VOLUME 77, NUMBER 8 PHYSICAL REVIEW LETTERS 19 AcusT 1996

Measurement of theA‘,! Lifetime Using A‘,’, — At p

F. Abe!* H. Akimoto> A. Akopian?’ M. G. Albrow,” S. R. Amendoli&’ D. Amidei,!” J. Antos?® C. Anway-Wies¢,
S. Aota’? G. Apollinari?’ T. Asakawa’?> W. Ashmanskas, M. Atac,” F. Azfar?? P. Azzi-Bacchettd! N. Bacchetta&,
W. Badgettl” S. Bagdasaro¥, M. W. Bailey,” J. Bao?’ P. de Barbard® A. Barbaro-Galtieri’ V. E. Barnes?}

B. A. Barnett!® E. Barzi® G. Bauer'® T. Baumanr?, F. Bedescht} S. Behrends,S. Belforte?®* G. Bellettini??

J. Bellinger’* D. Benjamin3!' J. Benlloch!® J. Bensingef,D. Benton??> A. Beretvas, J. P. Bergé, J. Berryhill}

S. Bertolucc® A. Bhatti?’ K. Biery,!> M. Binkley,” D. Bisello?! R. E. Blair! C. Blocker? A. Bodek?® W. Bokhari!®
V. Bolognesi! D. Bortoletto? J. Boudread? L. Breccia? C. Bromberg'? N. Bruner!® E. Buckley-Gee¥,

H.S. Budd?® K. Burkett,” G. Busettd’' A. Byon-Wagner, K. L. Byrum,' J. Cammerat&’ C. Campagnari,

M. Campbell!” A. Caner! W. Carithers? D. Carlsmith3* A. Castro?' D. Cauz?® Y. Cen?® F. CervelliZ}

P.S. Chang) P.T. Chang’ H.Y. Chao?’ J. Chapman! M.-T. Cheng?® G. Chiarelli?* T. Chikamatsu?

C.N. Chiou? L. Christofek!' S. Cihangir, A. G. Clark?* M. Cobal?* M. Contreras, J. Conway’?® J. Cooper,

M. Cordelli? C. Couyoumtzelig? D. Crane! D. Cronin-Henness§,R. Culbertsor, J. D. Cunningham, T. Daniels!®
F. DeJongH, S. Delchamp$,S. Dell’Agnello? M. DellOrso? R. Demina) L. Demortier?’ B. Denby?

M. Deninno? P. F. Derwent] T. Devlin28 J. R. Dittmanrf, S. Donati?* J. Done® T. Dorigo?' A. Dunn,” N. Eddy,”
K. Einsweiler?® J. E. Elias| R. Ely,® E. Engels, Jr* D. Errede!! S. Erredé,' Q. Fan? |. Fiori,> B. Flaugher,
G.W. Foster, M. Franklin? M. Frautschi! J. Freeman,J. Friedmar? T. A. Fuess, Y. Fukui,* S. Funak#?

G. Gagliardi¥® S. Galeott?®* M. Gallinaro?! M. Garcia-Scivere$, A. F. Garfinkel? C. Gay) S. Geer,

D.W. Gerdes] P. Giannett?? N. Giokaris?’ P. Giromini? L. Gladney??> D. Glenzinski!* M. Gold,"” J. GonzaleZ?
A. Gordon? A. T. Goshaw! K. Goulianos?’ H. Grassman#® L. Groer?® C. Grosso-Pilchet,G. Guillian}”
R.S. Gud® C. Haber!’ E. Hafen!® S. R. Hahr!, R. Hamilton? R. HandleP* R. M. Hans> K. Hara3?

A.D. Hardmar?’ B. Harral??> R. M. Harris] S. A. Haugef, J. Hausef, C. Hawk?® E. Hayash#? J. Heinrich??
K.D. Hoffman? M. Hohlmann!-> C. Holck?* R. Hollebeek? L. Holloway,!' A. Holscher!? S. Hong!” G. Houk??
P. Hu?* B. T. Huffman?* R. Hughes? J. Huston'® J. Huth) J. Hylen! H. Ikeda’* M. Incagli® J. Incandeld,

G. Introzzi?* J. lwai? Y. Iwata,'® H. Jenser,U. Joshi! R. W. Kadel'> E. Kajfasz]* H. Kambara?® T. Kamon3°
T. Kaneko?? K. Karr,® H. Kasha® Y. Kato° T. A. Keaffaber? L. Keeble? K. Kelley,'® R. D. Kennedy?

