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We study inclusive jet multiplicity ratios in multi-jet events from pp collisions at
y/s = 1.8 TeV recorded using the D 0 detector at the Fermilab Tevatron collider.
Preliminary average multi-jet production ratios are presented as a function of the
scalar jet transverse energy and compared to NLO calculations.

1 Introduction

In pp collisions at center-of-mass energy y/s — 1.8 TeV, the primary manifes-
tation of QCD (Quantum Chromodynamics) in the D 0 detector is the produc-
tion of jets. Typically, the interaction of single parton constituents of a proton
and an antiproton produce two hard back-to-back jets and some fraction of
the time, additional distinct jets are produced. Jet reconstruction algorithms
are employed to reconstruct the initial energy and direction of the outgoing
partons from the primary interaction and subsequent radiation. The purpose
of this analysis is to study the scale of multi-jet emission in events with two
or more jets. We compare the event rate for inclusive three jet production to
inclusive two jet production and compare to NLO predictions.

2 Analysis and Comparison t o NLO

The ~ 10 pb"1 of data used in the current analysis were recorded during the
1992-1993 Tevatron collider run. The essential detector components used were
the calorimeter for the identification and measurement of jets and the central
tracking chambers to measure the interaction vertex. The D 0 detector is fully
described elsewhere J.

Events were recorded using five inclusive triggers each requiring at least
one jet above a transverse energy (Er) threshold in the calorimeter. These
thresholds were 20,30,50,85 and 115 QeV. Jets were reconstructed using a
fixed cone algorithm of radius R = y/rj2 + <j>2 = 0.7. Cuts were applied to
eliminate fake jets arising from calorimeter noise, cosmic rays, electromagnetic
objects, and multiple interactions. In the data analysis and the theoretical
calculation, jets contributed to the jet multiplicity if the jet pseudorapidity
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\Vjet\ < 3.5.
We measure the inclusive 3-jet to 2-jet ratio

<T3 _ <r(pp —> n jets + X; n > 3) .

<T2 <r(pp-+m jets + X; m > 2)

as a function of HT = £) -KT . where the sum is over all jets above a minimum
ET threshold.

Figure 1 shows the measured ratio for ET thresholds of 20 and 30 GeV
as a function of HT- The error bars indicate the statistical uncertainty only.
The ratio rises steeply as HT increases to 300 GeV, then levels off and perhaps
decreases slightly at higher HT-

The data were compared to theoretical predictions of Summers and Zep-
penfeld 2 who used a variation of JETRAD3, a next-to-leading (NLO) order
QCD Monte Carlo. These authors assumed MRSD.' structure functions and
a renormalization scale of (XR = HT /4 for the 2 leading jets. Two variations
on the renormalization scale for the third jet were used, one with fi^' = HT/4
and the other having fj.%' = ET

3\ where ET
3' is the transverse energy of the

third jet. In the figure, the dotted and dashed curves indicate the theoretically
predicted ratio at the same ET thresholds for the two different renormalization
scale prescriptions for the third jet.

Reasonable agreement between the theory and the data is seen for both
ET thresholds. However, the data corresponding to the 30 GeV ET threshold
clearly prefer the softer renormalization scale for the third jet.

Calculations of systematic uncertainties associated with the measurement
are underway. Uncertainties introduced by calorimeter noise or cosmic rays,
shown to be constant in HT , change the central value of the ratio by no more
than about 2%. Somewhat larger uncertainties are seen due to the jet energy
scale and multiple interactions which are HT dependent. These vary from 6 to
7% respectively at low HT and from 3 to 5% at the highest HT- Also underway
are further comparisons of these results to other Monte Carlo predictions.

3 Conclusions

We have measured the ratio o^/o^ as a function of the total transverse energy
HT- NLO QCD predictions are in reasonable agreement with this measure-
ment. These preliminary results indicate that a softer normalization scale for
multijet emission may be preferred over the scale of the hard scattering process.
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Figure 1: Measured (data points) and predicted values (dotted/dashed curves) of 173 jtr^ as
a function of Hy, for minimum ET thresholds of 20 and 30 GeV.
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