 particle
decaying into a diphoton, the earlier works to interpret
the excess of which can be found in, e.g., Refs. [11-43].
In 2016, however, new LHC data of the diphoton
resonance search which disfavors the excess was
announced [44-46]. Although the diphoton excess is
more like statistical fluctuations, the studies on this
issue have shown that the diphoton resonance search can
be an interesting probe of a scalar (or pseudoscalar)
boson interacting with fields having color and/or electric
charge.
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In this paper, we extend the colored Zee-Babu model
proposed in Ref. [47] by including an isosinglet vectorlike
quark and a standard model (SM) singlet scalar field to
explain (g —2),. The active neutrino matrix and (g —2),
are induced at two-loop and one-loop levels. We then
analyze them, taking into account the constraints from the
flavor-changing neutral current (FCNC). Moreover, we
discuss implications to the scalar sector including the
exotic diphoton resonance search. In addition, implications
to collider physics in which we focus on the signature of
newly introduced vectorlike quark are discussed.

This paper is organized as follows. In Sec. II, we show
our model, including the neutrino sector, (g—2),, and
constrains from the FCNC. The scalar sector is investigated
in Sec. III, including diphoton decay of the SM Higgs,
exotic diphoton resonance, and potential stability. In
Sec. IV, we discuss some implications of our model for
collider physics. We conclude and discuss in Sec. V.

II. MODEL SETUP AND ANALYSIS

We devote this section to reviewing our model. Our field
contents and their charge assignments are the same as the
original colored Zee-Babu model proposed by the Kohda,
Sugiyama, and Tsumura group in Ref. [47] except for the
vectorlike quark Q" with an SU(2), singlet and a gauge
singlet boson ¢. We show all the field contents and their
charge assignments in Table I for the fermion sector and
Table II for the boson sector. Here, ¢ is introduced to
illustrate the effect of the diquark, leptoquark, and vector-
like quark on exotic diphoton resonance from a new neutral
scalar boson. The main motivation to introduce Q' is to
explain the sizable (g — 2)”.2 Under this framework, the
renormalizably relevant Lagrangian is given by

*We have checked that the original model cannot obtain the
sizable discrepancy of (g —2), from the SM.
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TABLE I. Field contents of fermions and their charge assign-
ments under SU(3). x SU(2), x U(1)y, where the lower index
i(=1-3) represents the number of flavors.

Quarks Leptons
QL, UR, dRi o LL,- €R;
SU®3)c 3 3 3 3 1 1
SU2), 2 1 1 1 2 1
LU T R T S R

-L = (yf)ijl_‘L(I)eRj + ()’L)ijl_‘z,.(i@)QL,SzQ
+ (Vr)ij€k,Ur,S10 + (yS)ijEZJC?[dR,-S*DQ

+ Y2, 0187, +mepQ'Q +He., (2.1)
where o, is the second component of the Pauli matrix, and
the second line is the new terms. Since the potential
associated with the leptoquark and diquark is trivial, we
abbreviate the explicit expression; see the original paper
[47] for details. Here, we show the potential for ¢ and ¢,
which determines the vacuum expectation values (VEVs)
of them:

V22T ® + A(DTP): 4+ mie? + p,9® + A0t
+ pyo@(DT®) + A,00? (PTD)

+ (terms containing leptoquark and diquark). (2.2)
The Higgs doublet ¢ and singlet ¢ are written by
P “ !
= ~ =— 2.
<\/i§(v+h+iG0)>’ v="et ). (23)

where G and G° are the Goldstone bosons, h is the SM-
like Higgs field, and v(v,,) is the VEVs of @ (¢). Then,
applying the minimal conditions 9V (v,v,)/0v =0 and
oV(v,v,)/dv, = 0, we obtain the stable VEVs such that

Apd Hoo
2 2 »® 2 ?
+ Ave +—v; + vy, =0,
H I \/E ¢
U V2 Hp” App Uy ?
2 279 ® 3 92 %"
msv, + + + 4,0, + =0. 2.4
TABLE II. Field contents of bosons and their charge assign-
ments under SU(3), x SU(2), x U(1)y.
o ¢ Stq S50
SU(3)c 1 1 3 6
SU(2), 2 1 1 1
U(l), : 0 -1 -2
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In our analysis, we assume v, < v, m,, so that the VEVs

are approximated to v=+/—u?/A and v, = —p, 50/
(V2(2m2 + 2,9v?)). Taking |u,qe| ~ O(1) GeV, we can
suppress mixing between the SM Higgs and the singlet
scalar to be consistent with experimental data regarding the
SM Higgs [48,49]. In the following analysis, we ignore the
mixing effect.

