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S. Lammers br, G. Landsberg by, P. Lebrun t, W.M. Lee ax, A. Leflat al, J. Lellouch q, J. Leveque as, J. Li bz, L. Li av, Q.Z. Li ax,
S.M. Lietti e, J.G.R. Lima az, D. Lincoln ax, J. Linnemann bm, V.V. Lipaev am, R. Lipton ax, Y. Liu g, Z. Liu f,
A. Lobodenko an, M. Lokajicek k, P. Love ap, H.J. Lubatti cd, R. Luna c, A.L. Lyon ax, A.K.A. Maciel b, D. Mackin cb,
R.J. Madaras at, P. Mättig z, C. Magass u, A. Magerkurth bl, P.K. Mal cd, H.B. Malbouisson c, S. Malik bo, V.L. Malyshev aj,
H.S. Mao ax, Y. Maravin bg, B. Martin n, R. McCarthy bt, A. Melnitchouk bn, L. Mendoza h, P.G. Mercadante e,

0370-2693/$ – see front matter © 2008 Elsevier B.V. All rights reserved.
doi:10.1016/j.physletb.2008.08.027

http://www.ScienceDirect.com/
http://www.elsevier.com/locate/physletb
http://dx.doi.org/10.1016/j.physletb.2008.08.027


DØ Collaboration / Physics Letters B 668 (2008) 98–104 99

M. Merkin al, K.W. Merritt ax, A. Meyer u, J. Meyer v,3, T. Millet t, J. Mitrevski br, R.K. Mommsen ar, N.K. Mondal ac,
R.W. Moore f, T. Moulik bf, G.S. Muanza t, M. Mulhearn br, O. Mundal v, L. Mundim c, E. Nagy o, M. Naimuddin ax,
M. Narain by, N.A. Naumann ai, H.A. Neal bl, J.P. Negret h, P. Neustroev an, H. Nilsen w, H. Nogima c, S.F. Novaes e,
T. Nunnemann y, V. O’Dell ax, D.C. O’Neil f, G. Obrant an, C. Ochando p, D. Onoprienko bg, N. Oshima ax, N. Osman aq,
J. Osta bc, R. Otec j, G.J. Otero y Garzón ax, M. Owen ar, P. Padley cb, M. Pangilinan by, N. Parashar bd, S.-J. Park v,3,
S.K. Park ae, J. Parsons br, R. Partridge by, N. Parua bb, A. Patwa bu, G. Pawloski cb, B. Penning w, M. Perfilov al,
K. Peters ar, Y. Peters z, P. Pétroff p, M. Petteni aq, R. Piegaia a, J. Piper bm, M.-A. Pleier v, P.L.M. Podesta-Lerma ag,4,
V.M. Podstavkov ax, Y. Pogorelov bc, M.-E. Pol b, P. Polozov ak, B.G. Pope bm, A.V. Popov am, C. Potter f,
W.L. Prado da Silva c, H.B. Prosper aw, S. Protopopescu bu, J. Qian bl, A. Quadt v,3, B. Quinn bn, A. Rakitine ap,
M.S. Rangel b, K. Ranjan ab, P.N. Ratoff ap, P. Renkel ca, S. Reucroft bk, P. Rich ar, J. Rieger bb, M. Rijssenbeek bt,
I. Ripp-Baudot s, F. Rizatdinova bx, S. Robinson aq, R.F. Rodrigues c, M. Rominsky bw, C. Royon r, P. Rubinov ax,
R. Ruchti bc, G. Safronov ak, G. Sajot n, A. Sánchez-Hernández ag, M.P. Sanders q, B. Sanghi ax, A. Santoro c, G. Savage ax,
L. Sawyer bh, T. Scanlon aq, D. Schaile y, R.D. Schamberger bt, Y. Scheglov an, H. Schellman ba, T. Schliephake z,
C. Schwanenberger ar, A. Schwartzman bp, R. Schwienhorst bm, J. Sekaric aw, H. Severini bw, E. Shabalina ay,
M. Shamim bg, V. Shary r, A.A. Shchukin am, R.K. Shivpuri ab, V. Siccardi s, V. Simak j, V. Sirotenko ax, P. Skubic bw,
P. Slattery bs, D. Smirnov bc, G.R. Snow bo, J. Snow bv, S. Snyder bu, S. Söldner-Rembold ar, L. Sonnenschein q,
A. Sopczak ap, M. Sosebee bz, K. Soustruznik i, B. Spurlock bz, J. Stark n, J. Steele bh, V. Stolin ak, D.A. Stoyanova am,
J. Strandberg bl, S. Strandberg ao, M.A. Strang bq, E. Strauss bt, M. Strauss bw, R. Ströhmer y, D. Strom ba, L. Stutte ax,
S. Sumowidagdo aw, P. Svoisky bc, A. Sznajder c, P. Tamburello as, A. Tanasijczuk a, W. Taylor f, J. Temple as, B. Tiller y,
F. Tissandier m, M. Titov r, V.V. Tokmenin aj, T. Toole bi, I. Torchiani w, T. Trefzger x, D. Tsybychev bt, B. Tuchming r,
C. Tully bp, P.M. Tuts br, R. Unalan bm, L. Uvarov an, S. Uvarov an, S. Uzunyan az, B. Vachon f, P.J. van den Berg ah,
R. Van Kooten bb, W.M. van Leeuwen ah, N. Varelas ay, E.W. Varnes as, I.A. Vasilyev am, M. Vaupel z, P. Verdier t,
L.S. Vertogradov aj, M. Verzocchi ax, F. Villeneuve-Seguier aq, P. Vint aq, P. Vokac j, E. Von Toerne bg,
M. Voutilainen bp,5, R. Wagner bp, H.D. Wahl aw, L. Wang bi, M.H.L.S. Wang ax, J. Warchol bc, G. Watts cd, M. Wayne bc,
G. Weber x, M. Weber ax, L. Welty-Rieger bb, A. Wenger w,6, N. Wermes v, M. Wetstein bi, A. White bz, D. Wicke z,∗,
G.W. Wilson bf, S.J. Wimpenny av, M. Wobisch bh, D.R. Wood bk, T.R. Wyatt ar, Y. Xie by, S. Yacoob ba, R. Yamada ax,
M. Yan bi, T. Yasuda ax, Y.A. Yatsunenko aj, K. Yip bu, H.D. Yoo by, S.W. Youn ba, J. Yu bz, C. Zeitnitz z, T. Zhao cd,
B. Zhou bl, J. Zhu bt, M. Zielinski bs, D. Zieminska bb, A. Zieminski bb,�, L. Zivkovic br, V. Zutshi az, E.G. Zverev al

