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Measurement of the A} Lifetime
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The A} lifetime is measured using 9.0 fb~! of e e~ annihilation data collected on or just below the
Y (4S) resonance with the CLEO ILV detector at CESR. Using an unbinned maximum likelihood fit,
the A7 lifetime is measured to be 179.6 = 6.9(stat) * 4.4(syst) fs. The precision of this colliding beam
measurement is comparable to other measurements, which are based on fixed-target experiments, with

different systematic uncertainties.
DOI: 10.1103/PhysRevLett.86.2232

Lifetime measurements of heavy quark mesons and
baryons provide an important window into the non-
perturbative sector of heavy quark decay. Contrary to
initial expectations [1], mechanisms other than spectator
quark decay make significant contributions to the life-
times of weakly decaying charm mesons and baryons.
Charm baryon lifetimes differ by large amounts (e.g.,
T+ TA TR0 ~ 4:2:1) [2], as is also seen in the charm
mesons. However, the underlying reasons for this pattern
may be different than for the mesons as W exchange in
baryon decay is neither helicity nor color suppressed.
Other effects, such as Pauli interference, may also play
a different role in the baryon sector [1]. This paper
reports a new measurement of the lifetime of the A", the
lowest-mass charm baryon, with a precision comparable
to that from measurements of the charm meson lifetimes.
The data used in this analysis were obtained in an e*e™
colliding beam environment, where the event topologies
and backgrounds are very different from those encoun-
tered in high energy fixed-target experiments [3], which
have historically provided the most precise measurements
of charm hadron lifetimes [2].

This analysis uses an integrated luminosity of 9.0 fb™!
of e" e annihilation data recorded with the CLEO II.V
detector at the Cornell Electron Storage Ring (CESR).
The data were taken at energies at or slightly below the
Y (4S) resonance (/s = 10.58 GeV) and contain approxi-
mately 11 X 10% e*e™ — ¢¢ events. The CLEO IV de-
tector upgrade consists of a redesigned interaction region
(IR) and a change in the gas used in the primary track-
ing volume (refer to [4] for a detector description before
the upgrade). The IR consists of a small-radius, low-mass
beam pipe surrounded by a three-layer double-sided sili-
con vertex detector (SVX). The SVX records precision
three-dimensional tracking information close to the in-
teraction point [5,6]. The proximity of the SVX to the
IR, combined with the low mass beam-pipe, delivered ex-
cellent vertex resolution. The momentum resolution was
enhanced as a result of changing the primary tracking vol-
ume gas from a 50:50 mixture of argon-ethane to a 60:40
mixture of helium-propane. This change increased the hit
efficiency and decreased the effects of multiple scattering.
The helium-propane replacement also enhanced specific
ionization information used for particle identification. Fur-
ther, to optimize the data from the upgraded detector, a
Kalman filter track reconstruction package [7] was imple-

PACS numbers: 14.20.Lq, 13.30.Eg

mented. The response of the CLEO detector to both sig-
nal and background events was simulated in detail using a
GEANT-based [8] Monte Carlo package.

The A isreconstructed in the pK ~ 7" decay mode (the
charge conjugate mode is implied throughout this paper).
General track quality and event shape cuts are used to re-
move poorly reconstructed tracks and nonhadronic events.
A decay vertex measurement is needed for a proper time
measurement, so we require at least two of the three de-
cay tracks to have 2 or more SVX hits simultaneously on
a track in both the xy and rz [9] views. The efficiency to
have two or more SVX hits simultaneously in both views
is 95% per track, yielding 99% efficiency per A ; the av-
erage decay vertex resolution was about 110 um.

