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We present an analysis of production and signature of neutral Higgs boson (HY) on the version of the 3-3-1
model containing heavy leptons at the Large Hadron Collider. We studied the possibility to identify it using
the respective branching ratios. Cross section are given for the collider energy, /s = 14 TeV. Event rates
and significances are discussed for two possible values of integrated luminosity, 300 fb~! and 3000 fb~!.
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I. INTRODUCTION

The way to the understanding of the symmetry breaking
mainly go through the scalars, although there are many
other models that do not contain elementary scalar fields,
such as the Nambu—Jona-Lasinio mechanism, technicolor
theories, and the strongly interacting gauge systems [1].
These scalars protect the renormalizability of the theory by
moderating the cross section growth. But so far, despite
many experimental and theoretical efforts in order to
understand the scalar sector, the Higgs mechanism remains
still unintelligible. Nowadays, the major goal of the exper-
imentalists in particle physics at the LHC is to unravel the
nature of electroweak symmetry breaking. The standard
model (SM) is the prototype of a gauge theory with spon-
taneous symmetry breaking. This had great success in
explaining most of the experimental data. However, recent
results from neutrino oscillation experiments make clear
that the SM is not complete; then, the neutrino oscillation
implies that at least two neutrino flavors are massive.
Moreover, there are other crucial problems in particle
physics that do not get a response in the SM. For instance,
it offers no solution to the dark matter problem, dark
energy, or the asymmetry of matter-antimatter in the
Universe. Therefore, there is a consensus among particle
physicists that the SM must be extended.

In the SM, there appears only one elementary scalar,
which arises through the breaking of electroweak symme-
try, and this is the Higgs boson. The Higgs boson is an
important prediction of several quantum field theories and
is so crucial to our understanding of the Universe. So on
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July 4, 2012, a previously unknown particle with a mass
around 126 GeV was announced as being detected, which
physicists suspected at the time to be the Higgs boson
[2—4]. By March 2013, the particle had been proven to be
the Higgs boson because it behaves, interacts, and decays
in the ways predicted by the SM and was also tentatively
confirmed to have positive parity and zero spin, two fun-
damental criteria of a Higgs boson, making it also the first
known scalar particle to be discovered in nature.

Different types of Higgs bosons, if they exist, may lead
us into new realms of physics beyond the SM. Since the
SM leaves many questions open, there are several exten-
sions. For example, if the grand unified theory (GUT)
contains the SM at high energies, then the Higgs bosons
associated with GUT symmetry breaking must have
masses of order My ~ O(10') GeV. Supersymmetry [5]
provides a solution to the hierarchy problem through the
cancellation of the quadratic divergences via fermionic and
bosonic loops contributions [6]. Moreover, the minimal
supersymmetric extension of the SM can be derived as
an effective theory of supersymmetric GUT [7].

Among these extensions of the SM, there are also other
classes of models based on SU(3)- ® SU(3), ® U(1)y
gauge symmetry (3-3-1 model) [8—10], in which the anom-
aly cancellation mechanisms occur when the three basic
fermion families are considered and not family by family
as in the SM. This mechanism is peculiar because it
requires that the number of families is an integer multiple
of the number of colors. This feature combined together
with the asymptotic freedom, which is a property of quan-
tum chromodynamics, requires that the number of families
is 3. Moreover, according to these models, the Weinberg
angle is restricted to the value s, = sin?6y < 1/4 in the
version of heavy leptons [8]. Thus, when it evolves to
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higher values, it shows that the model loses its perturbative
character when it reaches a mass scale of about 4 TeV [11].
Hence, the 3-3-1 model is one of the most interesting
extensions of the SM and is phenomenologically well
motivated to be probed at the LHC and other accelerators.

