# Fermi National Accelerator Laboratory

FERMILAB-Conf-96/182-E
DO

Multijet Production at DO

John Womersley
For the DO Collaboration

Fermi National Accelerator Laboratory
P.O. Box 500, Batavia, I1linois 60510

July 1996

Presented at the XI Topical Workshop on Proton-Antiproton Collider Physics,
Abano Terme, Italy, May 1996

Operated by Universities Research Association Inc. under Contract No. DE-AC02-76CHO3000 with the United States Department of Energy



Disclaimer

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of
their employees, makes any warranty, expressed or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise, does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States Government or any agency
thereof. The views and opinions of authors expressed herein do not necessarily state or reflect

those of the United States Government or any agency thereof.



MULTIJET PRODUCTION AT D@

JOHN WOMERSLEY
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for the D@ Collaboration

We describe studies of jet production in pp collisions at /s = 1.8 TeV. We have
investigated topological distributions in inclusive three and four-jet events and
find them to be well-described by tree-level QCD matrix elements and also by the
HERWIG Monte Carlo. We have measured the ratio of inclusive three-jet to two-
jet cross sections as a function of summed jet transverse energy. This is found to
be in good qualitative agreement with QCD; the data show some preference for a
softer renormalization scale for emission of the third jet.

1 Outline

We describe studies of topological variables in inclusive three and four-jet
events, and a preliminary study of the inclusive three-jet to two-jet production
ratio. These analyses exploit the large dataset and excellent calorimetry of the
D@ detector at the Fermilab Tevatron Collider to test and explore QCD in pp
collisions at 4/s = 1.8 TeV.

2 Topological Distributions in 3 and 4-jet Events

This analysis ! tests QCD at higher orders (> «3) in a way which is comple-
mentary to measuring cross sections. The large pseudorapidity coverage of the
D@ detector enables previously untested regions of phase space to be explored.
The data will be compared with the expectations of:

o pure phase space, which was generated using the PAPAGENQ? generator
with a constant matrix element;

o tree level QCD, as implemented in the NJETS 2 program;

e the HERWIG 5.8% ISAJET 7.135 and PYTHIA 5.6 ¢ showering Monte

Carlo generators.

As is customary, the jets are labelled (1,2) for the incoming partons and
(3,4,5) or (3,4,5,6) for the final state, in decreasing order of jet energy in the
center of mass of the 3 or 4-jet system respectively. We have investigated the
following quantities (not all of which are independent):
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Figure 1: The distributions for three-jet events of (a) the cosine of the leading jet polar angle
and (b) the angle ¢* (defined in the text) in their center of mass system. The dotted lines
show the estimated 6% systematic uncertainty.

e the scaled jet energies, z; = 2F;/+/s;

e the jet pair scaled invariant masses, p;; = m;;/+/s, and opening angles
Wijs

e the center of mass scattering angles cos 8} ;

e for three-jet final states,

(Pl ><P3)'(P4 Xps)‘
|P1 X P3||P4 X P5| ’

cosp* =

e for four-jet final states, the Bengtsson-Zerwas and Nachtmann-Reiter
angles !,

Events were selected using 1.2 pb~1 of data from the 1992-93 collider run.
Jets were found using a cone algorithm with a cone radius B = 0.7 within
|n?¢t| < 3.0. Jets were required to be separated by AR > 1.4 in 7, ¢ space.
The invariant mass of the 3 (4) leading jets was required to be greater than
200 GeV to avoid threshold and resolution effects. Because of the large angular
acceptance of the detector, no cuts were needed on any of the angular variables.
These selections yield 46,000 events with 3 or more jets and 8100 events with
4 or more jets.
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Figure 2: Distributions of the space angle between jet pairs for four-jet events in the center
of mass system. Only statistical errors are shown. The estimated systematic uncertainty on
the measurement is 6%.

The use of normalized distributions minimizes the impact of most sys-
tematic effects. We estimate that uncertainties of ~ 4% are introduced by
hadronization (estimated using HERWIG); ~ 3% from renormalization scale
uncertainty, ~ 3% from parton distributions, ~ 5% from detector energy res-
olution, angular resolution, and trigger efficiency; and ~ 3% from detector
energy scale uncertainty.

