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Abstract. | briefly review the status of theoretical predictions foe thclusive produc-
tion of a Standard Model Higgs boson at hadron colliders.drtigular, | focus on the
main production channels: gluon-gluon fusion, vector Inokwion and associated pro-
duction with a vector boson.

1 Introduction

The search for the Higgs boson and, more generally, the stasteting of the origin of electroweak
symmetry breaking is one of the major physics goals of ctuitngyh-energy colliders. The Fermilab
Tevatron has been shut down in september 2011 having cadlewbre than 10 ft} of data. Combined
results with up to 8.6 fb' integrated luminosity already excluded a Standard Modd) (Siggs boson

in the mass range 156 my < 177 GeV [1]: the final results of the CDF and DO experiments are
expected in 2012. The CERN LHC, after a successful stagpé€ollisions in 2009 and 2010, has
been operated at a centre-of-mass energy of 7 TeV in 2011daadcorresponding to an integrated
luminosity of 5.7 fio! have been accumulated. These data already allowed the AT2)Hd CMS

[3] experiments to shrink the allowed mass range for the Sibslboson considerably by essentially
excluding the Higgs bosons in the rar@E.30 GeV)< my < O(600 GeV), while observing an excess
of Higgs boson candidate events aroungl = 125 GeV. More data from the 2012 run are needed to
say whether this is a real Higgs signal or just a statisticatdlation.

In this contribution | review the current status of thearatpredictions for Higgs boson production
at hadron colliders within the SM. | will focus on the maingkrproduction channels: gluon—gluon
fusion through a heavy quark loop (Sec. 2), vector bosorfuésec. 3), and associated production
with a vector boson (Sec. 4).

2 Gluon fusion

Gluon—gluon fusion through a heavy-quark loop [4] is themmaioduction channel of the SM Higgs
boson at hadron colliders. At the LHC (see Fig. 1) #lge— H cross section is typically at least one
order of magnitude larger than the cross section in the athemnels for a wide range of Higgs boson
masses. The main contribution comes from the top loop, diie large Yukawa coupling to the Higgs
boson. The QCD radiative corrections to this process haee bemputed at next-to-leading order
(NLO) both in the largew limit [6] and by keeping the exact dependence on the massdsedbp

and bottom quarks [7-9]. The impact of NLO correction is viemge, of the order of 80-100% at
the LHC, thus casting doubts on the reliability of the pdrative expansion. The NNLO corrections
have been computed in the largedimit [L0-12] and further increase the cross section at thkCL

by about 25%. Since the completion of the NNLO calculatidre, theoretical prediction has been
improved in many respect. The logarithmically enhancedrgautions due to multiple soft emissions
have been resummed up to next-to-next-to-leading logarittaccuracy (NNLL) and the result has
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been consistently matched to the fixed order NNLO result.[$8ft gluon resummation leads to an
increase of the cross section of about 9% at the LRG € 7 TeV) and to a slight reduction of scale
uncertainties. Such result [13] has been used as referbroeetical prediction for few years. The
guantitative impact of soft-gluon resummation is nicelyfianed by the computation of soft terms at
N3LO [14] (see also [15-18]).

Considerable work has been done also for the computatioWbfcBrrections. Two-loop EW
effects are now known [19-23] and theiffext strongly depends on the Higgs mass, ranging from
+5% formy = 120 GeV to-2% formy = 300 GeV [23]. Mixed QCD-EW ffects have been studied
in Ref. [24]. EW corrections from real radiation have beerditd in Ref. [25,26]: bothféects are at
the 1% level or smaller.

Quite an amount of work has been devoted to estimate the tana#s of the production cross
section. The accuracy of the largg-approximation has been studied by computing subleadingster
in the largem limit [27-32]. Such works have shown that the approximatianks remarkably well,
to better than 1% fomy < 300 GeV. It is fair to say that this was really a decisive stepaving the
theoretical prediction for theg — H cross section under good control. In the case of a light Higgs
boson produced at the LHC the total theoretical uncertéasmyabout:15—20%. We refer the reader
to the discussion in Ref. [5] for more details.

Various updated calculations on thg — H cross section have been presented in the last few
years, and we discuss them in turn. The calculation predémteef. [24] and refined in Ref. [5] starts
from the exact NLO QCD calculation (including the dependenic the masses of the top and bottom
guarks) and adds the NNLO corrections in the langdimit, and the EW corrections [23] assuming
complete factorization. Mixed QCD-EWftects are evaluated in affective field theory approach. It
also includes some (small) EWFects from real radiation [25]. Thefect of soft-gluon resummation
is mimicked by choosingr = ugr = my/2 as central values for factorization and renormalization
scales.

The calculation of Ref. [33], refined in Ref. [5], starts frdhe exact NLO cross section and in-
cludes soft-gluon resummation up to NLL. Then, the top-guamntribution is considered and the
NNLL +NNLO corrections [13] are consistently added in the langdimit. The result is finally cor-
rected for EW contributions [23] in the complete factoriaatscheme. The results of this calculation
are available through an online calculator [34] and are asetference by the CDF and DO collabo-
rations at the Tevatron.

The above two calculations show a good agreement over a aidgerof Higgs boson masses [5].
At the LHC, the reference cross section recommended by tlg Hlggs cross section WG is obtained
as a combination of the results of the above independentlatilens [5].

Other updated calculations have appeared in the literateefirst discuss the calculation of
Refs. [35,36]. As far as the central value is concerned sadtulation does not add much to the
ones mentioned before. However, the work of Refs. [35, 363@nted the first extensive, though ex-
tremely conservative, estimate of the various sourcesamfreitical uncertaintiest@cting theyg — H
cross section. According to Ref. [36], the total uncertamt thegg — H cross section for a light
Higgs boson at the LHC+s = 7 TeV) is about25%.