In this work, we study the production and signatures
of an extended neutral Higgs boson HY, predicted by the
3-3-1 model, which incorporates the charged heavy leptons
[8,12]. We can show that the neutral Higgs boson signa-
tures can be significant at the LHC. The signal of the new
particle can be obtained by studying the different decay
modes and if we consider a luminosity of 10 times higher
than the original LHC design. With respect to both mecha-
nisms, that is, the Drell-Yan and gluon-gluon fusion, we
consider the Z', HY, and HY as propagators. Therefore, in
Sec. II, we present the relevant features of the model. In
Sec. III, we compute the total cross sections of the process,
and in Sec. IV, we summarize our results and conclusions.

II. RELEVANT FEATURES OF THE MODEL

We are working here with the version of the 3-3-1 model
that contains heavy leptons [8]. The model is based on the
semisimple symmetry group SU(3)c ® SU(2); ® U(1)y.
The electric charge operator is given by

&~ VAT + N, ()

where T5 and Ty are the generators of SU(3) and e is the
elementary electric charge. So, we can build three triplets
of quarks of SU(3); such that

!
u

2
= dl -~ 3) )
Q| (33)
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where the new quark J; carries 5/3 units of electric charge
while J,, (@ = 2, 3) carry —4/3 each. We must also intro-
duce the right-handed fermionic fields Uy ~ (1,2/3),
Dr~(1,—1/3),Jig ~1,5/3), and J! , ~ (1, —4/3). We
have defined

U=(u ¢ 1)
and
D= (d’ s’ b )

The spontaneous symmetry breaking is accomplished
via three SU(3) scalar triplets, which are
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For the sake of simplicity, we will assume here that the
model respects the B + L symmetry, where B is the baryon
number and L is the lepton number. Then, the more general
renormalizable Higgs potential is given by

Vinp.x)=wuintn+uiptp+ wixtx+ A (ntn)?
+ 00T+ ()2 + 0 nlAa(pTp)
+ s 1+ A6 (pTp) (X X) + A7 (pT ) (0T p)
+ (Pt )+ A9 (T X)) (x T o)

1 .
+5(f€l'lk77iijk+C'H-)’ “4)

where w; (i =1, 2, 3) and f are constants with mass
dimension and Aj (j=1,...,9) are dimensionless con-
stants [12]. The potential (4) is bounded from below when
the neutral Higgs fields develop the vacuum expectation
values (VEVs) (%) = v, (p*) = v, and (x°) = v,, with
vy + v’ = v}, = 2467 GeV2. The scalar x" is supposedly
heavy, and it is responsible for the spontaneous symmetry
breaking of SU(3); ® U(1)y to SU(2); ® U(1)y of the
standard model. Meanwhile, 1° and p° are lightweight
and are responsible for the breaking of SU(2), ® U(1)y
to U(1), of the electromagnetism. Therefore, it is reason-
able to expect

vy, > v, v, 5)

The potential (4) provides the masses of the neutral
Higgs as

4 _ 4 2.2

5 Ay, — Avy ) Uy Uy
m 0z4 ’ 0z > (63)
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n YUp nUp
fv v, U,\2

mio=~—MAv,, mi=——"A|y2 +(12L) | (6b)

H X h 14

3 v, v,

with the corresponding eigenstates

f Cw Sy HO .
()0 o)) amm amn
(7)

where the mixing parameters are

v,//v} +v2 and s, = sinw [12]. In Eqgs. (6) and (7),
we used the approximation (5), and, so as not to introduce
the new mass scale in the model, we assume f = —v I We
can then note that HY is a typical 3-3-1 Higgs boson. The

c,y = COsSw =
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scalar HY is one that can be identified with the SM Higgs
since its mass and eigenstate do not depend on v,.

Now, we can write the Yukawa interactions for the
ordinary quarks, i.e.,

LZ = ZI:QIL(GIanan + GlaDixRp)

(o3

+ 3 0uFulp’ + FmDaRn*)], ®)

where G, and G/, (a and b are generation indexes) are
coupling constants.

