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Abstract: In this paper, we calculate the production of a charged top pion in association with a W boson

via gg fusion at CERN’s Large Hadron Collider in the context of the topcolor assisted technicolor model. We

find that the total cross section of pp — gg — WiTtéF is several dozen femtobarns with reasonable values of the

parameters, and the total cross section of pp —>Wi7TEF can reach a few hundred femtobarns when we consider

the sum of the contributions of these two parton subprocesses, gg — Wiﬂf and bb — VVjEﬁEF .
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1 Introduction

The search for Higgs bosons and new physics par-
ticles, and the study of their properties, are among
the prime objectives of the Large Hadron Collider
(LHC) [1]. In the Standard Model (SM), a single neu-
tral Higgs boson is predicted as a direct consequence
of the mechanism of electroweak symmetry breaking
(EWSB). Moreover, charged Higgs bosons are pre-
dicted in extended versions of the SM, such as the
minimal supersymmetric standard model (MSSM).
Since the discovery of such an additional Higgs boson
will be the evidence of new physics beyond the SM,
there is increasing interest in theoretical and exper-
imental studies to provide the basis for its accurate
exploration.

Recently, lots of studies of neutral or charged
Higgs production at the LHC have been finished [2].
For the production of a charged Higgs boson in asso-
ciation with a W boson in the MSSM, Ref. [3] investi-
gates bb — WEHT at the tree level and gg — W+H¥
at one loop. The electroweak corrections and QCD
corrections to bb — W*HT have already been cal-
culated in Ref. [4], which shows that a favorable
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scenario for WHHT associated production would be
characterized by the conditions that myg > m; —my,
and that tan3 are either close to unity or of order
my/my, then the H* bosons could not spring from
on-shell top quarks and could be copiously produced
at hadron colliders.
tion of the loop-induced subprocess gg — W*HT is
presented in the framework of the MSSM [5], which
shows that the cross section of gg — W*HT can be
comparable to that of bb — W*HT due to the large
number of gluons in the high energy proton beams at
the LHC.

Technicolor theory [6] is one of the important can-
didates for probing new physics beyond the SM, espe-
cially the topcolor assisted technicolor (TC2) model
proposed by C. T. Hill [7] — this combines technicolor
with topcolor, with the former being mainly respon-
sible for EWSB and the latter for generating a major
part of the top quark mass. If technicolor is actually
responsible for EWSB, there are strong phenomeno-
logical arguments that its energy scale is at most a
few hundred GeV and that the lightest technicolor
pions are within reach of the ATLAS and CMS ex-
periments at the LHC [8]. The TC2 model predicts

A complete one-loop calcula-
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three top pions (70, 7;), one top Higgs (h?) and the
new gauge bosons (Z’,B) with large Yukawa couplings
to the third generation quarks, so these new particles
can be regarded as a typical feature of this model.
Lots of signals of this model have already been stud-
ied in the work environment of linear colliders and
hadron-hadron colliders [9], but most attention has
been focused on the neutral top pion and new gauge
bosons. Here we wish to discuss the prospects of
charged top pions.

For the production of a charged top pion in as-
sociation with a W boson at the LHC, there are
mainly two partonic subprocesses that contribute to
the hadronic cross section pp — W*mF: the bb
annihilation and the gg fusion. Ref. [10] has al-
ready studied the process of W¥n{ associated pro-
duction via bb annihilation at the tree level and the
one-loop, which shows that the total cross section
o(pp — bb — W*n) is rather large when 7" is not
very heavy. In this paper, we shall discuss the pro-
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Fig. 1.

In our kinematical conventions, the momenta of
the initial state gluons, p; and p,, are chosen as in-
coming and outgoing for the momenta, k; and k,, of
the final state particles

g(p17a701)+g(p27b702) _>W7 (klu)\)+7[+(k2)7 (1)

Besides being characterized by their momenta, the
initial state gluons are characterized by their color in-
dices a, b and their helicities 0,, oo(= %1), and the
final state W boson is characterized by its helicity
A(=0,£1).