A. Neutrino sector

The neutrino mass matrix is induced at the two-loop
level as can be seen in the original paper [47], and its
formula is given by

24u

~ * T
M,, ~mﬂ(h>mm¢- (vs)ijma, (v ) pF1(r), (2.5)
o [ [Tt
r) = X ,
! 0 o xEiayrA) Ty

(2.6)

where p comes from the term of S},S;,5p0,
r= (mpo/mpp)?*, and we have assumed that the down-
quark masses in the loop are negligible compared to the
masses of leptoquark and diquark bosons. Notice here that
Fi(r) is solved only through the numerical way, even
though an approximated analytical formula is known in the
limit of » << 1 or r > 1 [50]. Neutrino oscillation data are
given by diagonalizing M, as

M = VM, Vins. (2.7)
where Vs is the Maki-Nakagawa-Sakata mixing matrix

of the neutrino. For experimental values, we adopt the best-
fit values with the global analysis in Ref. [51],

57, =0.323, 53, =0.567,
573 =0.0234,  Scp = 1.347,
mZ —ml| =248 x 107 eV?,

mfz - mfl =7.60 x 107> eV?, (2.8)
where we assume one of the three neutrino masses is zero
with normal ordering for simplicity in the numerical
analysis below.

B. Flavor changing neutral currents
lepton flavor violations

Before discussing the FCNCs and the lepton flavor
violations (LFVs), we specify the textures of y; and yg
to evade some FCNC processes. In this paper, we adopt the
textures
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(yL) 11 0 0

vr = Vins X Yz = Vuns X 0 () o) |
0 ()’L)32 (yL)33

0 0 0
ys=10 (yS)QZ ()’s)23 > (2-9)
0 (vs)s (Vs)33

where yg is a symmetric matrix. Then, the neutrino mass
formula can be simplified as follows:

dlag VMNSM Vmns = y/L*wy/LT, (2.10)
24u
0 =—F—5—mgysmyF(r). (2.11)
(4z)*m7

From Eq. (2.10), one finds that (yg),; is identically zero.
Here, we discuss the FCNCs and the LFVs, where we
focus on terms related to the neutrino masses, that is, y; and
ys. Notice here that the constraint on K — K mixing and
BY — BY mixing can be evaded if we take (yg);; = 0.
Thus, the bound on LFVs comes from the p—e
conversion and #; — £y process, and the bounds on
FCNCs come from K+ — ztvpand DT — ztuTv™ decays
and the Q — Q mixing, where Q = K°, BY. These are,
respectively, constrained by the combinations [52]

(Ye)a1 ()’2)11

— e conversion: <8.5x 1077, 2.12
# 4\/§GFmLQ2 ( )
3aem i ij 2C‘i
fl‘ N bﬂj}/ |(yL);L)li|
2567Grmy
< (42 % 10713,3.3 x 1078, 4.4 x 1078),
for (i, j) = [(u. e), (7. e), (z, )], (2.13)
1-3 T
K* = ntub: ZM <94x10°, (2.14)
i 4\/§GFm%Q
DT > atutu: ’4())”21())022 <6.1x1073, (2.15)
4\/_GFmLQ
BY — BY mixing: 'M <33x1071%, (2.16)
GFmDQ

where C; = (1,1/5) for (u, 7). For numerical analysis, we
will impose the above constraints.