The interaction eigenstates (2) and their right-handed
counterparts can rotate about their respective physical
eigenstates as

U/

aL(R) = ULP Uprr) (9a)
D/

— ~7L®)
aL(R) Dab UbL(r), J;L(R) =J ab JbL(R)- (9b)

Since the cross sections involving the sum over the
flavors and rotation matrices are unitary, then the mixing
parameters have no major effect on the calculations. In
terms of physical fields, the Yukawa Lagrangian for the
neutral Higgs can be written as

)VU ]HO
Uy

~L,= l{U(l + 75)[1 + [ip (
T

+D(1 + 'ys)l: [Z—: ( v W)VD:IHO

Uy

+ [S_W _ (_ + SW)VD:IHQ]MDD} + H.c,

v, \v, v,
(10)
where VY VP = Vg is the Cabibbo-Kobayashi-Maskawa
matrix, VY and VP are arbitrary mixing matrices, and
MY = diag(m, m, m,)
and
MP = diag(m, m; m,)

are matrices that carry the masses of the quarks.

In the gauge sector, beyond the standard particles vy, Z,
and W=, the model predicts one neutral (Z'), two single-
charged (V*), and two doubly-charged (U**) gauge
bosons. The gauge interactions with Higgs bosons are
given by

Lon=> (D, 0! (D, o) (11)
[

where the covariant derivatives are
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where ¢ =7, p, x (N, =0, N, =1, N, = —1) are the
Higgs triplets, W, and B, are the SU(2) and U(1) field
tensors, and g and g’ are the U(1) and SU(2) coupling con-
stants, respectively. Diagonalization of the Lagrangean (11),
after symmetry breaking, gives masses for the neutral weak

gauge bosons, i.e.,
_ 1 (IechvX>2
3(1 — 4s€v) Sw ’

(13)

where sy, = sin 0y, with 0y, being the Weinberg angle, and
=1- sﬁ,. Then, the eigenstates are

D, o —ig'Ny@;B,, (12)

el 2

Vwy m-,
2SWCW ’ z

W, = swA, — cwZ, (14a)
1 — 4s3
W8 ~ — 3sW(AM - S—Wz#) - Y7, (14b)
Cw Cw
Sw
B, ~ A +—(z +\/—Z’) (14c)

,/1 — 453, Cw

In Egs. (13) and (14), we have used the approximation (5).
Finally, the weak neutral current in the sector of u and d
quarks reads

el

—L7=3 gy*[v(q) + alq)yslgZ, (15a)
SwCw
le] _
Ly =5 gy*[v'(q) + a'(q)ysleZ,,  (15b)
SwCw
for which the coefficients are
52
v(u) =1-— ?W, a(u) = —a(d) = —
4
v(d) = -1+ 3sw, (16a)
v'(u) = ‘,1 + 452 a'(u) = "41 ~ dsiy
w» 3 L]
253, — 1
(d) =" —, 16b
v'(d) NG (16b)
a'(d) = —v'(d). (16¢)

In this work, we study the production of the neutral
Higgs boson HY at pp colliders. With respect to both
mechanisms, that is, the Drell-Yan and gluon-gluon
fusion, we consider the Z/, H}, and HY as propagators.

III. CROSS SECTION PRODUCTION

The mechanisms for the production of a neutral Higgs
particle Hg in pp collisions occur in association with the
bosons Z', HY, and H); see Figs. 1 and 2. Unlike of the
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Z' HY, HY

q o
FIG. 1. Feynman diagrams for the production of a neutral
Higgs via the Drell-Yan process.

