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We present the recent B hadron lifetime measurements in the CDF and D0 collaborations at the Tevatron
collider. DO reports a new world-best measurement of the B, lifetime in semileptonic decays, and CDF presents
the most precise Ay lifetime measurement for a single experiment, and which precision is at the level of the

uncertainty in the world average of the A, lifetime.

1. INTRODUCTION

The measurement of B hadron lifetimes is a im-
portant part of the rich B physics program at the
Tevatron experiments, CDF[1] and DO[2]. The
lifetime of B hadrons provide information on the
b quark decay, and what is the role that play the
lighter quarks which along with the b-quark form
the B hadron. Also, b-quark decays are related
to the V,, and V. elements of the CKM matrix.

In this note we present the lifetime measure-
ment of the By in the semileptonic decays B, —
DglvX. These decays are 50% CP-even and 50%
CP-odd at time t=0, and impose an extra con-
straint to the AI'y/T's measurement [3], and then
to new physics in the B,-B, mixing sector. We
also present the recent A, lifetime measurement
from CDF. The reported earlier difference in the
measured A lifetime and the prediction created a
great deal of interest and it was named as the A,
lifetime puzzle[4]. This new measurement from
CDF is at the precision level of the current world
average, however it is higher than previous mea-
surements, situating the Aj-baryon decay at the
same level of the B-meson decays.

2. LIFETIME MEASUREMENT TECH-
NIQUES

The lifetime measurements presented here are
based on the determination of the distance L from
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the decay vertex of the B hadron to the primary
interaction vertex. The proper decay length A =
L-Pr(B)Mp/Pr(B) = Lyy/(B7)r is determined
on an event-per-event basis, and its distribution
F(}) is related to the lifetime of the B hadron
by:

F) = /0 RO V)L exp (_X) )

CTB CTB

where R(A — X') is the detector resolution. In
semileptonic decays, where the momentum 1-5(3)
of the B hadron is not fully determined, the
momentum P(semi) of the semi-reconstructed
B hadron decay is used instead, and a correc-
tion factor K = Pr(semi)/Pr(B) is introduced
to account for the missing part of the momen-
tum. The K factor is extracted from Monte
Carlo(MC) simulation. Then, Eq. 1 is rewrit-
ten using the pseudo-proper decay length (PPDL)
X = L - Pr(semi)Mp/Pr(semi), in the form:

G(\) = / dK H(K) [ /O T RO- W)

£ exp (_K X) d)\’] (2)
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where H(K) is the distribution of the K factor.

A background contribution is added to the
probability density function in Eq. 1 or 2, and
then fitted to the A distribution extracted from
data. The background contribution can be mod-
eled from data by using the sidebands to the B
hadron signal, or from MC simulation.



3. B; LIFETIME IN SEMILEPTONIC
DECAYS

The DO collaboration measured the B, life-
time in the semileptonic decays B, — D, ptvX,
where the D, decays to ¢m—, and ¢ - KTK .
From a sample of integrated luminosity of 400
pb~1, DO reconstructed 5176 + 242 (stat.) + 314
(syst.) Bs candidates.

The lifetime was measured using an unbinned
maximum likelihood fit to the pseudo-proper de-
cay length distribution. The B, signal was
modeled by Eq. 2, with the K factor extracted
from MC. The background contributions from
B hadron decays, such as B® — Dg*)_D(*)JFX,
B~ = DY"DMOX and B, — D" DM X,
were taking into account by including similar
components to those in the signal, but using fixed
lifetimes according to the world average values.
The weight and K factor of each component were
determined from MC. A ¢¢ background was in-
cluded in the fit as a Gaussian with fixed param-
eters as found in MC. Finally, the combinatorial
background was parametrized using a Gaussian
for zero-lived events, plus several exponential de-
cays as found in the sideband events to the B,
signal. Figure 1 shows the invariant mass distri-
bution of the ¢t candidates, and Fig. 2 shows
the PPDL distribution of the D, ut candidates.
The B; lifetime was measured[5] to be:

7(B,) = 1.398 + 0.044(stat.) F9-028 (syst.) ps  (3)

This measurement is in good agreement with pre-
vious experiments, as well with the current world
average lifetime for all flavor-specific Bs decays,
and its precision is better than the current world
average of the Bj lifetime, when measurements
from semileptonic and hadronic decays are com-
bined[6]. The major contribution to the system-
atic uncertainties comes from the modeling of the
combinatoric background.

