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1. Introduction

The discovery of the Standard Model (SM) Higgs boson, or its equivatetheories beyond
the Standard Model, is one of the main goals of the experimental prograigiheéhergy colliders.
At the LHC the Higgs boson can be discovered over the full mass rangemyp ~ 1 TeV within
a few years of running. At the Tevatron, the CDF and DO experimentsavesensitive to a Higgs
signal atmy ~ 165 GeV [1].

The dominant mechanism for SM Higgs boson production at hadron callisigiuon-gluon
fusion, through a heavy-quark (mainly, top-quark) loop. The dynaofittsis process is controlled
by strong interactions, and thus studies of the effect of QCD radiativect®mns are necessary to
obtain accurate theoretical predictions.

In QCD perturbation theory the leading order (LO) contribution toghe~ H cross section
is proportional toa3, as being the QCD coupling. The QCD corrections have been computed at
next-to-leading order (NLO) [2, 3] in the heavy-top limit, and with full degence on the masses
of the top and bottom quarks [3]. Next-to-next-to-leading order (NNc@yections have been
obtained in the heavy-top limit [4]. These QCD corrections, which are ddednay radiation of
soft and virtual gluons [5], lead to a substantial increase of the LAtreBoe QCD computation
up to NNLO has been consistently improved by adding the resummation oflsoft-pgarithmic
contributions, up to next-to-next-to-leading logarithmic (NNLL) accuray [

Recent years have also seen a substantial progress in the computa#idiative corrections
to more exclusive observables [7, 8, 9, 10]. In particular, in the chsiggs boson production,
two independent fully exclusive NNLO computations are now available][8, 9

This contribution is divided in two parts. In the first part we discuss aratgtbr the total
cross section [11], and review the corresponding uncertainties. Iseb@end part we consider
the fully exclusive NNLO calculation, and report on a study [12] of the iotjmd QCD radiative
corrections on the Higgs boson search at the Tevatron.

2. Total cross section

In this Section we present an update [11] of the NNLL+NNLO computationedf f§]. The
results are obtained using the MSTW2008 NNLO partons [13]. We finssider the top-quark
contribution in the loop, and perform the calculation up NNLL+NNLO in the éarg limit. The
result is rescaled by the exatt dependent Born cross section: recent work has definitely shown
that this procedure provides an excellent approximation (to better thami&f<S 300 GeV) of
the exact top-quark contribution [14]. We then consider the bottom-quanicibution. Since in
this case the effective theory approach is not applicable, we follow [RBf.and we include this
contribution up to NLO only [3]. Finally, we correct the result by including W effects [16] as
evaluated in Ref. [17]. Our central predictiom®¢s) are obtained by setting the factorizatiqn: |
and renormalizationiR) scales equal to the Higgs boson mass. Our results for the Tevatron and
the LHC (,/s= 14 TeV) are presented in Tables 1 and 2, respectively. Comparing fwrexious
predictions (see Tables 1 and 2 of Ref. [6]), the cross sections elséggjficantly. At the Tevatron
the effect ranges from-9% formy = 115 GeV to—9% formy = 200 GeV. At the LHC the effect
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goes from+30% formy = 115 GeV to+9% for my = 300 GeV, the increase being mainly due to
the new MSTW2008 PDFs.

The calculation discussed above is now available through an online cafcdl@jpthat can
be used to reproduce the results of Tables 1 and 2 or to repeat the taicida different Higgs
boson masses and/or collider energies.

Our results for the Tevatron can be compared to those presented irlBebljtained using the
same set of PDFs. This computation includes an estimate of mixed QCD-EW atintid The
main difference with our work arises in the calculation of the top-quark iriton to the cross
section. In Ref. [15] the latter contribution is computed up to NNLO but cimogg- = pur=my /2,
as an attempt to mimic the effects of soft-gluon resummation beyond NNLO. Tddenfimerical
differences at the Tevatron turn out to be small and of the order of gpéevmnille at the lowest
masses, increasing to52 atmy = 200 GeV.

The NNLL+NNLO calculation discussed above could be improved in vaniesgects. Log-
arithmically enhanced terms beyond NNLL from the Sudakov exponerg baen evaluated in
Ref. [19, 20]. Their effect, when combined with a fulfND calculation, can lead to a reduction of
scale uncertainties to about 5% [19]. The exact smakhavior of the NNLO coefficient function
is also known [21, 22] and could be included. The numerical effectowelier, smaller than 1%
for a light Higgs. By contrast, the uncertainty that affects the Higgs mtiolucross section is still
large. The uncertainty basically has two origins: the one coming from themarcross sections,
and the one arising from our limited knowledge of the PDFs.

