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A measurement ob-hadron lifetimes in the fully reconstructed decay mo@ds— J/WK™,

B — J/@wK*?, B® — J/YK?, andA? — I/ AP 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 (stab 4-0.009 (sysb ps,7(B®) = 1.50740.010(stat +
0.008 (sysh ps andt(AD) = 1.53740.045 (stap £ 0.014 (sysh ps. The lifetime ratios are
7(B*)/7(B%) = 10884 0.009 (stay + 0.004 (sysh and T(AD)/1(B%) = 1.020= 0.030 (stah =
0.008 (sysh. These are the most precise measurements of these quafiiitie a single ex-
periment. Observation is also reported for a structure treal/ @@ threshold, inB* to J/ WK™
decays with an integrated luminosity of 6.0 fband a statistical significance of 5 standard devi-
ations. There are 19 +/- 6 events observed for this struetLaemass of 414345 +0.6 MeV/
and a width of 15.31%4+ 2.5 MeV/.
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1. Blifetimes;

The lifetime of a ground-state hadron containiniy @uark and lighter quarks is largely deter-
mined by the charged weak decay of thguark. Interactions involving the lighter quarks, referred
to as spectator processes, altdnadron lifetimes at approximately the 10% level. The ratios of
b-hadron lifetimes are predicted by the Heavy Quark Expansion (HQEYHi$ framework of the-
oretical calculation is used to predict low energy QCD effects in many flalvservables, some of
which are critical to high profile new physics searches. For example, pt@dicts the decay width
of Bs mesons to final states commonBf andBY, I'$,, which enters the decay width difference
in the BY system and sever@P violation effects. The measurement of lifetime ratios provides a
simple and accurate way to test the HQE framework as non-standard nffedéd are expected to
be highly suppressed in lifetimes.

A measurement of the lifetimes of tig", B° and/\g hadrons and of the lifetime ratiag+ / Tgo,
and Ty, /Tgo is presented [2]. The measurement is performed using exclusive slezapannels
with /¢ — u*u~. The work reported here is based on an integrated luminosity of 433 fb

In all decay modes, the decay position of théadron is estimated using onlly ¢y decay
products so that differences in decay time resolution between chaneetedarced and certain
systematic uncertainties cancel in ratios of lifetimes.

The components of the CDF Il detector relevant to this analysis are dedanilj2].

The reconstruction df-hadron candidates begins by collectihgy — u*u~ candidates us-
ing a dimuon trigger. Thé hadron is assumed to originate from the average beamspot determined
as a function of time using inclusive jet data. The primary vertex for a gexemt is thex—y
position of this beamspot at the averagmordinate of the muon tracks at their closest approach to
the beamline. The typical beamline sized80 umin x—y. The projection of the transverse decay
distance on to thb pr direction,L,y, and its uncertaintygyy, are also obtained and are used to es-
timate the proper decay timet, = % and its uncertaintg®, whereM andpr are the mass and
transverse momentum of thehadron. We reconstruct tHehadrons by performing a kinematic
fit of all b-hadron final state tracks to the appropriate topology: two spatially siyplavartices
in the case of\) — J/¢A® andB® — J/¢K?, one vertex in all other cases. A mass constraint is
applied to thel/ fit, and the reconstructed momenta of k&andA° are required to point back
to theJ/ vertex. We exclude candidates wittf! > 100 um to ensure well measured vertices.
Additional selection requirements implying consistency with the fit assumptiamsnion vertex
or vertices, mass and pointing constraints) are then applied. Furthetigelezjuirements on the
transverse momenta of thehadrons and daughter particles, invariant mass okiheK*°, and
NP, the vertex probability of the-hadrons, and thieyy significance of th&2andA° were obtained
via an optimization procedure, which maximizes the quar8jty’'S+ B over all of the selection
requirements. We observe the following yield of signal events: 450@30 B*1), 16860+ 140
(B? K% mode), 1207@: 120 @° KO mode), and 171@& 50(\D).

The lifetimes are extracted using an unbinned maximum likelihood method. The di&dlih
function .Z is multivariate, and is based on the probability of observing a candidatey aata
reconstructed massy, decay timegt;, decay time uncertaintyyi“, and mass uncertaintg™ (i
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refers to the candidate index). It is factorized in the following form:
Z = [[fs: Pa(mia™) - T(cti| o) - Sga (07) (1.1)
[
+ (L fs)-PA(M) - TP(cti|of) - Sa ()],

wherePy, Ty, andSy«, and are the normalized probability density functions (PDF) for observ-
ablesm;, ctj ando?, the superscripts or b refer to the PDF for signal or background candidates,
respectively, ands is the fraction of signal events. The P3§ is substantially different for signal
and background events and therefore needs to be taken into account.

The signal mass distributiors,, is modeled as the sum of two Gaussians centered on the
b-hadron mass. The width is determined & multiplied by a scale factor to account for the
misestimation of the mass resolutions. The background mass distribBfolis modeled as a
linear function.

The signalct distribution, TS, is modeled by an exponentiad /T /cr) convolved with a
detailed detectoct-resolution modelZ. The backgroundt distribution has four components: a
o—function convolved with¥ to account for backgrounds from prompty’s originating from the
primary vertex, and one exponential for negative proper times and tim&itive that account for
mismeasured decay vertices and background from other heavy-flagays. The relative contri-
bution of each background component is determined by the data. The saahgtion modelZ,
is used for signal and background events. The detector resolutiosesi hgpon a Gaussian with
width sj - 6%, wheres; is the scale factor that accounts for the misestimationgffie Motivated
by a study of resolution in an inclusive samplelgiy events, where prom@dt/ ¢ events dominate,
Z is modeled a7 = y3_; f;/ (v2rsjof) - exp(—t?/2(sj0™)?), where f; + fo+ f3 = 1. The
Gaussians are centered at zero as no evidence of an offset in theadgikes is observed. Small
differences arise i between decay channels due to the effect of additional tracks on thieeeB ve
x? distribution, on which selection requirements are made. Therefore theveeladttion of each
Gaussian and the scale factors are obtained separately for eacleldinamma fit to data in the mass
sidebands. This yields an accurate determinatiow@fince the background events are primarily
expected to originate from the interaction vertex.