R. Kephart) P. Kesten; D. Kestenbauni,R. M. Keup!!' H. Keutelian! F. Keyvan? B. Kharadia!! B. J. Kim2®
D.H. Kim,”* H.S. Kim,'? S.B. Kim,'” S. H. Kim* Y. K. Kim, !5 L. Kirsch;> P. Koehr’® K. Kondo;? J. Konigsberd,
S. Kopp? K. Kordas!?> W. Koska! E. Kovacs!* W. Kowald,® M. Krasberg!” J. Kroll,” M. Kruse? T. Kuwabara’?
S.E. Kuhlmann, E. Kuns?® A. T. Laasaner; N. Labanca’ S. Lammel’ J.1. LamoureuxX, T. LeCompte! S. Leone’?
J.D. Lewis! P. Limon] M. Lindgren? T. M. Liss,'! N. Lockyer?? O. Long??> C. Loomis?® M. Loreti,’! J. Lu;°
D. Lucches??® P. Lukens] S. Lusin?* J. Lys!> K. Maeshima, A. Maghakiar’ P. Maksimovicl® M. Mangano’?

J. Mansour? M. Mariotti,>! J. P. Marriner, A. Martin,!' J. A. J. Matthewsd; R. Mattingly ! P. Mcintyre3°
P. Melese! A. Menzione?® E. Meschi?® S. Metzler??> C. Miao,” T. Miao,” G. Michail, R. Miller,'® H. Minato*?
S. Miscetti® M. Mishina,* H. Mitsushio?? T. Miyamoto? S. Miyashita®> N. Moggi>® Y. Morita,'* J. Mueller?*
A. Mukherjee! T. Muller,* P. Murat?® H. Nakada’? I. Nakano’?> C. Nelson’ D. Neubergef, C. Newman-Holme$,
M. Ninomiya;? L. Nodulman! S.H. Oh® K. E. OhI}® T. Ohmoto!® T. Ohsugi!® R. Oishi}?> M. Okabe??

T. Okusawa? R. Oliveira??> J. Olser?* C. Pagliaroné,R. Paolett?? V. Papadimitriol’! S.P. Pappa¥, S. Park!
A. Parri? J. Patrick] G. Pauletta’ M. Paulini> A. Perazza? L. Pescard! M. D. Peters;? T. J. Phillips?
G. Piacenting, M. Pillai,?® K. T. Pitts] R. Plunkett, L. Pondrom** J. Proudfoot, F. Ptohos, G. Punzi?* K. Ragan!?

A. Ribon?!' F. Rimondi? L. Ristori?* W. J. Robertsofi,T. Rodrigo/* S. Rolli,?*> J. Romang, L. Rosenson®

R. Roser! W. K. Sakumotc’® D. Saltzberg, A. Sansonf, L. SantiZ* H. Sato’? V. Scarpine’® P. SchlabacH,

E.E. Schmidf, M. P. Schmidt> A. Scribano?® S. Segler, S. Seidel’ Y. Seiya’? G. Sganos? M. Shapiro!’

N. M. Shaw? Q. Sher?’ P.F. Shepard: M. Shimojima3?> M. Shochet, J. Siegrist? A. Sill,3' P. Sinervo'?
P. Singh?* J. Skarhd? K. Sliwa,* F.D. Snider* T. Song!” J. Spalding, T. Speer?® P. Sphicag? F. Spinella??
M. Spiropulu? L. Spiegel’ L. Stancc?' J. Steelé? A. Stefanini2® K. Strahl!? J. Strait’ R. Strohme?, D. Stuart/
G. Sullivan’ A. Soumaroko¥’ K. Sumorok!® J. Suzukf? T. Takada? T. Takahasht’ T. Takano’? K. Takikawa?’2
N. Tamural® F. Tartarelli?* W. Taylor!? P.K. Teng? Y. Teramotc?® S. Tether® D. Theriot/ T.L. Thomas'’
R. Thun!” M. Timko,* P. Tipton?® A. Titov,?” S. Tkaczyk! D. Toback] K. Tollefson?® A. Tollestrup!
J. Tonnisor?y J.F. de TroconiZ,S. Truitt!” J. Tsend; N. Turini,>® T. Uchida’? N. Uemura’? F. Ukegawa?