Uncalculated higher-order QCD radiative corrections are the most inmaarce of uncer-
tainty on the partonic cross section, and are estimated through scale varidkioe scale uncer-
tainty of our results (see Tables 1 and 2) is abho8t- 10% at the Tevatron and ranges from about
+10% (M = 110 GeV) to about-7% (my = 300 GeV) at the LHC. We note that the effect of scale
variations in our resummed calculation is considerably reduced with retspiet corresponding
NNLO result. The reduction is more sizeable at the Tevatron, where thereation effect is more
important.

The other important source of uncertainty in the cross section is the onegd&mm PDFs.
The MSTW2008 NNLO set provides 40 different grids that allow us tduata the experimental
uncertainties. The outcoming uncertainties (at 90% CL) are reported iasTaband 2. At the
Tevatron the effect ranges frof6% (my = 115 GeV) to about=10% (my = 200 GeV), while at
the LHC it is about:-3% in the mass range we have considered.

A related and important uncertainty is the one coming from the value of the QQpling.
Higgs production through gluon fusion startgata3) and thus this uncertainty is expected to have
a relevant role. Recently the MSTW collaboration has studied the combifext ef PDF+ers
uncertainties [23]. We find that at the LHC the PDistuncertainty is about 7% at 90 % CL
(my < 300 GeV), whereas at the Tevatron it ranges from 7 to 18 € 200). In particular, for
my = 165 GeV, we get at the Tevatrames= 0.389 ph 32%(scalg *132%(as -+ PDF@90%C).

We finally point out that, besides MSTW, we have at present only two NGO parton
analyses: ABKMO09 [24] and JRO9VFNNLO [25]. A comparison of theatcal values of the
cross section shows that at the LHC ABKMO09 (JRO9VFNNLO) result isliemthan MSTW
by about 7% (11%) fomy = 115 GeV and by 11% (8%) famy = 300 GeV. At the Tevatron
ABKMO09 (JRO9VFNNLO) result is smaller than MSTW by about 26% (2%)rfg; = 165 GeV.
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my | oPest| Scalel PDF my | oPest| Scalel PDF my | oPest| Scalel PDF
1001.861| 73174 o101 |135/0.764) Tood3 Tooss  |170/0.349) 15037 0030
105/1.618| *0135| "ooe;  |140/0.682/70058| *00de | 175]0.314) 15554 10030
1101.413| 10137\ "oogs  |145/0.611) 700351 *0035 | 180] 0.283 TG0 1003
115/1.240| 10175\ *0o7s  [150/0.548| 100371 10032 | 185|0.255) 100151 10033
120/1.093 *056¢ | *00ss  |155(0.492 T35 1003 |190|0.231) TG 005
125/0.967| “30gs| To0gs | 1600439 Too3s oozs  |195/0.210) Toors| To0z0
130|0.858| *0073| “ooss | 165/0.389| “0od0| To032  |200]0.192 TG54 001

Table 1: Cross sections (in pb) at the Tevatron (ur = pr = my) with /s= 1.96 TeV using
the MSTW2008 [ 13] parton densities.

my | oPest| Scale PDF my | oPest| Scale PDF my | oPest| Scale PDF
100|74.58| £7-18 | +186 170|28.46| t222| +065 240|15.10| t193 | +0.37
110/63.29| 287 | +154 180|25.32| +192|+058 250(14.19| 1935 | +0.3¢
120|54.48| 1488 | +1.30 190/ 2263 1188 | +052 2601341 7388|103
130/47.44) *435 | T3 20012052 g3\ Tosg | 270[1274) *oop | T3
1404170\ 7395 |*95 121011882 7137\ To5s | 2801217| *oig | 103
150/36.95 7357 | 109 122011738 7155|105 |290/1171) *O47 | 105
160/ 3259| *3% | 1047 23016.15| 1175|1358 30011.34) 1375 | “055

Table 2: Cross sections (in pb) at the LHC (ug = pr = my) with /s = 14 TeV using the
MSTW2008 [ 13] parton densities.



QCD effectsin Higgs boson production at hadron colliders Massimiliano Grazzini

Although these three NNLO sets are obtained through different apgpesathe large differences
in the corresponding results confirm that the uncertainty in the total Higghiption cross section
is still large and, at least at the Tevatron, dominated by PDFs.

