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A measurement ob-hadron lifetimes in the fully reconstructed decay mo&s— J/@K™,

BY — J/yK*0, B® — J/@K?, andAY — I/ is reported using data corresponding to an in-
tegrated luminosity of 4.3 fb", collected by the CDF Il detector at the Fermilab Tevatrohe T
measured values ar¢B*) = 1.639+0.009(stat 4-0.009(sysb ps,7(B®) = 1.507+0.010(stap +
0.008 (sysf ps andT(AD) = 1.5374 0.045 (stap £ 0.014 (sysh ps. The lifetime ratios are
7(B*)/1(B%) = 1.088- 0.009 (stap -+ 0.004 (sysy and T(AD)/T(B%) = 1.020- 0.030 (stap +
0.008(sys}. These are the most precise measurements of these lifetindastios.
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The lifetime of a ground-state hadron containing guark and lighter quarks is largely deter-
mined by the charged weak decay of thguark. Interactions involving the lighter quarks, refekre
to as non-spectator interactions, alenadron lifetimes at approximately the 10% level. The atio
of b-hadron lifetimes are predicted by the Heavy Quark Expan@itQE) [1]. This framework of
theoretical calculation is used to predict low energy QCieas$ in many flavor observables, some
of which are critical to high profile new physics searchesr &ample, the standard model ex-
pectations of the width difference in B2 system and the semileptonic asymmetry are calculated
using the HQE. The measurement of lifetime ratios providesdaively simple and accurate way
to test the HQE framework since no new physics effects areagg to be visible in lifetimes.

A measurement of the lifetimes of ti", B® andA] hadrons and of the lifetime ratias: / 7o,
and 1p,/Tgo is presented [2]. The measurement is performed using exelukecays to states
containing al/y . The work reported here is based on an integrated lumino§idy3 flo—L.

Systematic errors are controlled to the level necessitayetieB® andB* modes, and then we
apply the same methods across the boaV(sﬁtoThe vertex formed by the two tracks from they
decay (J/¢ — puu~ ) is used as an estimate of the transverse decay length ssystatatic
errors common to the estimate of decay length cancel to sataeatdn the ratio of lifetimes.

The components of the CDF Il detector relevant to this aimlgse described briefly here.
Charged patrticles are reconstructed using an open-cliltember called the central outer tracker
(COT) [3] and six layers of silicon microstrip detectors kitadii between 2.4 cm and 23 cm [4].
These are immersed in a 1.4 T solenoidal magnetic field aner tbe rangen | < 1, wheren is the
pseudorapidity. Four layers of planar drift chambers (CNB)detect muons withpr > 1.4 GeV/c
within |n| < 0.6 (pr refers to the momentum transverse to the beam directionjlitiddal cham-
bers and scintillators (CMX) [6] cover.6< |n| < 1.0 for muons withpr > 2.0 GeV/c.

The reconstruction di-hadron candidates begins by collectihgpy — u*u~ candidates us-
ing a dimuon trigger. The extremely fast tracker (XFT) [7g8<COT hit information to measure
the transverse momentum of charged tracks that are thempekited to the CMU (CMX) cham-
bers. Tracks corresponding to two triggered muon candsdate constrained to originate from a
common vertex to make &/ — putu~ candidate. The reconstructed u— invariant mass is
required to be in the range@4 < M+~ <3.174 GeV/é. Theb hadron is assumed to originate
from the average beamspot determined as a function of timng irsclusive jet data. The primary
vertex for a given event is the— y position of this beamspot at the averageoordinate of the
muon tracks at their closest approach to the beamline. Tiealybeamline size isz 30 umin
x—Y. The projection of the transverse decay distance on td tbe direction, Ly, and its uncer-
tainty, gy, are also obtained and are used to estimate the proper degthct = % where
M and pr are the mass and transverse momentum obthadron. We reconstruct tHehadrons
by performing a kinematic fit of alb-hadron final state tracks to the appropriate topology: two
spatially separated vertices in the case\§f— J/@A® andB® — J/(K?, one vertex in all other
cases. A mass constraint is applied to di fit, and the reconstructed momenta of #& and
N are required to point back to thi ¢ vertex. We exclude candidates wittf' > 100 um to
ensure well measured vertices. Additional selection meguents implying consistency with the fit
assumptions (common vertex or vertices, mass and pointingtaints) are then applied. Further
selection requirements on the transverse momenta &kttzelrons and daughter particles, invariant
mass of th&2, K*0, andAY, the vertex probability of the-hadrons, and the,, significance of the



On behalf of CDF Collaboration Juan Pablo FERNANDEZ

K andAP° were obtained via an optimization procedure, which max@sithe quantitys//S+ B
over all of the selection requirements. We observe theviollg yield of signal events: 45004
230 B"), 16860+ 140 B° K% mode), 12070t 120 B° K2 mode), and 171@- 50(\2).

