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We present the results of a search for the production of new particles decaying into twopptsailisions
at \s=1.8 TeV, using the BO1992-1995 data set corresponding to 109'pbWe exclude at the 95%
confidence level the production of excited quarkg X with masses below 775 Gedfl, the most restrictive
limit to date. We also exclude standard-model-lik& (Z') bosons with masses between 300 and 800 GeV/
c? (400 and 640 Ge\¢?). A W' boson with mass<786 GeVt? has been excluded by previous measure-
ments, and our lower limit is therefore the most stringent to date.

DOI: 10.1103/PhysRevD.68911101 PACS numbés): 13.85.Rm, 14.70.Pw, 14.86j

The direct production of hadronic jets is the dominantrections, these trigger samples are used to measure the dijet
contribution to high transverse momentupy) processes in mass spectrum above mass thresholds of 180, 250, 320, and

antiproton-proton §p) collisions. There are many exten- 470 GeV£?, respectively, where each of the triggers is
sions of the standard model that predict the existence of new 97% efficient. The resulting dijet mass spectrum is shown
massive objects (e.g., excited quarks[1], W’ and in Fig. 1. The widths of the mass bins are chosen such that
Z’ bosons that couple to quarks and/or gluons and may bedll events in any bin are recorded using a single trigger, there
observed as resonant structures in the two-jet mass spectrudfere >10 events per bin, and the bin width is approximately
The previous observation o andZ bosons decaying into €dual to the mass resolution.

two jets in the UA2 experimeri2] proved the feasibility of The uncertainty in the dijet mass spectrum from the un-

] L LY A .
doing dijet mass spectroscopy@p colliders. Subsequently, certainty in luminosity is 5.8%, and the uncertainty from the

; _jet-quality and vertex criteria is 1%. The uncertainties due to
the UA2[3] and CDH4] experiments searched for new reso We et energy scali8] are 7%(30% for the lowesithighes}

nances in the dijet mass spectrum and set limits on theimass bin, and are correlated. The uncertainty in energy scale

production within the context of different theoretical models. ’ ) ) Y gy

This Rapid Communication reports on a search for Sudpas three components: the uncorrelated, fully correlated, and
partially-correlated uncertainties. A correlation matrix is cal-

resonances in the two-jet mass spectii3] using the data Oculated for the partially correlated uncertainties using the
collected at a center-of-mass energy of 1.8 TeV with thie D ‘method described in Ref5]. The uncertainties in the mass

ggts?guz)rflgoggézw%, corresponding to an integrated Iumlépectra due to the jet energy resolution @&—-3.0% over

Jet detection in the D@etector] 7] primarily utilizes the theMTﬁis'Ztr?);%ek urgﬂtra]:jc\?vgssld:irrztcl):t}a d using the next-to-
uranium/liquid-argon calorimeters that cover the pseudoral- di ) d g ith gh
pidity region|n|=<4, wheren= —In[tan(6/2)] and @ is the i% 'Sg:r er(l(;lLO) proglrarrtl_JETRADl[Q], \;vg sémiXCTEEGM
polar angle with respect to the proton beam. Jets are recoul;— ] max S, and renormaization scalg)(of 0.5, Wi ere
structed using an iterative jet cone algorithm with a cond!€ ET"" IS the Er of the highesE parton. Partons within
radius ofR=0.7 in -¢ spacd5], whered is the azimuthal 1.3R of one another are clustered into a single jet if they are
angle. Background jets from isolated noisy calorimeter cellVithin R=0.7 of their Er-weighted 7,¢ centroid[5]. The
and accelerator losses are minimized via jet-quality criteridW© highester jets are used to calculate the dijet mass,
[5]. The transverse energy of each jet is then corref@étbr which is then smeared using the measured mass resolutions.
offsets due to the underlying event, noise, multiple interac-T h€ resulting distribution is shown in Fig. 2.~
tions and pileup, the fraction of particle energy showering A comparison between the background prediction and the
outside of the jet cone, and calorimeter energy response @ata is given in Fig. Jonly uncorrelated uncertainties are

incident hadrons. shown). The x? of the comparison is 25.0 for 25 degrees of
For each event that passes the quality criteria, the inclu-

sive dijet mass can be calculated, assuming that the particles 10— ‘ ———

within the jets are massless, using the relationship Wb Wemeee

= 2E1E4[ cosh )—cos@A¢)], where E7 and EF are the % i< Lomdi<rs

transverse energies of the two highEstjets. The pseudo-
rapidities of the two leading jets are selected to|be )
<1.0 and Anp=|n;—1,/<1.6 in order to maximize the
range of dijet mass at which the trigger is efficient.

