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In the bestest little Higgs model (BLHM) scenario, we analyze the branching ratios and production cross
section of the heavy Higgs boson H,,. The analysis is performed at the tree level and the one-loop level. In
addition, we present results of the possible production of the heavy Higgs boson H via gluon fusion for the
center-of-mass energies and integrated luminosities of the LHC, HE-LHC, and HL-LHC. Our results show
a very optimistic scenario for studying the H scalar predicted by the BLHM and for the energies and

luminosities of current and future hadron colliders.
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I. INTRODUCTION

There are convincing theoretical arguments and a wide
range of experimental facts that motivate the need for new
physics beyond the Standard Model (SM), such as the
hierarchy problem, the strong CP problem, the baryon
asymmetry of the Universe, the existence of dark matter,
the fine-tuning of the Higgs boson mass, the origin of
fermionic families, etc. Most of the solutions to these
problems require new interactions and new particles, such
as supersymmetric partners, heavy Higgs bosons, dark
photons, axions, right-handed neutrinos, and monopoles,
among other things.

Many of the proposed new physics models contain an
extended Higgs sector, among which the bestest little Higgs
model (BLHM) [1-7] is one of the viable options because it
provides an exciting way to address the hierarchy problem
without resorting to fine-tuning. In addition, it solves some
issues that are present in the great majority of the other
little Higgs models [the littlest Higgs model [8], a littlest
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Higgs model with custodial SU(2) symmetry [9], the little
Higgs model [10], the little Higgs model and custodial
SU(2) [11], and the simplest little Higgs model [12]], such
as the problem of dangerous singlets [13], a pathology
where collective symmetry breaking does not suppress
quadratically divergent corrections to the Higgs boson
mass, and strong constraints from precision electroweak
observables [14,15] in the gauge sector. Instead, the BLHM
generates a viable Higgs quartic coupling where the real
singlet ¢ is no longer a dangerous singlet; that is, it no
longer develops a divergent tadpole from radiative correc-
tions [1]. On the other hand, a custodial SU(2) sym-
metry [16] and disassociation in the masses of the new
quarks and heavy gauge bosons are implemented in the
BLHM, thus avoiding the constraints from precision
measurements.

The disassociation in the masses of the partners of
fermions (7, B, Ts, T, T?3, T°/%) and gauge bosons
(Z', W'#) is achieved by incorporating two independent
symmetry-breaking scales f and F, with F > f. This leads
to new quarks with masses proportional only to the f scale,
while the new gauge bosons acquire masses proportional
to the combination of the f and F scales. Since the new
quarks are now lighter than the new gauge bosons, fine-
tuning in the top sector and electroweak precision con-
straints in the gauge sector are avoided. In the scalar sector,
neutral and charged physical scalar fields also arise:
ho, Hy, Ao, ¢°, 1°, H*, ¢*, and ™. The h state is assumed
to be light (=125 GeV), similar to the Higgs of the SM,
while the masses of the rest of the scalars are allowed
to vary.
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In this paper, we explore the production of the heavy
Higgs boson H, of the BLHM at current and future
colliders such as the LHC and its upgrades, respectively.
The discovery of any Higgs boson beyond the SM will be
unequivocal evidence for the existence of an extended
Higgs sector. Therefore, probing Higgs sectors of extended
models through direct searches for new Higgs bosons at
high-energy colliders or through modifications to SM-like
Higgs couplings tested by precision measurements of the
Higgs coupling take on a transcendental role [17]. The
reason for this is that they open new routes to explore new
physics effects.

Until now, direct and indirect searches for new physics at
a weak scale have produced only unsuccessful results.
However, new physics is expected to emerge at high
masses, which means that it will be necessary to maximize
the center-of-mass energy /s of current colliders so that
new heavy particles can be produced in collisions. This
motivates the construction of more energetic colliders with
higher luminosity £. Therefore, the search for new physics
beyond the SM remains a frontier in particle physics
research.

The article is organized as follows. In Sec. II we review
the BLHM. In Sec. III we present and study the tree-level
and one-loop decays of the Higgs boson Hy,. In Sec. IV we
show the predictions of the BLHM in the production cross
sections of the H, Higgs for the processes via gluon fusion.
Finally, conclusions are presented in Sec. V.

II. REVIEW OF THE BLHM

The BLHM [1-7] is based on two independent nonlinear
sigma models. With the first field Z, the global SO(6), x
SO(6), symmetry is broken to the diagonal group SO(6),,
at the energy scale f, while with the second field A,
the global SU(2). x SU(2),, symmetry is broken to the
diagonal subgroup SU(2) to the scale F, with F > f. In the
first stage, 15 pseudo-Nambu-Goldstone bosons are gen-
erated, which are parametrized as

3 = Ml/f 2L/ f pill/f (1)

where IT and IT;, are complex and antisymmetric matrices
given by [1]

paTE +1,T%)4xa 0 0
= 0 0 io/ V2 |,
0 —io/\/?2 0
. Ogca hy hy
I, = % —hi 0 o |. (2)
- 0 0

In Eq. (2), ¢, and y, (a = 1,2, 3) are real triplets, &, and &,
are 4’s of SO(4), and o is a real singlet. For Higgs fields,

their explicit representation is h! = (h;, hi, hiz, hig)
[see Egs. (16)—(23)], while T7 ; denote the generators
of the group SO(6), which are provided in Refs. [1,13].
Regarding the second stage of symmetry breaking, the
pseudo-Nambu-Goldstone bosons of the field A are para-
metrized as follows:

a

T
Hd =Xa &

5 (a=1,2,3), (3)

A = FeMa/F,

where y, represents the Nambu-Goldstone fields and the z,,
correspond to the Pauli matrices [1]. These latter are the
generators of the SU(2) group.

A. Scalar sector
In order to generate a viable Higgs quartic coupling in
the BLHM, we must explicitly break some of the sym-
metries under which Higgs fields transform nonlinearly.
For this purpose, two operators are required, each of which
explicitly breaks some of the global symmetries, but neither
by itself would allow the Higgs to obtain a potential:

Ps = diag(0,0,0,0,1,0), Py = diag(0,0,0,0,0, 1).