The lifetimes are extracted using an unbinned maximumilikeld method. The likelihood
function . is multivariate, and is based on the probability of obsegvéncandidate decay with
reconstructed masgy, decay lengthct;, decay length uncertaintyzid, and mass uncertaintyg;™
(i refers to the candidate index). It is factorized in the failog form:

Z = [lfs- Pa(m|o™) - T¥(cti| %) - S (01) (1)
+ (1— fs) - PR(M) - TP (cti| o) - S (G2)],

wherePy, Ty, andS;«, and are the normalized probability density functions (PIF each
observable, the superscripsr b refer to the PDF for signal or background candidates, respec
tively, and fs is the fraction of signal events. The P35« is substantially different for signal and
background events and therefore needs to be taken into rccall the fit parameters are deter-
mined from the data itself. The signell distribution is modeled by an exponentia ¢/ /ct)
convolved with a detailed detectot-resolution model,Z. The backgroundt distribution has
four components: @&—function convolved withZ, representing the zero lifetime component of
background, and one negative and two positive exponeritiatsaccount for mismeasured decay
vertices and background from other heavy-flavor decays. réla¢ive contribution of each back-
ground component is determined by the data. The same resolumiodel,Z, is used for signal
and background eventsZ is modeled as a sum of three Gaussians centered at t=0; theenum
of components is motivated by a study of resolution in anusigle sample of JJ events. The
width of the Gaussians is given by the candidate measureertaitty, o, multiplied by a scale
factor. Small differences arise i between decay channels due to the effect of additional grack
on the B vertexy? distribution, on which selection requirements are madeer&lore the relative
fraction of each Gaussian and the scale factors are obta@garately for each channel from a
fit to data in the mass sidebands. This yields an accuratentietgion of % as between 80-90%
of the background events are expected to originate from tineapy vertex, depending on decay
channel and background model. The mass distribution is laddes the sum of two Gaussians
centered on thd&-hadron mass and a linear background. For each event, eactsi@a has a
width determined by™ multiplied by a scale factor. The signaf* distribution PDF is given by
ASN ) - (0%)3e 9% /bm wherefy, ayn andby, are determined by the fit to datgl,_; fn = 1, A
is the normalization, and=2. The same functional form is used to describe the backgraxf
distribution except tham=3 for the B meson decay channels due to the larger background yields.
Using the mass;t ando® PDFs described above, with the resolution parametersrdigted from
the mass-sideband only fit, the likelihood is calculatediolss projections of the likelihood func-
tion are compared with the data in Fig. 1. The systematia ettomited by detector alignment (that
cancel in ratios). For lifetime ratios, the total uncertgihas larger contributions from systematic
uncertainties due to resolution and mass models.

We measurag: = 1.639+0.009+0.009 ps,Tg = 1.507+0.010+0.008 ps where the twB°
measurements have been combined, and the first uncertaistatistical, and the second system-
atic. These results are consistent and improve upon thintpateasurements from Belle [8] which
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Figure1: (a)ct fit projection forB* — J/@wK™* candidates, (b) and (¢ fit projection ando® fit projection

for AD — J/@AP candidates.

aretg+ = 1.635+0.011+0.11 ps andgo = 1.534+0.008+ 0.010 ps. The similarities between the
decay channels allow for the accurate determination ofdkie 1g+ /Tgo = 1.088+ 0.009 (staf) £+
0.004 (sysbh which favors a slightly higher value than the current avera§ 1.071-0.009 [9].
These results are consistent with the current HQE predistj®, 10], giving further confidence in
this theoretical framework, and also provide an accuraefte future Lattice QCD calculations.
For theAD we measura o = 1.53740.045+0.014 ps and o /Tgo = 1.020+ 0.030+ 0.008. This
measurement is the most precise measuremer, aind is consistent with the previous measure-
ment in this decay channel af, = 1.593" 7433 4 0.033 ps but is more thanc2above the world

0.049

average of B89" 723 ps. The ratio is also higher than the predicted value of 88805 [10] but in
agreement with 1.063& 0.027 [11]. Note that the complete NLO-QCD calculationsehast been
included in any of the theoretical results. Neverthelasgmrovements both from the experimental
and theoretical sides will be necessary befpieis well understood. For that reason we aim to have
a new meausrement @f,, with the whole runll statistics. These measurements argtanented

by the world-leadingrgg measurement from the angular analysisgpf— J/y ¢ decays [12].
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