The Mandelstam variables are defined as

§= (p1+p2)* = (k1 +k2)?,
t= (pl_kl)zz(p2_k2)27 (2)
= (p —k2)2 = (p2 _kl)za

duction of top pions 7 in association with SM gauge
bosons W via gg fusuion, including the contribu-
tions arising from top pions 7?, 7" and top Higgs h?,
to search for new physics particles and test the TC2

model.

2 The partonic process gg — W_Tt,j_

In the TC2 model, there is no tree-level contribu-
tion to the subprocess gg — W~. This process is
induced at the one-loop level by diagrams with quark-
loops. The quark-loop diagrams can be subdivided
into box-type diagrams and into triangle diagrams.
In each box diagram, the quarks in the loop couple di-
rectly to the outgoing charged Higgs boson 7t;, while
in the triangle diagrams the quarks couple to one of
the neutral top pion and top Higgs boson. The Feyn-
man diagrams of the process gg — W*n{ are shown
in Fig. 1. The relevant Feynman rules are given in
Refs. [7, 11].

Y —

ta I'b

(d)

Feynman diagrams for the technicolor correction to the gg — W 7t process.

| with obeying

S+i+a=my+m, . (3)
Using the relation

SR o

a,b=1

we can write the spin- and color-averaged cross sec-
tion for the parton process

dé 1 1
At 16732 Z 4
A=0,+1

which contains the helicity amplitudes

1
Z @‘M0102A|27 (5)

o1,00==%1

M0102>\:5g1 (Pl)EZZ(Pz)Ei(kl)Muum (6)
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where €4 (p1), €5,(p2), €5(k1) are the polarization
vectors for the incoming gluons and outgoing W
bosons, respectively.

In the parton center-of-mass (CM) frame, the mo-
menta may be expressed by

Pl = (?&0,?), ph = <§,0,0,—£), (7)

ki

(EWJ;W) = <EW7 |ﬁW|Sin9aOu |ﬁW| COS 9) ) (8)

and then the polarization vectors are given by

1 .
Egl(pl) = 75(071710'150)7 (9)
w _ 1 ;
50_2(]?2) - 75(0717_10—170)7 (10)
and
Dy E E
eh_o(k1) = <%,m—zvvsin9,0,m—zvvc059>, (11)
" 1 . -
eh_y1(k1) = —(0,i\cosf,1,—iAsind). (12)

V2

The remaining tensor M,,, can be expressed in
terms of three- and four-point scalar integrals [12],
and their analytical expressions are tedious, so we do
not present them.

Finally, the integrated partonic cross section for
the process gg — WEm{ is

+ .do
53)= | a2, 13
o= [ aie 13
with

. my+mi —3

t, =
* 2

5V G+ P — (i — 72,
(1)

The total hadronic cross section for pp — gg — W*mf
can be obtained by folding the subprocess cross sec-
tion & with the parton luminosity [3]

' dr . + a2
o(s)= dz—ad(gg — W at §=2°s).
(mw+mnr,)/vs 9%
(15)
Here, /s and V5 are the CM energies of the pp and
gg states, respectively, and dL/dz is the parton lumi-
nosity, defined as [3, 4]

1
T Tewme e, (o)

where g(z,u) and g(2?/z,p) are the gluon parton dis-
tribution functions.

3 Numerical results and conclusions

We are now in a position to explore the phe-
nomenological implications of our results. The SM
input parameters for our numerical analysis are Gy =
1.16639 x 10~° GeV 2, my = 80.399 GeV, my =
91.1876 GeV, my = 172.0 GeV, and my, = 4.19 GeV
[13]. We use LoopTools [14] and the CTEQ6M par-
ton distribution function [15] with u = /s/2. The
parameter ¢ and the masses of top pion 72, & and
top Higgs h? are all model-dependent [7]. We select
them as free parameters, and take

0.03<e<0.1, 200 GeV <my, <600 GeV, (17)

and my,, = 150, 250 GeV to estimate the total cross
section of W*m{ associated production at the LHC.
We sum over the final states W*m; and W, con-
sidering their symmetry. The final numerical results
are summarized in Figs. 2—4.
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Fig. 2. The total cross section o(pp — gg —
WErT) versus my, for € = 0.03 (solid), 0.06
(dashed), and 0.1 (dotted).