A single trigger was used to collect the 1992-1993 data, ]
with an E; threshold of 115 GeV, for an integrated luminos- Hﬂwm o
ity of 14.1 pb 1. During 1994-1995, the data were collected S
using four triggers, with uncorrectds}; thresholds of 30, 50, M (Gevich
85 and 115 GeyV, for 'meg'fated IumanSItlgs of 0.36, 4.8, FiG. 1. The inclusive dijet mass spectrum. The events from each
56.5, and 94.9 pb', respectively. After the jet-energy cor- trigger have been corrected by the trigger's luminosity and event

efficiency. The data were collected using triggers with uncorrected

E+ thresholds of 3Qopen circleg 50 (closed squargs 85 (open
*Visitor from University of Zurich, Zurich, Switzerland. triangles, and 115 GeV(closed stars The error bars represent
TVisitor from Institute of Nuclear Physics, Krakow, Poland. statistical uncertainties.

3
"

Events (/10 GeV/e?)
S =]

'4
*“&v "
LAY

3
T

111101-3



RAPID COMMUNICATIONS

ABAZOV et al. PHYSICAL REVIEW D 69, 111101R) (2004

T T T T 0.1

10 3 008 —q"
—Jetrad (CTEQ6M) g 3\1'

Soo06 f T
104 -+ q* Line Shapes % --------- zZ

e S -
10° ~0.02 e \

o EE | 1 1 L L P
N 150 200 250 300 350 400 450 500 550 600

10 M (GeV/c)

c

FIG. 4. The line shapes of a 500 Ge&¥/ q*, W’ and
Z' bosons, smoothed and normalized to unit area.
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applied to the data. The resulting energies are then smeared
T vamm—u with the measured jet resolutions. Each of the mass spectra
M (GeV/e2) contains 50 000 events. Examples of the spectra generated
for a resonant mass of 500 Ga#/are shown in Fig. 4.
The data were analyzed using a Bayesian technique, with
a flat prior for the signa{see Ref[13]). The predicted num-
ber of events per bin is given byii=(<rQCDiC(;,CDi

+Nyx, UxCxi)ﬁi € whereaQCDi is the predicted QCD two-jet

freedom. This fit shows no obvious evidence for the exis-Cr0SS section for mass bin Ny is the fraction of signal
tence of new particles. events in the binZin=1); o is the cross section for the

We consider three models for a possible signal in the dijekjgnal; £; is the integrated luminosity; corresponds to the
mass spectrum. The first model contains a mass-degeneraigoduct of the efficiencies of the jet-quality criteria, the ver-
family of excited quarkq1] that decay to a quark and a tex selection efficiencies, and the trigger efficiencies per bin;
gluon (@* —qg). We assume that the coupling parameters ofang Cqcp, andCy are the jet energy and resolution correc-
the excited quarks equal unityf £'=fs=1) and that the s o the background and signal, respectively. Assuming

CXTEOG'tene_T_E scale edqualjs ;[]hz magsl of the _excggpl_ qul ; follows Poisson statistics, the probability thdf events
(A" =Mgx). The second and third models contain additional,re - gpserved in a given mass bin is then given by

W andZ bosons, respectively, with standard-model-like cou-p N C. C = e Hiy NN T
plings, where all possible quark decays are allowtd ( (Nil7gep, 7 N, £,€1.Cx, Caco, 1) =€ /NIl
—qq’, Z'—qq, with W —th, andZ’'—tt allowed when

Y

FIG. 2. TheJeTRAD (solid line) simulation of the inclusive dijet
mass spectrum. The dashed-dotted lines shgwiiA simulations
of the excited quark line shapes fdd«=300, 500, 700, and
900 GeVk?.