(4)
In this way, the quartic potential is written as
1 1
Vq = 1/165f4Tr(P6ZP52T) + 1/156‘](‘4TI'<P52P62T)
1 1
= 1/165][4(265)2 + 1/156f4(256)2v (5)

where A¢s and As¢ are coefficients that must be nonzero
to achieve collective symmetry breaking and generate a
successful Higgs quartic coupling. From Eq. (5), the first
term breaks SO(6), x SO(6)z — SO(5) 44 X SO(5) s, the
SO(5) 4 transformation protects 4, from getting a poten-
tial, while SO(5)zs does the same for h,. Similarly, the
second term in Eq. (5) explicitly breaks SO(6), x
SO(6)5 = SO(5)45 X SO(5)pe- This symmetry allows
the singlet o to get a potential, while the other fields are
protected. At this stage, if Eq. (1) is expanded as a power
series in 1/f and substituted into Eq. (5), the following is
obtained:

A 1 2
Vq_%5<f0'—7§h{h2+>

As6 1
2 V2
In this expression, a mass term is generated for ¢ of the

form m2 = (Ags + As¢)f>. There are no mass terms gen-
erated for the Higgs fields.

+ <f0+ h{h2+-~->2. (6)
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While each of the terms in Eq. (6) seems to generate a
Higgs quartic coupling, this quartic coupling can be

eliminated by a redefinition of the ¢ field as ¢ - + ]:/17;

where the upper and lower signs of the transformation
correspond to the first and second operators in the men-
tioned equation. Collectively, however, the two terms of
Eq. (6) yield a tree-level Higgs quartic coupling, which
occurs after the scalar o is integrated out [1,13,18].
Therefore,

Aseh 1

q = /17565:6565 (h{hz)z = Elo(h{hz)z- (7)
Equation (7) has the desired form of a collective quartic
potential [1,13] and reaffirms that both terms of Eq. (6) are
indeed necessary to generate a Higgs quartic coupling.

In the absence of gauge interactions, not all scalars
obtain mass. Therefore, the following potential is added to
generate them:

f2
Vs = —Zm4Tr(A M262M26 + AMZ(,Z M26)

f2
-7 (m2%ss + m2Zes). (8)

where my, ms, and mg are mass terms and Xs5 and Zgq
represent the elements of the matrix Z given in Eq. (1). On
the other hand, M,s is a 2 X 6 matrix that contracts the
SU(2) indices of A with the SO(6) indices of X:

M_1<001i00> )
*7V2\1 - 000 0)
Expanding the operator A [see Eq. (3)] as a power series in
1/F and substituting it into Eq. (8), we obtain

1
Vs E(mqsfﬁz + myg + mih{ hy +mshihy),  (10)
with
1
=5 (4 m2), (i)
1
m% 5(’"4 + ms) (12)

It is evident from Eq. (10) that the fields &4, h,, ¢,, and 7,
get their masses.

In order to destabilize the origin and trigger electro-
weak symmetry breaking, the following potential is also
introduced:

Vi, = m3f*Zse + mgsf*Zes, (13)

where X5 and X45 denote the elements of the matrix X
together with their mass parameters msq and mgs, respec-
tively. Finally, we have the full scalar potential of the
BLHM,

V=V, +V,+Vp. (14)

From this full potential, the potential for the Higgs doublet
fields is obtained. For this task, one minimizes the potential
of Eq. (14) with respect to the scalar ¢ and substitutes the
resulting solution for ¢ back into Eq. (14). This results in
the following Higgs potential [1,3,19]:

2hTh1 + m hTh2 B hTh2 + (hThz) s

(15)

where the components of the Higgs doublets (hy, h,), B,
and 4 are explicitly expressed as

VHiggs =

hyy = cosahy —sinaHy + vsin f, (16)
hyy = sinahy + cosaHy + v cos f, (17)
iy = cos fAy, (18)
h22 = SinﬂAo, (19)
hyy = 1 (cosp(H= + H™)), (20)
V2
i
hyy =——=(cosp(H-—HT)), 21
1
hyy = —(sinp(H-+ HT)), 22
i
hyy = — (sinf(H- — H')), 23
2 ﬁ( B( ) (23)
B, — 2 %M T Ay (24)
Ase + Aes
Aseh
do =2-2076 (25)
Ase + Ags

For the Higgs potential to reach a minimum, one must have
mym, > 0, while electroweak symmetry breaking requires
that B, > m;ms.

Electroweak symmetry breaking in the BLHM is imple-
mented when the Higgs doublets acquire their vacuum
expectation values (VEVs), (h)T = (v,,0,0,0) and (h,)" =
(v,,0,0,0). These VEVs minimize the Higgs potential of
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Eq. (15), thus generating the following relations:

1 nmy

’U% :/Tom—l(BM—mlmz), (26)
1 my

’U%:TOmiZ(Bﬂ—mlm2). (27)

The VEVs can be expressed in terms of the parameters v
(the SM VEV) and tan g8 as follows:

UV _ My
tanﬁ:v—:m—.
2 1

(29)

After electroweak symmetry breaking, the scalar sector of
the BLHM generates several massive states: two physical
scalar fields (H*) and three neutral physical scalar fields
(hg, Hy, Ap). The lightest state, Ay, is identified as the Higgs
boson of the SM. On the other hand, the four parameters

1 (m?+ m? in the Higgs potential m,, m,, B,,, and 4, can be replaced
v=vito3= X ( mym, (B, —mymy) = (246 GeV)?, by another more phenomenologically accessible set [3],
that is, the masses of the states A, and A, the angle $, and
(28)  the VEV :
|
m? m?
2215 (1-5)
I <tanp < — ——— -1, (30)
e (1)
Ao
1 2 23 i
B, ZE(/IOU + mj, ) sin 243, (31)
B m%n m%o - mio
o=—7{—> 2 oin2 ’ (32)
v° \my, — my sin”2f
B, cot2f + /(B2 /sin? 28) — 24yB,v* sin 28 + A3v*sin® 23
H H 0Pu 0
tana = 2 . ) (33)
B, — Agv~sin2f3
méi = mio =m3 + m3, (34)
mi = 5, + B — 220B,v*sin 23 + A3v*sin® 23 (35)
Ho = sin2p " \/sin22p 0K 0 ’
m2 - (/156 + /165>f2 — 2/10f2K Wlth 1 < K < Lﬂa . (36)
’ ’ 7= 20(87 — o)
|
The variables Asq and Ags in Eq. (36) represent the  where the covariant derivatives are given by
coefficients of the quartic potential [1], both variables take
V?luﬁs different from jero to achieve the .collecti\lzle breafki?lg DY = 0,2+ igsA],T1 X — igpZA5 TT
of the symmetry and generate a quartic coupling of the N E
Higgs boson [1,3]. +igy By (TRE — XT%). (38)
e T : W T
B. Gauge sector D,A=9,A+ lgAAluEA — igpAA3, Bl (39)

The kinetic terms of the gauge fields in the BLHM are
given as follows:

12 . F? .