The combinatoric background to the A signal is
suppressed by taking advantage of the detector upgrades.
Tracks forming a A candidate are required to originate
from a common vertex (Xgec,Ydecs>Zdec) 1N a three-
dimensional vertex fit. We require the vertex fit proba-
bility to be >0.001. Particle identification information
from specific ionization must be consistent with the A}
daughter hypothesis. Electrons are rejected using drift
chamber and calorimeter information. Backgrounds tend
to populate the low track momentum spectrum and low
A7 momentum spectrum. Each decay track is therefore
required to have momentum greater than 0.3 GeV/c.
We remove A’s from B mesons by requiring the A}
momentum to be greater than 2.6 GeV/c. As a result of
these cuts, the selected A:r ’s have an average momentum
of 3.3 GeV/c.

Combinatoric backgrounds from random combinations
of tracks from D°, D™, and D] decays, which may
populate the reconstructed mass region nonuniformly and
bias the lifetime result, are studied using data and Monte
Carlo. From tests using CLEO data and Monte Carlo
simulated events, we find that D* — K~ 77" events
(where one of the pions passes the proton requirements)
preferentially populate the reconstructed mass region
above the A mass peak. Such events are a potentially
problematic kinematic reflection that we remove by
rejecting candidates whose reconstructed mass is con-
sistent with a D* mass when the proton hypothesis is
changed to a pion hypothesis. All other backgrounds (e.g.,
D — ¢ ™) are found to be either uniform throughout
the mass region or small enough not to affect the final
lifetime result.
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The reconstructed mass distribution is fit using two \

Gaussians constrained to a common mean for the signal " CLEOILV ]
and a linear function for the background. The widths 600 - 9.0 ! . —
of the Gaussians are denoted as Oparow and Oproad- L A, PK 7w A

The reconstructed mass distribution of the A} candi-
dates is shown in Fig. 1, and a fit to the data yields

N ,=4749%124
AC

4749 = 124 AF — pK~ 7™ signal events, Onarow = N§

3.6 MeV/c?, and 0proaa = 10.1 MeV/c2. The y?/d.o.f. §400 B n
of the reconstructed mass fit is 181/163. The fraction E FWHM = 9.4 MeV/c?
of background in the mass region within 7 MeV/c? g

(1.94 opaow) of the fitted A mass value is 27.2%, @

while 85.2% of the A ’s are within this region as well. 200
The A} production point (Xprod» Yprods Zprod) 1S needed

for the proper time determination. A beam centroid deter-

mined for each CESR fill (approximately 1 h long) from

two-track and hadronic events provides an estimate of the

A production point. The dimensions of the beam pro- 2200 | | 2250 | 2300 2350

file are about 350 um, 7 um, and 1 cm along the x, y, m (pK) (MeV/c?)

and. ¢ dire'ctions, respectively, as determined by CESR [10] FIG. 1. Reconstructed mass distribution of A} candidates.

optics. Given the extent of the profile in x and z, the mea- The data (squares) are fit (solid line) to two Gaussians con-

surement is effectively determined by the y component.  strained to a single mean and a linear background (dotted
The y components of the decay length, I, = ygec — Yprod»  line). There are 4749 = 124 A7 — pK~ 7" signal events. All

and A momentum, p, ., are used to determine the proper ~ €vents between the arrows (40 MeV/c?, or £11.1 Tnamow,

decay times, calculated From ¢ — ma:l,/cpy.. using the of the AC] ks1%r111al gef?k) are used in the nominal unbinned
> ¢ 9 AS maximum likelihood fit.

Particle Data Group (PDG) [2] world average for my-.

The decay length variance o7 is calculated using the re- The A lifetime is extracted from the proper time dis-
sults of the vertex fit and the beam profile dimension  tribution with an unbinned maximum likelihood fit [11].
uncertainties. The proper time distribution for the A can-  There are three inputs to the fit for each A, candidate:
didates within 7 MeV/c? of the A signal peak is shown  the measured proper time #;, the estimated uncertainty of
in Fig. 2. The average decay length is about 80 um, com-  the measured proper time o, and a reconstructed mass-

parable to the vertex resolution. Since all A candidates dependent signal probability psg ;. The signal probability
are produced and decay in the vacuum region inside the  distribution is obtained from a fit of the reconstructed mass
beam pipe, well before the first layer of tracking, the A distribution to two Gaussians constrained to the same mean
acceptance is independent of a candidate’s decay length. for the signal and a linear function for the background. The
| likelihood function is