C. Muon anomalous magnetic moment (g - 2),

First of all, the original paper suggests that the term
through y;, cannot induce the sizable (g — 2),,, assuming yg

PHYSICAL REVIEW D 94, 075021 (2016)

to be zero. However, we find that y, cannot contribute to
(9 —2), even the case of y; # 0 because of an accidental
electric charge cancellation in the limit of massless medi-
ating up-type quarks,

1\ 2
Aay,(yg) x2Qs,, + Qu, =2 X (—5) +3=0. (2.17)

Thus, we rely on the new source as a new term Y, and its
form is given by

Aa,(T) = Y3Yomy(Gyi[mg, myg) + 4Gy[mpg. mg)),
(2.18)
1
Gl [ml, mz] = W’ for my = my, (219)
G [my, my]

6mim; + m§ + 12mim3 In(;2)

12(’”1 - m%)“ 7

2m1 + 3mim3 —

for mp ?E my. (220)

Also, we have to consider the lepton flavor processes
through this term. Here, we impose the constraints of
Z; = ¢y, and its branching ratio (BR) is given by

_ 487 aemC

7
+ 4G [my o, my]|%,

(2.21)

where «,,, is the fine structure constant and G is the Fermi
constant. The experimental bound for BR(#; — £;y) is the
same as the one in Eq. (2.13).

D. Result of numerical analysis

Applying the formulas in the previous subsections, we
numerically search for a parameter region which can
explain neutrino mass and (g-—2), satisfying all the
flavor constraints. In our numerical analysis, we have
found the following allowed regions to satisfy all the
constraints in Eqgs. (2.12)—(2.16) and obtain the sizable

(g - 2);4(NO(10_9))’
mpo € [1000,3000] GeV,
500, 3000] GeV,
03,03,
0.1,0.1],

{mpo,pu.my} €

Y, € [1,V4x],

YL €

[

[

-
Yin €[- (2.22)
where three components of yg(<+/4z) can be solved
directly by applying the experimental values of the neutrino
oscillations data with the best-fit values in Eq. (2.9).
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II. IMPLICATIONS TO SCALAR SECTOR

In this section, we discuss the effects of the diquark
Spg, leptoquark S;,, and vectorlike quark Q' to the
scalar sector of our model. The diphoton decay of the
SM Higgs is discussed for constraining the model, while
that of the new neutral scalar boson is analyzed as a
possible signature. We also discuss stability of the scalar
potential.

A. Diphoton decay of SM Higgs

The existence of the leptoquark and diquark can
modify the signal strength in SM Higgs measurement.
The signal strength parameter is defined by

c - h BR(h —
uf = (pp—>h)  BRUA-F) _ x i,
o(pp = h)sy BR(h — f)SM

(3.1)

where f represents the possible channels and g;(us)
stands for the signal strength of production (decay).
Here, we focus on the gluon-gluon fusion (ggF) pro-
duction and discuss the effects of the leptoquark and
diquark on the production and diphoton decay branching
ratio (BR).

v (5)’DQU

=1
H ' +A1/2<§t>

2
mDQ

A
Ay(&po) + an%UAo(fLQ)>

v> Ne(4/9)A (Epo)Apo/mpg + Ne(1/9)Ao(L0) Lo/ mig
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The leptoquark and diquark contribute to ggF and
diphoton decay of the SM Higgs via the following
interactions in the potential:

V> /‘LDQ((I)TCI))(S;)QSDQ) + ’ILQ((I)T(I))(SZQSLQ)

D Apevh(ShoSne) + ALovh(S] 5S1e)- (3.2)

Then, loop-induced effective coupling for ggh is given by

a, (SHpo HLo
Ly=—"|—"7A —=A hG*H G4,
=~ (e ) - o) HG G

(3.3)

where &y = 4m%/m? with X = {LQ,DQ,Q'} and the
factor 5 in the first term inside the brackets comes from
the Casimir operator for 6 representation. The loop function
associated with the scalar is

Ag(x) = x(1 = xf(x)),

with f(x) = [sin™'(1/4/x)]> for x > 1. Accordingly, we
obtain the signal strength of the gluon fusion Higgs
production and decay to the diphoton such that

(3.4)

2

)

X
2

”W:'1+

where N.(N.) = 3(6) is the number of colors for 3(6),
0ho =4/9and Q7 , = 1/9 are used, and the functions for
vector-boson and fermion loops are given by

Ay (x) = =2[x + (1 = x)f(x))],
Ay(x) =2+ 3x +3(2x — x2) f(x). (3.6)
In our analysis, we set Apg = A1 and mpy = my o since
the effects of the diquark and leptoquark are similar, for
simplicity. The x” as a function of mpy (= myp) is shown
in Fig. 1(a), and that of Apy(=4.9) is presented in
Fig. 1(b), where the curves in plot (a) are App = A9 =
{1.0,3.0,5.0} and those in plot (b) are mpy =
mpo = {1.0,1.1,1.2} TeV. For comparison, we also indi-
cate the results of ATLAS [48] and CMS [49] with lo
errors in the plots. From the plots, it can be clearly seen that
with ApgLg) of ZO(1) the diquark (leptoquark) contribu-
tions can significantly shift the x!” away from the SM
prediction and that the results are consistent with the
current data.