In these expressions, T are the generators of the group
S0(6), corresponding to the subgroup SU(2), 4, while T%
represents the third component of the SO(6), generators
corresponding to the SU(2), 5 subgroup; these matrices are
provided in Ref. [1]. g4 and A{, denote the gauge coupling
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and field associated with the gauge bosons of SU(2),,
gp and Aj, represent the gauge coupling and the field
associated with SU(2),5, while gy and B denote the
hypercharge and the field. When X and A get their VEVs,

the gauge fields A{, and A7, are mixed to form a massless
triplet Aj, and a massive triplet Ay,

A“ = cos 0, A“ + sin@ Azﬂ,

Afy, = sinf,A{, — cos ,A5,, (40)
with the mixing angle

9a 9B
S, =sinf, = ————, c,=cosll, = ———,
’ T Vatag ’ "Vt g

(41)

which are related to the electroweak gauge coupling g
through

g= M. (42)

gi + 95

On the other hand, the weak mixing angle is defined as

. gy g
Sy =sinfy = ———, cw =cosly = ———.
VI + gy N
(43)

In the BLHM, the masses of the new gauge bosons
(Z' y W'F) are also generated:

2.2 .4

2 _ 2 9 Swv 2 2)2
my = nmiy,. + T6c2 (f2 =) ( cg) . (44)
A
m%v& :4 > 2(f2 + F?) - Wi' (45)
CySy

C. Yang-Mills sector

The gauge boson self-interactions arise from the follow-
ing Lagrangian terms:

L= FIWF}IW + lewF’zw, (46)
where F'\", are given explicitly as

Fi¥ = AR — AT 4+ g, > Y e ATAF (47
b c

FY = A — 0PAY +gpy | Y eCATAY. (48)
b c

The indices a, b, and ¢ run over the three gauge fields
[20] and e is the antisymmetric tensor.

D. Fermion sector

In the BLHM, the fermionic sector is divided into two
parts. First, the massive fermion sector is represented by the
Lagrangian of Eq. (49). This sector includes the top and
bottom quarks of the SM and a series of new quarks
arranged in four multiplets: Q and Q’, which transform
under SO(6),, and U¢ and U¥, which transform under the
group SO(6)g. Second, in the sector of light fermions
contained in Eq. (58), all the interactions of the remaining
fermions of the SM with the exotic particles of the BLHM
are generated.

For massive fermions, the Lagrangian that describes
them is given by [1]

L, =y fQTSESU + y,fQTEUC 4 y; fQTEUS
+ Vgl (<2TRT)U; + He., (49)
where S = diag(1,1,1,1,—1,—1). The explicit represen-

tations of the multiplets involved in Eq. (49) are arranged as
follows:

1

0" =5 ((-Qu = 00.)- 1(Qu, = 0s.)- (Qur = n,)-
i(Qa2 - th)v QS’ Q6)v (50)
1

Q/T = —2 (_ ;1’ iQﬁll’ a? lQaz’ ) (51)

qg - ( tL,ltL,bL, lbL,O 0) (52)

f
Ul — f« U; - Ug,),i(U; = Ug,), (U;, —Ug),
i(Uj,

U, ). Us. Ug). (53)
U’ = (0,0,0,0, U5, 0), (54)
UsT = (0.0,0,0, b¢,0). (55)

For simplicity, the Yukawa couplings y;, (i =1,2,3) are
assumed to be real [1,2]. These Yukawa couplings can also
be written in terms of the Yukawa coupling of the top quark
in the following way:

n _ 3y1y293 (56)
vsinf o \/(y} +3)(yF +3)

Ve =

From Eq. (56), it is clear that the top Yukawa coupling is
related to the three Yukawa couplings of the model, which
in turn are part of the fine-tuning measure in the BLHM
[1,18], ¥, defined as
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- 277 1 [y lysl? yil* +[yal?
Q.27 2.2 2 2 2 5). (57)
8 Agvocos B [ya]* —|y3] yil* =+ sl
As for the light fermions, their Lagrangian is
Liign = Z)’ufqzzulq + ZydfqiT(—ZiT%Z)df
i=1.2 =12
+ Y yefll(<2iT}Z)es + Hee., (58)
=123
with
! (=it . ity . d;y , id;; . 0,0) (59)
:__ui 7luia l‘?li’ ) )
qi /2 L> Wi, G, GG
If = L (=D, Wi, 81, 18,1, 0,0), (60)
V2
usT =(0,0,0,0, ¢, 0), (61)
dsT = (0,0,0,0,d¢,0), (62)
€T =(0,0,0,0, ¢5,0). (63)

With respect to the Yukawa couplings y, (f = u,d, e, b),
these are associated with the masses of the fermions as

2
my = y%vzsin2ﬂ<l - ;fz> ) (64)
Since the top-quark loops provide the largest divergent
corrections to the Higgs mass in the SM, the heavy-quark
sector in the BLHM scenario is the most crucial for solving
the hierarchy problem. The new heavy quarks arising in the
BLHM are T, Ts, Ts, T?/3, T5/3, and B, whose associated
masses are given as

9U2y2y2y2
m2 — (yZ +y2>f2 + 11273 , (65)
ro e (% +33) (2 —»3)
91}2y2y2y2
I3 (7 +3) (3 —»3)
mzr(, = mii/s = miz/z =yif? (67)
my = (yi +y3)/7, (68)

where v; = vsinf y v, = v cos . The mass terms for the
new quarks, Egs. (65)—(68), are calculated under the
assumption that y, # y3; otherwise, the masses of 7 and
Ts are degenerate at lowest order [2,18].

E. Currents sector

The Lagrangian that describes the interactions of fer-
mions with the gauge bosons is [1,18]

L= 0%#D,0+ 0#D,0 - U“t"D,U¢ - U“"¢*D,U"

- U;TT"D},U; + qu'T”Dﬂqi + Z lj'T”Dﬂl,»
i=12 i=123

_ ct_p c_ ct_u ¢ _ et pu c
g e; ™D,e; E u; D, u; E d;'v'D,ds,
i=1.2.3 =12 =12

(69)

where 7# and 7 are defined according to Ref. [21]. On the
other hand, the covariant derivatives are defined as follows:

D0 =0,0+> (igsAl,T¢0) + igyBs, (T3 + T5)0.

