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Production of a neutral scalar associated
with a photon at the LHC in the topcolor-
assisted technicolor model”
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Abstract: In the context of the topcolor-assisted technicolor (TC2) model, we consider the production of

the neutral scalar S (7Y or h)) associated with a photon at the LHC and compare our results with those given

by the minimal supersymmetric extension of the Standard Model (MSSM). We find that its production cross

section is larger or smaller than that of the scalar particle predicted by the MSSM model, depending on the

values of the relevant free parameters.
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1 Introduction

The Higgs mechanism for electroweak symmetry
breaking (EWSB) is still an untested part of the Stan-
dard Model (SM). The search for the SM Higgs boson
is one of the main tasks of the LHC [1]. However, if
the LHC finds evidence for a new scalar state, it may
not necessarily be the SM boson. Most of the new
physics models beyond the SM predict the existence
of new neutral scalars. These new particles may have
production cross sections and breaching ratios which
differ from those of the SM Higgs boson. Testing the
various new physics models is an important goal of
the LHC [2]. Thus, studying the production of the
new scalar at the LHC is of special interest.

At the LHC, the neutral scalar S is mainly pro-
duced via gluon-gluon fusion gg — S [3]. For Sy asso-
ciated production, this production channel is forbid-
den by C-parity conservation, so quark-antiquark an-
nihilation becomes dominant and its production cross
section is very small in the SM [4]. However, the cross
section for Sy associated production may be enhanced
in some popular new physics models. For example, in
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the framework of the minimal supersymmetric exten-
sion of the SM (MSSM), for the production of CP-
odd Higgs boson A associated with a photon, bottom
quark annihilation bb — Ay is of particular impor-
tance due to the Yukawa coupling enhanced by the
large tan 3 [5]. Its cross section can be significantly
large, which can be used to probe the bottom quark
density in the proton as well as the bottom quark
Yukawa coupling. Refs. [6, 7] have studied the pro-
duction of the technipion in association with a pho-
ton via its anomalous couplings to electroweak gauge
bosons and via a technivector meson resonance, and
discussed the possibility of detecting the signatures
of technicolor models at high-energy collider experi-
ments.

It is well known that the existence of the phys-
ical top-pions (7, 7°) and top-Higgs (h?) in low-
energy spectrum can be seen as characteristic of the
topcolor scenario, regardless of the dynamics respon-
sible for EWSB and other quark masses [8]. 70 and
h? have large Yukawa coupling to the top quark and
their anomalous couplings to gauge boson (v, Z, and
g) can be significantly enhanced. So, in the present
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work, we will consider the 7% (h?)y associated produc-
tion at the LHC. The topcolor-associated technicolor
(TC2) model [9] has almost all the essential features
of the topcolor scenario, and thus we will give our
numerical results in detail under this model in the
following section.

2 Calculation formula and numerical
results

In the TC2 model, the interactions of the
topquark with scalar S (72 or h?) are approximately
given by [9, 10]

mt(l_e) ’U‘%—F‘tz s 5,0 1.0
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where v, = ’U/\/i =174 GeV, and F, ~ 50 GeV is
the top-pion decay constant. The free parameter ¢
parameterizes the portion of the extended technicolor

contribution to the top quark mass, which is assumed
to be in the range of 0.01-0.1. The couplings 7’bb
and h?bb can be approximately written as [11]

Eb:% Ft

From the above discussions, we can see that in
the TC2 model, the production of the neutral scalar
S (m? or h?) associated with a photon at the LHC
is induced by the large anomalous couplings Syy and
SyZ and the t-channel process bb — Sy. The relevant

[iby®br) + bbh?)]. (2)

Feynman diagrams are shown in Fig. 1. Taking the
anomalous couplings Syy and SyZ as effective ver-
tices, the production cross section of the subprocess
qq—Y, Z — Sy can be written as
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where v/ is the center-of-mass (c.m.) energy of the
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subprocess. Since there is always M, > m;, we have
neglected the decay width of the gauge boson Z.
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in which I3 is the third component of the isospin and
Q, is the electric charge of the quark q (u, ¢, d, s,
and b). 70 cannot couple to the gauge boson pairs
WW, while the coupling hYWW is suppressed by the
anomalous factor F; /v, with respect to the SM cou-
pling HWW. Thus, the factors I.,,, and I. .z are
only induced by the top quark loop, which can be
obtained by multiplying the factor

(1—e)y/vg — F?
F
to the corresponding SM Higgs factors Iy,, and
I1yz. Their expression forms have been reviewed in
Ref. [12]. The W boson loop also contributes to the
anomalous factors Iy,,,z and Iy,,,. However, the con-
tributions are suppressed by the factor F} /v,, as com-
pared with the SM Higgs boson.
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Fig. 1.
cesses q@ — SY (q=u, ¢, d, s, and b).

Feynman diagrams for the partonic pro-

The production cross section of the subprocess
bb — Sy is given by [5]
a.mi  F?
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where 7, = M?2/$ and A = 1—4(Pg")?/[8(1 —ry)?].

