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1. Introduction

Many extensions of the Standard Model, in particular sypermsetric theories, require two
Higgs doublets leading to five physical scalar Higgs bosimsluding two (mass-degenerate)
charged particles H The discovery of a charged Higgs boson would provide unguthis evi-
dence for an extended Higgs sector beyond the Standard M8datches at LEP have set a limit
Muy= > 79.3 GeV on the mass of a charged Higgs boson in a general twosHiggblet model [2].
Within the MSSM, the charged Higgs boson mass is constraigatie pseudoscalar Higgs mass
and the W boson mass throudiy,. = M3 + M3, at tree level, with only moderate higher-order
corrections [3—6]. A mass limit on the MSSM charged Higgsdmosan thus be derived from the
limit on the pseudoscalar Higgs bosdvi, > 934 GeV [7], resulting inMy= 2 120 GeV. At the
Tevatron, searches for light charged Higgs bosons in topgkgiecays t—+ bH* [8, 9] have placed
some constraints on the MSSM parameter space, but do natipramy further generic bounds on
Mg

There are two main mechanisms for charged Higgs boson piodwat the LHC:

top quark decay: B bHEF+ X if Mgz Sm,
associate production: pp tbH* +X if My: 2 m.

Alternative production mechanisms like quark—antiquarkililation qgf — H*, H* +jet produc-
tion, associated HWT production or Higgs pair production have suppressed ratas,it is not
yet clear whether a signal could be established in any ofticbannels (see Ref. [10] and refer-
ences therein). Some of the above production processedowgyer, be enhanced in models with
non-minimal flavour violation (see e.g. Ref. [11]).

In this talk we focus on NLO QCD predictions for heavy chardiiggs production through
the process pp» tbH* + X.

2. Heavy charged Higgs production with top and bottom quarks

Two different formalisms can be employed to calculate thsgsection for associated thH
production. In the four-flavour scheme (4FS) with no b quamkbe initial state, the lowest-order
QCD production processes are gluon—gluon fusion and gaatkyiark annihilation, gg+ tbH*
andqq — tbH*, respectively. Potentially large logarithriidn (g /my), which arise from the split-
ting of incoming gluons into nearly collineablpairs, can be summed to all orders in perturbation
theory by introducing bottom parton densities. This defitinesfive-flavour scheme (5FS) [12].
The use of bottom distribution functions is based on the @ppration that the outgoing b quark
is at small transverse momentum and massless, and thel \artpiaark is quasi on-shell. In this
scheme, the leading-order (LO) process for the inclusit€"tbross section is gluon—bottom fu-
sion, gb— tH*. The next-to-leading order (NLO) cross section in the 5SFQuites &'(as) cor-
rections to gb— tH* and the tree-level processes ggtbH® and qq — tbH*. To all orders
in perturbation theory the four- and five-flavour schemesideatical, but the way of ordering
the perturbative expansion is different, and the resulthaomatch exactly at finite order. For
the inclusive production of neutral Higgs bosons with bmttquarks, pp— bbH + X, the four-
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Figure 1: Generic Feynman diagrams for pptoH* + X in the 4FS at the Born level.

and five-flavour scheme calculations numerically agreeimwitieir respective uncertainties, once
higher-order QCD corrections are taken into account [1B-sk® Section 6 of this report.

There has been considerable progress recently in imprakimgross section predictions for
the associated production of charged Higgs bosons withyhgaarks by calculating NLO SUSY-
QCD and electroweak corrections in the four and five-flavehemes [17-25], and the matching
of the NLO five-flavour scheme calculation with parton shav@6]. Below, we shall present
state-of-the-art NLO QCD predictions in the 4FS, and a fioshparison of the 4FS and the 5FS at
NLO.

3. NLO SUSY-QCD predictions for pp — tbH* + X in the 4FS

In the 4FS the production of charged Higgs bosons in assmciatith top and bottom quarks
proceeds at LO through the parton processes»gﬁH* andgq — tbH-, and the charge-conjugate
processes with thtoH™ final state [27—29]. Throughout this talk we present redoitgshe bH-
channels. In NLO QCD the cross section for the charge-cagugrocess pps toH + X at the
LHC is identical to pp— tbH~ + X and can be included by multiplying the results presenteovbel
by a factor of two. Generic Feynman diagrams that contribatiteO are displayed in Fig. 1.

The calculation of the NLO QCD corrections to charged Higgslpction in the 4FS has been
discussed in detail in Ref. [23], both within a two-Higgsdtitet model with the SM particle con-
tent besides the extended Higgs sector, and within the M&®ldw, we present NLO SUSY-QCD
predictions for the production of heavy charged MSSM Higgsdms at the LHC. We consider the
SPS 1b benchmark scenario [30] and choose the SM input pteanfiiellowing the recommenda-
tions of the LHCHiggs Cross Section Working Group [31]. The MSTW four-flavour pdf [32] has
been adopted.