(70)
1
D,Q' =9,0'+ Y (igaA§,T4Q") + igyBs, <6) Q. (7)

DU =0,U" + Z(igBAgﬂTiUc) + igYB3M(T?? +Tx)US,
a

(72)

DU = 3,U" + igyBs,TxU", (73)
(4 c ; 1 c

D,U; = 0,U5 + igyBy, ( 5 | U, (74)

D/lqi = aﬂQi + Z(lgAA?yTILiQI) + ngB3/4(T?€ + T}—)ql’
a

(75)

Dl =0l + Y (igA$,T41;) + igyBs, T3l (76)
a

D,ef = 0,¢¢ + igyBs,Tet, (77)

D,u¢ = d,u + igyBs, Txus, (78)

D, d¢ = 0,dS + igyBs, T4d. (79)

III. HEAVY HIGGS BOSON DECAYS
IN THE BLHM

Recently, the first experimental evidence for the decay
of the Higgs boson of the SM (23M) into a photon and a
Z boson was presented, with a statistical significance of
3.4 standard deviations [22,23]. The result is derived from
a combined analysis of the searches performed by the
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ATLAS and CMS collaborations. In addition to this search
channel, the diphoton decay of the SM Higgs is also a
verified fact [24]. The h5M — yy, yZ processes are essential
particle physics as they are sensitive to possible contribu-
tions from physics beyond the SM and can even probe
scenarios where the SM-like Higgs boson emerges.
Although the h3M — yy,yZ decay channels have small
branching fractions, they provide a clean final-state top-
ology, which can reconstruct the diphoton invariant mass
and photon-Z(— Il,] = eory) invariant mass with high
precision [22,24]. A new window to explore physics not
described by the SM has opened with the discovery of the
first fundamental scalar particle, 23™M. Many of the extended
models postulate the existence of heavy states. Linked to
this, the search for additional scalar particles is being
carried out by the ATLAS and CMS collaborations at the
CERN LHC using data from increasingly energetic colli-
sions. These facts motivate our study of the production of
the H( Higgs of the BLHM at the LHC. For this purpose,
we calculate the total decay width of the H, Higgs, where
we consider direct search channels with SM final states. In
the following, we describe the different decay modes of the
Higgs boson H,,.

A. Two-body decays of the Higgs boson
H, at tree level

In the BLHM, the Feynman diagrams representing the
two-body decays of the H Higgs at tree level are shown in
Fig. 1. To calculate the partial decay widths of H,, we use
the Feynman rules for the interaction vertices provided in
Refs. [5-7,25,26] and whose effective couplings we report
in Appendix A.

The decay widths of Hy — 1t, WW,ZZ, hyhy can be
written as follows:

 NeGhm 4m2\ 32
T(Hy — ) = —<THo Mty <1 - 2’) : (80)
8n my
0
t(k W(k
Ho(p) ) Hy(p) )
- - -3 = =
k) W (ko)
) Z(kl) H, Ve ho(kl)
{{f(ﬁ)_ i ! B(f.)_ < :
Z(ky) \\‘ho(kQ)
FIG. 1. Feynman diagrams corresponding to the two-body

decays of the H, Higgs at tree level.

2 m3 4 2
(o — W) = T [y - 20
Ty my,
dm3,  12m
x <1— 4 4W>, (81)
M, My,
m3 4m2
T(Hy — ZZ) = 92{1420;2 o 1202
my, my,
4m%  12m,
X < - _22 +— Z>’ (82)
mHO mHO
2 2
IHohoh 4mj,
T'(Hy = hohy) = 20 1 — 2 (83)
0 T B2amy, my,

where N, = 3, is the color factor and gy, G, ww» 9H,725
and gp,n,n, represent the couplings of the interaction

vertices involved in the tree-level processes, which are
given in Appendix A [5-7,25,26].

B. Three-body decays of the Higgs boson
H, at tree level

Concerning the three-body decays of the H, Higgs, the
Feynman diagrams that arise for these processes are shown
in Fig. 2. The scalar particles and gauge bosons of the
SM and the BLHM mediate these processes. The effec-
tive couplings for the interaction vertices are given in
Appendix A [5-7,25]. We only provide the decay ampli-
tudes because the expressions generated for the partial
widths are quite lengthy. The analytical expressions for the
decay widths of the H, Higgs decaying to three bodies
can be calculated using the generic formula described in
Eq. (84) [27,28],

dI'(Hy - ABC)  my, 5
= H AB . 4
b M(Hy = ABOR.  (84)

25678

It is worth mentioning that for some decay channels of
the H Higgs, specific interaction vertices (Z’WW, hyWW’,
and hyZZ') cancel out. This happens because in the
BLHM the gauge couplings g4 and gp, associated with
the gauge bosons SU(2),, and SU(2),p, can be para-
metrized in a more phenomenological fashion in terms
of a mixing angle 6,, tan#, = g,/gp. For simplicity, it is
assumed that tan@, = 1 [6,18], which implies that the
gauge couplings g4 and gp are equal, i.e., sinf, = cos 6,
(54, = c,). This fact leads to no contribution from specific
decay amplitudes. The only contributing amplitudes are
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FIG. 2. Feynman diagrams corresponding to the three-body decays of the H, Higgs at tree level.

given in Eqgs. (85)-(87):

2

M(Hy —» WZZ) = igwwz{ ( L — TP S a— ((k" 2K g — (2K 4 KY) g™ + (—2kg +—Z (ke + kg))gﬂ»

kl + kQ) w w
GRS k"k” k”k”)) gHOWW < (K§ks — k5k5) (K5 + K5)
248 + k) g + :
(o 2 () ) g a2k ) I (g
m, (ky + k3)* = m3

kekE — koK) (K + kX
- G - k) on gy + S LI e e o), (55
A
. 9hyHyH 9H,WW 9Hhohg IhyWW IHWW IhyWWw
MH_)hWW:l|:< 0f1o9t1o 0 + 0ot 1o 0 0 >g/u/
(Ho = boWW) =11y k)2 =y, T Tha k)2 — i, Tk + ko) — iy
4 k) (kY + kY
_ghowv,;ng(o&W(_i_lk )2 2);; ) 21 €, (ky)e; (k3), (86)
w K] 2)" — My
. 9hyHyH,9H,ZZ 9Hhyhy9hyzZ 9H,z29hyzZ
MH_)hZZ—l|:< L1010 0 _|_ 0700 <o 0 0 >gu_/
(Ho = 022) =1y + k)2 = iy, o + k)2 — i, (ks + Ka)? — 3

3 Gnyz29n,22(Ky + &) (K + &5)
mz((ky + ky)* — m3)

}e;xkz)e:(kg» (87)

C. Two-body decays of the Higgs boson H| at one-loop level
This subsection determines the amplitudes and partial decay widths of the H, Higgs at the one-loop level. In Fig. 3,
we show the Feynman diagrams associated with the H, — yy,yZ,gg decays which are mediated by fermions

(t:T;T?*/3,T5; T¢) and gauge bosons (W*; W'*) of the SM and BLHM. These H,, decays are absent at the tree level
in the BLHM. However, they arise at the one-loop level, which is of great interest since they not only help to examine
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FIG. 3. Feynman diagrams corresponding to the two-body decays of the H, Higgs at one-loop level. The notation f; represents the
t, T, T3, Ts, T quarks.

higher-order corrections to the theory but also provide information about possible contributions from new particles
circulating in the loop.

