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B lifetimes and X,Y,Z states at the Tevatron
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A measurement ofb-hadron lifetimes in the fully reconstructed decay modesB+ → J/ψ K+,

B0 → J/ψ K∗0 , B0 → J/ψ K0
s , andΛ0

b → J/ψ Λ0 is reported using data corresponding to an in-

tegrated luminosity of 4.3 fb−1, collected by the CDF II detector at the Fermilab Tevatron. The

measured values areτ(B+) = 1.639±0.009(stat)±0.009(syst) ps,τ(B0) = 1.507±0.010(stat)±
0.008 (syst) ps andτ(Λ0

b) = 1.537± 0.045 (stat) ± 0.014 (syst) ps. The lifetime ratios are

τ(B+)/τ(B0) = 1.088± 0.009 (stat)± 0.004 (syst) and τ(Λ0
b)/τ(B0) = 1.020± 0.030 (stat)±

0.008 (syst). These are the most precise measurements of these quantities from a single ex-

periment. Observation is also reported for a structure neartheJ/ψφ threshold, inB+ to J/ψφK+

decays with an integrated luminosity of 6.0 fb−1 and a statistical significance of 5 standard devi-

ations. There are 19 +/- 6 events observed for this structureat a mass of 4143.4+2.9
−3.0±0.6 MeV/c2

and a width of 15.3+10.4
−6.1 ±2.5 MeV/c2.
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1. B lifetimes:

The lifetime of a ground-state hadron containing ab quark and lighter quarks is largely deter-
mined by the charged weak decay of theb quark. Interactions involving the lighter quarks, referred
to as spectator processes, alterb-hadron lifetimes at approximately the 10% level. The ratios of
b-hadron lifetimes are predicted by the Heavy Quark Expansion (HQE) [1]. This framework of the-
oretical calculation is used to predict low energy QCD effects in many flavorobservables, some of
which are critical to high profile new physics searches. For example, HQEpredicts the decay width
of Bs mesons to final states common toB0

s andB̄0
s , Γs

12, which enters the decay width difference
in theB0

s system and severalCP violation effects. The measurement of lifetime ratios provides a
simple and accurate way to test the HQE framework as non-standard model effects are expected to
be highly suppressed in lifetimes.

A measurement of the lifetimes of theB+, B0 andΛ0
b hadrons and of the lifetime ratiosτB+/τB0,

andτΛb/τB0 is presented [2]. The measurement is performed using exclusive decays to channels
with J/ψ → µ+µ−. The work reported here is based on an integrated luminosity of 4.3 fb−1.

In all decay modes, the decay position of theb hadron is estimated using onlyJ/ψ decay
products so that differences in decay time resolution between channels are reduced and certain
systematic uncertainties cancel in ratios of lifetimes.

The components of the CDF II detector relevant to this analysis are described in [2].

The reconstruction ofb-hadron candidates begins by collectingJ/ψ → µ+µ− candidates us-
ing a dimuon trigger. Theb hadron is assumed to originate from the average beamspot determined
as a function of time using inclusive jet data. The primary vertex for a givenevent is thex− y
position of this beamspot at the averagez coordinate of the muon tracks at their closest approach to
the beamline. The typical beamline size is≈ 30µm in x−y. The projection of the transverse decay
distance on to theb pT direction,Lxy, and its uncertainty,σxy, are also obtained and are used to es-
timate the proper decay time,ct =

MLxy

pT
, and its uncertaintyσ ct , whereM andpT are the mass and

transverse momentum of theb hadron. We reconstruct theb-hadrons by performing a kinematic
fit of all b-hadron final state tracks to the appropriate topology: two spatially separated vertices
in the case ofΛ0

b → J/ψΛ0 andB0 → J/ψK0
s , one vertex in all other cases. A mass constraint is

applied to theJ/ψ fit, and the reconstructed momenta of theK0
s andΛ0 are required to point back

to theJ/ψ vertex. We exclude candidates withσ ct > 100 µm to ensure well measured vertices.
Additional selection requirements implying consistency with the fit assumptions (common vertex
or vertices, mass and pointing constraints) are then applied. Further selection requirements on the
transverse momenta of theb-hadrons and daughter particles, invariant mass of theK0

s , K∗0 , and
Λ0, the vertex probability of theb-hadrons, and theLxy significance of theK0

s andΛ0 were obtained
via an optimization procedure, which maximizes the quantityS/

√
S +B over all of the selection

requirements. We observe the following yield of signal events: 45000± 230 (B+), 16860± 140
(B0 K0∗ mode), 12070± 120 (B0 K0

s mode), and 1710± 50(Λ0
b).