Some representative distributions are shown in Figs. 1, 2 and 3. (For more
details, the reader is referred to Ref. 1). Tt will be seen that the topological
distributions for both inclusive 3 and 4-jet events are well-reproduced by tree-
level QCD. We may thus infer than tree-level is a good aproximation to the full
matrix element. The HERWIG Monte Carlo also provides a good descripition
of the data; PYTHIA, and especially ISAJET, less so.
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Figure 3: Comparison between the data, exact tree-level QCD calculations, and HERWIG,
ISAJET and PYTHIA Monte Carlo prections. Shown are (a) the scaled energy of the leading
jet and (b) the cosine of the leading jet for three-jet events, and the scaled invariant mass
distributions of (c) the leading two jets and (d) the two non-leading jets in four-jet events.
Statitsical errors only are shown; the systematic uncertainty on the measured distributions

is less than 6%.
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Figure 4: Predicted value of 03/02 as a function of Hr, for two choices of My -

3 Multijet Cross Section Ratios

Here we shall explore two-scale QCD processes such as pp — 3 jets, where
Er1 = Ery >> Er3 (Er; is the transverse energy of the ¢’th jet). These
processes test next-to-leading order (NLO) QCD predictions, and will also
enable the applicability of various renormalization scale prescriptions to be
judged. We shall study the ratio:

o3 o(pp— njets+ X; n>3)

o2 o(pp— mjets+ X; m > 2)

as a function of Hr = > Ep; and of ETT”i”, the minimum transverse energy
for a jet to be counted.

This preliminary analysis uses 10 pb~! of data from the 1992-93 run.
Single jet inclusive triggers were selected, and jets were found using a cone
algorithm with R = 0.7 and |n/¢}| < 3.5. Cuts were applied to remove cosmic
rays, calorimeter noise, electromagnetic objects and multiple interaction events
(which can give fake low-E7r jets). Minimum jet transverse energies EZ™ of
20 and 30 GeV were used.

The data were compared with the theoretical prediction of Summers and
Zeppenfeld 7. These authors used the JETRAD next-to-leading order QCD
Monte Carlo® (with MRSD’. parton distributions) and a renormalization scale
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,ug) = ,ug) = Hr/4 for the leading two jets. For the third jet, the program
was modified to use either ,ugg) = Hr/4 or ,ugg) = Er3. In the former case,

1 _

all three jets experience the same renormalization scale; in the latter, up’ =

,ug) >> ,ugg). (The factorization scale was fixed to Hr/4 throughout.) The
predicted ratio o3/o; in these two cases, with EF*™ = 20 GeV, is shown in
Fig.4. We note firstly that for moderately large values of Hrp, the ratio o3/o3
is large, between 0.6 and 0.7. Thus the majority of events having two jets with
Er > 100 GeV also have a third jet with Ex > 20 GeV. Secondly we note that
there is a difference in the shape and value of 3/0y predicted using the two
renormalization scale recipes.

In Fig.5, the preliminary data are compared with the predicted o3/o2
for E*™ = 20 and 30 GeV. Statistical errors only are shown; the expected
systematic uncertainties on the ratio are ~ 2% from jet selection cuts, ~ 5—6%
from multiple interaction removal, and ~ 7%(3%) in the region Hr < 180(>
180) GeV from jet energy scale. Additional uncertainties, not yet evaluated,
will arise from trigger efficiencies, acceptance, reconstruction efficiency and
jet energy resolution. From the figure, it can be seen that the data agree
qualitatively quite well in both shape and value of o3/c3. The change between
E?i” values of 20 and 30 GeV is also quite well reproduced. Especially for
E?i” = 30 GeV, the data prefer the renormalization scale prescription with
,ugg) = Er 3 rather than that with ,ugg) = ,ug) = ,ug). For E?i” = 20 GeV the
behavior is not so clear but the systematic errors are expected to be larger in
this case especially at low Hrp.

The behavior of the ratio o3/co3 as a function of Hy and E?i” is therefore
in reasonable agreement with the QCD prediction. The data seem to prefer
the choice of ,ug’) = Er srather than that with all scales equal; in other words,
the third jet appears to be emitted with a softer scale than that of the 2 — 2
hard scattering process. Intuitively, this is perhaps what might be expected;
this soft third jet may be thought of as a start in the fragmentation process,
in which we know the scale evolves downward, eventually reaching that of

hadronization O(1 GeV).
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Figure 5: Measured and predicted values of o3/02 as a function of Hr, for E,}"i" = 20 and

30 GeV. Statistical errors only are shown.
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