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Search for Squarks and Gluinos with the D® Detector

The D@ Collaboration *
Fermi National Accelerator Laboratory, Batavia, Illinois 60510
(July 17, 1997)

Abstract

We report on a search for squarks and gluinos in pp collisions at 4/s= 1.8 TeV
using the D@ detector at Fermilab. Data corresponding to 79.2 4 4.2 pb~1
were examined for events with large missing transverse energy, three or more
jets, and the absence of isolated leptons. No events were observed significantly
in excess of Standard Model background predictions, and we place limits on
the Minimal Supergravity parameters My and M ;.
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Despite the experimental success of the Standard Model (SM) there is great interest in
looking for evidence of its possible extensions. One attractive extension is supersymmetry
(SUSY), a spacetime symmetry which relates bosons to fermions and introduces a super-
symmetric particle (sparticle) for each SM particle. SUSY provies a natural solution for
the fine-tuning problem of the SM and yields a candidate for dark matter. The supersym-
metrized SM with arbitrary SUSY-breaking terms leads to a large number of new parameters
which make phenomenological analysis of experimental data intractible. Such analyses be-
come more feasible if one assumes that the many SUSY-breaking terms are related, as in a
supergravity grand unified theory.

In this paper, we present a search for squarks and gluinos, the SUSY partners of the
quarks and gluons, in the framework of Minimal Supergravity [1]. Minimal Supergravity
(mSUGRA) is a model which not only unifies the strong, weak, and electromagnetic forces,
but also includes gravity at some large energy scale Mx. At My, the mass parameters
for the gauginos are degenerate and the inclusion of gravity means that all of the SUSY
scalars also share a common mass parameter. The only parameters needed to describe the
mSUGRA models are then: My, the common mass parameter for all scalar sparticles at
the Mx scale; M;,;, the common mass parameter for all gauginos at the Mx scale; tanf,
the ratio of the vacuum expectation values of the two Higgs doublets; sign(p), the sign of
the Higgsino mass parameter; and Ag, a common trilinear coupling in the Lagrangian. We
note that, at the Tevatron, Ay only affects top squark mixing. The correspondence of the
squark and gluino masses to My and M/, is shown in Fig. 1. The masses of the squarks
corresponding to the light quarks are typically within 1 GeV of each other, while the mass
of the bottom squark is within 15 GeV of the other squarks. The masses of the top squarks
can be quite different and D@ ’s search for those sparticles is described in reference [2].

Assuming the conservation of R parity, squarks and gluinos are produced in pairs and
decay, possibly via a complicated chain, to the lightest supersymmetric particle (LSP) plus
other particles, which are often quarks and gluons. Since the LSP is stable and weakly
interacting, it exits the detector leaving as its signature missing transverse energy K . We
then search for the production of squarks and gluinos by searching for an excess of events
with jets and large K .

The data used in this analysis were obtained with the D@ detector at the Fermilab
Tevatron collider operating at a pp center-of-mass energy of 1.8 TeV. The integrated lumi-
nosity for this analysis is 79.2 +-4.2 pb™! collected during the 1993-1996 data run. The D@
detector has three major subsystems: central tracking detectors, a nearly hermetic liquid
argon calorimeter, and a muon spectrometer. A detailed description of the detector can be
found elsewhere [3] . In this analysis, we use the excellent jet resolution and coverage of the
D@ calorimeter to look for events with three or more jets and large E; in the absence of
leptons. The major backgrounds to this event signature are top, W or Z bosons produced
in association with multiple jets, or poorly measured multijet events. To contribute to the
background, one of the leptons in the top, W, or Z decays has to be misidentified or not
observed.