SM, where the gluon-gluon fusion dominates over Drell—
Yan when the Higgs boson is heavier than 100 GeV [13], in
3-3-1 Model does not occur. Here, the mechanism of
Drell-Yan dominates over gluon-gluon fusion at leading
order for H) production at /s = 14 TeV. The process
|

472
8 AZZ’H‘Z)

u
2
- ms +
4(S_m%/+lmzlrzl)2(< 2 ml

doyy ,BHggz {
dcosf 192mcy,s
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here, g is the coupling constant of the weak interaction,
Bro is the Higgs velocity in the c.m. of the subprocess,

which is equal to

(e |
N N

IBHO = 2_ 12 ’
2 m’

and ¢ and u are

N

— cos 0[(1 _ lmz -:mH)2><1 _(mg _smy)z)]l/Z}’

u=m? +m%—£{<l —bé_m%{)
K
(my - mH)2>]1/2}
s ’

where 6 is the angle between the Higgs and the incident
quark in the c.m. frame. We have also defined

2 2
N m;, —m
t=m§+m%—§{(l+72 ”)

. 2
§ m
X (—2 (82 —2m%8 + m}) ——+(28* —48m% +2m%) + —
m m%
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FIG. 2. Feynman diagrams for the production of a neutral
Higgs via gluon-gluon fusion.

pp— HSZ (i = 1, 2) takes place in the s channel. The
term involving the boson Z is absent because there is no
coupling between the Z and HSZ; moreover, the interfer-
ence term between the Z' and HY should be absent because
it gives an imaginary value. So, using the interaction
Lagrangian [8,14], we obtain the differential cross section
in the first place for Drell-Yan for H(z) ,

t
— t—u+ S)(g%/rq +gi~,))

v v
my(m, =2 —myL)v,v,(v3 —v?)
A gy, nYp\%p n R R
Y@ ($)? + v, vn6 |X(1)(S)||X(2)(S)|)
4y,
2 4 & 4 0
m mt,§ 2mt,m
H() HO HO 4
(262 +28m2 — 4m28 — dm2ml) + — 2 — —2 )}
m% m m2
a7
; 1
i(3) = ’
X( ) §— mi]? + imH;’rH?

with 'y being the Higgs boson total width; i = 1, 2, I'»
[14,15] are the total width of the Z’ boson, my, where g = u,
d are the masses of the quark; gi’,, v are the 3-3-1 quark

coupling constants; /3 is the center of mass energy of the ¢g
system; g = v/47a/sinfy; and « is the fine structure
constant, which we take equal to @ = 1/128. For the Z'
boson, we take M, = (0.5-3) TeV, since M, is propor-
tional to the VEV v, [9,10]. For the standard model
parameters, we assume Particle Data Group values,
ie., M;,=091.19 GeV, sin’6y = 0.2315, and My =
80.33 GeV [16], and ¢ and u are the kinematic invariants.
We have also defined the A,/ HO A8 the coupling constants of

the Z' boson to the Z boson and Higgs HY; the A 0 HOz are

the couplings constants of the HY boson to H and the Z
boson and of the HY boson to HY and the Z boson. These
coupling constants should be multiplied by p* — g* to
geta ALy, = Apopz(p* — g*) with p and g being the
P72 i

momentum 4-vectors of the H, and Z boson, and the A ;o
are the coupling constants of the H)(HY) to ¢g; the v(q),
a(g), v'(q) and a'(g) are given in Ref. [15]. We remark still
that, in 3-3-1 model, the states H) and HY are mixed:
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el
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The total cross section for the process pp — qq — ZH)
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where 7., = (m, + mHg)z/s(T = §/s) and g(x, Q?) is the

(182) quark structure function.
Another form to produce a neutral Higgs is via the
(18b) gluon-gluon fusion, namely, through the reaction of the
type pp — gg¢ — ZHS . Since the final state is neutral, the s
(18¢)  channel involves the exchange of the boson Z', HY, and HY.
The exchange of a photon is not allowed by C conserva-
(18d) tion (Furry’s theorem), which also indicates that only the
axial-vector coupling of the boson Z' contributes to this
process. It is important to emphasis that, for production of
(18¢)  HY, we take the interference between the Z’, which are
antisymmetric in the gluon polarizations, and the HY
(18f)  (we only consider the antisymmetric term of HY) because

the other part is symmetric and therefore vanishes; then, we
write explicitly the Z', HY, and HY contributions to the
elementary cross section for the production of HY,