3. QCD effectsin H — WW — |lvlv at the Tevatron

In the previous Section we have discussed in detail perturbative predidoo the fully in-
clusive Higgs production cross section. Total cross sections, hovarecideal quantities: experi-
ments have always a finite acceptance. To properly take into accourindradtical cuts applied
in the experimental analysi&jlly exclusive calculations are actually needed. LO calculations are in
this respect straightforward: one can compute the relevant matrix elemeintagrate it numer-
ically over the multiparton phase space. Beyond LO the QCD computation dexdfby infrared
singularities that prevent a straightforward implementation of numerical ifpobs

In particular, at NNLO, only few fully exclusive computations exist, due tirtBubstantial
conceptual and technical complications [7, 8, 9, 10]. For Higgs bosoduption through gluon
fusion, two fully independent computations exist that are implemented in aleailaimerical codes
[8, 9].

The CDF and DO collaborations at the Tevatron have recently reportechlication of their
results up to 5.4 fbl. According to this combination, a SM Higgs boson of masses between
163 and 166 GeV is excluded at 95% CL. In this mass region the signal is dt@diy the
H — WW — lvlv channel, which provides a small number of events over a huge bacidyrou
After a first cut-based selection, background processes remain dunaind processing of real
data and Monte-Carlo simulations with Artificial Neural Network (ANN) methfmdlows. Given
the sensitivity of the gluon fusion cross-section to higher order effgdétsimportant to establish
that the sophisticated methods used in the Tevatron analysis accountderetfects within the
estimated uncertainties.

In Ref.[12] we have performed a study of the inpact of cuts on the Higgsibsignal. We
assume a Higgs boson mang = 160 GeV and apply the following cuts. We consider the—
WW — ptu~vv channel and require at least one lepton with> 20 GeV andn| < 1.1. The
invariant mass of the charged leptons shouldle> 16 GeV. Leptons should be isolated: the total
transverse energy in a cone of radius R=0.4 should be smaller than 1ib#%leptonpy. Jets are
defined according to thle; algorithm withD = 0.4: a jet is required to havpr > 15 GeV and
In|<3.

We define the variable METas

* MET , Q>T1/2
MET" = 3.1
{MEszin(p,(p<n/2’ 3-1)

whereg is the angle in the transverse plane between the missing transverse dfiefgynd the
nearest charged lepton or jet. We require MET25 GeV, which suppresses the background from
Drell-Yan lepton pairs and removes contributions from mismeasured leptgatsoiTo suppress
thett background, we require at most one hadronic jet.

With the cuts discussed above the NLO K-factor is reduced from 2.41 toe2d he NNLO
K-factor is reduced from 3.31 to 2.59 (fpr = Lr = mMy). In order to study the stability of pertur-
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bative corrections in the presence of these cuts we have studied akée¢mfatical distributions
that can be computed with our NNLO programs. We consider the transversenta of the lead-
ing and trailing leptonpid, ps°f, the invariant mass of the charged leptom,, the azimuthal
separation of the charged leptons in the transverse plane and the missswgisa energy, MET.

A study of these distributions up to NNLO does not show significant instabildi&shave then
compared the results to the same distributions obtained with PYTHIA and MC@is€aled so
as to match the total NNLO cross section, without finding significant diffexen

An essential part of the experimental studies concerns distributionscoiidisation variables,
defined via ANNSs. In Ref. [12] we have studied for the first time an ANKpatdistribution up to
NNLO in perturbation theory, using as input variables the leptonic quantiéiéisedi above. The
results confirm the agreement discussed above.

Despite the agreement in the shape of the leptonic distributions, confirmed BNtk analy-
sis, a comparison of the acceptances show some discrepancy. Theaceebtained with HER-
WIG and MC@NLO is consistent with the acceptance from the NNLO calculaliiocontrast, we
find that the acceptance computed with PYTHIA is between 12% and 21% sthaliethe NNLO
acceptance, depending on the choice of the renormalization and fatitorigaeales. This result
is not significantly altered by hadronization and underlying event efleddsappears instead to be
related to the matrix element and parton shower implementation in PYTHIA itself.

4. Summary

We have presented updated predictions for Higgs boson productioe aetatron and the
LHC, and discussed their uncertainties. We have presented a studyimiphet of QCD radiative
corrections on the Higgs search in tHe— WW — lvlv channel at the Tevatron, based on the
NNLO calculations of Refs. [8, 9]. This study shows that these NNLQ@ms can provide an
essential help in the validation of the results from standard Monte Carl® g@grarators and in the
assessment of theoretical uncertainties.
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