L(TAjsfbg, TbgssafmiSs O'miszwide) :l_[j; dr’ \psig,iE(tllTAjz_{'Sl - psig,i)[fng(t/ | 7'bg) + (1 - fbg)a(tl)l

~
signal fraction background fraction

X Sl = fmis — fwide)G(t; — t/lSO't,iZ

proper time resolution

+ fmisG(ti -t | Omis) + fwideG(ti — 1 | Uwidez 5

mismeasured fraction

where the product is over the A candidates, G(t| o) = [
exp(—12/202) /2o, and E(t| 7) = exp(—t/7)/7. The ' reconstruction errors such as those caused by hard multiple
seven output parameters of the lifetime fit are 74+, fbg,  scattering are examples of such mismeasurements. The
Tbg> S, fmis> Omis» aNd fyide. The parameter 74+ is the A proper time distribution of the background is modeled by
lifetime. Each candidate is weighted in the fit according to  a fraction f}, having a background lifetime 7y, with the
its proper time uncertainty o ;. The fit allows for a global =~ remaining background having zero lifetime. In order to
scale factor S for the proper time uncertainty estimates.  estimate the background properties, we include the candi-
For a small fraction of candidates f;s the fitted uncer- dates in a wide region of +40 MeV/c? (+11.1 Tnamow)
tainty So,; underestimates the true uncertainty. Track  around the nominal A mass in the unbinned maximum
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L L L L L 2‘ TABLE I. Contributions to the systematic uncertainty for the
| CLEOILV (Events within 7 MeV/c© | AT lifetime.
9.0fb ! of mass peak) £
600 |— AZ—» N - Contribution Uncertainty (fs)
L = + i .
NA: ara9x124 Decay vertex resolution *+2.2
3 . Global detector scale *0.1
i | Beam spot position Negligible
» A7 mass measurement +0.05
~400 - . A momentum measurement +02
o
PR . Signal probability from mass fit 03
§ i | t — m(pK ) correlation +23
u Large proper times +0.9
I | Statistics of Monte Carlo sample +2.8
2001~ 1 Total +4.4
I 1 sample of yy — 7"~ 7+ 7~ events. To obtain the cor-
- . T responding proper time bias, the error of the decay vertex
0lon . L Feps ‘ oves. position bias is multiplied by the average 1/yBc of the
2 0 1 2

Proper Time (ps)

FIG. 2. Reconstructed proper time distribution (points) of A7
candidates within 7 MeV/c? of the A signal peak. Overlaid is
a representation of the unbinned maximum likelihood lifetime fit
scaled to the +7 MeV/c? reconstructed mass region (solid line).
The fitted background component scaled to the =7 MeV/c?
reconstructed mass region is also shown (dotted line).

likelihood fit. We account for mismeasured candidates
with two Gaussians in the fit. In order to accommodate
a small fraction fyiqe Of candidates that fall outside the
resolution parameterization, a wide Gaussian (T yige =
8 ps) is used to approximate a flat distribution. Figure 2
shows the proper time distribution of events within
7 MeV/c? of the A} signal peak and the results of
the unbinned maximum likelihood fit scaled to the
+7 MeV/c? reconstructed mass region. The fit converges
to 7o+ = (178.6 = 6.9) fs, where the uncertainty is
statistical only. The fit also yields a global proper time
uncertainty scale factor S of 1.1. The correlations between
the A lifetime and the other fit parameters range from
—0.26 to 0.10, and the y?/d.o.f. of the fit to the proper
time distribution is 126/199.