In the following, all calculations at the one-loop level are carried out using the unitary gauge and the Passarino-Veltman
reduction scheme [29]. In this way, we find that the total amplitude for the first decay Hy, — yy can be written as

M(Hy = yy) = (A;y + Al + AT ) (KK — Ky - kag™)en(ky e (ko). (88)

where the form factors Af], Aly, Al are defined as follows:

N,
AT =035 D Omurr(9agr)mpQy (2 = (miy, = 4m3)Co(miy,, 0,0, mj, mif, m3)), (89)
Ho =t T.T5.75. 72/
AT — gHOWW<gWWA)2 6 2 o C 2 0.0 2 2 2 m%lo 6 920
W 8amE, (miy, = 2miy) Co(miy, 0,0, miy, miy, miy) ——5 =6 )., (90)
memy, My
v GHWW (QW’W’A)2 2 2 m%'lo
AYy == | 6(my, —2m3,) Co(mi,. 0.0, miy, mig, miy,) = —2 =6 ). (1)
8w my My

The labels f and W (W') of the form factors A% and Ay (A}),), respectively, represent the contributions generated due
to the quarks and gauge bosons circulating in the loop of the diphoton decay of H, Higgs. On the other hand,

Co(mp,, 0,0, m%, m3, m3), Co(my,, 0,0, miy,, miy, my,), and Co(my, , 0,0, m3y,, my,, my,) denote the scalar functions of

the Passarino-Veltman reduction scheme.
Using Eq. (88), we find that the decay width for the Hy, — yy process is
['(Hy - 7y) |AW A+ AL Pmy, (92)
The one-loop decay amplitude for the second process Hy — yZ is
M(Hy — yZ) = (A7 + A + A7) (KK — Ky kag™ )€ (ky el (k). (93)

with
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AT = N
o 2 2 (11,2 2\2
n-\my —m
( H Z) f=t.T.T5.Ts.T*?

my Q¢ [Gnyrr9arr9zsr ((my, —m3) (m + 4m3 — my, )

x Cy (m%,o, 0,0, m?-, m?-, m;) + 2) —2m} (BO (m%, m}, m?) - By (m%,o, m}, mz))], (94)

vz GHoww9wwa9wwz
w = 24 20,2
16ty (1 = 17)my;,

f

(126 = 26 (2 = 1) = 1) (B (Bo(m w3y ) = Bo(m3, iy ) = 1)+ 1)

— 265, (6 = 1) (1243, + 665, (¢% = 1) — 525 — 1))mi; Co(m3;, . m7, 0, miy,, my,, m3y,) ], (95)
and
AT = ffgvg’ngw’w’f‘fw’vg’z (1264, = 222, (53 = 1) = 13) (E2(Bo(m3, . m2, m2,) = Bo(m, m3,, m3,) — 1) + 1)
mty (1 = t7)my,
=263, (¢ — 1) (1243, + 6163, (3 — 1) — 5215 — 1)) m3; Co(m3; . m%.0,m3,. m3,. m%,)]. (96)
|
where ty = ;’—Z), t; = K—HZO and fy = Z—LV(; It is worth  review some free parameters of the model of interest and

mentioning that the form factors A% A{,VZ, and AQVZ, provide

finite results, i.e., these are free of ultraviolet divergences.
For the Hy — yZ decay, their corresponding decay width is

2

I'(Hy—yZ) = Z(m%,0 - mz)3.

1 Z Z zZ
AT +AY + A
R2amy, TN W

(97)
Finally, the decay amplitude of the process H, — ggis as
follows:
M(Ho — g9) = AY(K{Ks = ki kog™ )€y (ky)es” (k2)Sap
(98)

where

N, Z
Agg = 4”27 gHoff(ggsff) mf
Hy ey

Ts, T, T3
X (2 — (m%,o - 4m12c) Co (m%io, 0,0, m%, m]%, m%))
(99)

The corresponding decay width for the Hy, — gg process is
given by

1
[(Ho — gg) = o [A%Pmy,. (100)
IV. NUMERICAL RESULTS

To carry out our numerical analysis of the Higgs
production H, in the context of the BLHM, we briefly

provide in Table I the values assigned to these parameters.

A. A measure of fine-tuning in the BLHM

As discussed in Refs. [2,5,7], the three Yukawa cou-
plings, y;, y,, and y; generate two study scenarios in the
BLHM, which arise because in the region where y, & y;
the masses of 7 and T5 are degenerate to the lowest
order. Consequently, different diagonalization schemes are
required for the fermion mass matrix when y, & y; versus
|y, —v3] > 0. The two study scenarios to which we
refer are:

(1) Scenario a: (y, <y3), y; =0.61, y, =0.35 and

y3 = 0.84 [5-7],
(2) Scenario b: (y, > y3), y; = 0.61, y, =0.84 and
y3 = 0.35 [5-7].

Our choice in the values of y; are motivated by the
perturbativity requirements [30] and the fine-tuning mea-
sure [1,2]. Using numerical methods, from Eq. (56), we
randomize perturbative values of the Yukawa couplings
y; by fixing y, through experimental measurements of
the top-quark mass [31] and the Higgs boson mass

TABLE 1. Values assigned to the parameters involved in our
numerical analysis in the BLHM.

Parameter Value Reference
mp, 125.25 GeV [31]
ma, 1000 GeV [32,33]
tan j3 3 [5-7]
my, 1015 GeV [32]
ga = 9p V2g [5-7]

f [1000, 3000] GeV [1,3,5-7]
F [3000, 6000] GeV [1,3,5-7]
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(my,, = 125.25 GeV [31]), and an appropriate choice of the
free parameters m,  and tanf [see Eqgs. (30) and (56)], as
discussed below.

1. Pseudoscalar mass A,

This parameter is fixed around 1000 GeV, which is
consistent with the current search results for new scalar
bosons [32,33]. Data recorded by the ATLAS experiment
at the LHC, corresponding to an integrated luminosity of
139 fb~! from pp collisions at a center-of-mass energy of
13 TeV, were used to search for a heavy Higgs boson, A,
decaying into ZH,, where H denotes another Higgs boson
with mass my, > 125 GeV.

2. Ratio of the VEVs of the two Higgs
doublets, tan p

A lower bound emerges for tan f when examining the
radiative corrections to m; and m, in the BLHM, which
suggests that tan# > 1 [1]. On the other hand, the authors
of Ref. [3] set an upper bound to tan 8 that arises due to
perturbativity requirements on the parameter Ay Thus,
the range of values that the parameter tan # could acquire
is set according to Eq. (30). Using this equation, for
my, = 1000 GeV, it is obtained that 1 < tanp < 10.45.
Consistently, in this paper we chose tanf =3 [5-7] to
carry out our numerical analysis of the production of the
Higgs boson H,.