Ps is the photon transverse momentum.
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The hadronic cross section o(s) for the process
pp — Sy can be obtained by folding the cross sec-
tions ¢,(5) and &},(8) with the parton distribution
functions (PDFs)

o= Zf dx1J1

Tmin/T1

dzs fo/p (1) fa/p(2)04(3)

N J az, J/ s figo (@) fip(@2)64(3), (5)

Tmin

where § = x1xys, /s is the c.m. energy of the
LHC. To make our numerical results more realistic,
we impose a minimal cut P = 30 GeV on the
photon transverse momentum, thus ., = (P™ +

(Pevt)2 + (M,)?)?/s. In our numerical calculation,
we will use CTEQ6L PDFs [13] for the quark and
antiquark PDFs. The renormalization scale pug and
the factorization scale pur are chosen to be ug = pr =
M,/2.

To obtain numerical results, we need to specify
the relevant SM input parameters. We take the SM
input parameters as m; =172 GeV, my, =4.19 GeV,
Sz, =0.231, o, =1/128 [14]. Except for these SM in-
put parameters, the production cross section o of the
process pp — Sy is dependent on the free parameter
¢ and the mass parameters m,, and my,. To make
the topcolor interactions contribute to the main part
of the top mass and generate small contributions to
EWSB, the free parameter € should be very small, i.e.
e < 1[9]. The Sy production cross section o depends
on the free parameter ¢ only via the factor (1 —¢)?,
thus the value of o is not sensitive to the free pa-
rameter € and we will take € =0.05. As a numerical
estimation, we will assume M,, ~ M,, = M =200—
500 GeV. Our numerical results are summarized in
Fig. 2, in which we have plotted the cross section o
as a function of the mass parameter M for the free
parameter £ =0.05 and the c.m. energy /s =7 TeV
and 14 TeV. The cross section for the production of
the scalar S (70 or hY) associated with the photon
is mainly induced by the large anomalous couplings
Syy and SyZ. The contribution of the subprocess
bb — Sy to the cross section ¢ is smaller than 1 fb.
The value of ¢ is larger or smaller than that for the
scalar particle predicted by the MSSM model [5], de-
pending on the values of the relevant free parameters.
For /s =14 TeV and 200 GeV< M <500 GeV, the
values of the cross sections for m?y and hly are in the
ranges of 0.01 fb~9.6 fb and 0.01 fb~8.8 fb, respec-
tively, while, for /s =7 TeV, all of their values are
smaller than 2.5 fb in almost the parameter space of
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Fig. 2.
processes pp — 7m0y (a) and pp — hly (b) as

The production cross section o of the

a function of the mass parameter M for the
c.m. energy /s =7 TeV and 14 TeV.

the TC2 model.

For M < 2my, the neutral scalars 10 and h? mainly
decay to tc and t¢, while they mainly decay to tt for
M > 2m,. The relevant branching ratios have been
calculated in Refs. [15, 16]. Thus, for m, < M < 2m,
the associated production of S with a photon can eas-
ily transfer to the tcy signal state. This kind of sig-
nal state is almost free from the SM backgrounds,
which can generate characteristic signatures at the
LHC experiments. The peak of the invariant mass
distribution of the tc is narrow. To identify the tc,
one can reconstruct the top quark from its main de-
cay mode Wh. Certainly, the c-tagging is needed. We
define the background-free observable cross section &
as the effective cross section including c-tagging ef-
ficiency (e.) and top quark reconstruction efficiency
(e1): @ =¢€.,0. We plot 7 as a function of the mass
parameter M in Fig. 3, in which we have included the
contributions of the neutral scalars ¥ and h?, and as-
sumed /s = 14 TeV, ¢, = 80% and e. = 35%. From
this figure one can see that several hundred tcy events
will be generated per year at the LHC with the yearly
integrated luminosity £;,; = 100 fb™*. Thus, we ex-
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pect that the possible signals of the neutral scalar
with m, < M < 2m, might be detected via the process
pp — Sy — (tc+tc)y at the LHC with /s =14 TeV.

c/fb
¥}
T

200 220 240 260 280 300 320 340

For M > 2m,, the neutral scalar S mainly decays
to tt and the process pp — Sy can give rise to the tty
final state. Although the high pr photon can be used
to distinguish the signal event tty from the huge tt
background, its production rate is smaller than 2 fb,
which is too small to be detected at the LHC.

3 Conclusion

In the framework of the TC2 model, we have con-
sidered the production of the neutral scalar (72 or h?)
associated with a high Pr photon at the LHC. We find
that its production rate is larger or smaller than that
of the scalar particle predicted by the MSSM model
[5], depending on the values of the relevant free pa-
rameters. For the heavy scalar M > 350 GeV, the
pp — Ty process cannot give an observable signal at
the LHC. However, the possible signals of the neutral
scalar S with m; < M < 2m, might be detected at the
LHC via the decay channel S — tc+tc.

M/GeV
Fig. 3. The effective cross section & as a func-
tion of the mass parameter M for /s =
14 TeV.
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