After the resolution model parameters are determined from the mass-sitiehbnfit, the
likelihood is calculated for each candidate and the product is maximized inoédlod four chan-
nels to extract the lifetime, signal yield and the other parameters requiredstoiloe the mass,
background decay time, araf* distributions. Decay time projections of the likelihood function
are compared with the data in Fig. 1. The systematic error is limited by detectomaigr(that
cancel in ratios). For lifetime ratios, the total uncertainty has larger cotiwitigifrom systematic
uncertainties due to resolution and mass models.

We measure(B*) = [1.639+0.009 stah +-0.009(sysh] ps andr(B®) = [1.507+0.01((stap +
0.008(syst] ps where the twd® measurements have been combined. These results are consis-
tent and of similar precision to the measurements from Belle[3] . The similaritizeeba the
decay channels allow for the accurate determination of the Rtic= [1.088+ 0.009 (stad +
0.004 (sysh] which favors a slightly higher value than the current average of H@7009 [4].
These results are consistent with the current HQE predictions [4, Whggfurther confidence
in this theoretical framework, and also provide an accurate test foreuaitice QCD calcula-
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Figure1: Decay time distributions for (@™ — J/@K™, (b)B° — J/¢K*, and (c)A\) — J/PAP candidates.

tions. For theA? we measura (AQ) = [1.537+ (sta}0.045+ (sysh0.014 ps andRp = [1.020+
0.030(staf) +=0.008(sys}]. This measurement is the most precise measurementt\3f and is con-
sistent with the previous CDF measurement in this decay chanméhgj = [1.593"00%(stap +
0.033(sysb] ps [6] but is more than@ larger than the world average o3B3"9.522 ps and the previ-
ous CDF measurement [7], performed on a different decay chafgef{(): [1.401+0.046(staf) +
0.035(syst| ps . Theratio is also higher than the predicted value of 8.8805 [5] but in agreement
with 1.063+ 0.027 [8]. These measurements are complemented by the world-lemgimgasure-

ment from the angular analysis B§ — J/y @ decays [9]:[1.530+ 0.025(stat + 0.012(sysb] ps.

2. X,Y,Z states:

CDF is playing a significant role in the study of exotic X,Y and Z states with thedasfir-
mation ofX(3872 [10], the measurements of its quantum numbers[11], the precision mass mea-
surement oiX (3872 [12] and theY (4140 evidence [13].

An update [14] on the search for structures in e/ system produced in exclusig&™ —
J/WeK™ decays withd/¢ — u*tu~ and ¢ — KTK™ is reported here. This analysis is based
on an integrated luminosity of about 6.0 fo The same requirements applied in [13] are used.
The major points of the analysis are the usd.gfto separatdd vertex from the primary vertex
and the use of kaon patrticle identification to reduce combinatorial backdrdeig. 2 shows the
invariant mass ofl /@K™ after the requirements of [13]. A fit with a Gaussian signal function
and a linear background function to the mass spectrum retuis signal of 115-12 events.
We increased th&" — J/ (@K™ statistics by 53 % comparing to previous analysis [13]. The
same model described in reference [13] is used as well, in order to ex#meiie4 140 structure.
The enhancement is modelled by an S-wave relativistic Breit-Wigner fun{tishconvoluted
with a Gaussian resolution function with the r.m.s. fixed to 1.7 Mé\dbtained from MC, and a
three-body phase space [4] is used to describe the backgrounel girapnbinned fit to thé&M =
m(ptp~KTK™) —m(u™u~) distribution, as shown in Fig. 2, returns a yield ofi®events, &M
of 1046.7°55 + 0.6 MeV/c?, and a width of 15.31%4+ 2.5 MeV£?. The statistical significance of
the signal is over &. The mass o¥ (4140 is above open charm production and the width favors
a strong decay. The relative branching fraction betwgenr- Y (4140K " Y (4140 — J/{¢@ and
Bt — J/WeK* is 15+5%.

An excess above the three-body phase space background sipaaesagt approximately 1.18
Gevk? in Fig. 2. Since the significance of Y(4140) is greater than We fit to the data assuming
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Figure 2: Mass distributions foB™ — J/(@K™ (a) and mass differenc&M, betweenu™ u~K*K~ and
puu~ intheB™ mass window together with an unbinned fit of one (b) and tweignal hypothesis.

two structures aiM of 1.05 and 1.18 Ge\¢f. The new enhancement is modelled by an S-wave
relativistic Breit-Wigner function [15] convoluted with a Gaussian resolufiamction with the
r.m.s. fixed to 3.0 MeW. The fit to the data returns a yield of 28 events, &M of 1177.784 +
1.9 MeV/c?, and a width of 32.8213+ 7.6 MeVK? for the structure aroundM of 1.18 GeVt?,
The statistical significance of the new signal is over. FAfter including the world-averagéd/y
mass, the mass of this structure is 427434 1.9 MeV/c?.

In summary, the increasé&®” — J/ (@K™ sample at CDF enables us to further investigate the
Y (4140 structure and we find that its mass and width are consistent with the preeport [13]
with a significance greater thaw5A new structure is found at around 4275 MeX//
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