a Universidad de Buenos Aires, Buenos Aires, Argentina
b LAFEX, Centro Brasileiro de Pesquisas Físicas, Rio de Janeiro, Brazil
c Universidade do Estado do Rio de Janeiro, Rio de Janeiro, Brazil
d Universidade Federal do ABC, Santo André, Brazil
e Instituto de Física Teórica, Universidade Estadual Paulista, São Paulo, Brazil
f University of Alberta, Edmonton, Alberta, and Simon Fraser University, Burnaby, British Columbia, and York University, Toronto, Ontario, and McGill University, Montreal,
Quebec, Canada
g University of Science and Technology of China, Hefei, People’s Republic of China
h Universidad de los Andes, Bogotá, Colombia
i Center for Particle Physics, Charles University, Prague, Czech Republic
j Czech Technical University, Prague, Czech Republic
k Center for Particle Physics, Institute of Physics, Academy of Sciences of the Czech Republic, Prague, Czech Republic
l Universidad San Francisco de Quito, Quito, Ecuador
m LPC, Univ Blaise Pascal, CNRS/IN2P3, Clermont, France
n LPSC, Université Joseph Fourier Grenoble 1, CNRS/IN2P3, Institut National Polytechnique de Grenoble, France
o CPPM, Aix-Marseille Université, CNRS/IN2P3, Marseille, France
p LAL, Univ Paris-Sud, IN2P3/CNRS, Orsay, France
q LPNHE, IN2P3/CNRS, Universités Paris VI and VII, Paris, France
r DAPNIA/Service de Physique des Particules, CEA, Saclay, France
s IPHC, Université Louis Pasteur et Université de Haute Alsace, CNRS/IN2P3, Strasbourg, France
t IPNL, Université Lyon 1, CNRS/IN2P3, Villeurbanne, and Université de Lyon, Lyon, France
u III. Physikalisches Institut A, RWTH Aachen, Aachen, Germany
v Physikalisches Institut, Universität Bonn, Bonn, Germany
w Physikalisches Institut, Universität Freiburg, Freiburg, Germany
x Institut für Physik, Universität Mainz, Mainz, Germany
y Ludwig-Maximilians-Universität München, München, Germany
z Fachbereich Physik, University of Wuppertal, Wuppertal, Germany
aa Panjab University, Chandigarh, India
ab Delhi University, Delhi, India
ac Tata Institute of Fundamental Research, Mumbai, India
ad University College Dublin, Dublin, Ireland
ae Korea Detector Laboratory, Korea University, Seoul, Republic of Korea
af SungKyunKwan University, Suwon, Republic of Korea
ag CINVESTAV, Mexico City, Mexico
ah FOM-Institute NIKHEF and University of Amsterdam/NIKHEF, Amsterdam, The Netherlands
ai Radboud University Nijmegen/NIKHEF, Nijmegen, The Netherlands
aj Joint Institute for Nuclear Research, Dubna, Russia
ak Institute for Theoretical and Experimental Physics, Moscow, Russia



