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1. Introduction

After almost six months of running at 7 TeV and about 40 inggrigobarns of collected inte-
grated luminosity, the LHC collider and its experiments gltewing excellent performances. Both
strong and electroweak interactions seem to be properlgrstabd, and therefore the experiments
are ready to discover and study new physics. Even if the Higgen will be discovered as it is pre-
dicted by the Standard Model (SM), an extension will be sameheeded, in order to solve other
still-open problems, like the hierarchy problem or the nagdbm that gives mass to neutrinos. In
many extension of the SM also the Higgs sector is expandedidiy@ anotheiSU(2) doublet or
triplet, giving rise to several neutral Higgs bosons, ad a&to some charged ones.

2. Charged Higgs boson production

The production channels for charged Higgses strongly depenthe model considered. In
models where the Higgs is embedded in isospin doublets (2H@BSSMV, ...), the dominant pro-
duction channel is the associated production with a topkgimabottom-gluon fusion [1, 2] (see
Fig. [L(@). In such models isospin symmetry forbids WeH¥Z andW*H Ty vertices at tree
level, while they can be loop-induced [3]. For this reasarthlihe vector boson fusion (VBF) and
the Higgs-strahlung processes have a negligible crosién these models.

This situation changes if we consider models with isosptets in the Higgs-sectors (see [4] and

(a) (b)

Figurel: (a): One of the diagrams for the associated production obegeld Higgs and &quark. (b): The
production of a charged Higgs via VBF.

refs. therein). Many versions of such models exist in liiee, with a very interesting particle con-
tent, including doubly charged Higgses. Moreover, thesdatsoallow the coupling of the charged
Higgs(es) to gauge bosons, with a strength proportionaﬂetcratio%, whereV is the triplet vac-
uum expectation value (vev) amdhe EW one. Usually’ is constrained by electroweak data (in
particular by the SNp parameter) to be at most of a few GeV, but this bound can betsasby
including more triplets in the model [5]. If this is the casiee production of singly and doubly
charged Higgs bosons via VBF can be studied at colliders][6—8

The VBF (see Fig[ I(p)) is one of the most interesting prddacthannels for the SM Higgs
boson, because of the total cross-section size (about 1f8rph, = 120 GeV at the LHC with
v/S=7 TeV) and the clear experimental signature. The Higgs basorainly produced at central
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rapidities, while the outgoing quarks might be detectedas ffets in the forward/backward di-
rections. The VBF being an electroweak process withoutreatohange between the two protons

at tree level, extra hadronic activity is mainly outside teatral rapidity region. This allows the
Higgs boson decay to be detected and studied.

If the bounds coming from thg parameter can be evaded, these features remain true also for
charged Higgses. In addition to this, the SM Higgs productia VBF is one of the best theoreti-
cally known processes for the LHC: fully differential codegst for the NLO QCD correcitons [9]

as well as for the combined EW + QCD NLO corrections [10], dmeltbtal cross-section can be
computed up to NNLO in QCD [11, 12] exploiting the (almost eyao-called structure function
approach [13].

3. Thestructure function approach to VBF

The structure function approach consists in consideringr @B a double deep-inelastic scat-
tering (DIS), relying on the fact that already at LO the ifeéeences between different diagrams are
kinematically suppressed at the per-mil level, and thatlaDhe QCD corrections involving the
exchange of a gluon between the protons vanish becauseafamiservation. Hence, from the
knowledge of the QCD corrections to the DIS structure fuordi[14—18], it is possible to compute
the total VBF cross-section.

This kind of factorization, which is exact at NLO in QCD, apgatly fails for the NNLO correc-
tions. The color conservation argument cannot be used angyfoodiagrams with a double gluon
exchange between protons, and also diagrams involving la-quark loop have to be taken into
account. However the impact of these two kinds of diagramihemotal cross-section is estimated
to be indeed negligible if compared to the factorizable extions.

With very little effort this approach can be extended to tt@Pfroduction of charged Higgses,
thus allowing for the prediction of the total cross-sectignto NNLO in QCD. The Feynman rules
for a wide class of models with triplets are listed in [4].