- 6,2 2
is related to the subprocess gg — ZH3 total cross section & ( o )Z _¢8 o5 (Azz)znp)”A o
through dcos 6 pp—ZH) 819277 SCWM4Z(Z’ i
1 —In /Trm
o= f 1 drdyq(\J1e¥, 0*)q(NTe ™, 0?6 (7, s), X | Y T(g)(1 +258,1,) (20)
Tmin [1 Tmm q:M,d
(19)
|
dé \H'—H) 2a2(v? — v3)v,v, QB v
( lox ) I 2P 67] H) Re,\/“)(s)/\/(z)(s) Z < __md_) Z I*
dcos 0 ppaZHg 8192738c3,v5, Pt v, P
2a3(vy — v3)v,v, 50 21— mgir)
'BH' Rex V() x@(3) Z M 1, Z I, 1)
163847 CWUW Pt Pt
do \H° a?v2v25Q
( U)‘ _ g, LANIETE > 28, + 8,645, - 1)1,
dcos 6 pp—ZH) 819273 vW P
a Q 2
%l LR[S mi, | (22)
409673 3c3,v5, Pl
dé \H° g2a2(v2 — v2)28Q0 B0 (m, 22— my22)
()= i WO | 3 T s, 5,48, 11,
dcos 6 pp—ZH) 131072 vy, ey g=nd my
g2a(v2 — v2)2Q By Y Y 5
PGP | 3 (2= ma ), | 23)
6553675V, c3, P v, v,
dé \Z-H° g*ta?A v, v, 11 By (3
( 7 ) b= P o R[ X2 S omTi(1 +28,1,) Y 1;], (24)
dcos0/,,—zm 10247352 c3,v3, (s = m, + imyl'y) Pt o

095020-5



J.E. CIEZA MONTALVO et al.

PHYSICAL REVIEW D 88, 095020 (2013)

TABLE I. Values for the particle masses used in this work. All the values in this table are given in GeV. Here, my== = 500 GeV and

my = 2v,.

f Uy, Ny, mg My My My mypo My my: my my My my,,

—1008.3 1000 148.9 875 2000 14546 126 1017.2 183 467.5 464 1707.6 1410

—1499.7 1500 2233 13125 47434 216432 12512 15258 38723 69412 691.76 2561.3 2115

—1993.0 2000 297.8 1750 632.45 2877.07 12512 203437 51939 922.12 920.35 3415.12 2820

4.2 2 2
dé \Z-H gras Az (v —v) I By (s v v
( ) 2 == ’ 5 ! Re[ ;( (,) mq<mu—"—md—p)T§](1 +28,1,) Z I;],
dcos0/ pp—zno 40967352 c2,v3, (s =mz +imzl'z) 52, v, v, S

(25)

which in Eq. (20) are considered the contribution of the Z’
boson, in Eq. (21) the contribution of interference of H?
and HY, in Egs. (22) and (23) the contribution of H) and
HY, in Eq. (24) the contribution of interference of Z’ and
H(]), and in Eq. (25) the contribution of interference of Z’
and HY. All these contributions are to produce the ZHY.
The sum runs over all generations, T is the quark weak
isospin [T5 @ — 1(=)1/2], and Re stands for the real part
of the expression. The loop function I; = I(8; = m?/3), is

defined by
(1 - x)x]

1d
11511(61)=[ —xln[l_
0 X o;
S | 1 2 S 1
s ()] i1
%1n2(;—j)—%2+mln<;—j), 8 <1,
with 7. = 1= (1 — 48,)"/? and 8; = m?/5. Here, i = q

stands for the particle (quark) running in the loop.
We have also defined A, (2, and II, which are equal to

o ta 2
A= —mt 5~
2m; m;  2my
a2 2 4
2 5 my Sy Mo My
= 2,47z LMy
2 2 2
dmy; 2 4 2my 2 4my
§ $ 20 §2F  §% 3%a 351
b= a2 2 sz T35 8 T8
Z Z Z Z
32 02,2 2
a2 m m Sam
_smz H} n H) n H)
7 2 Sm2
4 4m;, 4m; mz
ar 2 a2 a2, 4
sth? 3smH’(J S mH?
T2 T4 amd
Z Z

