N
N

N

HAL

open science

Spin correlation in ¢¢ production from pp collisions at
Vs =18TeV

B. Abbott, M. Abolins, V. Abramov, B.S. Acharya, D.L.. Adams, M. Adams,

V. Akimov, G.A. Alves, N. Amos, E.W. Anderson, et al.

» To cite this version:

B. Abbott, M. Abolins, V. Abramov, B.S. Acharya, D.L. Adams, et al.. Spin correlation in t¢ produc-
tion from pp collisions at /s = 1.8TeV. Physical Review Letters, 2000, 85, pp.256-261. 10.1103/Phys-

RevLett.85.256 . in2p3-00005600

HAL Id: in2p3-00005600
https://hal.in2p3.fr /in2p3-00005600
Submitted on 17 Jul 2000

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.in2p3.fr/in2p3-00005600
https://hal.archives-ouvertes.fr

FERMILAB-PuB-00/046-E

Spin Correlation in ¢t Production from pp Collisions
at /s =18 TeV

B. Abbott,*® M. Abolins,*® V. Abramov,'® B.S. Acharya,'® D.L. Adams,* M. Adams,*’
V. Akimov,'” G.A. Alves,? N. Amos,*? E.W. Anderson,* M.M. Baarmand,*®
V.V. Babintsev,' L. Babukhadia,*® A. Baden,* B. Baldin,? S. Banerjee,'® J. Bantly,??
E. Barberis,?? P. Baringer,?® J.F. Bartlett,?® U. Bassler,” A. Bean,® A. Belyaev,'®
S.B. Beri,'! G. Bernardi,” 1. Bertram,?® V.A. Bezzubov,! P.C. Bhat,? V. Bhatnagar,!!
M. Bhattacharjee,*® G. Blazey,' S. Blessing,?” A. Boehnlein,? N.I. Bojko,?
F. Borcherding,?® A. Brandt,?® R. Breedon,? G. Briskin,”® R. Brock,*® G. Brooijmans,?
A. Bross,?® D. Buchholz,?? V. Buescher,*” V.S. Burtovoi,!? J.M. Butler,** W. Carvalho,?
D. Casey,*® Z. Casilum,*® H. Castilla-Valdez,"> D. Chakraborty,*® K.M. Chan,*
S.V. Chekulaev,” W. Chen,*® D.K. Cho,*” S. Choi,?® S. Chopra,?” B.C. Choudhary,?
J.H. Christenson,? M. Chung,*® D. Claes,** A.R. Clark,?> W.G. Cobau,* J. Cochran,?¢
L. Coney,** B. Connolly,?” W.E. Cooper,? D. Coppage,®® D. Cullen-Vidal,?
M.A.C. Cummings,?! D. Cutts,>® O.I. Dahl,?? K. Davis,?! K. De,? K. Del Signore,*?
M. Demarteau,?? D. Denisov,? S.P. Denisov,'® H.T. Diehl,? M. Diesburg,?
G. Di Loreto,*® P. Draper,®® Y. Ducros,'® L.V. Dudko,'® S.R. Dugad,'® A. Dyshkant,
D. Edmunds,*® J. Ellison,?® V.D. Elvira,? R. Engelmann,*® S. Eno,*® G. Eppley,®
P. Ermolov,*® O.V. Eroshin, J. Estrada,*” H. Evans,* V.N. Evdokimov,'® T. Fahland,?
S. Feher,?” D. Fein,?! T. Ferbel,” H.E. Fisk,? Y. Fisyak,* E. Flattum,? F. Fleuret,??
M. Fortner,?' K.C. Frame,*® S. Fuess,? E. Gallas,?® A.N. Galyaev," P. Gartung,?®
V. Gavrilov,'” R.J. Genik I1,2° K. Genser,? C.E. Gerber,? Y. Gershtein,’? B. Gibbard,*
R. Gilmartin,?” G. Ginther,*” B. Gobbi,*? B. Gémez,> G. Gémez,* P.I. Goncharov,'”
J.L. Gonzalez Solis,'® H. Gordon,*” L.T. Goss,* K. Gounder,?6 A. Goussiou,*® N. Graf,*
P.D. Grannis,*® J.A. Green,? H. Greenlee,?® S. Grinstein,! P. Grudberg,?? S. Griinendahl,?
G. Guglielmo,®* A. Gupta,'® S.N. Gurzhiev,'? G. Gutierrez,? P. Gutierrez,”! N.J. Hadley,>’
H. Haggerty,?® S. Hagopian,?” V. Hagopian,?” K.S. Hahn,*” R.E. Hall,>* P. Hanlet,*!
S. Hansen,? J.M. Hauptman,? C. Hays,* C. Hebert,*® D. Hedin,*' A.P. Heinson,?
U. Heintz,** T. Heuring,?” R. Hirosky,** J.D. Hobbs,*® B. Hoeneisen,® J.S. Hoftun,*?
A.S. Tto,® S.A. Jerger,®® R. Jesik,?® T. Joffe-Minor,*? K. Johns,?* M. Johnson,?’
A. Jonckheere,?® M. Jones,?® H. Jostlein,? S.Y. Jun,?? A. Juste,?® S. Kahn,* E. Kajfasz,?
D. Karmanov,'® D. Karmgard,? R. Kehoe,?* S.K. Kim,'* B. Klima,?® C. Klopfenstein,??
B. Knuteson,?? W. Ko,2* J.M. Kohli,'! A.V. Kostritskiy,!? J. Kotcher,** A.V. Kotwal,*
A.V. Kozelov,'” E.A. Kozlovsky,'? J. Krane,* M.R. Krishnaswamy,'® S. Krzywdzinski,?’
M. Kubantsev,?” S. Kuleshov,!” Y. Kulik,*® S. Kunori,*® G. Landsberg,®? A. Leflat,'®
F. Lehner,? J. Li,>® Q.Z. Li,? J.G.R. Lima,® D. Lincoln,?® S.L. Linn,?” J. Linnemann,*
R. Lipton,?® J.G. Lu,* A. Lucotte,*® L. Lueking,? C. Lundstedt,** A.K.A. Maciel,*!
R.J. Madaras,?® V. Manankov,'® S. Mani,?® H.S. Mao,* R. Markeloff,3! T. Marshall,??
M.I. Martin,? R.D. Martin,?® K.M. Mauritz,?® B. May,*? A.A. Mayorov,*® R. McCarthy,*®
J. McDonald,?” T. McKibben,*® T. McMahon,”® H.L. Melanson,? M. Merkin,!8



