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1. Overview

This talk summarizes recent QCD physics results from the CDF and DJime@s at Fer-
milab, corresponding to integrated luminosities of up tth2? for pp collisions at,/s= 1.96 TeV.
The Tevatron QCD measurements confront Standard Model procestbsesnprecidented preci-
sion and are providing some of the most stringent limits on possible new plsgsinarios.

2. High pr jets

The Tevatron data provide unique and increasingly precise measuttes stfong interaction
at large values of Bjorken-x and momentum exchar@® {n parton-parton interactions. Both
CDF and D@ have measured the differential cross sections for incljgtipeoduction as a func-
tion of jet transverse momentur®y) in various ranges of jet rapidityy) [fl,[f]. The D@ mea-
surement is shown in Fig] 1. The smooth curves are predictions from Ndr@ipative QCD,
using the CTEQ6.5M parton distributior{§ [3]. Also included are non-plestiire corrections for
contributions due to the underlying event and hadronization effectslatdduusingpYTHIA [{]
and tuneQw [H] for the underlying event model. Figuf¢ 2 shows the ratios of the D@ tata
theory in the various rapidity regions. The shaded bands show systemagctainties on the
data. The uncertainty in the theory, determined by varying the factorizatidmenormalization
scales pr/2 <= Ur, Ur <= 2p7) is approximately 10-15%. Of particular note in this figure is that
the experimental uncertainties in the measurement are substantially less tbaffrtimo the input
PDFs, indicating that the Tevatron data will offer significant constraintfuture PDF models.
These data are included in a recent analysis [6] byteew group and are leading to a significant
reduction of their highx gluon distribution in the global analysis. The value of the Tevatron data
for constraining PDF models remains substantial well into the LHC era. Whiéatively larger
percentage of higl-events are gluon initiated at the LHC, the spectrum of parton momentum
fractions is significantly softened at LHC energies. If one comparep@sitsa using the invariant
measurexy = 2 pr/4/S, the Tevatron cross sections are approximately 100 times higher for all
xt and 200 times higher foxy > 0.5. Effectively the LHC would need to acquire an integrated
luminosity of around 160@b~! to match the same partonic integrated luminosity at kighs the
Tevatron will reach with &b,

D@ has presented the first measurement of dijet angular distribution§donthsses exceed-
ing 1 TeV/&. Dijet angular distributions are measured in terms of the varighile: = exp(|yL —
yo|). At leading order in dijet production this is related to the partonic center osrmaeattering
angle via as)dijet = ifgiggi. Rutherford scattering produces a fjatistribution, Standard Model
QCD is relatively flat, while many new physics signatures produce signale strngly peaked
at low values ofy. Figure[3 shows normalized differentigije;: distributions (%d)‘(’dfjm) measured
by D@ in various ranges of the invariant mass of the dijet system. Predictoi@dndard Model
QCD processes are shown in the solid line. Also shown are expectatiovarfous new physics
scenarios. Observing good agreement between Standard Modetatimes and the data, limits
are set in several new physics scenarios. These are summarizedérfITab CDF dijet analy-
sis compares the measured dijet mass spectrum to a smooth ansatz funetibig (9. In this
analysis a “bump hunt” is performed to search for indications of rescstamttures in the dijet
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Figure 1. D@ inclusive jet cross section versus
P measured in bins ofn’®| [B]. The solid
lines represent NLO PQCD predictions with non-
perturbative corrections.

mass spectrum. No significant resonances are observed and thisiapabtgeeds to determine
exclusion regions for various new physics scenarios. A sampling o ilsegiven in Tablg]1.

composite| TeV-! | A.D.D. excited color octet | axi-gluon
quarks extra large quark techni-rho | & coloron
@ | dims. | exta [T [ET] [T2]
B | dims. [9]
units of TeV units of GeV/é
CDF Exclusions 280-840Y | 260-1106Y | 260-1256Y
D@ Limits N Mg Mc
258V | 1.422 | 1.56%

Table 1: Examples of excluded regions and limits on new physics e from the CDF and DJ dijet
data. (1) Most stringent limits. (2) Best limits from a hadmollider. (3) Best limit from a single proces at
a hadron collider.