0031-900796/77(8)/1439(5)$10.00  © 1996 The American Physical Society 1439



VOLUME 77, NUMBER 8 PHYSICAL REVIEW LETTERS 19 AcusT 1996

G. Unal?? S. van den Brink?* S. Vejcik Ill,'7 G. Velev? R. Vidal,” M. Vondracek!! D. Vucinic,'® R. G. Wagnet,
R. L. Wagner, J. Wahl} C. Wang® C. H. Wang®® G. Wang?® J. Wang} M. J. Wang?® Q.F. Wang’’ A. Warburton!?
T. Watts28 R. Webb® C. Weif C. Wendt* H. Wenzel'> W. C. Wester III7 A. B. Wicklund! E. Wicklund?

R. Wilkinson?? H. H. Williams? P. Wilson} B. L. Winer?2® D. Wolinski,'” J. Wolinski!® X. Wu,?? J. Wyss2!

A. Yagil,” W. Yao,’ K. Yasuoka’? Y. Ye,'> G.P. Yeh] P. Yeh?’ M. Yin,® J. Yoh/ C. Yosef!® T. YoshidaZ’

D. Yovanovitch! I. Yu,® L. Yu,'” J.C. Yun] A. Zanetti?* F. Zetti?} L. Zhang}* W. Zhang?*> and S. Zuccheffi

CDF Collaboration

!Argonne National Laboratory, Argonne, lllinois 60439
2|stituto Nazionale di Fisica Nucleare, University of Bologna, 1-40126 Bologna, Italy
3Brandeis University, Waltham, Massachusetts 02254
“University of California at Los Angeles, Los Angeles, California 90024
SUniversity of Chicago, Chicago, lllinois 60637
5Duke University, Durham, North Carolina 27708
"Fermi National Accelerator Laboratory, Batavia, lllinois 60510
8|_aboratori Nazionali di Frascati, Istituto Nazionale di Fisica Nucleare, I-00044 Frascati, ltaly
“Harvard University, Cambridge, Massachusetts 02138
9Hiroshima University, Higashi-Hiroshima 724, Japan
University of lllinois, Urbana, lllinois 61801
2Institute of Particle Physics, McGill University, Montreal, Canada H3A 2T8
and University of Toronto, Toronto, Canada M5S 1A7
3The Johns Hopkins University, Baltimore, Maryland 21218
“National Laboratory for High Energy Physics (KEK), Tsukuba, Ibaraki 305, Japan
SLawrence Berkeley Laboratory, Berkeley, California 94720
1Massachusetts Institute of Technology, Cambridge, Massachusetts 02139
7University of Michigan, Ann Arbor, Michigan 48109
8Michigan State University, East Lansing, Michigan 48824
YUniversity of New Mexico, Albuquerque, New Mexico 87131
200saka City University, Osaka 588, Japan
2IUniversita di Padova, Istituto Nazionale di Fisica Nucleare, Sezione di Padova, |-35131 Padova, ltaly
22University of Pennsylvania, Philadelphia, Pennsylvania 19104
Z|stituto Nazionale di Fisica Nucleare, University and Scuola Normale Superiore of Pisa, 1-56100 Pisa, Italy
2University of Pittsburgh, Pittsburgh, Pennsylvania 15260
ZPurdue University, West Lafayette, Indiana 47907
ZUniversity of Rochester, Rochester, New York 14627
Y’Rockefeller University, New York, New York 10021
28Rutgers University, Piscataway, New Jersey 08854
» Academia Sinica, Taipei, Taiwan 11529, Republic of China
¥Texas A&M University, College Station, Texas 77843
31Texas Tech University, Lubbock, Texas 79409
2University of Tsukuba, Tsukuba, Ibaraki 305, Japan
3Tufts University, Medford, Massachusetts 02155
3University of Wisconsin, Madison, Wisconsin 53706
3Yvale University, New Haven, Connecticut 06511
(Received 19 April 1995

