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The study ofW andZ boson production in association with jets pp collisions at 14 TeV is
an important element of the physics program within ATLASe$& processes are not only inter-
esting in their own right as tests of perturbative quantumoetodynamics (QCD) at the LHC,
but also constitute important backgrounds for both Stashtiéodel and Beyond Standard Model
physics processes. In these proceedings the benefits aétibal motivations for the analysis
of W/Z+jets events are presented and the experimental challenigély reviewed.

Physics at LHC 2008
29 September - October 4, 2008
Solit, Croatia

*Speaker.
TPrepared the poster. Kristin Lohwasser (supported by DAg®}ented the poster and wrote these proceedings.

(© Copyright owned by the author(s) under the terms of the @e&ommons Attribution-NonCommercial-ShareAlike Licen http://pos.sissa.it/



QCD with Weak Bosons and Jets with ATLAS Guillaume Kirsch

2k ] ST Tt
R s mcfm NLO A ]
g F -x-_x_ B s f 4 mcfm NLO 1
=~ 10t i - S
g WE ‘:0:_‘_ ~+ Pythia 3 h10°E . 4 mefmLO 5
c E P | 0 E S E
5 r *, Alpgen ] g Alpgen
3 T, ] s L 1
o 10°F T = 10°¢
8 E AR S E F A 3
o F ey ] r
© [ Ty s s e, 1 10°E E
T e, E 3
10°E A SR - L ]
F o AR A = ATLAS Preliminary
[ ATLAS Preliminary ‘ \ i‘t 10°E E
TR Y T S AN ST S S NN A SRR A b v b v v b e b e I d
50 100 150 200 250 300 0 1 2 3 4. 5
Pt, leading jet (GeV) >N jets (PT(]et)>40 GeV)

Figure 1. The left plot shows a comparison of the leadingpetfor Z — uu+jets samples obtained using
ALPGEN, PYTHIA and NLO calculations from MCFM. On the righaind side a comparison for the pre-
dictions for jet multiplicities using ALPGEN and the NLO a®lvas LO MCFM calculation for two and
three additional parton legs is depicted fdf a» eetjets sample. For ALPGEN and PYTHIA the statistical
uncertainties are shown and for MCFM the systematic uniceiga from unfolding to the hadron level and
the PDFs are shown.

1. Theoretical motivations

The study oW andZ boson production in association with jets is a refinementofyeelec-
troweak measurements that will be undertaken with the ATld&&ctor. In order to predict these
processes one relies heavily on pertubative QCD to destirdobard scatter and radiative correc-
tions that represent additional parton legs to the bosodyatamn. AlsoW/Z+jets are expected to
be one of the dominant backgrounds to various physics beyen8tandard Model, making up to
10% of the background in searches using a signature withegterl, missing energy and jets [1].

Monte-Carlo studies investigatefl— uu+jets samples generated with ALPGEN, PYTHIA
and NLO analytic calculations from MCFM using an integrataahinosity of 1 fo* (for details
[1]). The comparison of the leading jpt, where the jets in question were obtained from generator
level hadrons for the generators and from partons usingohagition corrections for the calcula-
tions, show discrepancies between the predictions (figeff), IWhile ALPGEN agrees with the
MCFM NLO calculation, PYTHIA predicts a much softer jet spectrum. This is expected since
additional jets in PYTHIA arise from the soft parton showadaot from additional hard partons.
The predictions for the cross sections Ir— eetjets events as a function of jet multiplicity for
jets above 40 GeV are compared on the right hand side of fig. ete,Hhe NLO as well as LO
MCFM calculations for two and three parton legs, i.e. twolwee jets in the event, are compared
to the ALPGEN event generator. While the various prediciagree perfectly for the O jet case,
discrepancies of about 15% show up for higher multiplisiti€his emphasizes the need to validate
the predictions by experiment.
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2. Experimental challenges

Analyses olW/Z+jets events face additional difficulties: systematic eyarise not only from
the selection of the electroweak boson, but also from thensteuction of the jets. The recon-
struction of leptons and dfr becomes more complex in the presence of a multi-jet finat stat
particular, the distances between leptons and jets decwattsjet multiplicity.

Examples of these experimental challenges are shown in fidh2re on the left hand side
the single lepton efficiency is depicted as a function of jettiplicity. Here, efficiencies obtained
from simulatedZ — ee data using a data-driven tag-and-probe method are showakers. For
comparison the efficiencies calculated using the MontedGeauth information are drawn as error
bands. Increased jet activity decreases the efficiencygigetr events, due to a veto cut on hadronic
energy close to the lepton trigger. The systematic erroh@determination of the efficiency
increases as the agreement between MC truth and data-estiemate deteriorates, since the tag-
and-probe method selects slightly cleaner events. Anatystematic uncertainty arises from the
jet energy scale (JES). This effect is shown on the right hsidd of fig.2, where the error on
the measured cross sectiondf- uu+jets events is depicted as function of jet multiplicity. SIE
uncertainties of 1, 5 and 10% lead to errors on the crossoseotiup to 40%.

3. Outlook

While the measurement W/Z+jets is experimentally challenging, the results are tbgcally
relevant and a vital ingredient of the ATLAS physics prognaen The primary result of the analyses
with real data will be the determination of cross sectionfuastion of various jet parameters.
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Figure 2: The left plot shows the single electron efficiency as a funrctif jet multiplicity of jets above
40 GeV for efficiencies derived using the tag-and-probe oethith aZ — ee sample (data points) and
using Monte Carlo information (error bands). The right gbbws the systematic error arising from the
uncertainty on the JES on the cross sectiod ef uu+jets events as function of jet multiplicity.