K.W. Merritt,? C. Miao,”® H. Miettinen,?® D. Mihalcea,®® A. Mincer,*¢ C.S. Mishra,?’
N. Mokhov,?? N.K. Mondal,'® H.E. Montgomery,?® M. Mostafa,! H. da Motta,?> E. Nagy,?
F. Nang,?! M. Narain,*® V.S. Narasimham,'® H.A. Neal,*? J.P. Negret,> S. Negroni,®
D. Norman,* L. Oesch,*? V. Oguri,® B. Olivier,” N. Oshima,? P. Padley,®® L.J. Pan,3?
A. Para,?® N. Parashar,*! R. Partridge,® N. Parua,” M. Paterno,*” A. Patwa,*®
B. Pawlik,'¢ J. Perkins,?® M. Peters,?® R. Piegaia,! H. Piekarz,?” B.G. Pope,** E. Popkov,*
H.B. Prosper,?” S. Protopopescu,*? J. Qian,*? P.Z. Quintas,? R. Raja,? S. Rajagopalan,*
N.W. Reay,*” S. Reucroft,** M. Rijssenbeek,*® T. Rockwell,** M. Roco,? P. Rubinov,3?
R. Ruchti,** J. Rutherfoord,?' A. Santoro,? L. Sawyer,?® R.D. Schamberger,*®
H. Schellman,®? A. Schwartzman,! J. Sculli,® N. Sen,*® E. Shabalina,'® H.C. Shankar,'?
R.K. Shivpuri,'? D. Shpakov,*® M. Shupe,? R.A. Sidwell,>” H. Singh,?® J.B. Singh,!
V. Sirotenko,' P. Slattery,*” E. Smith,’" R.P. Smith,? R. Snihur,** G.R. Snow,*

J. Snow,”® S. Snyder,* J. Solomon,*® X.F. Song,* V. Sorfn,! M. Sosebee,?® N. Sotnikova,'®
M. Souza,? N.R. Stanton,?” G. Steinbriick,*® R.W. Stephens,®® M.L. Stevenson,??