100 DØ Collaboration / Physics Letters B 668 (2008) 98–104

al Moscow State University, Moscow, Russia
am Institute for High Energy Physics, Protvino, Russia
an Petersburg Nuclear Physics Institute, St. Petersburg, Russia
ao Lund University, Lund, and Royal Institute of Technology and Stockholm University, Stockholm, and Uppsala University, Uppsala, Sweden
ap Lancaster University, Lancaster, United Kingdom
aq Imperial College, London, United Kingdom
ar University of Manchester, Manchester, United Kingdom
as University of Arizona, Tucson, AZ 85721, USA
at Lawrence Berkeley National Laboratory and University of California, Berkeley, CA 94720, USA
au California State University, Fresno, CA 93740, USA
av University of California, Riverside, CA 92521, USA
aw Florida State University, Tallahassee, FL 32306, USA
ax Fermi National Accelerator Laboratory, Batavia, IL 60510, USA
ay University of Illinois at Chicago, Chicago, IL 60607, USA
az Northern Illinois University, DeKalb, IL 60115, USA
ba Northwestern University, Evanston, IL 60208, USA
bb Indiana University, Bloomington, IN 47405, USA
bc University of Notre Dame, Notre Dame, IN 46556, USA
bd Purdue University Calumet, Hammond, IN 46323, USA
be Iowa State University, Ames, IA 50011, USA
bf University of Kansas, Lawrence, KS 66045, USA
bg Kansas State University, Manhattan, KS 66506, USA
bh Louisiana Tech University, Ruston, LA 71272, USA
bi University of Maryland, College Park, MD 20742, USA
bj Boston University, Boston, MA 02215, USA
bk Northeastern University, Boston, MA 02115, USA
bl University of Michigan, Ann Arbor, MI 48109, USA
bm Michigan State University, East Lansing, MI 48824, USA
bn University of Mississippi, University, MS 38677, USA
bo University of Nebraska, Lincoln, NE 68588, USA
bp Princeton University, Princeton, NJ 08544, USA
bq State University of New York, Buffalo, NY 14260, USA
br Columbia University, New York, NY 10027, USA
bs University of Rochester, Rochester, NY 14627, USA
bt State University of New York, Stony Brook, NY 11794, USA
bu Brookhaven National Laboratory, Upton, NY 11973, USA
bv Langston University, Langston, OK 73050, USA
bw University of Oklahoma, Norman, OK 73019, USA
bx Oklahoma State University, Stillwater, OK 74078, USA
by Brown University, Providence, RI 02912, USA
bz University of Texas, Arlington, TX 76019, USA
ca Southern Methodist University, Dallas, TX 75275, USA
cb Rice University, Houston, TX 77005, USA
cc University of Virginia, Charlottesville, VA 22901, USA
cd University of Washington, Seattle, WA 98195, USA

a r t i c l e i n f o a b s t r a c t

Article history:
Received 23 April 2008
Received in revised form 16 July 2008
Accepted 13 August 2008
Available online 22 August 2008
Editor: H. Weerts

PACS:
14.65.Ha
14.70.Pw

We present a search for a narrow-width heavy resonance decaying into top quark pairs (X → tt̄) in pp̄
collisions at

√
s = 1.96 TeV using approximately 0.9 fb−1 of data collected with the DØ detector at the

Fermilab Tevatron Collider. This analysis considers tt̄ candidate events in the lepton plus jets channel with
at least one identified b jet and uses the tt̄ invariant mass distribution to search for evidence of resonant
production. We find no evidence for a narrow resonance X decaying to tt̄. Therefore, we set upper limits
on σX · B(X → tt̄) for different hypothesized resonance masses using a Bayesian approach. For a Topcolor-
assisted technicolor model, the existence of a leptophobic Z ′ boson with mass M Z ′ < 700 GeV and width
ΓZ ′ = 0.012M Z ′ can be excluded at the 95% C.L.