3. Photons (+jets)

The measurement of photon production is of particular interest in undeisata QCD pro-
cesses. As opposed to partons that carry color, a photon prodiggzhrton interactions can
reach a detector unaltered by subsequent interactions, thus sendndii@st probe of the hard
scattering process. Furthermore, with a sufficient theoretical framewwbiotons can be used as
a direct probe of the momentum fractions carried by gluonpprscattering. In these analysis a
combination of calorimeter and track-based isolation requirements are typaqgdlied to reduce
backgrounds from photons produced via jet fragmentation. Both CIOFD#&h have performed a
variety of photon analyses in Run 2. Fig{fe 5 shows the preliminary CDFureeaéthe differen-
tial cross section for inclusive photon production as a function of phpionBoth D& and CDF
measurements of this process are found to be in agreement f{ir[ﬁO< 300 GeV/c, however
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Figure 3: D@ xgijet distributions measured
in ranges of dijet invariant mass. The solid
line shows the expectation from Standard Model
QCD, also shown are expectations for several
new physics scenarios: quark compositeness with
N=2.54TeV (dashed); ADD Large Extra Dimen-
sions,Ms=1.55 TeV (dotted); and TeV* Extra Di-
mensionsM¢=1.41 TeV (dot-dash).

Figure 4: CDF dijet mass spectrum (top). Er-
rors are statistical only. The spectrum is well rep-
resented by a smooth ansatz function (solid line).
Comparing the fit to the data, no significant indica-
tion of resonant structure is observed (middle, bot-
tom).

data and theory show shape differences approaching the jpweange of the measurements. In
order to better isolate kinematical regions that may contribute to a greatet extdre observed
discrepancies with theory, D@ has measured photon+jet productionioneegubdivided by the
locations of the leading photon and leading jet. Centrally produced photersekected requiring
ly¥ < 1.0 and event classes are defined with respect to the leading jet: ceyiffat(0.8|), forward
(1.5<y'®t < 2.5|) and same sidey{® - y¥ > 0) versus opposite sidgif! -y’ < 0) pairs. Figurd]é
shows the D@ measurements compared to NLO PQCD calculations.

Photon plus heavy flavor is an important signature in various extensiorns 8ahdard Model,
examples include Technicolor, SUSY, 4th generation fermions, and are@izquark. Photons
plus b-flavor jets also serve as a probe of the b-content of the protath iké¢reasing data the
Tevatron experiments are gaining access to observe photon plus heamyftocesses. CDF has
performed two measurements: a b-tagging analysis using their inclusiverptiata set shown in
Fig. [ (top) and an analysis using a specially triggered data set usingittoein vertex detector
to select events with a displaced vertex as well as a photon candidateigsg@e(fottom). Both
analyses are in reasonable agreement with leading order predictiontechbg® Yy THIA. DJ has
a measurement of the the triple differential cross sectibias/(d p¥ddeyjet) for both y+ ¢ and
y+bas a functiorpf. The results, shown in Fif] 8, are in agreement with NLO PQCD predictions
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Figure 5: CDF measurement of inclusive photon
production versugr, for |[nY| < 1.0. Data(theory)
values are shown by the solid(open) symbols.

Figure 6: Data/theory ratios for the D@ pho-
ton+jet measurements. Cross section ratios for
photon+jets production are plotted versp¥s and
further subdivided into kinematical regions based
on the locations of the photon and leading jet.

over the full range of/+ b data. In the case of+ c agreement is only observed fpf < 50 GeV
with an increasing divergence from predictions at higher This difference is somewhat reduced
using a PDF model including intrinsic char]13].

4. W/Z +jets

W/Z plus jet events are analogousy@lus jets in that the daughter particles from the vector
boson decays yield a direct probe of the underlying dynamics of therpsegitering. These final
states are also important signatures, as well as backgrounds, to a wdri&tgndard Model and
new physics processes. Results from W/Z plus jet measurements at thteofhesre covered in
detail in S. Lammer’s contributions to these proceedings. Here we dis@isgla measurement
of the pr spectrum of Z-bosons at DJ .