2 A (Ew) + OQIN A pp (&)

: (3.5)

B. Exiotic diphoton resonance search

Here, we discuss an exotic diphoton resonance as a
signature of our model where we consider the singlet scalar
field ¢ for illustration; in our following analysis, we set
my = 750 GeV since this pointis well investigated. Then, we
focus on the trilinear couplings of S;»(Spe) and the Yukawa
coupling of Q' associated with ¢, which are given by

V 2 Apoe#* (ShoSpo) + ALop®*(SLoSLo)
+ oy (ShoSpo) + iiLoy9(SioSio)
D }LDQ(pU(/)¢(STDQSDQ) + ’ILpr”d)gb(SzQSLQ)

Hp AL
+ %MSI)QSDQ) + %@(SZQSLQ)
= /"DQQb(SI)QSDQ) + ,“LQ¢(SZQSLQ)’ (3.7)
Ly = yo$0Q'0, (3.8)

where these interactions contribute to gluon fusion and the
diphoton decay processes of ¢ via S, , Spg, and Q' loops.
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(b)

18] 1
mpg =mpg = 1.0 TeV K
— — — — mg=mpg=11TeV !
1.6f = mpg = ]
............. mg=mpg =12TeV 4

02 05 10 20 50 100
ALQ=2ADQ

FIG. 1. Diphoton signal strength parameter /" as a function of (a) mpg = mpg and (b) ;9 = Ap, where the curves in plots (a) and
(b) denote yi; 9 = (1.0,3.0,5.0) TeV and m; o = (1.0, 1.1, 1.2) TeV, respectively. The colored region indicates the observed value by

ATLAS and CMS within 1o error.

The loop-induced effective coupling for gg¢ can be
written as

r A <5MDQ

=-—2"2=A
999 8z Zm%)Q O(TDQ)+

HLo
—=A
2m%Q O(TLQ)

y ap (a
+WQ/A1/2(TQ/))¢G H le, (39)

wherezy = 4mg/mjwithX = {LQ, DQ, Q'} and the factor
5 in the first term inside the brackets is the same as in Eq. (3.3).
The diphoton decay S — yy is dominantly induced by

charged leptoquark, diquark, and vectorlike quark loops
where the partial decay width is given by

2,3
am¢

8 Upo 1 pro
R A s Y LA
=y 2567[3 32m§DQ O(TDQ)+32m%Q O(TLQ)
16 er 2
2090 4 o) 3.10
3 my 12(70) ( )

where color factors N. = 6 and 3 are used for the diquark
and leptoquark, respectively. We also obtain the partial
decay width for S — gg from effective interaction in
Eq. 3.7):

2.2
asmy | Skpg Hio
[y =——|—>=A A
P—9g9 3271.3 zm%)Q O(TDQ) + zm%Q O(TLQ)
Yo 2
—=A A . 3.11
+ zmQ/ 1/2(1-Q ) ( )

The total decay width is dominantly obtained from the
¢ — gg mode assuming 4z, < 1 to suppress the branching
fraction for ¢ — hh.

In the narrow-width approximation, the cross section for
the process gg — ¢ — yy can be expressed as [20]

C.T,.
o(gg— ¢ —ry) = %MBRM) —7r), (3.12)

My

where C, is related to the gluon luminosity function, s is
the center of energy, and BR(¢ — yy) is the branching
fraction of ¢ — yy decay. For /s = 13 TeV, we adopt
Cyy=2137. In addition, we use the K-factor for the
gluon fusion production process as K, =15 [20].
For the current constraint for diphoton resonance at
my =750 GeV, we adopt

o(g9—> ¢ —yr) <12 1b, (3.13)

taking into account 1o error of ATLAS data. [53]. In Fig. 2,
we show the contours of the cross section in the p-y, and
mpopo)-Mo planes, where we take u = ;o = ppo and
fix some parameters as indicated in the plots. We find that
the current constraint can exclude some parameter space,
and further regions will be tested with future experimen-
tal data.