© 2008 Elsevier B.V. All rights reserved.
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1. Introduction

The top quark has by far the largest mass of all the known
fermions. Unknown heavy resonances may play a role in the pro-
duction of top quark pairs (tt̄) and add a resonant part to the Stan-
dard Model (SM) production mechanism mediated by the strong
interaction. Such resonant production is possible for massive Z -like
bosons in extended gauge theories [1], Kaluza–Klein states of the
gluon or Z boson [2,3], axigluons [4], Topcolor [5], and other the-
ories beyond the SM. Independent of the exact model, resonant
production of top quark pairs could be visible in the reconstructed
tt̄ invariant mass distribution.

In this Letter, we present a search for a narrow-width heavy
resonance X decaying into tt̄ . We consider the lepton + jets (� +

mailto:wicke@fnal.gov


DØ Collaboration / Physics Letters B 668 (2008) 98–104 101

jets, where � = e or μ) final state. The event signature is one iso-
lated electron or muon with high momentum transverse to the
beam axis (pT ), large transverse energy imbalance (/E T ) due to
the undetected neutrino, and at least four jets, two of which re-
sult from the hadronization of b quarks. The analyzed dataset
corresponds to an integrated luminosity of 913 ± 56 pb−1 in the
e + jets channel and 871 ± 53 pb−1 in the μ + jets channel, col-
lected with the DØ detector between August 2002 and December
2005. The analysis uses events with at least three reconstructed
jets. Backgrounds from light-quarks are further reduced by iden-
tifying b jets. After b tagging, the dominant physics background
for a resonance signal is non-resonant SM tt̄ production. Smaller
contributions arise from the direct production of W bosons in as-
sociation with jets (W + jets), as well as instrumental background
originating from multijet processes with jets faking isolated lep-
tons. The search for resonant production in the tt̄ invariant mass
distribution is performed using Bayesian statistics to compare SM
and resonant production to the observed mass distribution.

Previous searches performed by the CDF and DØ Collaborations
in Run I found no evidence for a tt̄ resonance [6,7]. In these stud-
ies, a Topcolor model was used as a reference to quote mass limits.
According to this model [5], a large top quark mass can be gen-
erated through the formation of a dynamical tt̄ condensate, Z ′ ,
due to a new strong gauge force with large coupling to the third
generation of fermions. In one particular model, Topcolor-assisted
technicolor [8], the Z ′ boson has large couplings only to the first
and third generation of quarks and has no significant couplings to
leptons. Limits obtained on σX · B(X → tt̄) are used to set a lower
bound on the mass of such a leptophobic Z ′ boson. In Run I CDF
found M Z ′ > 480 GeV with 106 pb−1 of data [6], and DØ obtained
M Z ′ > 560 GeV using 130 pb−1 [7], both at the 95% C.L. and for a
resonance with width ΓZ ′ = 0.012M Z ′ .

2. DØ detector

The DØ detector [9] has a central-tracking system consisting of
a silicon microstrip tracker and a central fiber tracker, both located
within a 2 T superconducting solenoidal magnet, with designs op-
timized for tracking and vertexing at pseudorapidities |η| < 3 and
|η| < 2.5, respectively. The pseudorapidity, η, is defined with re-
spect to the beam axis. Central and forward preshower detectors
are positioned just outside of the superconducting coil. A liquid-
argon and uranium calorimeter has a central section (CC) covering
pseudorapidities |η| � 1.1, and two end calorimeters (EC) that
extend coverage to |η| ≈ 4.2, with all three housed in separate
cryostats [10]. An outer muon system covering |η| < 2 consists of
a layer of tracking detectors and scintillation trigger counters in
front of 1.8 T iron toroids, followed by two similar layers after the
toroids [11]. Luminosity is measured using plastic scintillator ar-
rays placed in front of the EC cryostats. The three-level trigger and
data acquisition systems are designed to accommodate the high
luminosities of Run II and record events of interest at up to about
100 Hz.

