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Weak boson scattering processes provide particularly jginognmeans for gaining insight into
the mechanism of electroweak symmetry breaking at hadrtidexs. Being very sensitive to
interactions in the weak gauge boson sector, they will leetfidtinguish the Standard Model from
various new physics scenarios such as extra-dimensiogaiskdiss models. To unambiguously
identify signatures of new physics, precise predictiomefgperimentally accessible observables
within realistic selection cuts are crucial, including téx-leading order QCD corrections. Here,
we review how flexible Monte-Carlo methods can be employegfecision analyses of weak
boson scattering reactions within the Standard Model agdrimk
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1. Introduction

Weak boson fusion (WBF) processes have been identified agiaupaly promising class
of reactions for gaining insight into the mechanism of etmgtak symmetry breaking. Higgs
production via WBF is considered as possible discovery niodthe iso-scalar, scalar resonance
predicted by the Standard Model (SM). Once a SM-like Higgsolbohas been found, WBF pro-
cesses will help to determine its spin and CP properties arabsore its couplings to gauge bosons
and fermions. In many physics scenarios beyond the SM,releeak symmetry breaking is re-
alized by new interactions in the weak sector. Bulk-gaugdthedimensional Randall-Sundrum
models [1] feature, for instance, infinite towers of new massector resonances, referred to as
“Kaluza-Klein excitations”. As shown in [2, 3], one can agiat models that implement elec-
troweak symmetry breaking by appropriately chosen camuition the boundaries of the static
finite-sized Randall-Sundrum background for the gauge diellhereby any scalar is removed
from the theory’s spectrum, giving rise to an effective “gitess model” in four dimensions. In
WBF processes the signatures of such non-SM like scenanmgd be pronounced and well-
observable [4, 5], as a priori large background processebesamed efficiently by the application
of dedicated selection criteria.

In order to unambiguously distinguish various signatufesw physics from the SM scenario,
a precise, quantitative understanding of weak boson sigfteeactions is essential, requiring the
computation of next-to-leading order (NLO) QCD correcicio electrowealk/V jj production
(V denotes aV* or aZ boson). Experimentally, very clean signatures are exgdefrtam the
leptonic decay modes of the weak gauge bosons. Being impleahén a flexible parton-level
Monte-Carlo program, the kinematic features of this clgds®actions can be explored, allowing
for the design of selection criteria that help to distingutke WBF signal from various QCD
backgrounds.

In this contribution, we will review the NLO-QCD calculatie that have been performed for
weak boson scattering processes within the SM [6] and ageptative model of new physics [7],
taking leptonic decay correlations fully into account. &tk case, NLO-QCD corrections to total
cross sections are at the few-percent level and residuld soaertainties of the NLO results are
small. However, the shapes of some distributions changeaaditty when going from LO to NLO.
The application of dedicated selection cuts should allavife separation of the WBF signal from
various backgrounds [5].

2. Outline of the Calculation

WBF production of a 4 leptons 2 jets final state impp collisions mainly proceeds via the
scattering of two (anti-)quarks kychannel exchange of a weak boson with subsequent emission
of two vector bosons, which in turn decay leptonically. Nesenant diagrams, where leptons are
produced via weak interactions in thehannel also have to be considered. Various interference
effects and same-flavor annihilation contributions ardigide in the phase-space regions where
WBF can be observed experimentally and therefore entiiiehegarded (see, e.g., [8] for explicit
predictions for these contributions in the WBHj mode). The calculation of the relevant tree-
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level matrix elements is straightforward and can be accistmgdl numerically with the amplitude
techniques of Refs. [9].

At NLO, real-emission and virtual corrections to the Bornpditade arise. Infrared singular-
ities emerging in intermediate steps of the calculationrageilarized ind = 4 — 2¢ dimensions
and handled with the dipole subtraction formalism of Re@][1The real-emission contributions
are obtained by attaching an extra gluon to the tree-le\agrdims in all possible ways, giving
rise to (anti-)quark initiated subprocesses with an aoldfiti gluon in the final states as well as
contributions with a gluon in the initial state.

The virtual corrections comprise the interference of aepl diagrams with the Born am-
plitude. Due to the color-singlet nature of thehannel weak boson exchange, only self-energy,
triangle-, box-, and pentagon corrections to either theeuppthe lower quark line have to be con-
sidered. The singularities of these contributions assetiaith infrared-divergent configurations
are calculated analytically and canceled by respectivespol the integrated counter-terms of the
dipole subtraction approach. The finite terms are evaluatederically by the tensor reduction
procedures of Refs. [11]. For details of the calculatioe, kader is referred to Refs. [6, 7].