We first discuss the scale dependence of the totaanH‘ + X cross section at the LHC.
The renormalization and factorization scales that entehtdronic cross section and the running
b-quark mass are identified and varied around the centnaé ygl= (m;+ m,+ My-)/3, the scale
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Figure 2: Variation of the LO and NLO cross sections with the renoraslon and factorization scales for
pp— tbH™ + X at the LHC.

of as in the summation factor of the Yukawa coupling, on the othand) is kept fixed. Fig-
ure 2 shows the scale dependence of the LO and complete NLO-8I® cross sections at the
LHC with 14 TeV energy, for the SPS 1b benchmark point Bthd= 200 GeV, corresponding to
My= = 21427 GeV. As anticipated, the scale dependence of the theakrgtiediction is signif-
icantly reduced at NLO, with a remaining uncertainty of apjimately +=25% whenu is varied
betweenpy/3 and 34, compared to approximately100% at LO. At the central scale, the K-
factor, K= onLo/0i0 is close to one. Note, however, that the K-factor stronglyetels on the
definition of the LO cross section. As described above, ourck@3s section prediction includes
the summation of a certain class of QCD corrections througnaing Yukawa coupling, and has
been evaluated using a LO pdf aod

The total LO and NLO SUSY-QCD cross sections foer{IBH* + X at the LHC are shown
in Figure 3 as a function of the Higgs-boson mass. Note ﬁiattproduction at the LHC is
dominated by gluon-induced processes which provide mame 9% of the cross section. The K-
factor is displayed in the lower part of the plot, togethethwihe scale dependence of the LO and
NLO predictions. We observe that for our choice of the cémtrale, Lo = (m + my + My-)/3,
the K-factor is moderate over the whole range of Higgs-basasses. Furthermore, the scale
dependence is reduced at NLO also for large Higgs massdsatimg that the perturbative ex-
pansion is well under control. Representative values ferttital cross section at 14 TeV are
listed in Table 1. We note that the MSSM loop-correctionsrfrequark and gluino exchange
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Figure3: Total LO and NLO cross sections for pp tbH™ + X at the LHC as a function of the Higgs-boson

mass. The lower plots show the K-factor,=Kon_ o0/ 01L0, and the scale dependence of the LO and NLO
cross section predictions fpg/3 < 1 < 3.

are sizable for large tgh, but they can be taken into account through ffaecorrections to the
bottom-Higgs-Yukawa coupling.e. through a rescaling of the NLO-QCD prediction according to
mytanf /v — mytanB/v(1—Ap/tar B) /(14 Ap) (seeeg. [33]).

4. Comparison with the 5FS calculation

As discussed in Section 2, in the 5FS the LO process for tHasive tH" cross section is
gluon-bottom fusion, gb+ tH*. The NLO cross section includeg(as) corrections to gb-+ tH*
and the tree-level processes ggtbH* andgq — tbH*, and has been calculated in Refs. [19, 20,
26]. In Figure 4 we present a comparison of the 4FS and 5F&latitins at NLO QCD for the
inclusive pp— tH™ + X cross section at the LHC. The 5FS calculation is taken frorh R8]
and is evaluated with the five-flavour MSTW pdf [34] and the &feinput parameters described
above. In particular, the renormalization and factor@ascales have been setig= (my+ my+
My-)/3, as in the 4FS calculation. The error band indicates theréfieal uncertainty when the
renormalization and factorization scales are varied betwg/3 and 34. Thus, the error band
also includes the scale choigg = (m;+ My-)/5 for the 5FS calculation advocated in Refs. [19,
20]. The cross sections shown in Figure 4 do not include th® MIUSY effects, which can be
incorporated within good precision by simply adjusting bdtom Yukawa coupling. Taking the
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o(pp— thH™ + X) [fb]
Ma [GeV] | My [GeV] | MO (u) [GeV] o NLO K = dnLo/dio
200 214.27 2.91 609 599(2) 0.98
300 309.69 2.86 257 263(1) 1.02
400 407.32 2.82 118 124(1) 1.05
500 505.88 2.79 58.4 62.5(2) 1.07

Table 1: Total cross sections and K-factors for 1aptb_H* + X at the LHC (14 TeV). The renormalization

and factorization scales are sefite= (m; 4+ my + My-)/3. The error from the Monte Carlo integration on
the last digit is given in parenthesis if significant. The M&Tour-flavour pdf [32] is adopted. In the third

column we show the running b-quark mass evaluated at theltlefmormalization scale.

scale uncertainty into account, the 4FS and 5FS cross se@id\NLO are consistent, even though
the predictions in the 5FS at our choice of the central scaddaager than those of the 4FS by
approximately 25%, rather independent of the Higgs-bosassm Qualitatively similar results
have been obtained from a comparison of 4FS and 5FS NLO a#tmos for single-top production
at the LHC [35]. Note that the bottom pdf of the recent five-dlavMSTW fit [34] is considerably
smaller than that of previous fits [36] and has lead to a sitaniti decrease in the 5FS cross section
prediction.
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