4. Results

We now show some results for the total cross section of thdyation of a charged Higgs
boson via VBF. In our computation we assumé\AH vertex of the form

1/2 .
M =2(V2Gr ) mm; Ry (~ig") 4.1)

where the dimensionless coefficieritg depend on the particular model. In order not to loose
generality, we will show cross-sections computed Wih| = 1.

In Fig. @ we plot the total cross-section for single and deutiharged Higgs at the LHC
(v/s= 7TeV) via VBF. The theoretical uncertainity band is obtalr®y varying renormalization
and factorization scale in the interval4Q < us, 4y < 4Q, with Q the virtuality of the vector
boson. From those plots we can appreciate the convergeribe perturbative series and the im-
provement of the theoretical uncertainities. The scaleedamities reduce to the 2% level for the
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Figure 2: (a): The total cross-section for the singly charged Higgslpction via VBF at the LHC, with
\/S= 7TeV. The MSTW 2008 [19] PDF set has been used. The unceaytdiands are obtained from the
variation of the renormalization and factorization scalé¢hie interval ¥4Q < s, 4r < 4Q, whereQ is the
virtuality of the vector boson. (b): Same as (a) for a doullsirged Higgs.

1.3 13
H* K-factors: H** K-factors:

12 f 12 f

11 11

1 1

0.9 0.9

#% NNLO
0.8 08
0. 0. 1 1 1 1 1 1 1 1
1%6 1%6
1.04 f 1.04
1.02 1.02

0.98 0.98

100 150 200 250 300 350 400 450 500
m,(GeV) m,(GeV)

(a) (b)

Figure3: (a): The NLO/LO (upperinlay) and NNLO/NLO (lower inlayQ-factors for sinlgy charged Higgs
production via VBF at the LHC. (b): Same as (a) for a doublyrgkd Higgs.

NNLO total cross-section, as illustrated by tiefactors shown in Fig] 3. In particular the impact
of the NNLO corrections on the total cross-section is veralgnhardly reaching the 1% at large
values of the Higgs mass. The LO, NLO and NNLO total crossi@es are computed using the
corresponding parton distribution function (PDF) from M8TW 2008 [19] set.

Finally, in order to estimate the theoretical uncertag@sittoming from PDFs, in Fi@ 4 we com-
pare the numbers obtained with the MSTW set with two others IRDF sets available: the sets
ABKM 2009 [20] and JR 2009 [21] (in the variable flavour numeheme). From these plots we
can see the need to consider more than one single PDF seteotgoestimate the PDF uncertaini-



Charged Higgs production via vector-boson fusion at NNL@Q®@D Marco Zaro

1125 F"H¥ PDF errors: 1125 F"H** PDF errors:
11 f 11 f eI
1075 - 1,075 foiIIiiloc--soTiIlIIIII e
105 po1oiIiiiiiiioooooooninTITTIC oo 105 F7°
1.025 F 1.025 |
1 1
0975 f 0975 f
005 | JRO9-VF 005 | JRO9-VF
-~ ABKMO9 -~ ABKMO9
0.925 ¢ MSTWO08-68¢i% 0.925 ¢ MSTWO08-68ci%
09100 150 200 250 300 350 400 450 500 09100 150 200 250 300 350 400 450 500
m,(GeV) m,(GeV)
@ (b)

Figure 4: (a): The PDF uncertainities for the total NNLO cross-seacfior the singly charged Higgs pro-
duction via VBF at the LHC. We show the MSTW 2008 [19] 68% (Blube ABKM 2009 [20] (red) and
the JR 2009 [21] (green) sets, normalized to the crosseseobitained with the best fit PDF from MSTW.
(b): Same as (a) for a doubly charged Higgs.

ties, because the error bands from different sets do notapver a wide range of Higgs masses.
The deviations from the center of the PDF "envelope* are aiudb-3% and+5% for the singly
and the doubly carged Higgs boson respectively.

5. Conclusions

We extended the computation done in [11] to the case of cHatiggs bosons. We computed
the radiative QCD corrections to the total cross-sectioohafged VBF up to NNLO, showing the
quality of the perturbative series convergence and thectemuof the theoretical uncertainities.
The details of the computation will be soon presented in.[22Je total cross-sections for neutral
(SM) and charged Higgses can be computed up to NNLO in QCyukiweb interface [23] for
our code.
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