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Searches for resonances decaying to top pairs in pp collisions at /s = 1.96 TeV are
presented. An upper limit on the production of a narrow width resonance is given using
2.1 fb~! data collected by the DO experiment. Limits on the couplings of a massive
gluon are given and a measurement of the differential cross section do/dM,; is presented
using 1.9 fb~! data collected by the CDF experiment.

1 Introduction

The top quark was discovered in 1995 by the CDF and DO collaborations [2, 3]. During
Run I (1992-1996) both experiments collected a data set of about 125 pb~!. In 2001 Run
IT has started operating with a center-of-mass-energy of /s = 1.96 TeV and an increased
luminosity. One of the main aims is to further investigate the properties of top quarks. End
of 2006 there was first evidence for single top production [4]. At present, the top quark mass
is measured with a precision of 0.8% [5] and the ¢¢ production cross section is measured with
a precision of about 11% [6]. CDF and DO have recorded more than 3 fb=! of data. The
increased size of top quark samples allows to precisely study the production mechanism of
top quarks and to search for physics beyond the standard model (SM).

In the SM there is no resonant production of ¢ pairs. The only exception might be a heavy
higgs boson decaying to tt. However, many models beyond the SM suggest yet unknown
resonances. There are Z-like bosons in extended gauge theories [7], Kaluza Klein excitations
of the gluon or Z boson [8, 9], axigluons [10], resonances in topcolor models [11], and others.
Top quarks almost exclusively decay into to W boson and a b quark. The final state of a
tt event is determined by the decay modes of the to W bosons. The presented searches are
performed in the lepton + jets channel tf — WHW=bb — 1iqq’bb. In the final state there
is one isolated high pr lepton (I = e, u), > 4 jets, and missing Ep. Both experiments apply
b—tagging to improve the signal-to-background ratio. The main background is the SM #t
production.

In the following a search for a narrow width resonance by the DO experiment [12], and a
search for a massive gluon [13] and a measurement of the differential cross section do/d M,z [14]
by the CDF experiment is presented.

2 Reconstruction of the tt Invariant Mass Distribution

All three analyses need to reconstruct the ¢ invariant mass distribution M,;.

DO considers 3 jet events and > 4 jet events. M,; is calculated from the 4-momenta of the
jets, the charged lepton, and the neutrino. The neutrino pr is measured as missing Erp,
and the longitudinal momentum is obtained by solving M2, = (p' + p*)?. If there are two
solutions the one with the smallest [p¥] is taken.

CDF only considers events with exactly 4 jets. M, is reconstructed using the Dynamical
Likelihood Method [15, 16, 17]. The production matrix element is not used to avoid any
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bias by assuming a certain production mechanism.
The measurement of do/dM,; is performed using events with > 4 jets. M,z is calculated
from the 4-momenta of the 4 leading jets, the charged lepton, and the missing Erp.

3 Search for Narrow Resonance

DO performed a generic search for a nar-
row resonance X — tt. The width T is as- 5

sumed to be small compared to the detector 2 4_5? — Expected limit 95% CL —
. 1 = E with uncertainty band 3
mass resolution. A data set of 2.1 fb™" was = 4 ~ Observed limit 85% CL 3
analyzed. 731 events were selected in the g/ 32: — Topeolor Z' (CTEQSLY)
e+jets channel, and 565 events in the p+jets & 25, D%, L=2.1 fb.lé
channel. The total expected background is 2 Preliminary
692 + 26 and 524 =+ 23 events, respectively. 15 E
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SM expectation for the reconstructed M,z 90““\
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resonance is tested using a Bayesian ap-
proach. The result is an upper limit on the
production cross section ox x B(X — tt) as
a function of the resonance mass Myx. The
expected and observed limit at 95% C.L. is
shown in Fig. 1. This generic search can
be interpreted in the context of a topcolor-
assisted technicolor model. It predicts the
existence of a leptophobic Z’, i.e. a massive
Z-like boson that does not couple to leptons,
weakly and symmetrically couples to the first two quark generations, and strongly couples
to the third generation. The predicted topcolor Z’ production and the measured limit for a
narrow resonance lead to an exclusion of a Z’ at 95% C.L. with a mass of Mz < 760 GeV
and a width of 'y, = 0.012 M.

Figure 1: Expected and observed 95% C.L.
upper limits on ox - B(X — tf) compared
with the predicted top-color-assisted techni-
color cross-section for a Z’ boson with a width
of I'ys = 0.012M 4 as a function of the reso-
nance mass Myx. The shaded band gives the
+10 uncertainty in the SM expected limit.

4 Search for Massive Gluon

In contrast to a Z’ boson a massive gluon is a color octet particle. CDF sets limits on the
coupling strength A of such a massive gluon G as a function of the gluon mass Mg and
the gluon width I'q. The SM s-channel top production ¢g — g — tt and the production
via a massive gluon g7 — G — tt interfere and therefore cannot be separated. The SM
tt production is also treated as signal. A data set of 1.9 fb~! was analyzed. The coupling
strength was extracted with an unbinned likelihood fit. The fit was performed for I'c /Mg =
0.05,0.10,0.20,0.30,0.40, and 0.50. All fitted coupling strength are consistent with the SM
prediction within ~ 1.70. The obtained expected and observed limits for I'c/Ma = 0.05
and I'¢ /Mg = 0.5 are shown in Fig. 2.
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Figure 2: Limits on the coupling strength as a function of the gluon mass for I'/M = 0.05

(left) and I'/M = 0.5 (right).

5 Measurement of do/dM;

The measurement of do/dM;z is a generic
test of the SM top production. The cross
section is defined by

do?  N;— N}
dMy — A; [ LAY,

where Nj; is the number of events, Nib ke is
the number of background events, A; is the
acceptance in the bin 4, [ £ is the integrated
luminosity, and Aﬁ\/,ﬁ is the width of the
mass bin 7. The reconstructed M,;; distri-
bution is distorted from the true distribu-
tion by several effects like object resolutions
and acceptance. To correct for these effects
a Singular Value Decomposition unfolding
technique is applied [18]. This is a linear
transformation of M,z bins. The transfor-
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Figure 3: do/dM; in 1.9 fb=1 of W+ > 4 jets

data.

mation matrix is obtained from the Monte Carlo simulation. In Fig. 3 the measured differ-
ential cross section do/dM;; is shown as a function of the unfolded M;;. The SM expectation
for a tt cross section of 7.8 pb is also given. There is no significant deviation from the SM.
The consistency of both distributions is tested by pseudo-experiments leading to an observed

p-value of 0.45.
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