The total cross section for the process pp — gg — ZH)
is related to the subprocess gg — ZHS total cross section &
through

—In /T

1
/;mm ]1’1 Tmm

drdyG(\re’, 0*)G(Jre™, 0*)d (. s),

(26)

where G(x, Q?) is the gluon structure function and 7,,;, is
given above.

IV. RESULTS AND CONCLUSIONS

In this work, we have calculated contributions regarding
to the Drell-Yan and gluon-gluon fusion in the 3-3-1
model. We present the cross section for the process
pp — ZH) involving the Drell-Yan mechanism and the
gluon-gluon fusion to produce such Higgs bosons for
the LHC. In all calculations we take for the parameters
and the VEV the following representative values, [12,17]:
A =0.3078, A, =10, A3=—0.025 Ay = 1388,
/\5 = _1567, /\6 = 10, /\7 = _20, /\8 = _045,
v, = 195 GeV, and for Ay = —0.90(—0.76, —0.71), cor-
respond v, = 1000(1500,2000) GeV, these parameters
are used to estimate the values for the particles masses
which are given in Table I, it is to notice that the value of Aq
was chosen this way in order to guarantee the approxima-
tion —f =wv, [12,17].

A. Higgs H))

The Higgs H) in the 3-3-1 model is not coupled to a pair
of standard bosons. It couples to quarks; leptons; Z Z', Z'Z'
gauge bosons; H; H,", Hy Hy , h°h°, HYHY Higgs bosons;
V~V* charged bosons; U~ ~U** double charged bosons;
HYZ, H)Z' bosons; and H~~H** double-charged Higgs
bosons [14]. The Higgs HY can be much heavier than
1017.2 GeV for v, = 1000 GeV, 1525.8 GeV for v, =
1500 GeV, and 2034.37 GeV for v, = 2000 GeV, so the
Higgs H) is a heavy particle. The coupling of the H) with
HY contributes to the enhancement of the total cross sec-
tion via the Drell-Yan and gluon-gluon fusion.

In Figs. 3 and 4, we show the cross section pp — ZHS
for Drell-Yan and gluon-gluon fusion; these processes will
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10-2 s ! s ! !
900 1300 1700 2100 2500
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FIG. 3. Total cross section for the process pp — ZHJ as a
function of myo at /s = 14 TeV via Drell-Yan. The solid line
represents v, = 1.0 TeV, the dotted-dashed line represents

v, = 15 TeV, and the short dashed line represents v, =

2.0 TeV.

310—2*—-—“‘———‘____ 3
8 —
° q0-3 3
104 —— vy = 1.0 TeV E
—— vy =1.6TeV
—-—- vy =2.0TeV
10-56 L i L i i
900 1300 1700 2100 2500

Meyyo(CeV)

FIG. 4. Total cross section for the process p p — ZHJ as a
function of myy at 5 = 14 TeV via gluon-gluon fusion. The
solid line repreéents v, = 1.0 TeV, the dotted-dashed line rep-
resents v, = 1.5 TeV, and the short dashed line represents
v, = 2.0 TeV.