F. Stichelbaut,*® D. Stoker,?> V. Stolin,'” D.A. Stoyanova,'? M. Strauss,® K. Streets,
M. Strovink,?? L. Stutte,?® A. Sznajder,® J. Tarazi,?®> W. Taylor,*® S. Tentindo-Repond,?”
T.L.T. Thomas,*? J. Thompson,* D. Toback,® T.G. Trippe,?? A.S. Turcot,*? P.M. Tuts,*
P. van Gemmeren,?® V. Vaniev,'? N. Varelas,*® A.A. Volkov,'® A.P. Vorobiev,!?

H.D. Wahl,>” H. Wang,*? J. Warchol,** G. Watts,?® M. Wayne,>* H. Weerts,*3> A. White,?3
J.T. White,®* D. Whiteson,?? J.A. Wightman,*® S. Willis,>* S.J. Wimpenny,2°
J.V.D. Wirjawan,>® J. Womersley,? D.R. Wood,*! R. Yamada,? P. Yamin,* T. Yasuda,?
K. Yip,? S. Youssef,?” J. Yu,? Z. Yu,? M. Zanabria,> H. Zheng ?* Z. Zhou,*® Z.H. Zhu,*"
M. Zielinski,*” D. Zieminska,** A. Zieminski,?® V. Zutshi,*” E.G. Zverev,'®
and A. Zylberstejn!?

(DO Collaboration)

L Universidad de Buenos Aires, Buenos Aires, Argentina
2LAFEX, Centro Brasileiro de Pesquisas Fisicas, Rio de Janeiro, Brazil
3 Universidade do Estado do Rio de Janeiro, Rio de Janeiro, Brazil
4 Institute of High Energy Physics, Beijing, People’s Republic of China
® Universidad de los Andes, Bogotd, Colombia
6 Universidad San Francisco de Quito, Quito, Ecuador
TInstitut des Sciences Nucléaires, IN2P3-CNRS, Universite de Grenoble 1, Grenoble, France
8CPPM, IN2P3-CNRS, Université de la Méditerranée, Marseille, France
YLPNHE, Universités Paris VI and VII, IN2P3-CNRS, Paris, France
Y DAPNIA /Service de Physique des Particules, CEA, Saclay, France
Y Panjab University, Chandigarh, India
12 Delhi University, Delhi, India
13 Tata Institute of Fundamental Research, Mumbai, India
14 Seoul National University, Seoul, Korea
SCINVESTAV, Mezico City, Mexico
16 Institute of Nuclear Physics, Krakéw, Poland
17 Institute for Theoretical and Experimental Physics, Moscow, Russia
18 Moscow State University, Moscow, Russia



19 Institute for High Energy Physics, Protvino, Russia
2 Lancaster University, Lancaster, United Kingdom
2 University of Arizona, Tucson, Arizona 85721
22 Lawrence Berkeley National Laboratory and University of California, Berkeley, California 94720
B University of California, Davis, California 95616
24 California State University, Fresno, California 93740
% University of California, Irvine, California 92697
26 University of California, Riverside, California 92521
2T Florida State University, Tallahassee, Florida 32306
2 University of Hawaii, Honolulu, Hawaii 96822
2 Fermi National Accelerator Laboratory, Batavia, Illinois 60510
30 University of Illinois at Chicago, Chicago, Illinois 60607
31 Northern Illinois University, DeKalb, Illinois 60115
32 Northwestern University, Evanston, Illinois 60208
33 Indiana University, Bloomington, Indiana 47405
34 University of Notre Dame, Notre Dame, Indiana 46556
35 Jowa State University, Ames, Towa 50011
36 University of Kansas, Lawrence, Kansas 66045
3T Kansas State University, Manhattan, Kansas 66506
38 Louisiana Tech University, Ruston, Louisiana 71272
39 University of Maryland, College Park, Maryland 20742
40Boston University, Boston, Massachusetts 02215
4 Northeastern University, Boston, Massachusetts 02115
42 University of Michigan, Ann Arbor, Michigan 48109
43 Michigan State University, East Lansing, Michigan 4882/
M University of Nebraska, Lincoln, Nebraska 68588
45 Columbia University, New York, New York 10027
46 New York University, New York, New York 10003
AT University of Rochester, Rochester, New York 14627
48 State University of New York, Stony Brook, New York 11794
49 Brookhaven National Laboratory, Upton, New York 11973
%0 Langston University, Langston, Oklahoma 73050
1 University of Oklahoma, Norman, Oklahoma 73019
52 Brown University, Providence, Rhode Island 02912
53 University of Texas, Arlington, Texas 76019
5 Texas AEM University, College Station, Texas 77843
% Rice University, Houston, Texas 77005
56 University of Washington, Seattle, Washington 98195
(February 28, 2000)



