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Abstract. Concepts and results of determinations of the strong cogpti hadron collisions are
discussed. A recemts result from the inclusive jet cross sectiongp collisions at,/s= 1.96 TeV is
presented which is based on perturbative QCD calculatiepstd next-to-leading order. Emphasis
is put on the consistency of the conceptual approach. Cauakefmitations in the approach
of extractingas from cross section data are discussed and how these can likedvmy using
observables that are defined as ratios of cross sectionsrieosuch observable, the multijet cross
section ratidRg/o, preliminary results are presented.
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INTRODUCTION

The strong coupling constardts, is one of the fundamental parameters of the Stan-
dard Model of Particle Physics. The energy dependencr of predicted by the renor-
malization group equation (RGE). The valuemf has been determined in many dif-
ferent processes, including a large number of results fradrdnic jet production,
in eithere™e~ annihilation or in deep-inelastiep scattering (DIS) up to energies of
209GeV [1]. Prior to the analysis presented in this artibl@yvever, only a single re-
sult had been obtained from jet production in hadron-hadmilisions. Thisas result is
as(Mz) = 0.1178" 3358 exp) T3 0043(scalg + 0.0059 PDF), extracted by the CDF col-
laboration from the inclusive jet cross sectiongp collisions at,/s= 1.8TeV [2]. All
individual uncertainty contributions for this result aegder than those from comparable
results frome™ e~ annihilation or DIS [1].

The first part of this article presents a receqtdetermination from the D@ collab-
oration from the inclusive jet cross section with signifitgmmproved precision. Con-
ceptual limitations of the approach are discussed, and hosetare addressed in the
D@ analysis. The second part introduces a new observabléithwihese conceptual
limitations do not apply, and which will be valuable for futLors determinations in new
energy regimes accessible at the Tevatron and at the LHC.

DETERMINATION OF THE STRONG COUPLING CONSTANT

A new D@ analysis [3] extracts the value @f from inclusive jet cross section data in
pp collisions at,/s= 1.96 TeV. It is based on a recent D@ measurement of the inclusive
jet cross section [4] with unprecedented precision at adradollider. The perturbative



QCD (pQCD) prediction for the inclusive jet cross sectiogiigen by

apertas) = ( ¥ alen) o (e o ola). &

where thec, are the perturbative coefficients, tlig, are the parton distribution func-
tions (PDFs) of the initial state hadrons, and tl¥ Sign denotes the convolution over
the momentum fractiong,, x, of the hadrons. The sum runs over all powersf as
which contribute to the calculation. The D@ result is basedN@.O pQCD fi = 2,3)
plus 2-loop contributions from threshold corrections [} 4). The latter reduce the
scale dependence of the calculations, leading to a sigmifiemluction of the corre-
sponding uncertainties. While tif¢, have no explicitis dependence, our knowledge of
f1 2 depends omrs (due toas assumptions in the PDF analyses). Since the RGE uniquely
relates the value ofis(1;) at any scaley, to the value ofas(Mz), all equations can be
expressed in terms afs(Mz). The total theory prediction for inclusive jet productian i
given by the pQCD result in (1), multiplied by a correctiortiar for non-perturbative
effects

Otheony(0s(Mz)) = Opert(as(Mz)) - Cnon-pert 2)

The pQCD results are computed FASTNLO [6] which is based omLOJET++ [7, 8]
and the calculations from Ref. [5]. To determimgMz), recent PDF results are used and
as(Mz) is varied inopert(as(Mz)) (i.e. simultaneously in the matrix elements and in the

PDFs) untiloihegn(as(Mz)) agrees with the data. There are, however, two conceptual
issues when extractings from cross section data.

