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Abstract

In events triggered on total transverse energy and in events obtained
using another geometrically unblased trigger, hadron jets are clearly seen at

v s = 27.4 GeV. The evidence for this, obtained In Fermlilab experiment E-~-609,
is presented. Cross sections for global, single—arm, and double-arm triggers

detecting high E. events are also given.
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High transverse momentum clusters of particles (jets) have been observed
in many kinds of hadron experiments for almost 10 years.]‘-3 The present
generation of calorimeter triggered high-p, experiments have large solid
angle, full azimuth, coverage. Recent results from the CERN SPS collider have
shown spectacularly clear jet pair events. ¥ At Fermilab/SPS energies,

Y s 20 to 27 GeV, however, the situation has been confused by the results of
experiments NA—56 and E-557,7 which show that 1f one uses a simple total
transverse energy trigger, the so-called global trigger, jet—pair events are
not dominant. Recently, several different theoretical calculationsg-'11 have
offered explanations of why the global trigger can be expected to pick uﬁ many
times more "soft" events (events with a large number of low p, particles) than
hard ones, so that globally triggered events in this range of s would not be
dominantly jet-like. Nevertheless, the first NA-5 results showed that even
with a global trigger a few percent of the events appeared to be very jet-
like,12713

Here we report results from a new experiment, E-609 at Fermilab, and show
that events occur with clear jet—pair characteristics - two relatively concen-
trated clusters of particles, approximately co-planar, with little E; in the
off-cluster regions; that the frequency with which they occur can not be
accounted for by simple random fluctuations of uncorrelated particles; and
that with other, also geometrically unbiased, triggers, jet—pailr events can be
detected with much less contamination of the data sample by "soft" non-jet
events.l4 It simply happens that a global trigger responds not only to jet
events but also to soft events, with cross section, at these s and E; values,

about 20 times larger than the cross section for jet events.



The E-609 apparatus is shown in Fig. 1. The heart of the apparatus is an
8-sr segmented calorimeter, which is divided into 132 towers consisting of a
lead-scintillator module and 3 iron—écintillator modules. The apparatus also
included another calorimeter to measure the energy going forward through the
beam hole of the main calorimeter, a magnetlc spectrometer (with a Py kick of
100 MeV/c), and an imaging Cerkenov counter.

‘We report here on 400 GeV/c PP intéractions. The caiorimeter was cali-
brated by steering beams of muons through each module to equalize their pulse
height responses, and then the absolute calibration was determined by steering
hadron beams into the array. The transverse momentum scale is known to + 7%
from the calibration. For this present analysis a particle—finding algorithm-
was used on the calorimeter information to obtain the momenta of individual
particles hitting the calorimeter. The magnetic spectrometer was n;t used in
the present analysis.

The experimental triggers summed the transversé energy (Et) over various
groups of the towers. A minimum thresold was required on the E. sum for the
‘ trigger to be satisfied. Here we consider five out of many trigger types for
which data were taken. These are; the global trigger, which summed the entire
calorimeter, the "2-high" and "4-high"” triggers which are described below, a
single-arm trigger formed f;om a contiguous group of towers on one side of the
calorimeter and a double—-arm trigger formed from two such groups on opposite
sldes of the calorimeter. Figure 2 presents the measured cross-sections for
three triggers: the glbbal trigger, a single-arm trigger of 1.8 sr solid angle
centered at 0, = 85°, and a double—arm trigger of 2 opposite 1.8 sr regions also

at 8 ., = 85°. The values and Et‘dependence of these cross sections are in good
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agreement with the 400 GeV results of E—557,7 within the energy scale
uncertainties. | |

Some events with a jJet-pair appearance were already reported by NA-5,
using a global trigger.lz_l3 We also find many events with a very clear
apparent jet-pair character. Can they be accounted for simply as random
fluctuations? One method to address this question is to generate random events
by a Monte-Carlo calculation using the experimental py and 6 . distributions
of individual particles in global trigger events. We then compare the number
of random events having a jet-pair character with the number in the real event
sample, using the same cuts in both cases.,

To perform such a test, we studied the structure of a sample of global
trigger events with E, between 13.4 and 15.0 GeV. A jet—-finding computer
algorithm was used to select events having two jets, coplanar to within + 30
degrees, each with more than 4.5 GeV/c Py in a 45 degree half-angle cone. Out
of 17068 events 582, or.3.41 + 0.14 percent, showed such jet structure. By
contrast, in a sample of random events (having the same single particle spec-
trum, as described above) 1.45 %+ 0.07 percent showed such jet structure. The
random events were required to have a distribution of transverse momentum
unbalance in the calorimeter similar to that of the real events; the final
result is, however, insensitive to this requirement. This analysis provides
clear evidence, at a statistical level of 12 standard deviations, that the
global trigger event sample contalns several percent of events with a clear
di-jet structure, and that about half of these di-jet events are a manifesta-
tion of dynamical effects rather than random combinations of uncorrelated

particles.