In this way, scenarios @ and b mentioned above offer
realistic values of the Yukawa couplings as they satisfy the
perturbativity requirements and minimize the fine-tuning
constraints as the energy scale f takes on values close to
3000 GeV. Hence, from Eq. (57) we determine the size of
the fine-tuning as the scale of the new physics f takes
certain values in the range of 1 to 3 TeV. In Table II, we
show a measure of the fine-tuning when the energy scale f
takes on values such as 1.0, 1.5, 2.0, 2.5, and 3.0 TeV.
According to the numerical values listed in Table II, the size
of the fine-tuning when f = 1.0 TeV is ¥ = 0.54, which
indicates that there is no fine-tuning in the BLHM [1,18].
The absence of fine-tuning prevails up to ¥ = 2.2, i.e., for
values of the energy scale f close to 2 TeV. The fine-tuning
starts to become significant for f > 2.1 TeV.

In the following numerical analysis, our results are
generated only for scenario a, proposed above. Scenario

TABLE II. Measure of the fine-tuning in the BLHM for some
values of the f scale.

f [TeV] p
1.0 0.54
1.5 1.21
2.0 2.16
25 3.37
3.0 4.85

b provides nearly identical results. As a summary, we
provide in Table I the values assigned to the parameters
involved in our calculation.

Due to the characteristics of the BLHM, this is based on
two independent global symmetries that break into diago-
nal subgroups at different energy scales, f and F. These
scales represent the scales of the new physics. Therefore, it
is convenient to analyze the H, production cross section as
a function of the energy scales f and F since the masses of
the particles circulating in the loop of the Hy — yy,vZ, gg
processes depend on the scales f and F. On the other hand,
one-loop decays of Hy, into yy, yZ, and gg will be helpful
to test the consistency of the current parameter space of
the BLHM.

For the purposes mentioned above, we begin by pre-
senting a numerical analysis of the decay widths for the
HO — [It, ]’loho, qq, WW, 7ZZ, hoWW, ]’lozZ, WWwz, YV, ]/Z
processes. In this way, in Fig. 4 we show the behavior
of I'(Hy — X) versus f and I'(Hy, — X) versus F, where
I'(Hy — X) denotes the partial decay width of the H,
Higgs. From the first plot [see Fig. 4(a)], we can appreciate
that the dominant and subdominant contributions to the
decay width of H, (I'y,) over the whole analysis interval
of scale f come from the tree-level decays of H, into 7¢ and
hohg, respectively. The numerical contributions of these
decays are I'(H, — 7t) ~ 10° GeV and T'(Hy — hyhg) ~
107! GeV. For this last contribution, the decay channels
Hy — gg and Hy - WW also contribute with the same
order of magnitude, although they are slightly smaller than
I'(Hy — hohg). Notice that the Hy — gg process is a one-
loop decay. Other decay modes that contribute at lower
order but contribute significantly to I'y ~are the Hy —
ZZ,hyWW, hyZZ, WWZ decays, whose associated decay
widths are of 1072-1072 GeV when f € [1000, 3000] GeV,
which are all tree-level decays. For the remaining one-loop
decays, we find that the Hy — yy,yZ decays provide
suppressed contributions to the decay width of the H
Higgs: T'(Hy — yy) ~T(Hy = yZ) ~107* GeV. For a
better numerical appreciation of the changes of the
different partial decay widths of the H, Higgs as the f
scale takes values from 1000 to 3000 GeV, in Appendix B
we show some of the values of I'(H, — X) when f takes
values such as 1000, 2000, and 3000 GeV. Regarding
the second plot [see Fig. 4(b)], which examines the
dependence of I'(Hy — X) on the energy scale F, we
observe that the largest contributions to 'y are again
generated by the Hy — 1, hyhy decays: I'(Hy — it) ~
10° GeV and I'(Hy — hohy) ~ 107" GeV for the interval
of F =[3000,6000] GeV. The processes Hy — gg, WW
and Hy — ZZ, hyWW , hyZZ also contribute considerably
to the decay width of Hy; for these decays, we find that the
corresponding numerical estimates are T['(Hy — gg) ~
['(Hy—> WW)~ 107! GeV and I'(Hy = ZZ) ~T'(H, —
hoWW) ~T'(Hy = hoZZ) ~ 1072 GeV. Finally, the curves
that provide the most suppressed contributions compared to
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FIG. 4. Decay widths for the Hy — X processes where X = 1, hyhg, g5, WW, ZZ, hyWW, heZZ, WWZ, yy,yZ. () T(Hy — X) as a
function of the f energy scale (with the fixed value of F = 4000 GeV). (b) ['(H, — X) as a function of the F energy scale (with the

fixed value of f = 1000 GeV).

the main contribution come from the Hy, - WWZ and
Hy — yy,yZ decays; their predicted numerical magnitudes
are 3 and 4 orders of magnitude smaller than ['(H, — 7t),
while the F scale acquires values in the range of 3000 to
6000 GeV. We also report in Appendix B the numerical
values of I'(Hy — X) for a single value of the energy
scale F, F = 3000 GeV. This is because the values that
['(Hy — X) acquires over the whole range set for F' remain
almost a constant, and the numerical sensitivity is reflected
up to several orders of magnitude lower than that reported
in the corresponding table in Appendix B. In summary, the
numerical evaluation tells us that the tree-level decay
channel H, — 7z provides the most significant contribution
to the H, decay width. In contrast, the Hy, — yZ decay at

101IIIIIIIIIIIIIIIIIII

Ll 1 1 I L1 1 1 I L1 1 1 I Ll 1 1
1 15 2 25 3
f[TeV]

(a)

FIG.5.

the one-loop level generates the most minor contribution.
On the other hand, we find that I'(H, — X) shows a greater
sensitivity to the f scale compared to another scale of the
new physics, F.