3. Event selection

To select top quark pair candidates in the e + jets and μ + jets
decay channels, triggers that required a jet and an electron or
muon are used. The event selection requires either an isolated
electron with pT > 20 GeV and |η| < 1.1, or an isolated muon
with pT > 20 GeV and |η| < 2.0. No additional isolated leptons
with pT > 15 GeV are allowed in the event. Details of the lepton
identification and isolation criteria are described in [12,13]. We re-
quire /E T to exceed 20 GeV (25 GeV) for the e + jets (μ + jets)
channel. Jets are defined using a cone algorithm [14] with radius
Rcone = 0.5, where Rcone = √

(�φ)2 + (�y)2, φ is the azimuthal

angle, and y the rapidity. The selected events must contain three
or more jets with pT > 20 GeV and |y| < 2.5. At least one of the
jets is required to have pT > 40 GeV. Events with mismeasured
lepton momentum are rejected by requiring the /E T to be acollinear
with the lepton direction in the transverse plane: �φ(e, /E T ) >

2.2–0.045 GeV−1/E T and �φ(μ,/E T ) > 2.1–0.035 GeV−1/E T [15].
To improve the signal-to-background ratio, at least one jet is re-

quired to be identified as a b jet. The tagging algorithm uses the
impact parameters of tracks matched to a given jet and informa-
tion on vertex mass, the decay length significance, and the num-
ber of participating tracks for any reconstructed secondary vertex
within the cone of the given jet. The information is combined in
a neural network to obtain the output variable, NNB , which tends
towards one for b jets and towards zero for light quark jets [16]. In
this analysis we consider jets to be b-tagged if NNB > 0.65 which
corresponds to a tagging efficiency for b jets of about 55% with a
tagging rate for light quark jets of less than 1%.

We independently analyze events with three and four or more
jets and separate singly tagged and doubly tagged events, since the
channels have different signal-to-background ratios and systematic
uncertainties.

4. Signal and background modeling

Simulated events are used to determine selection efficiencies
for the resonant tt̄ production signal and for background sources
except those in which instrumental effects give fake leptons and
/E T in multijet production events. Samples of resonant tt̄ produc-
tion are generated with pythia [17] for ten different choices of the
resonance mass M X between 350 GeV and 1 TeV. In all cases, the
width of the resonance is set to ΓX = 0.012M X . This qualifies the
X boson as a narrow resonance since its width is smaller than the
estimated mass resolution of the DØ detector of 5–10%. The gener-
ated resonance is forced to decay into tt̄ .

Standard Model tt̄ and diboson backgrounds (W W , W Z , and
Z Z ) are generated with pythia [17]. Single top quark production
is generated using the comphep generator [18]. A top quark mass
of 175 GeV is used for both resonant and SM top production pro-
cesses. W + jets and Z + jets events are generated using alpgen

[19] to model the hard interaction and pythia for parton show-
ering, hadronization and hadron decays. To avoid double counting
between the hard matrix element and the parton shower, the MLM
jet-matching algorithm is used [20]. The CTEQ6L1 parton distri-
bution functions [21,22] are used for all samples. The generated
events are processed through the full geant3-based [23] simula-
tion of the DØ detector and the same reconstruction program as
used for data.

The SM tt̄ , single top quark, diboson, and Z + jets backgrounds
are estimated completely from Monte Carlo (MC) simulation, to ob-
tain the total acceptance as well as the shape of the reconstructed
tt̄ invariant mass distribution. Trigger inefficiencies and differences
between data and MC lepton and jet identification efficiencies are
accounted for by weighting the simulated events [15]. Jet b-tagging
probabilities are measured in data and parametrized as functions
of pT and η. They are used to weight each simulated event accord-
ing to its event b-tagging probability. Finally, the expected yields
are normalized to the SM theoretical prediction. A tt̄ production of
σtt̄ = 6.77 ± 0.60 pb for mt = 175 GeV [24] is used. Z + jets, single
top quark and diboson samples are normalized to their next-to-
leading-order cross sections [25–27].

The W + jets background is estimated from a combination of
data and MC information. The expected number of W + jets events
in the b-tagged sample is computed as the product of the esti-
mated number of W + jets before b tagging and the expected event
b-tagging probability. The former is obtained from the observed
number of events with real leptons in data, computed using the
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Fig. 1. Shape comparison of the expected tt̄ invariant mass distributions for SM top quark pair production (histogram) and resonant production from narrow-width resonances
of mass M X = 450, 650, and 1000 GeV, for (a) 3 jets events and (b) � 4 jets events.

