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1. Introduction

In the last years a large amount of experimental data have been accumnlhsgironic col-
lisions at the Tevatron and more precise data are becoming available thahksi.idC. To fully
exploit the discovery power of these data, it is important to have a precesel&dge of the corre-
sponding theoretical cross sections and distributions. In particular tiusres the computation of
higher-order QCD corrections.

One of the most significant process at hadron colliders is the produdtiepton pairs via
vector bosons i.e. the Drell-Yan mechanism [1] . This process is importaimstance, to measure
the electroweak parameters (as the electroweak mixing angle aWi thass and width), to fit
the parton distribution functions (PDFs) and to estimate the backgrounéyfals from physics
beyond the Standard Model (SM). The QCD corrections for the Drallpfacess are known up to
NNLO for the total cross section [2] and for the rapidity distribution [3] & tkector boson. Two
independent fully exclusive numerical calculations are available [£I8ktroweak corrections at
order?'(a) have also been computed [6, 7].

The most recent analysis at the Tevatron and the LHC have excludeést@C the SM
Higgs boson for all masses except the large mass regign; 600 GeV, and the low mass range
1155 <my < 127 GeV [8, 9, 10]. For low masses, an important Higgs production méohas
the associated Higd#t/Z production (with the vector boson decaying leptonically and the Higgs
in abb pair). At the Tevatron this is the main search channel, while at the LHC iesepts an
important alternative to the dominant gluon fusion mechanism. The next-toweardier (NLO)
and the bulk of the NNLO QCD corrections for this process are the sames# tif the Drell-Yan
process [11]. The non-DY-like NNLO corrections for the total crosstisn were calculated in
Refs. [11, 12, 13] and turn out to be (foyy ~ 120) at the level of about 1% for th#H production
and at the level of about 5% for tt#H production (where, contrary to th#H case, some large
luminosity gluon-gluon induced terms are present). Electroweak correcttanrder’(a) are also
known [14].

2. Vector boson production

We briefly describe the NNLO QCD computation for the Drell-Yan procedRedf [5]. This
calculation was performed using thge-subtraction formalism introduced in Ref. [15]. The method
is valid for the hadroproduction of colourless high-mass system and ilkasbeen applied for
Higgs production [15, 16] and direct diphoton production [17].

Within thegr-subtraction formalism the NNLO fully differential cross section is schemigitica
written as

Ftjet
dofinio = HinLo ® doto + dGNE_(J)eS_dUIEI:EO] ; (2.1)

wheredg/, is the Born cross sectiodcf(F,\f)rlj_eotS is the cross section for the production of the system
F plus jets at NLO [18] andja,‘\}zo is an universal subtraction counter-term which cancels the
remaining NNLO singularities afr = 0. This counter-term is obtained from the resummation
program of logarithmically-enhanced contributionsggodistributions [19]. Finally &y, o is a

process-dependent coefficient function necessary to repréldec®rrect normalization [20].
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Our fully differential NNLO calculation for vector boson production inahsdinite-width ef-
fects, they — Z interference and the leptonic decay of the vector boson with the conésgp
spin correlations. The computation is encoded in the parton-level Monte @anerical program
DYNNLO[21], which allows the user to compute distributions in the form of bin histogi@misto
apply arbitrary (though infrared safe) kinematical cuts on the final-stpterie and the associated
jet activity.

For illustrative purpose we compute the NNLO lepton charge asymmetryWéndecays at
the LHC [22], which is defined in term of the charged leptbF) (pseudorapidity ) distribution
da(1%)/dn, as
Any) = do(I*)/dn — do(17)/dn ‘

do(I*)/dm + do(l-)/dn

We consider the electron and muon charge asymmetry with the kinematical qliedapy
the ATLAS Collaboration [23]. The events are required to have a missinguesase momentum
pY > 25 GeV and a transverse mads > 40 GeV. The charged lepton transverse momentum must
be pl > 20. In Fig. 1 we report the ATLAS data and we show the NNLO results usiNgO
parton densities from the MSTW2008 [24] and NNPDF [25] Collaborat{arith 3-loopsas) and
fixing the renormalization and factorization scales to the vaiye- Ur = my. The errors on the
histograms correspond to an estimate of the numerical errors in the Mortei@agration. We
see that the LHC data are already sufficiently accurate to distinguish ariftargrt PDFs sets.
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Figure 1. Lepton charge asymmetry in NNLO QCD compared to ATLAS data [ 23].

3. Associated W-Higgs production

We now consider the associat@Higgs production in hadronic collisions. The NLO and the
bulk of the NNLO QCD corrections for this process have the same structtinese for the vector
boson production (with the Higgs boson radiated by the vector bosorg. r@haining NNLO
contributions are mediated by a heavy-quark (mainly top) loop. Theseatimms were recently
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computed for the total cross section in Ref. [12]: their effect over the.®Nross section for
my ~ 120 GeV is at the level of about 1% for the LHC and less than 1% for thatiiav.