The lifetimes are extracted using an unbinned maximum likelihood method. The likelihood
function L is multivariate, and is based on the probability of observing a candidate decay with
reconstructed mass,mi, decay time,cti, decay time uncertainty,σ ct

i , and mass uncertainty,σm
i (i
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refers to the candidate index). It is factorized in the following form:

L = ∏
i

[ fs ·Ps
m(mi|σm

i ) ·T s
t (cti|σ ct

i ) ·Ss
σ ct (σ ct

i ) (1.1)

+ (1− fs) ·Pb
m(mi) ·T b

t (cti|σ ct
i ) ·Sb

σ ct (σ ct
i )],

wherePm, Tct , andSσ ct , and are the normalized probability density functions (PDF) for observ-
ablesmi, cti andσ ct

i , the superscriptss or b refer to the PDF for signal or background candidates,
respectively, andfs is the fraction of signal events. The PDFSσ ct is substantially different for signal
and background events and therefore needs to be taken into account.

The signal mass distribution,Ps
m, is modeled as the sum of two Gaussians centered on the

b-hadron mass. The width is determined byσm
i multiplied by a scale factor to account for the

misestimation of the mass resolutions. The background mass distribution,Pb
m, is modeled as a

linear function.
The signalct distribution,T s

ct , is modeled by an exponential (e−cti/cτ/cτ) convolved with a
detailed detectorct-resolution model,R. The backgroundct distribution has four components: a
δ−function convolved withR to account for backgrounds from promptJ/ψ ’s originating from the
primary vertex, and one exponential for negative proper times and two for positive that account for
mismeasured decay vertices and background from other heavy-flavordecays. The relative contri-
bution of each background component is determined by the data. The same resolution model,R,
is used for signal and background events. The detector resolution is based upon a Gaussian with
width s j ·σ ct

i , wheres j is the scale factor that accounts for the misestimation theσ ct
i . Motivated

by a study of resolution in an inclusive sample ofJ/ψ events, where promptJ/ψ events dominate,
R is modeled asR = ∑3

j=1 f j/
(√

2πs jσ ct
i

)

· exp
(

−t2/2(s jσ ct
i )2

)

, where f1 + f2 + f3 = 1. The
Gaussians are centered at zero as no evidence of an offset in the datasamples is observed. Small
differences arise inR between decay channels due to the effect of additional tracks on the B vertex
χ2 distribution, on which selection requirements are made. Therefore the relative fraction of each
Gaussian and the scale factors are obtained separately for each channel from a fit to data in the mass
sidebands. This yields an accurate determination ofR since the background events are primarily
expected to originate from the interaction vertex.

After the resolution model parameters are determined from the mass-sideband-only fit, the
likelihood is calculated for each candidate and the product is maximized in eachof the four chan-
nels to extract the lifetime, signal yield and the other parameters required to describe the mass,
background decay time, andσ ct distributions. Decay time projections of the likelihood function
are compared with the data in Fig. 1. The systematic error is limited by detector alignment (that
cancel in ratios). For lifetime ratios, the total uncertainty has larger contributions from systematic
uncertainties due to resolution and mass models.

We measureτ(B+)= [1.639±0.009(stat)±0.009(syst)] ps andτ(B0)= [1.507±0.010(stat)±
0.008(syst)] ps where the twoB0 measurements have been combined. These results are consis-
tent and of similar precision to the measurements from Belle[3] . The similarities between the
decay channels allow for the accurate determination of the ratioR+ = [1.088± 0.009 (stat)±
0.004 (syst)] which favors a slightly higher value than the current average of 1.071±0.009 [4].
These results are consistent with the current HQE predictions [4, 5], giving further confidence
in this theoretical framework, and also provide an accurate test for future lattice QCD calcula-
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Figure 1: Decay time distributions for (a)B+ → J/ψK+, (b)B0 → J/ψK∗, and (c)Λ0
b → J/ψΛ0 candidates.