Table 1
Event yields for the expected SM background and for data. The uncertainties are
statistical and systematic

3 jets � 4 jets

tt̄ 167.4 160.5
W + jets 118.2 24.1
Other MC 34.8 9.8
Multijet 31.3 7.4

Total background 351.7 ± 29.3 201.8 ± 26.4

Data 370 237

matrix method [12], and then subtracting the expected contribu-
tion from other SM production processes. The b-tagging probability
is obtained by combining the W + jets flavor fractions estimated
from MC with the event b-tagging probability, estimated from b
tag rate functions. The shape of the reconstructed invariant mass
distribution is obtained from the MC simulation.

The multijet background is completely determined from data.
The total number of expected events is estimated by applying the
matrix method to the each of the b-tagged subsamples. The shape
is derived from events with leptons failing the isolation require-
ments. A summary of the prediction for the different background
contributions in the combined � + jets channels, along with the
observed number of events in data, is given in Table 1. Systematic
uncertainties are discussed below.

5. Reconstruction of the tt̄ invariant mass distribution

The tt̄ invariant mass is reconstructed from the four-momenta
of up to the four highest pT jets, the lepton momentum, and the
neutrino momentum. The latter is obtained from the transverse
missing energy and a W -mass constraint. The neutrino transverse
momentum is identified with the missing transverse momentum,
given by /E T and its direction. The neutrino momentum along the
beam direction, pν

z , is estimated by solving the equation M2
W =

(p� + pν)2, where p� (pν ) is the lepton (neutrino) four momentum.
If there are two solutions, the one with the smaller |pν

z | is taken;
if no solution exists, pν

z is set to zero. This method gives better
sensitivity for high mass resonances than a previously applied con-
strained kinematic fit technique [7], since for Mtt̄ � 700 GeV the
jets from the hadronically decaying W boson are more likely be
reconstructed in a single jet instead of two jets and in such cases
the assumptions made in the kinematic fit are invalid. The sensi-
tivity for lower resonance masses is slightly reduced from that for

the constrained fit. The direct reconstruction also allows the inclu-
sion of data with fewer than four jets in the case that some jets
are merged, further increasing the sensitivity. The expected tt̄ in-
variant mass distributions for three different resonance masses are
compared to the SM expectation in Fig. 1.

6. Systematic uncertainties

The systematic uncertainties can be classified as those affect-
ing only normalization and those affecting the shape of any of the
signal or background invariant mass distributions. The systematic
uncertainties affecting only the normalization include the theoret-
ical uncertainty on the SM prediction for σtt̄ (9%), the uncertainty
on the integrated luminosity (6.1%) [28], and the uncertainty on
the lepton identification efficiencies.

The systematic uncertainties affecting the shape of the invari-
ant mass distribution as well as the normalization are studied in
signal and background samples. These include uncertainties on the
jet energy calibration, jet reconstruction efficiency, and b-tagging
parameterizations for b, c and light jets. The effect due to the
top quark mass uncertainty is computed by changing mt in the
simulation of tt̄ to 165 GeV and 185 GeV, normalized to their cor-
responding theoretical cross sections. The effect is scaled to corre-
spond to a top quark mass uncertainty of ±5 GeV. The difference
in the tt̄ acceptance due to the top quark mass variation is also in-
cluded in the systematic uncertainty. The fraction of heavy flavor
in the W + jets background is measured in control samples, and
a corresponding uncertainty on the W + jets flavor composition is
used. Also the uncertainties on the b-fragmentation and the un-
certainties of the efficiencies used in the matrix method are taken
into account.

Table 2 gives a summary of the relative systematic uncertain-
ties on the total SM background normalization for the combined
� + jets channels. The sample dependence of the background com-
position and the use of data- and MC-based methods to estimate
the backgrounds, induce a sample dependent overall luminosity
uncertainty. The effect of the different systematic uncertainties on
the shape of the tt̄ invariant mass distribution cannot be inferred
from this table, but is included in the analysis.

7. Result

After all selection cuts, 319 events remain in the e + jets chan-
nel and 288 events in the μ + jets channel. The sums of all SM
and multijet instrumental backgrounds are 303 ± 22 and 251 ± 19
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Fig. 2. Expected and observed tt̄ invariant mass distribution for the combined (a) � + 3 jets and (b) � + 4 or more jets channels, with at least one identified b jet. Errors
shown on the data points are statistical. Superimposed as white area is the expected signal for a Topcolor-assisted technicolor Z ′ boson with M Z ′ = 650 GeV.