Consistency checks are performed by measuring the life-
time as functions of azimuthal angle, polar angle, momen-
tum of the A:r candidate, charge of the candidate, and data
taking period. No statistically significant variation is found
in any of these variables. The lifetime is also measured as a
function of reconstructed mass in the background regions
for CLEO data and simulated Monte Carlo events. The
lifetimes are consistent with being uniform, and thus prop-
erly parametrized.

The contributions considered in the systematic uncer-
tainty for the A, lifetime are listed in Table I and are de-
scribed below. Decay vertex measurement errors lead to
decay length errors which in turn could lead to an error in
the lifetime measurement. A (0.0 = 0.9) um bias in the
decay vertex position is estimated from a “zero-lifetime”

A candidates. The vertices of events having interactions
at the beam pipe are used to determine a relative radial po-
sition uncertainty of =0.2%. The quadrature sum of these
uncertainties yields the systematic uncertainty due to the
decay vertex measurement. The global detector scale is
known to a precision of £0.1% from detailed surveys us-
ing beam pipe interactions. A systematic uncertainty of
*0.1 fs is assigned. In order to determine the sensitiv-
ity of the analysis to the beam spot position, the vertical
beam spot position is shifted =2 pum, the uncertainty of
the beam spot position, and the decay lengths of the A
candidates from CLEO data are recalculated. The differ-
ences between these shifted lifetimes and the nominal life-
time are included as a systematic uncertainty.

The uncertainty in the A mass [2] and the A} mo-
mentum scale lead to systematic errors since these quanti-
ties are used in the conversion of decay lengths to proper
times. The statistical uncertainty of the signal probabil-
ity assigned to each A candidate leads to systematic un-
certainties in the fitted lifetimes, which are estimated by
coherently varying the signal probability of each candi-
date by its statistical uncertainty and repeating the fits.
There also exists a correlation between the measurements
of the proper time ¢ and the A candidate reconstructed
mass mpk,. This correlation is measured in simulated
events and confirmed in data to estimate a corresponding
systematic uncertainty.

Poorly measured A candidates are another source of
systematic uncertainty. These candidates are accounted
for in the unbinned maximum likelihood fit with a wide
Gaussian that approximates a flat distribution (oyige =
8 ps). Another method of accounting for candidates with
large proper times is to omit the wide Gaussian component
from the likelihood function and fit the candidates in a
restricted proper time interval. The systematic uncertainty
due to these candidates is estimated from the maximum
variation of 7+ in varying the width of the wide Gaussian
from 8 to 12 ps and removing the wide Gaussian in a
restricted proper time fit ([z| < 4 ps).
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Other possible sources of lifetime measurement bias
include A selection requirements and parametrization
of the background in the likelihood function. These are
checked by performing the unbinned maximum likelihood
fit on an artificial sample composed of background events
extracted from e*e” annihilation data and simulated
Al — pK~ 7™ events with a known average lifetime
of 206.2 fs. Accurately measuring the lifetime of this
combined sample is an important test of the unbinned
maximum likelihood method. The lifetime obtained
from the maximum likelihood fit, (205.2 * 2.8) fs, is
consistent with the known input lifetime of the signal
Monte Carlo sample. The statistical uncertainty of this
measured lifetime, 2.8 fs, is included as a contribution to
the total systematic uncertainty. The lifetime difference
of —1.0 fs is subtracted from the lifetime extracted from
data yielding a corrected A lifetime of (179.6 * 6.9) fs,
where the uncertainty is statistical only. The total sys-
tematic uncertainty of 4.4 fs is obtained by adding the
individual contributions in quadrature.

In summary, a new measurement of the A} lifetime
using 9.0 fb~! of integrated luminosity has been made
with the CLEO ILV detector. The measured A lifetime
is (179.6 = 6.9 = 4.4) fs, where the first uncertainty is
statistical and the second systematic. This result is about
20 lower than the PDG [2] world average A lifetime of
(206 *= 12) fs. This is the first A lifetime measurement
made in a nonfixed target environment.
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