We require that each event have at least 3 jets with Er > 25 GeV. All jets with
Er > 15 GeV are required to pass standard shape cuts on their longitudinal development,
or the event is rejected. Tracks pointing to the leading jet in each event are required
to confirm the primary vertex. These cuts distinguish real jets from noisy calorimeter
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FIG. 1. Mass contours of squarks and gluinos in the Mo — M;/; plane. The nearly horizontal
lines are gluino mass contours and the lines forming radial patterns are the squark mass contours.
The dashed line masks where squarks and gluinos have equal mass. The lower hashed region is
where MSUGRA does not produce electroweak symmetry breaking. The upper hashed region is
where the sneutrino is the LSP. The contours were calculated with tan8 = 2, Ag = 0 and p < 0.

electronics channels and also serve to veto both electrons, and events where the vertex as
found by the D@ reconstruction was not the hard scattering vertex. The directions of the
jet Er ’s are required to be uncorrelated with the direction of the B . We require Hr in
the event to be greater than 100 GeV where Hr is the scalar sum of the E7 of all jets in the
event with Er > 15 GeV excluding the highest Er jet. We require at least one central jet
in the event with E7 > 115 GeV. We reject events with isolated muons with E7r > 15 GeV.

To estimate the W/Z plus jets background in the final candidate sample, we use a Monte
Carlo package composed of the VECBOS [4] generator for parton generation and a modified
version of ISAJET [5] for subsequent parton generation and hadronization. The events are
then passed through a simulation of the D@ detector based on the GEANT [6] program. The
cross section uncertainty is taken to be 10% per generated jet. The top quark background is
estimated by generating Monte Carlo events using the HERWIG [7] event generator coupled
to the standard simulation of the D@ detector based on GEANT. We use 170 GeV for the top
quark mass which is in agreement with the D@ measured value of 172.0+7.5 GeV [8] and use
the measured D@ top quark pair production cross section [9]. We calculate the background
from mismeasured QCD multijet events using two methods, one based on the shape of the
distribution of the angles between the K and the two leading jets and the other based on
an extrapolation of the f distribution from low values of £7 into the signal region. The
backgrounds from top quark production and from mismeasured QCD multijet production



60

Events

50

i H,> 100 GeV
40

30

20

10

o s

i I IR IR NI E RN S P S
0 >0 >60 >70 >80 >90 >100

¢T cut (GeV)
FIG. 2. Number of events as a function of F for events with Hr > 100 GeV. The points are
the calculated background, and the lines are the observed number of events.

are the two largest backgrounds.

In Fig. 2, we show the distribution of observed events and the calculated background as
a function of Ky for events with Hr > 100 GeV. There is no significant excess of events
above background, and, accordingly, we set limits on the mSUGRA parameters M, and
M; 5 [10]. To determine our efficiency for observing squark and gluinos, we use the ISAJET
event generator to generate squark and gluino events. We choose tan 3 = 2, 4o = 0, and
p < 0, and allow My and M/, to vary. These events are then passed through the standard
D® event simulation program. We use squark and gluino NLO cross sections as determined
using the PROSPINO [11] program. We optimize the f; and Hr cuts for each My and
M, point using the signal efficiencies and theoretical cross sections and our calculated
backgrounds. We allow the £ cut to vary from 50 GeV to 150 GeV, and the Hr cut to
vary from 100 GeV to 250 GeV. The resulting limit contour in the My and M/, plane is
shown in Fig. 3. Figure 3 also shows the limit from the D@ dielectron squark and gluino
analysis [12]. For small My, our limit on M/, is 102 GeV. We can exclude equal mass
squarks and gluinos below 260 GeV.

In conclusion, we report on a search for squarks and gluinos using the D@ detector at
Fermilab. Data corresponding to 79.2 4= 4.2 pb™' were examined for events with large
missing transverse energy, three or more jets, and the absence of isolated leptons. No events
were observed significantly in excess of Standard Model background predictions, and we
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FIG. 3. Exclusion contour in the My — Mj/, plane. This analysis rules out My and M/,

points below the solid black line. The dielectron squark and gluino analysis contour is shown in
grey. The nearly horizontal lines are gluino mass contours and the lines forming radial patterns
are the squark mass contours. The dashed line marks where squarks and gluinos have equal mass.
The shaded region is where MSUGRA yields some unphysical condition, such as no electroweak
symmetry breaking.

place limits on the Minimal Supergravity parameters My and M ,.
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