o3 [TTTTT————r
kinematically ~possible The leading-order W’ and oo ¢
Z' boson production cross sections are corrected by NLO e 1
“K factors”[11] of approximately 1.3, to account for higher- oL e 7 ]
order effects. All models were generated usmgHIA 6.2
[12], with the cTEQ parton distribution function$PDFg b ]
[10] oL "\"t:
For each of the models, a Monte Carlo mass spectrum 107 [t bl et
was generated at 25 Ged# intervals from a mass of ~ e ®
150 GeVk? to 1 TeV/c?. Jets are reconstructed at the par- RN 3
ticle level using the same iterative jet cone algorithm that is £l ]
% *"t > - ~
0.5 T T T T g 1 F ’ *x *:‘: E
04 F 3 g FRPERY
g0k =25.0 3 I T
o2 f x + l E
S0 E 2 rrr, . ]
z *ﬂ#,*._..“ +¢+++ |+| 10 . ) @
i-ﬂ.l E + * f‘ E 0 b \‘a\ 4
S-02 F E LAY
Sosk 3 BN
04 F E 1k Fera,, ) N
0.3 7.(I)0 4(I)0 660 8(I)20 lOI()O 1200 a1 . )
M (GeV/e?) 10 000606500 ~“600 500500

M, (GeVic2)
FIG. 3. The difference between data and the smeargdAd

NLO QCD prediction normalized to the theoretical prediction  FIG.5. The 95% C.L. on the production cross section multiplied
((Data—Theory)/Theory) using theeTegbM PDFs and a single by B(X—dijet) and acceptance, using theeQ6M PDFs for:(a) an
renormalization scalg = 0.5ET%*. The vertical error bars represent excited quarlkg* (starg, compared with the predicted cross section
the sum of the uncorrelated uncertainties added in quadrature, whilglashed ling Mg« <775 GeVE? is excluded;(b) similarly, for a
the horizontal error bands represent the widths of the mass bin$V’ boson(starg, 300<M,,, <800 GeVk? is excluded; andc) for
The highest mass bin extends to 1400 G&V/ aZ’' boson(stars, 400<M, <640 GeVE? is excluded.
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wherel reflects all other assumed information, such as thehe most restrictive limit on excited quark production to date.
standard model parameters. The probability of observing th& W’ boson is ruled out in the mass range 30Q,y
setN; that makes up the mass spectrum is then given by thet800 GeVE?. Previous measuremen{d 4,15 have ex-
product of these probabilities. To calculate the probabilitycluded aw’ boson with mass below 786 Gea#; our new
distribution for oy, Bayes’ theorem is applied with the fol- measurement therefore sets a more stringent lower limit on a
lowing assumptions about the prior probability distributions: W' boson mass of 800 Ge&_ﬁ/. A Z' boson with mass be-
ox has a uniform priorogep, €, Cocp, Cx. and £; all tween 400 and 640 Gedd is also excludeda previous
have Gaussian priors with widths given by their uncertain measurement by CDF excludea boson below 690 GeV/

"2

ties; andN; has a Poisson prior. All uncertainties representeoC [16).
by Gaussian priors have means that are many standard de- We thank the staffs at Fermilab and collaborating institu-
viations from any physical boundaries. tions, and acknowledge support from the Department of En-

The 95% confidence levéC.L.) limits on the production ergy and National Science Foundati@#SA), Commissariat
cross sections for the three signal models are extracted. l& L'Energie Atomique and CNRS/Institut National de Phy-
order to convert these production cross section upper limitsique Nuclaire et de Physique des Particu(&ancg, Min-
into lower limits on the mass of a new particle resonance, wéstry for Science and Technology and Ministry for Atomic
compare(see Fig. % our measured 95% C.L. limitéstars Energy(Russia, CAPES, CNPq and FAPER®Brazil), De-
with the expected cross section multiplied by the branchingartments of Atomic Energy and Science and Education
fraction (B) and acceptance for particles decaying to dijetsdia), ColcienciagColombig, CONACyYT (Mexico), Ministry
(dashed curve Branching fractions to all possible quark and of Education and KOSERoreg, CONICET and UBACyYT
gluon states are included in the acceptance. The acceptand@ggenting, The Foundation for Fundamental Research on
for excited quarks\(V' andZ’' bosong range from 20% at Matter (The Netherlands PPARC (United Kingdon), Min-
200 GeVt? to 60% (50%) for masses above 700 Gad! istry of Education(Czech Republig A.P. Sloan Foundation,
We exclude excited quarks witM 4« <775 GeVk?. Thisis  and the Research Corporation.
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