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1. Introduction

The Fermilab Tevatron collides protons and anti-protona egénter of mass energy of 1.96
TeV. The DO detector utilizes these collisions for study@gantum Chromodynamics (QCD) the
properties and interactions of quarks and gluons. Quartgarons are identified in the detector
by their production of collimated “jets” of hadrons. Therpdry tool for measuring jets is the
hadronic calorimeter [1]. Energy in the calorimeter is eoted to the particle level using the Jet
Energy Scale (JES) which includes corrections for enerfgetfdetector response, out-of-cone
showering and resolution. Comparison with theoreticalljote®ns is done at the particle level
which requires that a fragmentation model be applied taopdgdvel calculations [2].

2. W + Jets Production

We present measurements of jet production in inclugive (n) jet final states, witin = 1-4,
using 3.8 fo'l of proton-antiproton collisions collected with the DO dete. Measurements of
W + (n) jet final states are of interest because of the the importdathey play in backgrounds to
new physics and as multi-scale QCD processes.

Jets in the DO detector are identified with the DO Runll midpobne algorithm using a cone
of radiusReone = 0.5 to cluster calorimeter cells wheRe= /n2+ ¢2, n = —In(tan(6/2)), 6
is the polar angle with respect to the proton beam directang ¢ is the azimuthal angle [3].
Electrons are identified as clusters of isolated calorimed#is in which 95% of the energy in the
shower is deposited in the electromagnetic (EM) sectioh witeconstructed charged particle track
associated to the EM cluster. Events with a second isoldéstiren are removed to suppress the
background fronmZ boson and Drell-Yan production. The missing transverseggn&r, in the
event is calculated as a vector sum of the calorimeter celigees.

Selection criteria for electrons require thaft > 15 GeV, |n| < 1.1, andAR > 0.5. Selec-
tion criteria for jets require that there be at least one j&h wansverse energygt > 20 GeV, and
ly| < 3.2 wherey = 0.5In((E + p,)/(E — p;)) wherep; is the momentum along the proton beam
direction. Each event is required to have the the primariexerithin 60 cm of the nominal vertex
along the beam axi&r < 20 GeV, andVl¥ > 40 GeV, wherev}" is the invariant mass of th&/
boson using the transverse energy and momentum of theagleantid neutrino (the missing trans-
verse energy). The background processes that are corsigieyg+jets, tt, single top, diboson,
and multijet production. The signal and background praeesse estimated using Monte Carlo
samples excpet multijet production which is estimatedgidiata.

Comparison of the data is made with different theoretickdwtations: (1) Matrix element plus
leading-order parton shower matched Monte Carlo eventrgarepredictions from Sherpa 1.4.0
[4] with CT10 parton distribution functions (PDFs) [5], (R)-order resummation predictions from
High Energy Jets (HEJ) [6], (3) Next-to-Leading-Order (NLB)ackhat+Sherpa predictions [7].

Results shown in Fig. 1 and 2 are normalised to the total $hndWV cross-section in the
defined phase space of the measurement in order to redueengyist uncertainties on the mea-
surement [8]. Fig. 1a shows the normalised differentialdpobion cross-sections 0 + n jet
events fom = 1-4 as a function ofr (W) in each of the inclusive jet multiplicity bins. Data uncer-
tainties include statistical and systematic uncertassnéigéded in quadrature. Measured differential
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Figure 1: Normalized unfolded differential production cross-seet measured as a function of (#)oson
pr, or (b)n" jet rapidities, in inclusivaV + n jet events. Lower panes show Theory/Data ratios for each of
then-jet multiplicity bin results separately.

production cross-sections as a function of the rapiditheff" pr-ordered jet inW + (n) jet inclu-
sive events are shown in Fig. 1b. Fig. 2 shows the dijet iavénnass distributions (formed from
the two highesipr jets) in the two jet and three jet inclusive multiplicity kiitn comparison with
theoretical predictions. Fig. 3 shows the probability fddiéional jet emission (above a thresh-
old of 20 GeV) in inclusiveV + 2 jet events studied as a function of dijet rapidity separatn
three configurations: (1) rapidity separation betweenloehighestpr jets, (2) rapidity separation
between the two highegi; jets with an additional requirement that the additionalbetemitted
into the rapidity gap between the two highgstjets, and (3) Rapidity separation of the most for-
ward/backward jets. The first case has no additional rexpgne on where the third jet is emitted
while the second case requires that the third jet be emitiele rapidity region between the two
highestpr jets. This distribution is sensitive to wide-angle soft@iuemission. The third case is
an analogue of the second case but for rapidity-orderegvybisre rapidity intervals are generally
larger, leading to stronger correlations and the abilitgXperimentally measure jet emission prob-
abilities up to the highest rapidity separations. Ther@mesindication that suppression of this jet
emission rate begins to occur at the highest rapidity spaotseg in this analysis. These results
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Figure 2: Normalized unfolded differen-
tial production cross-sections measured as
a function of the invariant mass of the two
highestpr jets in inclusiveW + 2 jet and

W + 3 jet events. Lower panes show The-
ory/Data ratios for each of thejet multi-
plicity bin results separately.