We also calculate the branching ratios of the Higgs boson
H, as functions of the energy scale f and F, as shown in
Fig. 5. The plots are obtained considering the total decay
width of the H, Higgs, which contains the following decay
modes: i1, WW,ZZ, hohy, hyWW, hgZZ, WWZ,yy,yZ, gg.
From Fig. 5(a), we can see the curves that represent the
estimates of the branching ratios versus the f scale when it
takes values from 1000 to 3000 GeV. The H, — 7t decay
yields the highest contribution; its associated branching
ratio is Br(H, — #t) ~ 10~!. On the opposite side, we find

10"

3 3.5 4 45 5 55 6
F[TeV]

(b)

Branching ratios for the Hy — X processes where X = tt, hyhy, g9, WW, ZZ, hyWW, hgZZ, WWZ, yy,yZ. (a) Br(Hy — X) as

a function of the f energy scale (with the fixed value of F = 4000 GeV). (b) Br(H, — X) as a function of the F energy scale (with the

fixed value of f = 1000 GeV).
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that the most suppressed contribution is generated by the
H, — yZ decay whose numerical magnitude of its branch-
ing ratio is 107, The remaining branching ratios turn out
to be Br(Hy— hyhy) ~Br(Hy — gg) ~Br(Hy > WW) ~
Br(Hy— ZZ) ~ 1072, Br(Hy - hyWW) ~ Br(H, -
hyZZ) ~ 1073, and Br(Hy,— WWZ)~Br(Hy,— yy)~10~*
for f = [1000,3000] GeV. In Fig. 5(b) we describe the
behavior of Br(H, — X) when the energy scale F takes
values within the set analysis interval. As can be appre-
ciated in the corresponding plot, the dominant branching
ratios correspond to the tree-level decays (H, — 7t, hyhy)
of the H, Higgs, while the minor contributions arise
for one-loop decays (Hy— yy,yZ): Br(H,—it) =
8.97 x 107!, Br(Hy — hohy) =2.92x 1072, Br(Hy = yy) =
1.36 x 10~*, and Br(H, — yZ) = 7.33 x 1075, For these
cases, the numerical predictions of Br(Hy, — X) produce
constant values over the whole range of F analysis, which
also happens for the rest of the H, decays, specifically
Hy— g9, WW.,ZZ, hyWW, hgZZ, WWZ, which generate
the following branching ratios: Br(Hy — gg) =
2.78 x 1072, Br(Hy —» WW) =2.71 x 1072, Br(H, —
ZZ)=137x1072,  Br(Hy— hyWW) =225 x 1073,
Br(Hy — hyZZ) =2.12x 1073, and Br(Hy, - WWZ) =
7.45 x 107*. From Figs. 5(a) and 5(b), we find that as f
takes values closer to 3000 GeV, the magnitudes of the
branching ratios are slightly larger. Complementarily, in
Appendix B we provide some values of Br(H, — X)
versus the followings fixed values of f = 1000, 2000,
3000 GeV and F = 3000 GeV. Thereby, Br(Hy — X) is
sensitive to variations in the energy scale f. The above
effect does not happen when we vary Br(H, — X) versus
the F' scale; this is because, in the study scenario of our
choice, the condition ¢y = S, removes dependence on the F/
scale from (most of) the interaction vertices.

B. Higgs boson production H, of the BLHM
at the LHC

We present an approximate study of the production cross
section of the H, Higgs in the BLHM, which has the decay
channels yy, yZ, and gg. For this purpose, we employ the
Breit-Wigner resonant cross section [27]. In this approxi-
mation, the production cross section via gluon fusion can
be calculated as follows:

7 Br(Hy — gg9)Br(Hy - Y)

2 K

a(gg—>Ho—>Y)=36 p
H,

(101)

where Y = yy,yZ, gg. The cross section 6(gg > Hy — Y)
is determined just at the resonance of the H, Higgs.
Although the method of analysis proposed in this sub-
section approximates the production mechanism of a
massive scalar particle via gluon fusion, it could provide
experimental guidance for the search for new heavy
particles of the TeV order.

102E|||||||||||||||||||§
10

|

6 (Hy— gg — Y) [fb]
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10_E
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FIG. 6. Production cross section of the H, Higgs via gluon
fusion as a function of the energy scale f (with the fixed value
of F = 4000 GeV).

Based on previous studies where the sensitivity of the H,
partial decay widths and branching ratios on the F energy
scale has been analyzed, the numerical estimates suggest
that both T'(Hy — X) and Br(Hy, — X) show almost
negligible sensitivity to the F' energy scale. Thereby, we
compute the H, production cross section only as a function
of the parameter f, as shown in Fig. 6. In this figure, we
observe that the curve providing the largest contribution is
generated by the production cross section of H, with gg
final states, (g9 - Hy — gg) = [25.45,26.48] fb when
f =1[1000,3000] GeV. On the other hand, the weakest
contributions arise for ¢(gg — Hy — yy) = [1.25,1.59] x
107! fb and o(g9 — Hy — yZ) = [6.72,7.46] x 1072 fb
(see the corresponding table in Appendix B for more
details). Additionally, we discuss the behavior of ¢(gg —
Hy — Y) versus Mmpy,, as can be seen in Fig. 7. For the
energy scale f, we assign fixed values such as 1000 and
2000 GeV. With these input values for f, we generate
the curves shown in Figs. 7(a) and 7(b). Based on the
corresponding figures and the numerical estimations, we
obtain that the dominant contribution to ¢(gg — Hy — Y)
is reached through the Hy — gg decay channel when
f =1000 GeV, its production cross section is o(gg —
Hy — gg) = [26.73,1.68 x 107'] fb  for my, = [1000,
3000] GeV. The subdominant contribution emerges when
f=2000 GeV, being o(g9 > Hy — gg) = [26.61,
3.08 x 107!] fb. The other curves generate slightly more
suppressed contributions than the main contribution:
o(gg — Hy = yy) = [1.29 x 1071,2.21 x 107%] fb and
o(gg — Hy — yZ) = [7.15x 1072,7.14 x 1073] fb when
f =1000 GeV, and 6(g9 — Hy — yy) = [1.57 x 107},
3.04 x 1072 fb and 6(g99 — Hy — yZ) = [1.75 x 1072,
1.02 x 1072] fb when f = 2000 GeV.

In the experimental scenario, heavy Higgs production
mechanisms such as the H, Higgs of the BLHM could be
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FIG. 7. Production cross section of the H, Higgs via gluon fusion as a function of my, with (a) f =1 TeV and (b) f =2 TeV.

studied in the context of the LHC and its upgrades [High
Luminosity (HL)-LHC and High Energy (HE)-LHC]. After
LHC Long Shutdown 2, the expected integrated luminosity

TABLE III. Number of expected events related to Hy — gg
decay.
No. of expected events at the colliders

LHC HL-LHC HE-LHC
fTeV] L£=4501fb"" L£=3000fb"" L£=10000 fb~!
1 11453 76 355 254516
2 11809 78731 262438
3 11914 79431 264769

TABLE IV. Number of expected events related to Hy — yy
decay.

No. of expected events at the colliders

LHC HL-LHC HE-LHC
fITeV] L£=4501fb"" L£=3000 1" L£=10000 fb~!
1 56 376 1252
2 68 457 1523
3 71 476 1587

TABLE V. Number of expected events related to Hy — yZ
decay.