Starting from the NNLO QCD calculation for the DY process [5], we welle &locompute the
DY-like NNLO corrections for the associat¥dH production which were encoded in an extended
version of the numerical prograYNNLO [26]. We included finite-width effects, the leptonic
decay of th@V boson, with its spin correlations, and the decay of the Higgs boson bitgair.

We now present a selection of numerical results. We consider a SM Haggslwith mass
my = 120 GeV and width 'y = 3.47 MeV [27]. TheH — deecay is computed at tree level in
the massless approximation and Hieb Yukawa coupling is normalized such tBR(H — bB) =
0.649 [27]. We use the MSTW2008 [24] sets of PDFs at the correspgmdirturbative order (LO,
NLO and NNLO with 1, 2 and 3-loopgs) and we fix the renormalization and factorization scales
to the valueur = U = my +my.

We start by considering/H production at the LHC a{/s= 7 TeV and we use the following
cuts (see Ref. [28]). We require the charged lepton to have trassrementunp; > 30 GeV
and pseudorapidityy | < 2.4. Jets are reconstructed with thati-kr algorithm withR = 0.5 [29].

We require exactly twd-jets with pr > 20 GeV andn,| < 2.4. Finally there should not be other
jets with pr > 20 GeV andn| < 2.5. In Fig. 2 we show the transverse-momentum spectrum of
the Higgs at NLO and NNLO, with and without the jet veto condition. We seaewhan a veto on
additional jets is applied, the impact of the QCD corrections is more sizable astathility of the
fixed-order calculation is challenged [26].

8O T T T

[ No JET VETO
25—

my=120 GeV pup=up=my+my
pdf=MSTW2008 anti-k, (R=0.5)

CUTs
In'|<2.4, ph > 30 GeV

2 b—jet with |n’|<2.5 and p} >20 GeV

0
)

1111}1111}1111

JET VETO 1
no other jets with '] <2.5 and p} > 20 GeV _|

o (fb/bin)
o

(=
o
\\\‘\\\
1111}111

05— —— NNLO

11

L pp>W*H+X-lvbb +X  Vs=7 TeV

0.0 . P i
50 100 150 200 250 300

pr (GeV)

Figure2: Transverse-momentum spectrum of the Higgs boson for pp —W™H +X — | vbb+ X at the LHC
at \/s= 7 TeV, with (red histograms) and without (blue histograms) the jet veto condition at NLO (dashes)
and NNLO (solid).

We now turn to considé/H production at the Tevatromp collisions at,/s= 1.96 TeV). We
use the following selection cuts (see e.g. Ref. [30]). We require thgetdepton to have trans-
verse momentur'p'T > 20 GeV and pseudorapidity | < 2, and the missing transverse momentum

1in the case of the associat@dHiggs production, there is a set of NNLO contribution, induced by gluams
mediated by heavy-quark loops, which have a sizable contribution aptHeel [11, 13].
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of the event to fulfilpf'ss > 20 GeV. Jets are reconstructed with Kealgorithm withR = 0.4 [31].
We require exactly two jets witpy > 20 GeV andn| < 2, and at least one of them has to be a
jet, with |n| < 1.

In Fig. 3 we show the transverse-momentum spectrum of the dijet syste@,a¥lLO and
NNLO. The lower panel of the figure shows the ratio NNLO/NLO. We see tthe shape of the
spectrum is rather stable, when going from NLO to NNLO, within the statistice¢dainties of
the Monte Carlo numerical integration, showing a very good stability of theigetive expansion.
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Figure3: Transverse-momentum spectrum of the dijet systemfor pp—WH +X — | vbb+ X at the Tevatron
at LO (dots), NLO (dashes) and NNLO (solid).

4. Conclusions

We have illustrated two calculations of the NNLO QCD corrections for veatsph produc-
tion and forWH production in hadronic collisions. Both calculations are implemented in parton
level Monte Carlo programs that allow the user to apply arbitrary kinematigal @an the final
state leptons and on the accompanying jet activity. We have shown resulke ftepton charge
asymmetry in NNLO QCD taking into account the lepton kinematical cuts that gleedby the
ATLAS Collaboration at the LHC.

For the associated/H production, we have studied the impact of the NNLO QCD corrections
for two typical distribution at the Tevatron and the LHC. At the Tevatronp#rturbative expansion
appears under good control. At the LHC, by following the selection styadédCMS, we have
found that when a veto on additional jets is applied, the impact of QCD d¢mnsds more sizable.
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