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Abstract. In this poster we present several recent results for the production of multijet final states inpp̄ colli-
sions at a center of mass energy of 1.96 TeV, taken with the DØ experiment at the Fermilab Tevatron collider..
These measurements, defined as ratios of three-jet to two-jet quantities, reduce the dependence of the results on
Parton Distribution Functions (PDFs) and experimental systematic uncertainties. Based on one of these ratio
measurements, a value ofαs is determined and the running ofαs tested over a wide range of jet transverse
momenta.

1 Introduction

Measurements of multi-jet production take advantage of
the fact that these processes have the same PDF sensitivity
as dijet production, but are sensitive to processes to third
order in the strong coupling constantαs. Studies dedicated
to the dynamics of the interaction are preferably based on
observables which are insensitive to the PDFs. Such ob-
servables can be constructed as ratios of cross sections for
which the PDF sensitivity cancels. In this note we report
a measurement of three multijet ratios:R∆φ [1], defined
as the ratio of events having an azimuthal opening angle
∆φ between the leading two jets (in transverse momentum
pT ) less than a cut-off ∆φmax, to the inclusive dijet sam-
ple; R∆R, which is defined as the number of events with
a neighboring jet within a separation∆R, divided by the
number of inclusive jets (where∆R =

√

(∆y)2 + (∆φ)2 in
plane of rapidity (y) andφ); andR3/2, which is the ratio of
the inclusive three-jet to the inclusive 2-jet cross-sections.

These measurements are based onpp̄ collisions at a
center of mass energy of 1.96 TeV which were recorded
with the DØ experiment [2] at the Fermilab Tevatron
collider. The data analyzed were recorded using a sin-
gle jet triggers at a variety of thresholds, correspond-
ing to an integrated luminosity of 0.7 fb−1. The event
selection, jet reconstruction, jet energy and momentum
corrections in these measurements follow closely those
used in our recent measurements of inclusive jet and di-
jet distributions[3–5]. Jets are defined by the Run II mid-
point cone jet algorithm [6] with a cone radius (for most
jet studies) ofRcone=

√

(∆y)2 + (∆φ)2 = 0.7.

2 Measurements of R∆φ, R∆R, and R3/2

The ratio of inclusive three-jet to two-jet production,R3/2,
was measured as a function of thepT of the leading jet in
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the event (pTmax). Events were selected to have at least
two (three) jets above apT thresholdpTmin for the two-
jet (three-jet) sample. Four values ofpTmin were stud-
ied: 30, 50, 70, and 90 GeV. In figure 1 we show the
values ofR3/2(pTmax; pTmin) compared to the predictions
of next-to-leading quantum chromodynamics as obtained
from FastNLO [7]. Details of the analysis, including es-
timation of uncertainties and non-perturbative corrections
to the theoretical predictions and comparisons to several
event generators, are given in [8]

The ratioR∆φ was measured in events having at least
two jets with pT > 30 GeV, in bins ofHT =

∑

pjet
T

and y∗ = 1
2 |y1 − y2|, where the subscripts 1,2 refer to

the leading and next-to-leading jet in the event ordered
in pT . Then R∆φ(HT , y

∗,∆φmax) was formed as the ra-
tio of events with dijet opening angle∆φ < ∆φmax to
the inclusive dijet sample. The ratio was measured for
three values of∆φmax - 3π

4 ,
5π
6 ,

7π
8 - and four ranges ofy∗:

0 < y∗ < 0.5, 0.5 < y∗ < 1.0, and 1.0 < y∗ < 2.0. the re-
sults are shown in figure 2. Details of the analysis, includ-
ing estimation of uncertainties and non-perturbative cor-
rections to the theoretical predictions, are given in [9]

The angular correlation of jets in an inclusive jet
sample is calculated be computing the ratioR∆R =
∑Njet(pT )

i=1 N(i)
nbr(∆R, pnbr

Tmin)/Njet(pT ) where Njet(pT ) is the
number of inclusive jets in a bin of inclusive jetpT , and
N(i)

nbr(∆R, pnbr
Tmin) is the number of neighboring jets with

transverse momenta greater thanpnbr
Tmin and separated from

theith inclusive jet by∆R. The inclusive jet sample was de-
fined as all events having at least one jet withpT > 50 GeV
and|y| < 1.0. Results are shown in figure 3 for four values
of pnbr

Tmin (30, 50, 70, and 90 GeV). Details of the analysis,
including estimation of uncertainties and non-perturbative
corrections to the theoretical predictions, are given in [10]

Using the data forpnbr
Tmin of 50, 70, and 90 GeV and

combining∆R regions, we determine the strong coupling
constantαs and test the two–loop Renormalization Group
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Figure 1. The measuredR3/2 results, compared to the predictions from NLO pQCD corrected for non-perturbative effects (top), and the
ratio of data to theoretical predictions (bottom). The results are presented as a function of the highest jetpT , pTmax, for differentpTmin

requirements.
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Figure 2. (left) The results forR∆φ as a function ofHT in three different regions ofy∗ and for three different∆φmax requirements. (right)
Ratios of the results ofR∆φ and the theoretical predictions obtained for MSTW2008NLO PDFs [11] andαs(MZ) = 0.118.

Equation (RGE) prediction of its running as a function of
the momentum scale, taken to be the inclusive jetpT . De-
tails are given in [10]. In figure 4 we show the resulting
values ofαs andαs(MZ).
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Figure 3. The measurement ofR∆R as a function of inclusive jetpT for three different intervals in∆R and for four different requirements
of pnbr

Tmin. On the right the ratio to data to theory is shown.
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Figure 4. (left) The strong couplingαs at large momentum transfers, Q, presented asαs(Q) (a) and evolved toMZ using the RGE (b).
(right) Our result from theR∆R measurement, compared to previous results.
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