tions. For theΛ0
b we measureτ(Λ0

b) = [1.537± (stat)0.045± (syst)0.014] ps andRΛ = [1.020±
0.030(stat)±0.008(syst)]. This measurement is the most precise measurement ofτ(Λ0

b) and is con-
sistent with the previous CDF measurement in this decay channel ofτ(Λ0

b) = [1.593+0.083
−0.078(stat)±

0.033(syst)] ps [6] but is more than 2σ larger than the world average of 1.383+0.049
−0.048ps and the previ-

ous CDF measurement [7], performed on a different decay channel (Λ±
c π∓): [1.401±0.046(stat)±

0.035(syst)] ps . The ratio is also higher than the predicted value of 0.88± 0.05 [5] but in agreement
with 1.063± 0.027 [8]. These measurements are complemented by the world-leadingτB0

s
measure-

ment from the angular analysis ofB0
s → J/ψ φ decays [9]:[1.530±0.025(stat)±0.012(syst)] ps.

2. X,Y,Z states:

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

An update [14] on the search for structures in theJ/ψφ system produced in exclusiveB+ →
J/ψφK+ decays withJ/ψ → µ+µ− and φ → K+K− is reported here. This analysis is based
on an integrated luminosity of about 6.0 fb−1. The same requirements applied in [13] are used.
The major points of the analysis are the use ofLxy to separateB vertex from the primary vertex
and the use of kaon particle identification to reduce combinatorial background. Fig. 2 shows the
invariant mass ofJ/ψφK+ after the requirements of [13]. A fit with a Gaussian signal function
and a linear background function to the mass spectrum returns aB+ signal of 115±12 events.
We increased theB+ → J/ψφK+ statistics by 53 % comparing to previous analysis [13]. The
same model described in reference [13] is used as well, in order to examinetheY (4140) structure.
The enhancement is modelled by an S-wave relativistic Breit-Wigner function[15] convoluted
with a Gaussian resolution function with the r.m.s. fixed to 1.7 MeV/c2 obtained from MC, and a
three-body phase space [4] is used to describe the background shape. An unbinned fit to the∆M =

m(µ+µ−K+K−)−m(µ+µ−) distribution, as shown in Fig. 2, returns a yield of 19±6 events, a∆M
of 1046.7+2.9

−3.0±0.6 MeV/c2, and a width of 15.3+10.4
−6.1 ± 2.5 MeV/c2. The statistical significance of

the signal is over 5σ . The mass ofY (4140) is above open charm production and the width favors
a strong decay. The relative branching fraction betweenB+ → Y (4140)K+,Y (4140) → J/ψφ and
B+ → J/ψφK+ is 15±5%.

An excess above the three-body phase space background shape appears at approximately 1.18
Gev/c2 in Fig. 2. Since the significance of Y(4140) is greater than 5σ , we fit to the data assuming
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Figure 2: Mass distributions forB+ → J/ψφK+ (a) and mass difference∆M, betweenµ+µ−K+K− and
µ+µ− in theB+ mass window together with an unbinned fit of one (b) and two (c)signal hypothesis.

two structures at∆M of 1.05 and 1.18 GeV/c2. The new enhancement is modelled by an S-wave
relativistic Breit-Wigner function [15] convoluted with a Gaussian resolutionfunction with the
r.m.s. fixed to 3.0 MeV/c2. The fit to the data returns a yield of 22±8 events, a∆M of 1177.7+8.4

−6.7±
1.9 MeV/c2, and a width of 32.3+21.9

−15.3± 7.6 MeV/c2 for the structure around∆M of 1.18 GeV/c2.
The statistical significance of the new signal is over 3σ . After including the world-averageJ/ψ
mass, the mass of this structure is 4274.4+8.4

−6.7±1.9 MeV/c2.
In summary, the increasedB+ → J/ψφK+ sample at CDF enables us to further investigate the

Y (4140) structure and we find that its mass and width are consistent with the previous report [13]
with a significance greater than 5σ . A new structure is found at around 4275 MeV/c2.
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