Table 2
The relative systematic uncertainties on the overall normalization of the SM back-
ground and for a resonance mass of M X = 650 GeV, with at least one b-tagged jet.
The uncertainties shown are symmetrized. The actual asymmetric uncertainties and
the effect of shape-changing systematic errors are used in the limit setting

Source SM processes
(backgrounds)

Resonance
M X = 650 GeV

3 jets � 4 jets 3 jets � 4 jets

Jet energy calibration ±1.0% ±5.8% ±3.7% ±5.5%
Jet energy resolution ±0.2% < 0.1% ±1.2% ±0.2%
Jet identification ±0.6% ±2.0% ±0.6% ±1.6%
σtt̄ (mt = 175 GeV) ±3.1% ±5.9% – –
Top quark mass ±5.2% ±6.9% – –
b tagging ±3.1% ±3.2% ±3.9% ±3.6%
b fragmentation ±0.3% ±0.4% ±0.6% ±0.6%
W + jets (heavy flavor) ±2.5% ±0.9% – –
Multijet lepton fake rate ±0.3% < 0.1% – –
Selection efficiencies ±3.1% ±5.3% ±3.6% ±3.6%
Luminosity ±2.6% ±4.2% ±6.1% ±6.1%

Table 3
Expected and observed limits for σX · B(X → tt̄) at the 95% C.L. when combining all
channels and taking all systematic uncertainties into account

M X [GeV] Expected limits [pb] Observed limits [pb]

350 2.08 3.19
400 2.09 2.32
450 1.59 1.59
500 1.24 0.99
550 0.94 0.80
600 0.68 0.79
650 0.55 0.87
750 0.36 0.66
850 0.28 0.49

1000 0.22 0.36

events, respectively. Invariant mass distributions are computed for
events with exactly one b tag and for events with more than one
b tag. Additionally, the distributions are separated into 3 jets and
� 4 jets samples. The measured invariant mass distributions and
corresponding background estimations are shown in Fig. 2 for the
3 jets and � 4 jets samples.

Finding no significant deviation from the SM expectation, we
apply a Bayesian approach to calculate 95% C.L. upper limits on
σX · B(X → tt̄) for hypothesized values of M X between 350 and
1000 GeV. A Poisson distribution is assumed for the number of
observed events in each bin, and flat prior probabilities are taken
for the signal cross section times branching fraction. The prior for
the combined signal acceptance and background yields is a multi-

Fig. 3. Expected and observed 95% C.L. upper limits on σX · B(X → tt̄) compared
with the predicted Topcolor-assisted technicolor cross section for a Z ′ boson with
a width of ΓZ ′ = 0.012M Z ′ as a function of resonance mass M X . The shaded band
gives the ±1 sigma uncertainty in the SM expected limit.

variate Gaussian with uncertainties and correlations described by
a covariance matrix [29].

The expected and observed 95% C.L. upper limits on σX · B(X →
tt̄) as a function of M X , after combining the 1 and 2 b-tag sam-
ples and the 3 and � 4 jets samples, are summarized in Table 3
and displayed in Fig. 3. This figure also includes the predicted
σX · B(X → tt̄) for a leptophobic Z ′ boson with ΓZ ′ = 0.012M Z ′
computed using CTEQ6L1 parton distribution functions. The com-
parison of the observed cross section limits with the Z ’ boson
prediction excludes M Z ′ < 700 GeV at the 95% C.L. Due to a small
excess of data over expectation (of no more than 1.5σ significance)
for invariant masses in the range between 600 and 700 GeV, the
observed limits do not reach the expected limit for a Z ′ boson of
780 GeV.

8. Conclusion

A search for a narrow-width heavy resonance decaying to tt̄
in the � + jets final states has been performed using data corre-
sponding to an integrated luminosity of about 0.9 fb−1, collected
with the DØ detector at the Tevatron collider. By analyzing the
reconstructed tt̄ invariant mass distribution and using a Bayesian
method, model independent upper limits on σX · B(X → tt̄) have
been obtained for different hypothesized masses of a narrow-width
heavy resonance decaying into tt̄ . Within a Topcolor-assisted tech-
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nicolor model, the existence of a leptophobic Z ′ boson with M Z ′ <

700 GeV and width ΓZ ′ = 0.012M Z ′ is excluded at the 95% C.L.
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