The lifetime of A) is measured using the semileptonic decay — AF €~ v, where theA] is
reconstructed through its decay” — pK~#". The data were collected by the CDF detector at
the Tevatron Collider during 1992—1995 and correspond to an integrated luminosityOqfb™!
of pp collisions at /s =18 TeV. From a fit to the decay length distribution of th&, .-
lepton system froml197 =+ 25 signal events, the lifetime oA\ is measured to bd.32 + 0.15 =
0.07 ps. [S0031-9007(96)00942-8]

PACS numbers: 14.20.Mr, 13.30.Ce

The naive spectator model predicts that the lifetimesharm hadrons [1,2]. These effects are predicted to be
of weakly decaying hadrons containing the same heavgmaller for heavier quark masses; in particular, the life-
quark should be identical. Therefore any lifetime dif- time differences among hadrons are expected to be
ference between hadrons with the same heavy quark réess than 10% [3]. However, the observad lifetime
flects contributions from nonspectator diagrams, such asom LEP experiments [4] shows a discrepancy from this
final state quark interference afid exchange, which play picture which more experimental studies and theoretical
important roles in the large lifetime differences betweencalculations should clarify. In this Letter, we report a
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measurement of thA) Ilfetlme using the part|aIIy recon- The specific ionizatiodE/dx) information from the
structed semileptonic decay) — A€ v, where¢~ CTC is used to help identify the protons in thk.
either an electron or a muon. reconstruction. Because of the large Landau tail of the

The data were collected with the CDF detector at théonization distribution, we take the 80% truncated mean
Fermilab Tevatron Collider at a center-of-mass energyf the measured charges from the CTC sense wires as
Js = 1.8 TeV during the 1992-1995 collider run, and the best estimator of théE/dx. The probabilities for
correspond to an integrated luminosity1dfo pb~!. The a track to be consistent with the proton, pion, and kaon
CDF detector is described in detail elsewhere [5]. We dehypotheses are then calculated using the measifig¢dx
scribe here only those detector components most relevamtlue and predictions for the assumed particle hypotheses.
to this analysis. The silicon vertex detector (SVX) and theWe define a likelihood ratio for a track being a proton to
central tracking chamber (CTC) provide the tracking andbe the ratio of its probability to be a proton to the sum
momentum measurement of charged particles. The SVXf its probabilities to be a proton, pion, or kaon. We ask
consists of four layers of silicon microstrip detectors andthat the proton candidate have a likelihood ratio to be a
provides spatial measurements in the plane [6] with  proton greater than 60%. This requirement reduces the
a resolution ofl5 um [7]. The CTC is a cylindrical drift background level i\, candidates by a factor of 3, while
chamber containing 84 layers grouped into 9 alternating sukeeping more than 80% of the signal events.
perlayers of axial and stereo wires. Electrons are identified The A candidate is then combined with a negatively
using the tracking system and the central electromagneticharged lepton. The lepton is required to have a trans-
calorimeter (CEM) [8]. The CEM covers the pseudora-verse momentum greater tharGeV/c. The Ajé’* pair
pidity interval of |[n| < 1.1, wheren = —In[tan(6/2)]. s required to satisfg.5 < mp:¢ < 5.6 GeV/c?. Back-
Muons are identified using the central muon chamberground A€~ pairs produced from decay sources other
which cover approximately 53% of the solid angle forthanA) — A} €~ v have softer momenta and small invari-
[p] < 0.6[9]. Acharmed particle produced in associationant mass. Examples of these background source® are
with a lepton serves as a signatureehadron produc- meson decays such &s— A*D X whereD; — {7 X,
tion. Therefore we search for the semileptonic decays imther A) decays such ad? — A*D X whereD —
the b-hadron-rich inclusive lepton samples collected with¢~X, and A) — A" ¢ 5X where A*+ A+7T+7T .
the CDF trigger system [10]. The inclusive lepton trig- Although backgrounds from these sources are estimated to
ger is fully efficient for leptons with transverse momentumbe less than a few percent, we increase the invariant mass
aboves8 GeV/c. cut from the kinematic limit A, mass) t8.5 GeV/c? and