An independent computation of the inclusiy¢ — H cross section was presented in Ref. [37].
Such calculation is based on the NNLO result obtained inargeh limit (the known dependence on
top and bottom quark masses up to NLO is not taken into acarortected with EW fects [23] and
includes the all-order resummation of soft-gluon conttitous according to the formalism presented
in Ref. [38], with a resummation of the so-calleg?“terms”. This calculation leads to QCD scale
uncertainties of about a factor of three smaller than thewtations discussed above, and, most likely,
not trustable as true perturbative uncertainties.

Recently, a new calculation, implemented in the numericagmmiHixs has been presented
[39]. Such calculation includes essentially the same pleative contributions of the one of Refs. [24,
5] (the additional diagrams considered here give a veryIssffalct). The new important features of
iHixs are essentially two. First, it includes finite widtifexts, allowing the study the Higgs boson
lineshape, which is essential in the searches of a heavysHtiggon (see also Ref. [40]). Then, it also
extends the calculation to models with anomalous Yukawaetertroweak couplings.
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Fig. 1. Higgs production cross sections at the LHC fgs = 7 TeV (from Ref. [5]).

3 Vector boson fusion

The production of the SM Higgs boson in association with tardhjets with a large rapidity interval in
between, denoted “vector-boson fusion” (VBF) is an esaéptbcess for the Higgs boson searches at
the LHC. Higgs-boson production in the VBF channel playswapdrtant role also in the determination
of Higgs boson couplings.

The production of a Higgs bosan?2 jets receives two contributions at hadron colliders. Trs fi
is the genuine VBF process, in which the Higgs boson is radidt a vector boson that couples two
qguark lines. The hard jets have a strong tendence to be dnnittidne forward and backward direc-
tions. The second contribution is Higgs2 jets production through gluon fusion, which represents a
background if a measurement of the HWW and HZZ coupling isimiered, and interferes with VBF
starting from()(ag). As a consequence, the genuine VBF process is not comptiéhed.

The NLO QCD corrections to the total VBF rate were computetdesdéime ago in the so called
structure function approach [42]. More recently, th@adential cross section at NLO accuracy in QCD
has become available [43]. QCD corrections turn out to béetdvel of about 5-10%. In Ref. [44,
41] combined EW and QCD corrections to VBF have been companedmplemented in a flexible
parton level event generator. The impact of EW correctiggsificantly depends on the Higgs boson
mass and for a not too heavy Higgs boson is negative and tencismipensate the positivefect
of QCD corrections. Other refinements of the vector bosoiofusross section include interference
contributions with gluon fusion [45-47] and gluon induceds [48]. These contributions are well
below the percent level.

Approximate NNLO QCD corrections to the total inclusive gscsection have been presented
in Ref. [49,50]. The impact of these corrections is extrgnsehall but they further reduce the scale
uncertainty down to about2%. The neglected NNLO diagrams are expected to be both ptriaaily
and kinematically suppressed.

In summary, the VBF channel is under very good theoreticatrod, since the theoretical predic-
tions have already a precision comparable to the accuraalfitth the process itself can be defined in
perturbation theory.

! VBF interferes already at LO with the associated produatiith a vector bosonpp — HV — Hjj, but the
effect is at the per mille level [41].
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4 Associated production with a vector boson

The production of a Higgs boson in association with a vect@monV = W=, Z is the third important
channel at the LHC, as far as the inclusive cross sectionrniseraed (see Fig. 1). It is also the most
important search channel in the low mass region at the T@avatrhere the leptonic decay of the vector
boson provides the necessary background rejection. At H€ this channel was considered less
promising, due to the large backgrounds. In recent yeasssti@nnel was resurrected by the suggestion
[51]to look at events where both the Higgs boson and the veoison have large transverse momenta.
In such a kinematical region the statistical significancexizected to improve considerably. Needless
to say, this channel would provide unique information ontWW andHZZ couplings.

Up to NLO in QCD perturbation theory the process can be seBmeds Yan production of a vector
boson that eventually radiates a Higgs boson. As such, tHe trections up to NLO are identical
to those of Drell-Yan [52]. EW corrections are known and thgjically decrease the cross section by
about 5- 10% [53]. At NNLO QCD corrections are still essentially givey those of Drell-Yan [54]
and they increase the cross section by abet8% at the LHC, and by about 10% at the Tevatron [55].
There are, however, additional NNLO diagrams where the $ilggson is produced through a heavy
quark loop that have to be considered. These diagrams haverbeently evaluated in Ref. [56]. At
the Tevatron, theirféect toWH production is below 1% in the relevant Higgs mass range,afiit
ZH production, the ffect is at the 2% level. At the LHC, the contribution of these terms is tygig
of the order of 1- 3%. In the case afH production, since the final state is electrically neuttatre
are additional gluon initiated diagrams that have to beuatald at NNLO [55]. Their inclusion is
particularly relevant at the LHC, where thffext ranges from 2% to 6%. Updated predictions for the
inclusiveWH andZH cross sections, including théect of the additional top-mediated diagrams, are
presented in Ref. [56].

5 Summary

In this contribution | have concisely reviewed the curreatiss of inclusive Higgs production cross
sections at the Tevatron and the LHC within the SM, by foagisin the main three channels: gluon
fusion, vector boson fusion and associated production avitector boson. | stress that considerable
progress has been achieved on the theoretical side alse tutly ofdifferential and, more generally,
fully differential Higgs production cross sections. More details can be fonfigi].
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