Similarly, the CDF collaboration measured the
B, lifetime in the decays B; — D lvX, where [
is a lepton (e or u) . This measurement was per-
formed in a data sample of integrated luminosity
of 360 pb~1. The extracted Bj lifetime was[7]:

7(Bs) = 1.381 £ 0.055(stat.) t 032 (syst.) ps  (4)
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Figure 1. Invariant mass distribution of ¢z~ can-
didates. The open squares show the distribution
from same sign combination of p and D; candi-
dates. The peak around 1.96 GeV/c? is due to
B semileptonic decays, and the second peak is
from the Cabibbo-suppressed decay D~ — ¢n—
which main contribution was found to come from
BY - D~ putvX decays.
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Figure 2. Pseudo-proper decay length distribu-
tion of D, u* candidates from the DO experi-
ment. The dotted curve represents the combina-
torial background and the filled area represents
the B; signal.
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This measurement in very consistent with the DO
measurement reported in Eq. 3.

4. Ay LIFETIME

The Ap lifetime has been measured by the
CDF collaboration in the exclusive decay channel
Ay = J/PA, where the J/v decays to ptu~ and
the A to pr. From a data sample of integrated
luminosity of 1 fb~!, CDF reconstructed 538 +
38 Ay candidates. This is the largest collected
sample of fully reconstructed A, baryons.

The lifetime was extracted using an unbinned
maximum likelihood fit to mass, proper decay
length, and their errors distributions. The A
distribution for signal was modeled by F()\) in
Eq. 1, and the background was described with
a negative and two positive exponential decays
accounting for mis-measured decay vertices and
background from other heavy-flavor decays. The
mass distribution was modeled as the sum of a
Gaussian signal and linear background. Figure 3
shows the proper decay length distribution with
the projection of the fit result superimposed. The
Ay lifetime was found to be[§]:

7(Ap) = 1.59315-05% (stat.) £ 0.033(syst.) ps  (5)

This measurement is comparable in precision to
the world average, however, it is 3.1 standard de-
viations higher. Figure 4 shows this new measure-
ment compared to the previous measurements
and to the world average. The main contribu-
tion to the systematics uncertainties comes from
the resolution model in Eq. 1.

5. OTHER B HADRON LIFETIME
MEASUREMENTS

The CDF and DO collaborations have mea-
sured the lifetime of B hadrons in different de-
cay modes. Many of these measurements are very
competitives at the world level. However due to
the lack of space, it is not possible to cover all
of them here. Those important measurements
which have not been reported in other contribu-
tions to these proceedings are presented in Ta-
ble 1, and the reference are given in [12]. Some
important B hadron lifetime measurements pre-
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Figure 3. Proper decyay length distribution of
the Ay candidates from CDF experiment.
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Figure 4. Comparison between the new A; life-
time measurement from CDF and those reported
in the PDG.



sented in other contributions are: the first re-
port on the B, meson lifetime, which was part of
the special contribution on the B, properties [13];
and the AT'; /Ty measurement in the B; — J/1¢
decay and in the CP-even (to within 5%) decay
mode B; - K™K~ presented by K. Yip[3].

Table 1
B hadron lifetime measurements which are not
presented in this note.

B lifetimes in hadronic decays (CDF)
T7(BT) = 1.66+0.03(stat)+0.01(syst.) ps.
7(B°%) = 1.51+0.02(stat)£0.01(syst.) ps.
7(Bs) = 1.60+0.10(stat)£0.02(syst.) ps.
B lifetimes in semileptonic decays (CDF)

T(BT) = 1.653+0.029(stat) ¥3-023 (syst.) ps.
7(B%) = 1.473+0.036(stat)+ 0.054(syst.) ps.
Direct lifetime ratio (D0)

B ) = 1.08040.016(stat) £0.014(syst.)

6. SUMMARY

The CDF and DO collaborations at the Teva-
tron collider have measured the B, lifetime in
semileptonic decays. Both measurements are very
consistent between them, and the new measure-
ment from DO have a better precision than the
current world average. This new measurement
impossed indirectly an extra constraint to the
search for new physics in the B,-B, mixing sec-
tor.

The CDF experiment reported a new measure-
ment of the A lifetime, which precision is com-
parable to the world average, however, it is 3.1
standard deviations highter than the world av-
erage value. Recently, in the time of the prepa-
ration of this summary, a preliminary measure-
ment was released by the D0 experiment[9] in
the same decay channel A, — J/¢¥A. This new
measurement is consistent with the world average
and with the previous DO measurement[10] in the
same decay channel, suggesting a shorter lifetime
nature of the A, lifetime than what was found
by CDF. However, both measurements are con-
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sistent within two standard deviations, and the
theoretical prediction [11] is consistent with both
of them. More statistics is needed to settle the
issue of the Ay lifetime.

Many other measurements of B hadron life-
times in different decay modes have been per-
formed by the CDF and DO experiments. The
first lifetime measurements of the B, meson have
confirmed its expected short-lived nature. Also,
the AT, /T’y measurement in the B, — J/1¢ and
B, - K™K~ has been found to be consistent
with the Standard Model predictions. With the
increase of the collected data, more precise mea-
surements will come, and the B-baryon lifetime
sector will be an unexplored area accessible to the
Tevatron experiments.
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