We search for the decay) — A/ ¢~ by detecting a require theA ¢~ pair to have a transverse momentum
A7 €~ (right sign) pair with invariant mass in the kinemat- greater thag GeV/¢ to further suppress them. Other ran-
icaIIy allowed rangem,, < ma¢ < m,9. Throughout dom combinatorial backgrounds are expected to have equal
this Letter, charge conjugate modes are always impliecamounts of right sigr{A¢~) and wrong sign(A/¢*)
The charmed baryor . is reconstructed through its de- pairs, so the wrong sign background is used as an estimate
cay to pK~#*. Tracks used in the reconstruction areof such backgrounds.
required to be within a cone af(An)*> + (A¢)*> = 0.8 Figure 1 shows the K~ 7 invariant mass distribu-
centered on the lepton direction. The minimum transversgons of the right sign and the wrong sighy’ candidates
momentum to the beam line required for the proton, kaonpassing our selection cuts. Semileptonic decaysBof
and pion arel.5 GeV/c, 0.7 GeV/c, and 0.6 GeV/c, mesons, where the final state particles have been misiden-
respectively, to reduce combinatorial backgrounds. Théfied, are a source of flat background, which populates the
charmed baryonA. baryons produced fronB meson rightsign mass distribution more than the wrong sign. We
decays and otheb-baryon decays have a softer mo- fitthe pK~#™ invariant mass distribution with a function
mentum spectrum than that frot) — Af¢ v due to consisting of a Gaussian signal and a linear background.
the presence of other particles sharing theadron en- The yield returned from the fit i§97 = 25 right sign sig-
ergy; to reject those backgrounds we only use can- nal events. We analyze the wrong sign events in the same
didates with at leasf.0 GeV/c¢ transverse momentum. manner as for the right sign and find that the number of
The momentum requirement also reduces combinatoriarong Slgn events is consistent with zero.
backgrounds. The\, vertex is formed from a fit of its The AY) vertex is obtained by intersecting the trajectory
three daughters to a common point; the confidence levaif the lepton track with the fllght path of th&. candidate.
of the fit is required to be larger than 5%. The aver-The decay length of thab in the transverse plané,,,,
age beam position obtained on a run-by-run basis is used defined as the displacement of thé decay vertex
as the primary vertex in the fit. To reduce combinato-from the primary vertex, projected onto the direction
rial backgrounds, the\, vertex is required to be incon- of the A.-lepton system. We assume that the is
sistent by at leasiio with the primary vertex and to produced at the primary vertex. We then relate the decay
have a positive projection along its momentum vectorjength to the Lorentz-invariant proper decay length by
where o is the standard error of thA,. vertex position a Lorentz boostBy = p:(AY)/Mc, whereM is the A
estimated from the fit. mass [1] andp,(Ab) is the transverse momentum of
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FIG. 1. Invariant mass opK =" for right sign (points with  FIG. 2. Pseudoproper decay length distribution from signal
error bars) and wrong sign events (shaded area). The fit yield®gion events. The points with error bars are data, the solid
197 = 25 right sign events. There is no evidence ofAa line is the fit result, the shaded area is the signal distribution,
signal in wrong sign combinations. The signal region is definedand the dashed line is the background contribution.

to be 2.260—2.308 GeV/c? and the two sideband regions are

2.176-2.224 GeV/c? and2.376—2.424 GeV/c2. _ _ _ _
in the background sample. Like the signal function, the