Abstract

The D@ collaboration has performed a study of spin correlation in ¢ produc-

tion for the process tt — bW bW, where the W bosons decay to ev or pv.
A sample of six events was collected during an exposure of the D@ detector
to an integrated luminosity of approximately 125 pb~! of Vs =18 TeV pp
collisions. The standard model (SM) predicts that the short lifetime of the
top quark ensures the transmission of any spin information at production to
the tt decay products. The degree of spin correlation is characterized by a
correlation coefficient k. We find that x > —0.25 at the 68% confidence level,
in agreement with the SM prediction of x = 0.88.



Pair production of top quarks has been observed [1] in pp collisions at /s = 1.8 TeV
by both the CDF and D@ collaborations, and the mass and production cross section have
been measured in various channels [2,3]. The observed properties agree well with predictions
from the standard model (SM).

For a top quark mass of m; = 175 GeV, the width of the top quark in the SM is
I't = 1.4 GeV [4] while the typical hadronization scale is Aqep ~ 0.22 GeV [5]. The time
scale needed for depolarization of the top-quark spin is of the order m;/Agcp > 1/T [6],
implying that polarization information should be transmitted fully to the decay products of
the top quark. That is, the expected lifetime of the top quark is sufficiently short to prevent
long distance effects (e.g. fragmentation) from affecting the ¢¢ spin configurations, which
are determined by the short distance dynamics of QCD at production [6-8].

The observation of spin correlation in the decay products of ¢t systems is interesting
for several reasons. First, it provides a probe of a quark that is almost free of confinement
effects. Second, since the lifetime of the top quark is proportional to the Kobayashi-Maskawa
matrix element |Vj]?, an observation of spin correlation would yield information about the
lower limit on |Vj|, without assuming that there are three generations of quark families [9].
Finally, many scenarios beyond the standard model [10-13] predict different production and
decay dynamics of the top quark, any of which could affect the observed spin correlation.

In the decay of a polarized top quark, charged leptons or quarks of weak isospin —% are
most sensitive to the initial polarization. Their angular distribution in the rest frame of
the top quark is given by 1 4 cos 6, where 6 is the angle between the polarization direction
and the line of flight of the charged lepton or down-type quark. Due to the experimental
difficulties of identifying jets initiated by a down-type quark, we only consider top-quark
events in dilepton channels, i.e., where both W bosons in an event decay leptonically (ev or
uv). The advantages associated with using these channels are that: (1) objects sensitive to
the polarization of the top quark are clearly identified, (2) background is small compared
to the lepton—+jets channels, and (3) there are fewer ambiguities associated with assigning
objects observed in the detector to their originating quarks. The disadvantages are that the
number of events in the dilepton channels is small, and that it is necessary to reconstruct
two neutrinos in an event whose combined transverse momenta gives rise to the observed
transverse momentum imbalance in the event.

At /s = 1.8 TeV, 90% of the top quark pairs arise from ¢g annihilation, and, for
unpolarized incident particles, the produced ¢ and t are also expected to be unpolarized.
However, their spins are expected to have strong correlation [14,9] event by event and point
along the same axis in the t¢ rest frame [15]. In an optimized spin quantization basis
called the “off-diagonal” basis, contributions from opposite spin projections for top quark
pairs arising from ¢¢ annihilations are suppressed at the tree-level [15] and only like spin
configurations survive. This spin quantization basis can be specified using the velocity (*
and the scattering angle 6* of the top quark with respect to the center-of-mass frame of the
incoming partons. The direction of the off-diagonal basis forms an angle ) with respect to
the pp beam axis that is given by [16]:

3*% sin 6* cos 0*
1 — *2sin? 6%

This particular choice of basis is optimal in the sense that top quarks produced from ¢g will

tany =




have their spins fully aligned along this basis. In the limit of top quark production at rest
(B* = 0), the ¢t quark and the ¢ quark will have their spins pointing in the same direction
along ¥ = 0.