3. Resaults

The cross-section contributions discussed above for thieusaproduction modes have been
implemented in a flexible parton-level Monte-Carlo progranich allows the user to compute
cross sections and kinematical distributions within the &hd a Warped Higgsless model for
experimentally feasible selection cuts [12]. Here, a fepr@sentative results for WBE "W jj
andW*Zjj production are shown.

We use the CTEQ6M parton distributions witlg(mz) = 0.118 at NLO and the CTEQ6L1
set at LO. We choseny = 80.423 GeV,m; = 91188 GeV, andGg = 1.166x 107>/ Ge\? as
electroweak input parameters. Therem$ep and sirf By are computed via LO electroweak rela-
tions. Jets are reconstructed from final-state partonseikrtalgorithm with resolution parameter
D = 0.7. Contributions from externdd- andt-quarks are neglected and fermion masses are set to
zero throughout. If not stated otherwise, we consjecollisions at a center-of-mass (c.m.s.) en-
ergy ofv/S= 14 TeV. In order to clearly separate the WBF signal from uasiQCD backgrounds,
the following selection cuts are imposed: We require attlees hard jets with

pr; >20GeV, |yj| <45, (3.1)

where pr; denotes the transverse component gnthe rapidity of the (massive) jet momentum
which is reconstructed as the four-vector sum of masslassrzaof pseudo-rapidityn| < 5. The
two reconstructed jets of highest transverse momentunefeged to as “tagging jets”. We impose
a large rapidity separation between the two tagging jets,

Ay = Y, —Yi.| > 4, (3.2)
and require that they be located in opposite hemispherdgeafdtector,

Yis X¥j, <0, (33)
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Figure 1. Transverse momentum distribution of the tagging jet with tighestpr in pp— e veu™ vy jj

via WBF at LO (dashed lines) and NLO (solid lines) at the LHE tiwo different choices ofiy [panels
(a) and (b)] at LO (dashed) and NLO (solid). The correspogédirfactors are displayed fqug = my in

panel (c) and fopp = Q in panel (d).

with an invariant mass

Mj; > 600 GeV. (3.4)

For the charged leptons we request
pr, >20GeV, |y <25, (3.5)
ARj;>04, ARy >01, (3.6)

whereAR;, andAR,, denote the jet-lepton and lepton-lepton separation inapédity-azimuthal
angle plane. In addition, the charged leptons are requaddllitbetween the two tagging jets in
rapidity,

Yi,min < Ye¢ <Yj max- (3-7)

In order to estimate the impact of NLO-QCD corrections oriows kinematic distributions,
we define the dynamic# factor as

. dO'NLo/dX

K = Soroyax

(3.8)

Figure 1 shows the transverse momentum distributions ofabging jet with the highespy in
pp— etveutvyjj via WBF together with theiK factors for different choices of the factorization
and renormalization scalegy andug, which are taken as multiples of the scale paramgger

e =¢&Ho, HrR= & Ho- (3.9)
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Figure 2: Transverse momentum distribution of the tagging jet with ighestpr in pp— e vep™ vy jj
via WBF at LO (dashed lines) and NLO (solid lines) at the LHEtfoee different center-of-mass energies.

Results are shown fqug = my and Lip = Q, whereQ denotes the momentum transfer between an
incoming and an outgoing parton along a fermion line. Fohlsettings, we vary the scales in the
rangepo/2 to 2ug. While the LO results are rather sensitivepio, the NLO curves barely depend
on the scale choice in the considered rangé&.dh particular forpy = my, the shape ofio/d ptT""f’
changes noticeably when going from LO to NLO, as illustradbgdhe correspondingl factors.
Choosingur = ur = Q thus seems to be more suitable than= ur = my, should LO results
be used to approximate jet distributions in WBF reactiongyufe 2 illustrates, howdo/d dﬁf’
changes, when the c.m.s. energy is varied in the rangéSof 7 TeV to 14 TeV forur = g = Q.

In Fig. 3 we show the transverse cluster mass of the decagraystem impp— e Ve "= jj
together with the differentidk factor in a representative Warped Higgsless scenario. AisM,
NLO-QCD corrections are small, but give rise to noticealbiape distortions.

4. Summary and Conclusions

In this contribution, we have reviewed NLO-QCD calculasdor weak boson scattering pro-
cesses at the LHC within the SM and representative modelsvophysics. NLO-QCD corrections
to total cross sections within WBF-specific selection cuesraoderate for all production modes.
However, the shape of some distributions can change stiaditabeyond LO, in particular if a
fixed factorization scale is used.
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Figure 3: LO (black dashed line) and NLO (red solid line) distributiohthe transverse cluster mass of
theW*Z system in a Warped Higgsless scenario (left) and diffeagKtifactor (right). Scales are set to

HR = HF = Q.
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