0 ) 0 background function is also convoluted with a Gaussian
Ap. Since we cannot fully reconstruct thé, in the  regolution function and the& factor distribution. The
semileptonic decay due to the undet_ected neutrino, Weackground fractionf,, is determined by fitting the\ .
use the momentum of tha -lepton pairp;(A.€) as an  mass distribution.  Figure 2 shows the pseudoproper
estimate of the\;, momentum, resulting in a pseudoproper gecay length distribution of the signal region with the fit
decay lengthX = L. ,M/p,(A.€). A residual correction syperimposed. Figure 3 shows the same distribution for
between p,(A.€) and p,(A}) is performed during the the background sample. The) lifetime as obtained by
lifetime fit. The distribution of the momentum ratfo = our fitting procedure, i8740 = 396 * 46 um.
pi(Ac)/pi(Ap), called thek factor, is obtained from  As a check against bias from the event selection and the

Monte Carlo calculation. It has an average value of aboufitting procedure, we measure the lifetime®f using the
0.87 with an rms width of 0.11, and is approximately

independent of,(A.€) and the lepton momentum.
An unbinned maximum likelihood fitting method is
used to extract theA) lifetime from the data. The

pseudoproper decay length and its error are the input 600 = 7
variables. The signal region events have €~ 7+ 7
invariant mass within2.260-2.308 GeV/c2. Events I T
from two sideband regions2(176-2.224 GeV/c?> and i 1
2.376-2.424 GeV/c?) in the pK~ 7" invariant mass 400 - .

distribution are used as the background sample to obtain
the parameters of the background shape. We fit the
signal region events and background sample simul- L
taneously using the log-likelihood function, Ih = 200 - 4 N
Sl = f)F + fo ] + Xty InF,, where N, _ _
and N, are the numbers of events in the signal region
and background sample. The signal functigf, is
assumed to be a pure exponential lifetime distribution, o S L e, o
convoluted with a Gaussian resolution function and with %000 0 2000 4000

the K factor distribution obtained from Monte Carlo. Pseudo—proper Decay Length (um)

The backgroun_d funqtlonfb, is described by a sum O.f FIG. 3. Pseudoproper decay length distribution from the
a Gaussian distribution centered at zero, symmetric K~ " invariant mass sideband sample. The points with error

positive and negative exponential tails, and a positivéyars are data points and the solid line is the fit result. Most of
decay exponential to characterize the heavy flavor decathis background is fronb-hadron decays.
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TABLE I. Summary of systematic errors in th&) lifetime  0.85 = 0.10 *+ 0.05, where the first error is the statistical

measurement. error from our A) result and the second error is the
Source Actyo (wm) combination of our systematic error and the error on
Event selection cut 11 BY lifetime. This is in good agreement with the QCD
Function shape 9 prediction [3] of 70 /70 = 0.9.
Fitting procedure 7 We thank the Fermilab staff and the technical staffs of
K factor 14 the participating institutions for their vital contributions.
Sum in quadrature 21 This work was supported by the U.S. Department of

Energy and National Science Foundation; the Italian
0 e _ ~Istituto Nazionale di Fisica Nucleare; the Ministry of
same events as for the, lifetime extraction. We obtain Education, Science and Culture of Japan; the Natural
cTp, = 66 * 16 um, which is in good agreement with Sciences and Engineering Research Council of Canada;
the world average value &) = 3 um [1]. the National Science Council of the Republic of China;

We have considered the following sources of systemaghe A.P. Sloan Foundation; and the Alexander von
tic uncertainty on the lifetime result and give our esti- yumboldt-Stiftung.

mate of their magnitude in Table I. The error associated

with the bias introduced by the event selection require-

ments is studied with Monte Carlo samples and by vary- *Visitor. .

ing the cuts systematically in the data. The error from [1] Particle Data Group, C.S. Mishet al., Phys. Rev. D60,
uncertainties in the function shapes of signal and back- 1(1994).

