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Abstract. We present a summary of recent measurements of vector bosduagbion in association
with jets inpp collisions at,/s= 1.96 TeV with the D@ detector. Results of measurements of the in
clusiven-jet cross-sectiong, / gn_1 ratios ofW+(n)jet production fom = 0— 4 and the normalized
n" jet pr differential cross-section distributions, and measurgéthe production cross-section
(times branching fraction) ratio &f + b-jet to Z+jet production are reported. Measurement of the
normalizedZ/y*+jet angular cross-section differential distributions atso discussed.
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INTRODUCTION

The distinctive signatures aF /Z+jets production allow for precision tests of pertur-
bative QCD calculations and are particularly importanttayh jet multiplicity events
where next-to-leading order (NLO) predictions have relgelpécome available. Mea-
surements of these processes also provide detailed berichfoathe tuning of parton-
shower (PS) and PS+matrix-element matched Monte Carlo @¢8gratorsW /Z+jets
final states often dominate the event selections of many &tamdard Model processes
and new physics signals predicted at the Tevatron and the BHthese measurements
can constrain these backgrounds, reducing uncertainmtigésedr modeling.

W+(N)JET CROSS-SECTIONS

The production of jets in association withVd boson was studied using data corre-
sponding to an integrated luminosity of 4.2 fbcollected with the D@ detector in the
semi-leptonic (electron) decay channel. The followinguiegments were imposed on
the event selection: electrgp§ > 15 GeV and pseudorapidity € < 1.1, pr> 20 GeV,
MY > 40 GeV, jetpr > 20 GeV andly| < 3.2. Jets are reconstructed using the D@
Runll Midpoint Cone algorithm with a cone size @f = 0.5.

The inclusivew + (n)jet cross-sections (fan = 0 — 4) were measured in the above
phase space, as was ttigto g,_; jet cross-section ratio (fan = 1 — 4), where some
experimental uncertainties cancel. In addition, e~ (n)jet cross-sections are mea-
sured differentially as a function of th# (pr-ordered) jepr in then' jet multiplicity
bin. The results are all fully corrected for the effect of tenexperimental resolution,
detector response, acceptance, and efficiencies back pattiee level, which includes
energy from stable particles, the underlying event, muand,neutrinos. Full details of
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FIGURE 1. (a) Total inclusiven-jet cross sections, = o(W(— ev) + >njet; pJTet > 20 GeV) as a
function of inclusive jet multiplicity, (b) the ratio of thiémeory predictions to the measurements, and (c)
On/On-1 ratios for dataBLACKHAT andROCKET+MCFM. Error bars on data points represent combined
statistical and systematic uncertainties on measured sgations. The uncertainties on the theory points
in (a) and (c) and the hashed areas in (b) represent the tloabrencertainty arising from the choice of
renormalization and factorization scale. In (b) the er@mston the points represent the data uncertainties.

the analysis and experimental results can be found in RefTfe unfolding procedure
is performed using a Singular Value Decomposition (SVDhiegue as implemented
by the GURU [2] unfolding program.

Figure 1 shows the resultant unfolded total cross-sectiore§ branching fraction)
measurements & + (n)jet production in the defined phase space in comparison with
two next-to-leading order (leading order f&f+4jets) theoretical predictions using the
MSTW2008 PDF, and the, /g1 ratios where some systematics cancel. Fixed-order
theoretical predictions provide results only at the patewel so corrections for non-
perturbative hadronization and underlying event effecésdeerived using th&HERPA
v1.2.3 MC generator and applied to the theory in order to allesvcomparison to
measured data. Figure 2 shows the corrected differentiakesections diV+jet events,
as a function of jepr for each of the four inclusive jet multiplicity bins studielh
order to reduce experimental uncertainties the measufietatitial cross-sections are
normalized to the measur®d (0-jet) inclusive cross-section. Comparisons are made to
(N)LO pQCD predictions(again corrected for non-perturbative effects usshgRPA
and although on the whole theoretical predictions are fawne in agreement with
data, areas are identified where some discrepancies anvethse