Defining 6, as the angle between one of the charged leptons and the axis of quantization
in the rest frame of its parent top quark, and similarly defining #_ for the other charged
lepton, the spin correlation can be expressed as [15]:

1 d*o 1+ rcosby - cosb_
o d(cosf,)d(cosf_) 4 ’

where the correlation coefficient x describes the degree of correlation present prior to imposi-
tion of selection criteria or effects of detector resolutions. For ¢t production at the Tevatron,
the SM predicts £ = 0.88. In the off-diagonal basis, the correlation coefficient for qg — tt is
k = 1. When gg — tt is included at /s = 1.8 TeV, the correlation is reduced to x = 0.88.
The distribution is symmetric with respect to the exchange of #, and 6_, and it is therefore
not necessary to identify the electric charge of the leptons. The physical meaning of x in
any spin quantization basis corresponds to the fractional difference between the number in
which the top-quark spins are aligned and the number of events in which they have opposite
directions.

The events used in this analysis are identical to those used to extract the mass of the
top quark in our dilepton sample [2]. They were recorded using the DO detector [17], which
consists of a non-magnetic tracking system including a transition radiation detector (TRD),
a liquid-argon/uranium calorimeter segmented in depth into several electromagnetic (EM)
and hadronic layers, and an outer toroidal muon spectrometer. The final sample consists of
three ey events, two ee events, and one pup event, with expected backgrounds of 0.21 +0.16,
0.47 £ 0.09, and 0.73 & 0.25 events, respectively [2].

To study the distribution in (cosf,,cosf_), we must deduce the momenta of the two
neutrinos. The weighting scheme we use is the previously-developed neutrino weighting
method [2]. In this method, each neutrino rapidity is selected from a range of assumed values
allowed by phase space. We assume the ¢t dilepton decay hypothesis, and the constraints
that m(lyv1) = m(love) = my and m(lyv101) = m(lavaby) = my. The problem can be solved
by providing a specific input mass m; that we assume to be m; = 175 GeV. We then solve
for the neutrino momentum vectors, obtaining up to four solutions, and assign a weight to
each solution to characterize how likely it is to represent ¢t production. A weight is assigned
to each solution based on the extent to which the sum of transverse momentum components
S pr(vv) (k= x,y) of the two neutrinos in the solution agrees with the measured missing
transverse momentum component ¥ (k = x,y) in the event. A Gaussian distribution with
a width of 4 GeV is assumed for each component of the Fj [2]. The weight is calculated as:

w = T exp l_ (% —Pk(W))T .

K=z 202
The physical objects in the events are smeared to take into consideration the finite resolution
of the detector, and we consider both possible pairings of the two charged leptons with the
two jets assigned to b quarks. The presence of a third jet is also taken into consideration [2].



TABLE I. Asymmetry values for the 6 dilepton events at DO .

Event Number Event type A
10822 ee 0.34
12814 eu -0.16
15530 i 0.50
26920 eu 0.85
30317 ee 0.52
417 eu -0.19
<A> 0.31 £0.22

For each solution, we can then boost the decay products into the rest frame of the
original top quarks and calculate the relevant decay angles (cos @, ,cosf_). The event fitter
returns many such solutions for an event, and the goal is to deduce the original value of
(cos B, cosf_) from the reconstructed distributions.

The differential cross section depends on the product £ = cosf, - cosf_. We define an
asymmetry A for all solutions in an event as:

Ldo 0 do
A=5 <0 €™ /1d§ )
For perfect resolution and acceptance, A is expected to be r/4.

Since the event fitter returns solutions with assigned weights and there is no “unique”
solution, we sum the weights for all the solutions to populate the distribution &, which is
shown in Fig. 1 for the 6 events. The values of A are listed in Table I.

Monte Carlo event generators such as HERWIG [18] and PYTHIA [19], in their current
implementation, do not take proper account of spin correlation in ¢t production, and the
two top quarks in an event are made to decay independently of each other, i.e. kK = 0
is assumed. To include the effects of spin correlation, ¢t events from the PYTHIA event
generator are sampled at the generator level with the weight (1 + k), where ¢ is calculated
from information at the generator level. We have checked this method against a Monte
Carlo containing a fully correlated matrix element (where x = 1 for ¢t events initiated from
qq annihilation) and found the two methods are equivalent [20].

To estimate the sensitivity of our method, we created 1500 ensembles of 6 events con-
sisting of appropriate fractions of ¢¢ signal and background. From Monte Carlo studies, we
expect A = 0.21 for full spin correlation (x = 1) when all detector and background effects
are included, while A = 0.25 for perfectly reconstructed events without any background.
The statistical uncertainty on our measurements is estimated to be 0.20 from these ensem-
ble studies. Similar tests were performed for ensembles of 6 events without spin correlation
(k = 0), and we find an expected A = 0.12 with an uncertainty of 0.21, while ideally .4 = 0.
The main cause for loss of sensitivity is the incorrect pairing of the lepton with the jet. This
produces a strong bias in A [20].