- . - ; [2] M. Bauer, B. Stech, and M. Wirbel, Z. Phys. G4,
ground is estimated by changing the functional forms and 103 (1987); B. Guberina, R. Ruckl, and J. Tramhetic

by u§ing different background sample;._ We c_hange the > Phys. C33, 297 (1986); M.B. Voloshin and M. A.
functional forms by adding anothgr positive I|f¢t|me com- Shifman, Sov. Phys. JETE4, 698 (1986).

ponent to the background function, using simple expo- (3] |.1. Bigi et al. in B Decays,edited by S. Stone, Non-
nential functions in the background function instead of Leptonic Decays of Beauty Hadrons (World Scientific,
exponential functions convoluted with resolution func- Singapore, 1994), p. 132; J.L. Rosner, Report No.
tions, using two Gaussian resolution functions instead of = CERN-TH-9¢/24 (to be published); M. Neubert, Report
one single Gaussian function, and adding an exponential ~No. CERN-TH-9§120 (to be published).

tail to the resolution function. We use different back- [4] ALEPH Collaboration, D. Buskulieet al., Phys. Lett. B
ground samples obtained by widening and repositioning 357 685 (1995); DELPHI Collaboration, P. Abreai al.,
the A, sideband regions. A two-step fitting procedure is ~ Z: Phys. C68, 375 (1995); OPAL Collaboration, R. Akers
used to check bias introduced by the simultaneous fitting etal.,Z. Phys. C69, 195 (1996).

. [5] F. Abe et al., Nucl. Instrum. Methods Phys. Res., Sect. A
procedure of the signal and background events. In the 271, 387 (1988), and references therein.

two-step fit procedure, we determine the parameters ofig) |n CDF the positivez axis lies along the proton direction,
the background function by fitting the background sam- ~ * . is the radius from this axig] is the polar angle, ane
ple first and then we fit the signal region events with a is the azimuthal angle.

fixed background shape. We take the difference of life- [7] D. Amidei et al., Nucl. Instrum. Methods Phys. Res.,
times from the two-step fit and the simultaneous fit as an  Sect. A350, 73 (1994); S.M. Tkaczyk, Nucl. Instrum.
estimate of the error introduced from the fitting proce-  Methods Phys. Res., Sect. 868 179 (1995), and
dure. We estimate the error associated with khéactor references therein.

from various sources. We vary th@eg lifetime, the b [8] CDF Collaboration, F. Abet al., Phys. Rev. Lett71, 500
quark momentum spectrum, thej, fragmentation spec- (1993).

trum, the value ofA) production polarization, and the (9] (3?4?2':1 (Clcggagb)oratlon, F. Abest al., Phys. Rev. Lett.7l,

lepton tglgger efficiency S|mulat|on in Monte Carlo. We [10] D. Amidei et al., Nucl. Instrum. Methods Phys. Res.,
allow A, — A" €77, whereA7" — A7 ™7™, to con- Sect. A 269 51 (1988); G.W. Fosteret al., Nucl.
tribute up to 50% of the\ [ ¢~ pairs produced in Monte Instrum. Methods Phys. Res., Sect289, 93 (1988); CDF
Carlo [11]. We vary the decay model from a simple phase  Collaboration, F. Abet al.,Phys. Rev. 050, 2966 (1994).
space decay model to a heavy quark effective theory infLl1] The spectator model predicts that the exclusive decay
spired decay model [12]. Adding all sources of systematic ~ A} — AJ¢"# is the dominantAj semileptonic decay
error in quadrature, we findr,o = 396 + 46 + 21 um mode. To estimate the systemfltic error, we conserva-
andrAg = 1.32 = 0.15 * 0.07 ps. tively assume that only 50% ok ¢~ pairs come from

. . . . . i —_ #+ p— 5
In conclusion, from an unbinned maximum likelihood the exclusive decay and use the decgy— A" ("7 to

fit to the proper decay length distribution #87 + 25 study thek factor differences from decays other than the

. 0 b . exclusive decay.
signal events of\, — A € v, we obtain the result for 151 3G Kgmer and M. Kramer, Phys. Lett. B75 495

the Aj lifetime, ry0 = 1.32 = 0.15 = 0.07 ps. Using (1992).
this result and the averagg’ lifetime, 7 = 1.56 =  [13] I. Joseph Kroll, Report No. FERMILAB-CONF-96-032 (to
0.05 ps [13], we calculate the lifetime ratio o /7z = be published).
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