In Fig. 2, the total cross section o(pp — gg —
W=nF) as a function of m,, for my,, =150, 250 GeV
at the LHC with L = 100 fb™' is given, in which
the solid lines, the dashed lines, and the dotted lines
denote, respectively, the cases of ¢ = 0.03,0.06, and
0.1. From this diagram, we can see that (i) the to-
tal cross section decreases quickly as m,, increase,
changes the values from 77.5 fb to 12.3 fb with the
range of My, 200 ~ 600 GeV for ¢ = 0.06 and
my, = 150 GeV, and from 70.2 fb to 12.3 fb for
e = 0.06 and my,, = 250 GeV, respectively; (ii) the
cross section is sensitive to ¢ and my, when m,, is
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small, but this sensitivity will disappear for a rather
heavy top pion; and (iii) when m,, = 225 GeV, the
cross section of WHmf associated production via gg
fusion roughly 60 fb, and is rather large.

Figure 3 gives the plots of the fully integrated
cross section via gg fusion versus e for m,, =225, 350,
and 450 GeV. We can observe that (i) the cross
section is not sensitive to €, and only decreases by
13.8% ~ 14.2% in the range of 0.03 < ¢ < 0.1 for
my, = 150 GeV; and (ii) the case of my,, = 250 GeV
is almost the same as that of m;, =150 GeV.
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Fig. 3. The curve of o(pp — gg — WHnT) vs. ¢
for mn, =225 GeV(solid), 350 GeV (dashed),
and 450 GeV (dotted).

We know that there are mainly two parton sub-
processes that contribute to the hadronic cross section
pp — W*mF: the bb annihilation and the gg fusion.
In order to look at the contributions from these two
subprocess, we take m;,, =250 and € =0.03, 0.06 and
0.1 as an example and plot their total cross sections
in Fig. 4. We find from this figure (i) when m., takes
a small value, the total cross section o(pp — W*m)
via bb annihilation can reach several hundred femto-
barns; however, the case of gg fusion is only a few
dozen femtobarns, and it is evident that the former
is far larger than the latter; (ii) all the total cross
sections from these two subprocess are only from one

dozen to two dozens femtobarns for a large value of
M, . In fact, the total cross section of WmF associ-
ated production at the LHC should be the sum over
these two parton subprocesses.
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Fig. 4. The total cross section of pp — Wiﬂf
versus mqy, with my, =250 GeV for € = 0.03
(solid), 0.06 (dashed) and 0.1 (dotted).

As is known, at the LHC, the integrated lumi-
nosity is expected to reach L = 100 fb™" per year.
This shows that a cross section of 1 fb could trans-
late into about 60 detectable W*H¥ events per year
[3, 13]. Looking at Fig. 4, we thus conclude that if
My, =225 GeV and my,, =250 GeV, depending on ¢,
one should be able to collect an annual total between
1.77 x 10* and 2.18 x 10* events. So the W*m{ sig-
nal should be clearly visible at the LHC unless m,
is very large.

In conclusion, we have calculated the technicolor
corrections to the cross section for W*m associated
production via gg fusion at CERN’s LHC in the top-
color assisted technicolor model. We find that the
total cross section of pp — gg — W*mF is several
dozen femtobarns with reasonable values of the pa-
rameters, and the total cross section of pp — WHm
can reach a few hundred femtobarns when we consider
the sum of the contributions of these two parton sub-
processes gg — WEnF and bb — WEnF. Thus, it is
so large that the signal of the charged top pion should
be clearly visible at the LHC.
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