We obtain A = 0.31 +0.22 from our data, which translates into x = 2.3 + 2.5, assuming
that a linear relationship between A and x also holds beyond —1 < k < 1, though the values
|k| > 1 are not physical.
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FIG. 1. Distribution of £ for the 6 dilepton events.

Systematic uncertainties are negligible compared to the statistical uncertainty in our
result. Varying the top quark mass by 5 GeV results in a shift in A of 0.01. There has
been no theoretical calculation of effects of gluon radiation on the spin correlation of the
top quarks. However, these effects were studied for spin-uncorrelated events (i.e. k = 0)
by including gluon radiation in the PYTHIA event generator. This results in a shift in A
of 0.0065 £ 0.0063, where the error is due to finite Monte Carlo statistics. The asymmetry
distribution expected from background is similar to that for spin-uncorrelated ¢t events, and
its impact is small.

To maximize the physical information present in the data, the full two-dimensional phase
space of (cosf,,cosf_) is used in a two-dimensional binned likelihood analysis. The phase
space is split into a 3 x 3 grid, each side of which spans 1/3 of the range of cosf, and
cos f_. The nine bins are populated for data with weights (wj, ..., wg) from the event fitter,
with the distribution of weights for each event normalized to unity. Similar distributions
are made for the generated Monte Carlo events using different values of  for t¢ signal and
an appropriate admixture of background. Comparisons of data with Monte Carlo are used
to extract k.

Because an event populates each bin with fractional probability, a simple likelihood
assuming a Poisson distribution may not be appropriate. Moreover, since the weights for
each event satisfy the normalization condition >, w; = 1, only eight out of the nine weights
are independent, and there are correlations among the weights in any given event.

To find eight independent variables, the covariance matrix C;; = cov(w;,w;), (i, =
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FIG. 2. Plots of probability density for ¢f events in the dilepton channels in (cos ., cosf_)
phase space. Top left: Monte Carlo events with x = —1; top right: Monte Carlo events with
k = +1; bottom left: our data; and bottom right: the likelihood as a function of x showing the
68% confidence limit of k > —0.25. The box area is proportional to the summed weights in the
bin.

1,...,8) is calculated from the Monte Carlo events for a given spin correlation x and
background, and diagonalized using a matrix A, such that A='C'A has only diagonal el-
ements. The new independent variables (i.e. diagonalized weights) are found by applying
this transformation matrix to the weights, V = AW, where W = (wy,...,ws)? and
V = (vi,...,v8)T. The distributions f; (i = 1,...,8) of the new variables v; are used to
define the likelihood

N 8
L(k) =TT I fivigs ),
i j=1
where v;; are the new variables for ith event and N is the number of events. By explicitly
constructing the likelihood, we do not have to make any assumptions about the underlying
distributions of the weights.

The result is shown in Fig. 2. The probability densities for the Monte Carlo generator
at Kk = —1 and k = 1 are shown for comparison. From the dependence of the likelihood on
k, we can set a 68% confidence interval at x > —0.25, based on the line fit, in agreement
with the SM prediction of K = 0.88.

In conclusion, we have presented a search for spin correlation effects in the production
of tt pairs in pp collisions at /s = 1.8 TeV, where the dominant production mechanism is

9



expected to be the annihilation of incident ¢g states. This analysis makes use of the fact
that there exists an optimal spin quantization basis for the produced top quarks, and that
the charged leptons from top-quark decays are most sensitive to the polarization of the top
quark. From this analysis, we conclude that x > —0.25 at the 68% confidence level, which
is compatible with correlation of spins expected on the basis of the standard model.
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this work, and acknowledge support from the Department of Energy and National Sci-
ence Foundation (USA), Commissariat a L’Energie Atomique and CNRS/Institut National
de Physique Nucléaire et de Physique des Particules (France), Ministry for Science and
Technology and Ministry for Atomic Energy (Russia), CAPES and CNPq (Brazil), De-
partments of Atomic Energy and Science and Education (India), Colciencias (Colombia),
CONACyT (Mexico), Ministry of Education and KOSEF (Korea), CONICET and UBACyT
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