be studied for \/s = 14 TeV and for the vacuum expecta-
tion values v, = 1000 GeV, v, = 1500 GeV, and v, =
2000 GeV. Considering that the expected integrated lumi-
nosity for the LHC collider that will be reached is of order
of 300 fb™!, then the statistics for v v = 1000 GeV give a
total of ~ 2.7 X 10°(1.4 X 10°) events per year for Drell—
Yan and = 9.3 X 10*(7.5 X 10*) events per year for gluon-
gluon fusion if we take the mass of the Higgs boson
My = 1100(1300) GeV (FHS = 878.25, 1091.33 GeV)

and it corresponds to 14 TeV for the LHC, respectively.
These values are in accord with Table I. It must be noticed
that one must take care with large Higgs masses, as the
width approaches the value of the mass itself for a very
heavy Higgs, and one looses the concept of resonance.
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FIG. 5. Branching ratios (BRs) for the H‘z’ decays as functions
of myo for v, = 1.0 TeV.

To obtain event rates, we multiply the production cross
sections by the respective branching ratios. Considering
that the signal for HY9Z production for m H =
1100(1300) GeV and v, = 1000 GeV will be HIZ —
ZH?Z, and taking into account that the branching
ratios for these particles would be BR(HY — ZH?) =
39.5(43.4)% (see Fig. 5) and BR(Z — bb) = 15.2% and
that the particles H) decay into W*W~, and taking into
account that the branching ratios for these particles would
be BR(H) — W*W~) = 23.1% followed by leptonic de-
cay of the boson W into €* v and W™ into €~ », for which
branching ratios for these particles would be BR(W —
{v) = 10.8%, then we would have approximately = 7(4)
events per year for Drell-Yan and = 2(2) for gluon-gluon
fusion for the signal bbbb¢* €~ X.

The statistics for v, = 1500 give a total of
~7.1 X 10%(4.5 X 10%) events per year for Drell-Yan
and =~ 2.8 X 103(2.5 X 10%) events per year for gluon-
gluon fusion if we take the mass of the Higgs boson 0 =

1600(1800) GeV. These values are in accord with Table I.
Taking into account the same signal as above, that is,
HYZ — ZHYZ, and taking into account that the branching
ratios for these particles would be BR(H) — ZHY) =
44.2(45.9)% (see Fig. 6), BR(Z— bb) = 152%,
BR(H? —» W*W~) =23.1%, and BR(W — {v)=
10.8%, we would have approximately =~ 2(1) events per
year for Drell-Yan and = 0(0) for gluon-gluon fusion for
the signal bbbb{ €~ X.

With respect to vacuum expectation value v, =
2000 GeV, for the masses of myo = 2100(2300), it will

give a total of ~ 2.4 X 10*(1.6 X 10*) events per year to
produce HY for Drell-Yan, and with respect to gluon-gluon
fusion, we will have = 119(107) events per year to produce
the same particles. Taking into account the same signal as
above, that is, bbbb€™€~X, and considering that the
branching ratios for HY would be BR(HY — ZH?) =
46.4(47.3)% (see Fig. 7), we will have approximately
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=~ ((0) events per year for Drell-Yan and = 0(0) for
gluon-gluon fusion.

The main background to this signal is ##Z—
bbbbe* €~ X, for which the cross section at LO is =~ 1 pb
for /s = 14 TeV. Considering that the 7 particles decay
into bW+ W™, for which the branching ratios for these
particles would be BR(t — bW) = 99.8% followed by
leptonic decay of the boson W, that is, BR(W — {v) =
10.8% and BR(Z — bb) = 15.2%, then we would
have approximately a total of = 530 events for the back-
ground and =~9(6) events for the signal for myo =

1100(1300) GeV and v, = 1000; on the other hand, for
v, = 1500 and v Y= 2000, the number of events for the
signal is insignificant.

Therefore, we have that the statistical significance is =
0.39(0.26)0 for My = 1100(1300) GeV, which is a low

probability to detect the signals. The improvement will be
significant if we consider a luminosity =~ 10 times higher
than original LHC design, which is what we are awaiting
to happen for 2025; then, we will have = 90(60) events for
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FIG. 7. BRs for the HY decays as functions of Mo for
v, =20 TeV.
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the signals for myy = 1100(1300) GeV and v, = 1000,

which corresponds to having a = 3.9(2.6) . Then, we have
evidence for ~ 3.90 discovery in the bbbbh{* €~ X final
state. On the other hand, for v, = 1500, we have =~ 20(10)
events for My = 1600(1800) GeV, and this corresponds

to = 0.89(0.44)0; for this last scenario, the signal is too
small to be observed even with 3000 fb~!.