No. of expected events at the colliders

LHC HL-LHC HE-LHC
fTeV] L =450fb"" L£=3000fb"" L =10000 fb~
1 30 202 672
2 33 220 732
3 34 224 746

of the LHC in Run 3 is approximately 450 tb~! [34]. On
the other hand, the HL-LHC [35-37] is planned to operate
at a center-of-mass energy of 14 TeV with an integrated
luminosity of 3000 fb~!, while the HE-LHC [35-37]
would provide pp collisions with a center-of-mass energy
of 27 TeV and an integrated luminosity of 10000 fb~!.
Considering the production cross sections 6(gg = Hy — Y)
and the expected integrated luminosities of the colliders
mentioned above, we can obtain an estimate of the number
of events that could be observed at the colliders for the
processes of interest. For the purpose of generating a
benchmark, considering my, ~ 1000 GeV, we provide in
Tables IILIV,V the expected events related to Hy —
q9,vy,yZ decays when the scale of the new physics f
takes specific values such as 1000, 2000, and 3000 GeV.
According to the numerical data, the one-loop decay
channel of the H, Higgs corresponding to two gluons
would be of great interest for the search for the hypothetical
heavy particle, the H, Higgs of the BLHM. Concerning the
Hy — yy,yZ decays, their respective expected event mag-
nitudes also promise a very optimistic scenario as they
appear to be within the measurement range of the pre-
viously proposed future colliders.

V. CONCLUSIONS

In this work, we performed a phenomenological study of
the production of the heavy Higgs boson H, via gluon
fusion in the context of the BLHM. Specifically, we
analyzed the one-loop decays of the H, Higgs, which
refer to Hy — gg, vy, yZ processes. For these decays, the
effects induced by the new particles of the BLHM and the
particles of the SM were considered. As the BLHM has two
independent energy scales, f and F, these represent the
scales of the new physics of the model. In this way, we
generated phenomenological results for the branching
ratios and production cross sections of the H, Higgs in
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analysis regions corresponding to f = [1000,3000] GeV
and F = [3000,6000] GeV. For the considered intervals
of the scales f and F, we analyzed the dependence of
Br(H, — X) on the aforementioned scales and found that
the branching ratio shows sensitivity to variations in the f
scale; this effect is not observed with the F scale. In the two
study scenarios, the dominant branching ratios at the tree
and one-loop levels correspond to processes Hy — 7t and
H, — gg whose numerical predictions are of 10~' and
1072, respectively. A rough estimate of the production cross
section of Hy was also implemented via gluon fusion. For
this case, the numerical estimates of 6(gg - Hy — Y) tell
us that the Hy — gg process offers a very promising
scenario for the search for the heavy particle H, in future
experiments such as the LHC, HL-LHC, and HE-LHC.
In this approach, we have that for my ~ 1000 GeV and
f =1 TeV we could estimate around 11453 events at the

LHC, 76 355 events at the HL-LHC, and 254516 events at
the HE-LHC, which is a very optimistic scenario for the
study of the scalar H|, predicted by the BLHM.
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APPENDIX A: EFFECTIVE COUPLINGS
IN THE BLHM

In this appendix, we present the effective couplings
involved in our calculation of the production of the heavy
Higgs boson H,.

TABLE VI. Effective couplings involved in our calculation of the production of the H, Higgs.
Effective couplings
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TABLE VII. Continuation of Table VI.
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(Table continued)
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TABLE VII. (Continued)
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APPENDIX B: NUMERICAL VALUES FOR T'(H, — X), Br(H, — X), AND 6(gg — Hy — Y)

In this appendix, we provide the numerical values of the partial decay widths, branching ratios, and production cross
sections of the Higgs boson H( when the scales f and F take certain fixed values.

TABLE VIIIL

Numerical values of the partial decay width of the Higgs boson H|), corresponding to Fig. 4. Columns 2—4 of this table

show the numerical changes of I'(Hy — X) vs. f (for F = 4000 GeV), while column 5 of I'(Hy — X) vs. F (for f = 1000 GeV).

I'(Hy — X) [GeV]

F = 4000 GeV f = 1000 GeV
X f=1TeV f=2TeV f=3TeV F =3 TeV
1t 4.89 x 10° 4.84 x 10° 4.82 x 10° 4.88 x 100
hohg 1.59 x 107! 1.59 x 107! 1.59 x 107! 1.59 x 107!
g9 1.51 x 107! 1.52 x 107! 1.52 x 107! 1.51 x 107!
WwWw 1.47 x 107! 1.47 x 10~} 1.47 x 107! 1.47 x 107!
zzZ 7.45 x 1072 7.45 x 1072 7.45 x 1072 7.45 x 1072
hoWW 1.22 x 1072 1.22 x 1072 1.22 x 1072 1.22 x 1072
hoZZ 1.15x 1072 1.15 x 1072 1.15 x 1072 1.15x 1072
WwZ 4.06 x 1073 4.06 x 1073 4.06 x 1073 4.06 x 1073
44 7.44 x 1074 8.83 x 10™* 9.14 x 104 744 x 1074
vZ 4.00 x 10~ 424 x 1074 430 x 1074 3.99 x 10~
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TABLE IX. Numerical values of the branching ratio of the Higgs boson H, corresponding to Fig. 5.

Br(Hy — X)
F = 4000 GeV £ = 1000 GeV
X f=1TeV f=2TeV f=3TeV F =3 TeV
1t 8.97 x 107! 8.96 x 107! 8.95 x 107! 8.97 x 107!
hohy 2.92 x 1072 2.95 x 1072 2.96 x 1072 2.92 x 102
99 2.78 x 1072 2.82 x 1072 2.83 x 1072 2.78 x 1072
141% 2.71 x 1072 2.73 x 1072 2.74 x 1072 2.71 x 1072
77 1.37 x 1072 1.38 x 1072 1.38 x 1072 1.37 x 1072
hoWW 2.25x 1073 227 x 1073 228 x 1073 2.25 % 1073
hoZZ 2.12 x 1073 2.13 x 1073 2.14 x 1073 2.12 x 1073
WwWz 7.45 x 1074 7.52 x 1074 7.54 x 1074 7.45 x 1074
vy 1.36 x 1074 1.63 x 107 1.70 x 10~* 1.36 x 1074
vZ 7.33 x 1075 7.86 x 1073 7.98 x 1073 7.33 x 1075

TABLE X. Numerical values of the production cross

section of the Higgs boson H, via gluon fusion,

corresponding to Fig. 6.

o(99 = Hy = Y) [fb]

F = 4000 GeV
Y f=1TeV f=2TeV f=3TeV
99 25.45 x 10° 26.24 x 10° 26.48 x 10°
4 1.25 x 107! 1.52 x 107! 1.59 x 107!
vZ 6.72 x 1072 7.32 x 1072 7.46 x 1072
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