C. Stability of the potential

It is worth mentioning the vacuum stability for pure
quartic couplings of the charged bosons 4, and 1po. We
have a one-loop correction mediated by bosons, which
arises from y,,,LQ((pSzQSLQ) and y{/,DQ((pS}‘)QSDQ), as
follows:

x(1—=x)
m%Q + (1 —x)m3

4
ione—loop o Jlree _ /’tszQ /1 dx
L ~ AL
0 0 0 [x

(47)?

2

(3.14)
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o(pp—¢—yy)Ifb]
6\| ....... 0.3 4
1
1
1
\
\
\
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St i
------ 0.5 ;
>
(5]
E 4t
D \ Yo = 2.0
g . U =10TeV
\ ~~~~~ 1.0
3L 1.2 fb |
2b ]
1 2 3 4 5

mLQ=mpqQ [TeV]

FIG. 2. The cross section for pp — ¢ — yy in the p-y plane (left) and mopg)-m¢ plane (right) where gray colored regions are

excluded by ATLAS data.

Hono [ x(1—x)
(471')2A * [xmpy + (1= x)mg]*
(3.15)

one-loop _, jtree

And each couplings has to satisfy the following condition:

0.< Ay P (S4n),

(3.16)

1
0= Ag‘é P (<Zdn). (3.17)
Here, we estimate the scale of pure couplings under the
benchmark points m; o, = mpy = m, = (1,1.1,1.2) TeV
with 1 TeV < (up.4po) <5 TeV. Then, the formulas can

one-loop

be simplified as 4,

ADe 1% m 2858 — b 1o/ (9622 m}b,y). Thus, the lower and

upper bounds on the pure couplings at tree level can be
obtained by

R ALS = poro/ (967°mi ) and

mip=mpo=1000GeV: 1.06x 107 S A% | <0.66,
(3.18)

mip=mpo=1100GeV: 720 107+ S A% | $0.45,
(3.19)

mip=mpg=1200GeV: 5.10x 107 A% <0318,
(3.20)

IV. IMPLICATIONS TO COLLIDER PHYSICS

In this section, we explore the implications of our model
in collider physics. In our analysis, we focus on the

signature of Q' production, which provides a specific
signal of our model.

Here, we discuss the production of Q' at the collider, since
Q' has an interesting decay mode; Q' — (£)+S,o—¢+u;
through the Yukawa interactions associated with Y; and
YL(r)- Since we have some freedom to chose yr while
satisfying neutrino mass and flavor-violating constraints,
we assume here the BRs for S; o — Zu; are universal for
¢ = e,pand u; = u, c, while the BRs for the other modes are
negligibly small. On the other hand, the Y, is expected to be
dominant to obtain sizable (g — 2), while avoiding the LFV
constraints. Thus, Q" dominantly decays into a leptoquark
and muon. The Q' pair is produced via the QCD process. We
estimate the production cross section with the use of
CalcHEP [54], implementing relevant interactions and
applying the CTEQGL parton distribution function (PDF)

o(fb]

10 12 14 16 18 20
mgy[GeV]

FIG. 3. The cross section for pp — Q’Q’ at the LHC 13 TeV as
a function of mg.
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TABLE III. The number of events for signal and backgrounds after kinematical cuts with the luminosity of 100 tb~! at the LHC
13 TeV. The significance is also shown in the last column.

Signal (mgy = 1.5 TeV) 77Zj ZZjj Zit ZZW=* S
# of signal events (basic cuts) 103. 2.28 x 103 1.11 x 103 177. 7.98 1.72
# of signal events with Eq. (4.3) 93.2 0.84 0.96 3.54 <0.1 40.3

[55]inthe estimation. In Fig. 3, we show the production at the
LHC 13 TeV as a function of Q" mass m.