High pt Z production is dominated by the associated emission of one or more hardsarto
This process is well modeled in PQCD. Fp% around 30 GeV/c and lower at the Tevatron, the
Z is primarily balanced by soft gluon emission. This process can be dedchy using gluon
re-summation techniques. D@ has performed a new measurement pf tioeextract the main
coefficient in the BLNY parametrizatiof [I14] as used in theseosmonte carlo. An earlier
measuremenf [15] of thp% spectrum was restricted by detector resolution, limiting the accuracy
with which the observed spectrum could be used to extract model param&tenpdated analysis
uses a new technique based on event quantities, primarily sensitive ttaaregolutions of the
detector, reducing overall systematic uncertainties in the analysis. Thamadwsis is performed
for Z's decaying into either electron or muons pairs. Rather than megéud@ectly, it is instead
decomposed into orthogonal components according to the evenf axisz* — pr2/|pt — Pt
where p-lr’2 represent the individual lepton momentgg? = ptt + pi? is then decomposed into
components transverse to the axas, = |pt? x f|, and aligned with the axisay, = pt%-f. At
low p% the uncertainty orar scales as the uncertainty on the individual leppgis multiplied by
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the sine of a small angle. The technique is shown schematically i{]Fig. 9. Usigéthod
D@ extracts the single best measure of the vagué the BLNY parametrizationg, = 0.63+
0.02(exp) =+ 0.03(PDF) [Preliminary].

5. Diffractive physics and the underlying event

As part of a program of diffractive physics measurements, CDF hderpeed a variety of
analyses requiring a forward proton tag in downstream Roman-pottdetecThese include a
recent measure of events with a W or Z boson produced via a diffrpcoeess. Ultimately such
measurements can lead to an improved understanding of the diffractictustrdunction. The
ratios of diffractive to non-diffractive W/Z production in the region o&étional momentum loss
of the scattered proton@ < & < 0.10 and 4-momentum transfer squatgd< 1 are found to be
Rw = [0.97+0.05(stat) + 0.11(syst)|% andRz = [0.85+ 0.20(stat) + 0.11(sys}|%. Results from
the W analysis are shown in Fig] 10.

CDF has presented studies of the event topology in Drell-Yan lepton-maiuption in proton-
antiproton collisions at 1.96 TeV. The direction of the lepton-pair is usedftoalthree regions of
n — @ space on a event by event basis; toward, away and transverse tedtoe sum of the
lepton-pair. The transverse region is very sensitive to the underlyiegtevlhe data are cor-
rected to the particle level and are then compared withptheHIA Tune AW. The properties
of the underlying event are examined as a function of the transverse mameitthe lepton-
pair and the data are also compared with previous measurements of thé/umgdevent in high
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Figure 10: CDF Measurement of Diffractive W.
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Bottom: Theat distribution for di-muon events. : 9
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transverse momentum jet production. The
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6. Conclusion
Figure 11: CDF measurement of the underlying event

QCD analyses are a broad component ofin Drell-Yan lepton-pair production. Charged parti-
the CDF and D@ physics programs. As such cle multiplicity densities measured in three regions for

they are providing fundamental insights into electron and muon combined data (using tracks with
pr >0.5GeV/c andn| < 1). Lines represertYTHIA

Ilght/hea.lvy -fIavor a-md gluon F?DFS' They Tune AW predictions. The data are corrected back to
are making increasingly sensetive statements,icle level (errors include both statistical and sys-

about the interplay of perturbative and non- tematic uncertainty).

perturbative models and the limitations of

possible new physics processes. Precise

measures of benchmark processes at the

Tevatron will also speed validation of any new physics signatures at tii& 0iHe full Tevatron
data set will be 4-8 times higher than most results in this talk. These data will d@nginemodels
of the high-x gluon for some time and further improve our understadingref Btandard Model
processes well into the LHC era.
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