Another way to study the jet content of the data is by using the standard
variable planarity (P).15 Jet-like events will have P 3 0.8. 1In Figure 3a we
show the P distribution for global trigger events with total E, greater than
12.5 GeV. This distribution is very similar to those of NA-5 and E-557. We
show also the planarity distribution after the particle Pt vectérs for each
event are randomized in azimuth. This randomization procedure preserved, for
each event, its actual Pt unbalance in the éalorimeter, which averaged about 1
GeV/c. The two planarity distributions are not very different, except at P
above about 0.8, where, in fact, the randomized distribution is about half of
the data distribution. This indicates, in agreemenf with the different
analysis described in the previous paragraph, that a few percent of the global
trigger events are jet-like, and that approximately half of the jet-—like
events are dynamical rather than random.

We have also studied other geometrically unbiased triggers which could be
expected to reduce the number of soft events while retaining,‘with good effi-
ciency, events with hard structure, by requiring the presence of several
particles of at least medium high p . Planarity distributions for two of
these triggers are shown in Figs. 3b and 3c. Figure 3b shows the P
distribution of a "Z—high"Ahardware ﬁrigger, which required that any two
calorimeter towers each have at least 1.5 GeV p,. Figure 3b shows that the P
distribution is concentrated at much higher average P than for the global
trigger. 1In the P distribution of the events after randomization (dashed
histogram) the fraction of high-P events drops substantially (about 507 for P
> 0.8), indicating as above that many of the high-P events contain correlated

structure. 16



If one requires several toweré, regardless of their location, to have
higﬁer than average Pp» one finds that the events are even more planar.

Figure 3¢ shoqs the P distribution of those events that in addition to
satisfying the 2-high trigger have at least two additional towers with Pt
above 0.7 GeV each. For P above 0.85 the randomization reduced the number of
events to about one~third of the original number, indicating that é
substantial majority of these events contain correlated structure. It is to
be emphasized that this A~high trigger, like the 2-high, has no geometrical
bias toward selecting events with a di-jet structure. |

Figure 4 shows three-dimensional displays of typical events selected by
the global and 2~-high triggers. Figure 4a is a global trigger event with P
near the maximum of the distribution while Fig. 4b is a 2-high event at high‘P
where thetabove analysis indicates a substantial proportion of true jet
events.

Previous large solid angle experiments at these energles have focused on
the fact that with a global trigger mést of the events do not show high plana-
rity.6—7 This paper demonstrates, however, that even with a global Et
trigger, jet—palr events can be shown, in model-independent analysis, to occur
at a £ate that cannot be attributed to random fluctuations of uncorrelated
particles. Moreover, by the use of other triggers, still-geometrically
unbiased, such as the 2-high trigger, a much enriched samplerf jet events can
be obtained. We will report elsewhere a detalled study of jet cross sections
obtained using these and other triggers.

The confusion which has been caused by the so—called NA-5 puzzle, that 1is,
the fact that with the global trigger at this v s, only a few percent of the

recorded events are jet—palr—-like, thus has little to do with the question of



whether jet pairs can be seen clearly. The global trigger simply collects
many other events 1n addition to collecting these jet—palr events.
We wish to thank the Fermilab staff for theilr efforts which made this

experiment possible. This work was supported in part by the U.S. Department

of Energy.
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Figure Captions

Figure 1 ADiagrams of the E-609 apparatus. a) Plaﬁ view, DC-drift chambers,
V-veto counters, CID-Cerenkov detector. b) Cross section showing
the transverse segmentation of the calorimeter. The dashed lines
show center-of-mass polar angles for 400 GeV/c p-p iInteractions.

Figure 2 Differential cross sections dc/dEt for the global trigger, a
single—arm trigger and a double-arm trigger.described in the text.
E; is the transverse energy in the trigger region. Statistical
errors only are shown. The lines are fits to exponential forms.

Figure 3 Planarity distributions for the global (a), 2-high (b), gnd 4~higb
(c) triggers described in the text. All events were required to
have global E. greater than 12.5 GeV. The solid histograms are the
data and the dashed histograms are the data after the p. vectofs
have been randomized.

Figure 4 Sample events of the global and 2-high triggers. The height of the
box above the plane'depicts the transverse energy in that
calorimeter tower. Both events have the same E, scale and the

highest point in b is 2.78 GeV.
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