Figure 3: The probability of emission of a
third jet in W + 2 jet events as a function
of the dijet rapidity separation of (a) the
two most rapidity separated jetpr( > 20
GeV), (b) the two highespr jets, (c) the
two highestpr jets with the third jet emit-
ted between these two jets in rapidity.

are the first of their kind for vector boson plus jet procesaes provide inputs to event generator
modelling of widely separated jets.

3. Angular Correlation of Jetsand Determination of ag

QCD predicts that the strong force between quarks and glbeosmes weaker when probed
at high momentum transfers, corresponding to small disnthis property, referred to as asymp-
totic freedom, is derived from the renormalization groupatpn (RGE) [9]. The RGE does not
predict the value of the strong couplimg, but it describes its dependence on the renormalization
scaleLr, and, therefore, on the momentum transfer. By conventigivalues extracted from data
at different momentum transfers are evolved to the commale i = Mz to allow comparisons
between experiments.

We introduce a new observablgyr, for hadron-hadron collisions and measured its average
value. It is related to the angular correlations of jets. éntyrbative QCD (pQCD), this quantity
is computed as a ratio of jet cross sections, which is prapwt to os. Since PDF dependencies
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Figure4: Selected examples of the valueRyr for three different event types, assuming all events hawe th
same topology.

largely cancel in the ratio, the extractagresults are almost independent of initial assumptions on
the RGE. The measured quantity is the ensemble average lbjetsan an inclusive jet sample,
and is given by

Njet(

Net(Pr) (i)
RAR(pTaARy qurrnin) _ Zi=1 Nnbr(AR pl' mln) (3_1)

Niet(Pr)

whereNiet(pr) is the number of inclusive jets in a given inclusive jgt bin, andNrgbr(AR poer )

is the number of neighboring jets with transverse momereatgr thano?b{nin separated from the
i-th inclusive jet by a distanc&R within a specified intervaARnmin, < AR < ARmax. FOrAR < 211,
only topologies with at least three jets contribute to thenatator of Eq. 3.1 in pQCD anBar

is proportional toas. Fig. 4 shows different values &g for three special cases with all events
having the same jet topology.

This measurement is based on a data set corresponding tegrated luminosity of 0.7 fo
using jets found with the DO Run Il midpoint cone algorithmthWiReone = 0.7 [3]. All jets with
ly] <1 andpr > 50 GeV are used to finByg. It is measured triple differentially, as a function
of inclusive jetpr, for dn‘ferentp? Lo Fequirements of 30, 50, 70, or 90 GeV, respectively, and in
differentRar intervals of 14 < AR< 1.8, 18 < AR< 2.2, and 22 < AR < 2.6.

The results foRar are displayed in Fig. 5 as a function of inclusive fjetin different regions
of ARand for differentpi® . The theory predictions fdRr, calculated at NLO, include correction
factors for non-perturbative effects, including hadratizn and underlying event. Most of the PDF
dependencies cancel in the ratlo g, . = 50, 70, and 90 GeV, the theoretical predictions are in
good agreement with data. F nbr = 30 GeV the predictions are systematically below the data
which might be caused by limitations of either the pertuxeatalculation or the modeling of the
non-perturbative effects.

TheseARresults are then used to determimgand to test the two-loop RGE prediction for its
running as a function opr . In an initial study, the data are split into 12 subsets ddfimethe
different pir _ requirements. Assuming the RGE, the valuengfMy) is fitted to each of these
subsets, and the correspondixgvalues are determined that compare data and theory. Sinbe ea
of these subsets covers a large inclusivepjetange, a violation of the RGE would be reflected in
poor x? values. The data from kinematic regions AR Py nbr) which have fits that are consistent
with each other are then used in the subsequent analysise aga are split into 12 groups, each
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Figure 5. The measurement &ar as a function of inclusive jet Figure 6: (a) The strong coupling
pr for three different intervals iAR and for four different require- as(Q) and the RGE prediction. (b)
ments ofpi™ . The inner uncertainty bars indicate the statisticat, o as
uncertainties, and the total uncertainty bars display tredeatic
sum of the statistical and systematic uncertainties. Téerthpre-

dictions are shown with their uncertainties.

(Mz) result from the fit and
RGE for all selected data points. The
uncertainty includes the experimental
and theoretical contributions. Results
from [11] and [12] are also shown.

with the same inclusive jgir, combining data points for differenf\R, p.’}b;br). For each groupgs

is determined at the correspondipg , and then evolved using the RGE, g = Mz.

All data points with the sam@r (from all threeAR regions and forpi®, = 50, 70, and
90 GeV where the fits are good), are combined taxf{tQ), in the range 50< Q < 450 GeV
whereQ is the momentum transfer, (Fig. 6). Using the RGE, the intdigl results are evolved to
Ur = Mz, and shown in Fig. 6b. A combined fit, using the same data ssgrated ovepr, and
for MSTW2008NLO PDFs [10], gives the resal(Mz) = 0.1191°5:3938. The RGE prediction for
this result is displayed in Fig. 6a. Tle(pr) results fromRar are well described by the RGE

prediction including the region 208 pr < 400 GeV, in which the RGE is tested for the first time.
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