To extract the signal from the background, we must
select the bbh channel using the techniques of b-flavor
identification, thus reducing the huge QCD backgrounds
of quark and gluon jets. Later, the Z that comes together
with the HY and the other Z that comes from the decay of
HY would appear as a peak in the invariant mass distribu-
tion of b-quark pairs. The charged lepton track from the W
decay and the cut on the missing transverse momentum
Pr > 20 GeV allows for a very strong reduction of the
backgrounds.

The HSZ will also decay into 7 €€~ and considering
that the branching ratios for these particles would be
BR(H) — t7) = 5.1(4.1)% (see Fig. 5) and BR(Z—
7€) = 3.4% for the mass of the Higgs boson mpy =
1100(1300) GeV and v, = 1000 GeV and that the parti-
cles t7 decay into bbW W, for which the branching ratios
for these particles would be BR(t — bW) = 99.8%,
followed by leptonic decay of the boson W, that is,
BR(W — ev) = 10.75%, then we would have approxi-
mately = 5(2) events per year for Drell-Yan. Regarding
gluon-gluon fusion, we will have =~ 2(1) events per year to
produce the same particles. Considering the vacuum ex-
pectation value v, = 1500 GeV and the branching ratios
BR(HY — t7) = 2.8(2.3)% (see Fig. 6) and taking the same
parameters and branching ratios for the same particles
given above, then we would have for my = 1600(1800)

a total of = 1(1) events of HY produced per year for Drell-
Yan, and in respect to gluon-gluon fusion, the number of
events per year for the signal will be = 0(0).

Taking again the irreducible background Z —
bbete €€~ X and using CompHep [18], we have that a
cross section at LO is = 1 pb, which gives =~ 117 events.
So, we will have a total of =~ 6(3) events per year for the
signal for M = 1100(1300) GeV and v, = 1000, and

for v, = 1500 and v, = 2000, the number of events is
insignificant.

Then, we have that the statistical significance is
~(0.55(0.28)c for My = 1100(1300) GeV and v, =

1000 GeV. For this scenario, the signal significance is
smaller than 1o, and discovery cannot be accomplished
unless the luminosity will be improved. So, if we enhance
the integrated luminosity up to 3000 fb™!, then we will
have =60(30) events for the signals for m H =

1100(1300) GeV and v, = 1000, which corresponds to
having a =~ 5.5(2.8)o discovery in the bbe™ e €€~ X final

state, and for v, = 1500(2000), the signal will not be
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visible in this channel. We impose the following cuts to
improve the statistical significance of a signal; i.e., we
isolate a hard lepton from the W decay with pFT >
20 GeV, put the cut on the missing transverse momentum
Ppr>20 GeV, and apply the Z window cut |m+,- —
my| > 10 GeV, which removes events for which the lep-
tons come from Z decay [19]. However, all these scenarios
can only be cleared by a careful Monte Carlo work to
determine the size of the signal and background.

In summary, we showed in this work that, in the context
of the 3-3-1 model, the signatures for neutral Higgs boson
HY can be significant in the LHC collider if we take v, =
1000, myy = 1100(1300) GeV, /s =14 TeV, and a

PHYSICAL REVIEW D 88, 095020 (2013)

luminosity of 3000 fb~!. In other scenarios, the signal
will be too small to be observed even with 3000 fb~!. Our
study indicates the possibility of obtaining a signal of this
new particle in the channel t7Z — bbe*e €€~ X. If this
model is realizable in the nature, certainly new particles will
appear such as HY, Z' in the context of this study.
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