1 MCFM(+RockEeT) predictions produced for these plots were produced withfG0/5.3, which has
recently been found have an issue affeciivig2jet calculations. This issue is corrected in MCR.0,
and results are found to be in closer agreement to predictiom BLACKHAT . See Ref. [1] for details.
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FIGURE 2. The ratio of pQCD predictions to the measured differentiass sections for the" jet pr

in ()W+1 jet events, (b)V+2 jet events, (c)V+3 jet events, and (d)/+4 jet events. The data and theory
predictions are normalized by the measured includivBoson cross section and the predicted inclusive
W boson cross sections, respectively. The inner (red) baresent the statistical uncertainties of the
measurement, while the outer (black) bars represent thistital and systematic uncertainties added in
quadrature. The shaded areas indicate the theoreticaltaimties due to variations of the factorization
and renormalization scale. The central scale choice ugeazhfth prediction is indicated in the figure.

Z+B/Z+JET INCLUSIVE CROSS-SECTION FRACTION

Measurement of the inclusive cross-sectionZoboson production with at least one
b-quark jet to the inclusiveZ+jets production cross-section was performed [3] with
4.2 fo~1 of data collected with the D@ detector. Measuring the ratimtlusiveZ+jets
allows for partial cancellation of systematic uncertaisti providing a more precise
measurement for comparison to theoretical predictionsh Bloe di-electron and di-
muon decay channels were studied. Events were selectedl@ssfoelectron (muon)
pr >15 (10) GeV, pseudorapidityle| < 1.1 OR 15 < |ne| < 2.5 (nu|<2), jet pt >

20 GeV for the leading jet (and 15 GeV on any subsequent jeis)pgeudorapidity
In| < 2.5. Events with missing transverse energ$0 GeV are rejected to suppress the
background frontt production.

A challenge in this analysis is to extact the relatively dnzak b signal from the
overall selectionZ boson candidates with lajet are separated from light and charm
jet candidates by using a neural network based b-taggingitiigh to distinguish the
jet flavors. The final discriminanD'Jv'Lﬁ\F/,, encoding all information from the neural net-
work is calculated for each candidate event, and the regutiatribution is shown in
Figure 3. Templates are built as a function of this variablelight jets (determined
from data by inverting the neural network selection requiats to create a light-jet
enriched data sample) and for charm/beauty jets (from MQilsition). An unbinned
maximum likelihood fit of these three templates to the dafgerformed for each of the
di-lepton channels in order to extract the flavor fractioan€§istent results are observed
between both channels, so the data are combined and a newfditnped (see Fig-
ure 3). The result of the combined maximum likelihood fiti&Z + b jet) /o (Z + jet) =
0.0193+ 0.0022(stab + 0.0015(sysh which represents the most precise measurement
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FIGURE 3. Distribution of the final neural net discriminant output farents in the combined lepton
data sample, and the fitted lightandc jet (and total) templates. Uncertainties shown are sidisonly.

of this ratio to date. The largest systematics come from ib&ichinant template shape
(4.2%) and efficiency uncertainties (3.7%). An NLMBCFM prediction for the ratio
yields Q0185+ 0.0022 (corrected for hadronization and underlying everga$), in
reasonable agreement with the data measurement.

Z+JETS ANGULAR CORRELATIONS

Results described in Ref. [4] present first measurementgilancorrelations between
the leading jet and th&/y* in Z/y*(— u* u~)+jet events analyzed from 0.97th of
data collected with the D@ detector. The event selectionires|n,| < 1.7, pr(Z) >

25 (45) GeV, jetpr > 20 GeV andy| < 2.8. Differential cross-sections are measured
(normalized to the inclusivé boson cross-section, to reduce uncertainties) as a functio
of azimuthal angle, absolute rapidity difference, and thgotute value of the average
rapidity of theZ and leading jet. These variables provide a unique test of(p@&lcu-
lations as they are sensitive to effects not probed ingg.glistributions.

Again, measurements are corrected back to particle-leeelmting for detector res-
olution and efficiencies, and compared to NLO pQCD predigtiavithPYTHIA-derived
non-perturbative corrections), as well as a selection abpahower and PS+matrix ele-
ment MC generators. Reasonable agreement is observeddneli® and data. Within
MC generators studiedsHERPA is found to best describe the shapes of the distribu-
tions, and areas are observed whereGEN, PYTHIA andHERWIG have problems in
describing both shape and normalization of the data.
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