We then carry out simple simulation at the parton level
with the event generator MADGRAPH/MADEVENT 5 [56],
where the necessary Feynman rules and relevant param-
eters of the model are implemented by the use of
FeynRules 2.0 [57] and the NNPDF23LO1 PDF [58]
is adopted. For a signal, we generate the events for the
process

pp — Q’Q/ASLQSZQfJ“f_ - retemeTji. (4.1)
Thus, our signal includes four leptons and two jets:
4¢+2j. We then select the events as four-leptons and
jet(s) where the number of jets is required to be n; > 1.
For the SM backgrounds, we consider SM processes
producing ZZj, ZZjj, {iZ, and ZZW=, which can provide
the four-leptons plus jet(s) final states if Z and W= decay into
leptons and jets, respectively. In generating the events,
the basic cuts

pr(#) > 10 GeV,
n(&) > 2.5,

pr(j) > 20 GeV,

n(j)>5 (4.2)

are adopted, where p; and 7 are the transverse momen-
tum and pseudorapidity, respectively. In addition, we
apply selecting cuts of

T T T T T T
1
100+ ’,'A
1
|
1
!
80+ h
— 1
n §=5 K
) !
= L !
5 60 s=2/
4 1
S ’
E /
E a0l /
/
- K
/
7/
7/
20+ //'
/,/
-

15 16 17 18 19 20 21
mQ‘[TeV]

FIG. 4. The luminosity required to obtain significance 5(2)
shown as a solid (dashed) line.

pT(l’ﬂleading) > 50 GeV,
my — 10 GeV < My~ < my + 10 GeV

PT(jleading) > 100 GeV,

(veto), (4.3)
where Zieading (Jieading) are leading lepton (jet), and the
second line is for vetoing the region of m, + 10 for the
invariant mass M+,-. Then, we estimate the significance
for the signal by

Ny
VNg’

where Ng and Njp are the number of signal and back-
ground events, respectively. In Table III, we show the
number of events with basic cuts and after the cuts in
Eq. (4.3) for signal with my = 1.5 TeV and SM back-
grounds using a luminosity of 100 fb~!. We find that the
vetoing condition for M+, highly suppress the SM
backgrounds and the large significance can be achieved.
The luminosity required to obtain S = 5(2) is also shown
in Fig. 4 as a function of my. We see that the
significance of 5(2) that can be reached for Q' mass
mg < 1.9(2.1) TeV could be tested at the LHC 13 TeV
with the integrated luminosity of 100 fb=!. In addition,
the signature of Q' can be seen as a bump in the
distribution of the invariant mass for two same-sign
lepton plus jets. Note that, taking into account the
detector efficiency, the significance will be smaller, but
our result is still a reasonable estimation.

S = (4.4)

V. CONCLUSIONS AND DISCUSSIONS

In this paper, we have discussed the extended colored
Zee-Babu model in which an isosinglet vectorlike quark
and singlet scalar were included to accommodate (g —2),,.
Then, the active neutrino mass matrix and (g — 2),, which
were induced at the two-loop and one-loop levels, respec-
tively, were analyzed. We also took into account the flavor-
changing neutral current to check the consistency with
experimental constraints. Our analysis has shown that
neutrino mass matrix and (g—2), can be fitted with
experimental data satisfying the constraints.

The implications to the scalar sector such as the decay of
the SM Higgs, exotic diphoton resonance, and scalar
potential have been discussed. We have shown that exotic
colored/charged particles can shift the signal strength for
h — yy, which could be tested by the LHC experiments.
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Furthermore, exotic diphoton resonance can be a good
probe of our model since we expect such a signal from
some exotic neutral scalar boson interacting with the
diquark, leptoquark, and vectorlike quark in the model.
We have shown that a sizable cross section for diphoton
resonance production can be obtained in the model, which
is compared with the current LHC constraint.

Then, we explored collider physics in our model focus-
ing on the vectorlike quark signature. The vectorlike quarks
were produced via the QCD process and decayed into a
lepton and leptoquark, which decayed into a lepton and jet.
Thus, the signal of vectorlike quark pair production was

PHYSICAL REVIEW D 94, 075021 (2016)

four-leptons plus jets. We then estimated the production
cross section and carried out a simple simulation study
including the SM background. By adopting some kin-
ematical cuts, we have shown the vectorlike quark, which
has mass my <2 TeV, can be tested at the LHC 13 TeV

with integrated luminosity 100 fb~".
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