1. When performing the DGLAP evolution of the PDFs, all PDRlgses are assum-
ing the validity of the RGE which has so far been tested ontyefoergies up to
209 GeV. Since extractings at higher energies means testing (and therefore ques-
tioning) the RGE, using these PDFs as input would be inctergis

2. D@ jet data have been used in all recent global PDF analy$esPDF uncer-
tainties are therefore correlated with the experimentakutainties in those kine-
matic regions in which the D@ jet data had strong impact orPRD€& results. As
shown in Figs. 51-53 in Ref. [10], this is the case for theqm&t gluon density at
x > 0.2—0.3. Since the correlations between PDF uncertainties andrempntal
uncertainties are not documented, theextraction should avoid using those data
points which already had significant impact on the PDF result

In light of the second issue, the D@ extraction uses only data points which are
insensitive tax > 0.2 — 0.3. Since all of these data points hape below 145 GeV, the
first issue does not become relevant here. This leaves 22{dut0) inclusive jet data
points.

The as extraction uses PDFs from the MSTW2008 analysis [9] whichevadtained
at NNLO (consistent with the precision of the theory caltiolaused here). These PDFs
have been determined for 24(Mz) values between.@07 and 0127 [10]. The contin-
uousas(Mz) dependence of the pQCD cross sections is obtained by iétinp the
cross section results for the PDF sets for differeg(iMz) values. PDF uncertainties are
computed using the twenty uncertainty eigenvectors (spoading to 68% C.L.). The
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FIGURE 1. Recent D@ results from a determination of the strong coggationstant from inclusive jet
cross section data, compared to corresponding resultsSif@h HERA.

uncertainties in the pQCD calculation due to uncalculatgbér-order contributions are
estimated from thet ¢ dependence of the calculations when varying the renoraraliz
tion and factorization scales in the rangé & (¢ /pr) < 2. In afirst step, data points
with samepr are combined to determine nine valuesigfpr) for 50 < pr < 145GeV.
These results are shown in Fig. 1 and compared to resultsiedtan DIS. A combined
determination from all 22 data points yields a result of

as(Mz) = 0.116170053%(exp.) Tog51(non-pert.) 0 001 5(PDFs) 0 o053(scale)  (3)

This is currently the most precise result from a hadron delijwith similar precision as
recent results from jet production in DIS.

MEASUREMENT OF MULTIJET CROSS SECTION RATIOS

The conceptual issues discussed above, which limitxthh@nge, and therefore also
the pr range of the data points used in tlre determination, are both related to the
fact that the observable is sensitive to the proton PDFshware required as external
input in theas determination. These limitations can be avoided by stuglgivservables
which are largely independent of the PDFs, but still sevsito as. One class of
such observables are ratios of multijet cross sections. Vém@ble R3/o represents
the conditional probability that a given inclusive dijeteen also has a third jet. It is
defined as the ratio of the inclusive 3-jet and dijet crossi@es and investigated as a
function of prmax the transverse momentum of the leading jet in an event,iwisia
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FIGURE 2. Preliminary D@ results for the multijet cross section rakigy,, measured as a function of
prmax for different pr yin requirements. Theory calculations f@g(Mz) = 0.118 and for different PDFs
are compared to the data.

common scale for the 3-jet and the dijet production procesteereforeRg/o( Prmax)

is directly sensitive taag at the scaleu; = prmax While the PDFs cancel to a large
extent in the cross section ratio. Technically, gt cross section (fon = 2,3) is
defined by all events witlm or more jets withpt above prmin, in @ given rapidity
region (herely| < 2.4 for then leading jets). The preliminary results of a recent DJ
measurement dRg/ [11], obtained for different values gfrmin = 50, 70, 90 GeV, are
corrected to particle level and presented in Fig. 2 as a fomaif prmax. The data
are well described by theory calculations based on NLO pQQi3 pon-perturbative
corrections, for different PDFs [10, 12, 13, 14] using in @kesas(Mz) = 0.118 (in
the matrix elements and in the PDFs). In the future, measeméofR3,, and related
observables will provide a solid basis for determinatiohggover the wholepr region,
accessible at the Tevatron and the LHC, and without coneégsues related to the
proton PDFs. Such results will allow testing the RGE in a henergy regime.
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