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Using the CLEO II detector at the Cornell Electron Storage Ring we have observed the decay
modes E! — Ele*v, and E° — E e*v, by the detection of a E-positron pair of appropriate
invariant mass. We find B(E} — E’e*v,)o(ete”™ — E}X) = 1.55 = 0.33 = 0.25 pb, B(E? —
Ee*v,)o(ete” — EOX) = 0.63 £ 0.12 = 0.10 pb, B(E} — E"w'w*)/B(E} — E'v,) = 044 =
0.1133%, and B(E® — E-7*)/B(E° — E-e*v,) = 032 + 0.107003. Assuming the EF and E° are
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equally produced in e*e™ annihilation events at 10 GeV, the lifetime ratio of E} /E? is measured to be

246 = 0.707333.

PACS numbers: 13.30.Ce, 14.20.Lq

The naive spectator model of heavy quark decay pre-
dicts that the lifetimes of the charmed hadrons are equal.
Experimentally this is not the case, as 7(D*)/7(D°) =
2.55 + 0.04 [1]. However, isospin symmetry requires
equal transition rates for the Cabibbo favored semilep-
tonic decays of the D' and D° which dominate the
semileptonic width [2]; therefore the source of the life-
time difference is the hadronic width. It is believed that
destructive interference between the internal and external
Cabibbo allowed spectator graphs is sufficient to decrease
the hadronic width of the D* relative to the D° by about
the amount required to explain the lifetime ratio [3].

In the charmed baryon sector, destructive interference
between the external and internal spectator graphs can
occur when a spectator is a 4 quark. In addition, when
a spectator quark is an s, constructive interference be-
tween two internal spectator graphs can occur. Finally,
the W-exchange diagram is not helicity nor color sup-
pressed for baryons. By considering the relative impor-
tance of these three effects a hierarchy of lifetimes for
charm baryons can be predicted. Guberina, Riickl, and
Trampeti¢ [4] predict 7(Q.) < 7(EY) < 1(A}) < 7(E}),
while Voloshin and Shifman [5] give a different hierar-
chy, 7(Q,) < 7(EY) < 7(Ef) = 7(A}). Although 7(A})
is known to 5% [1], neither of the charm cascade lifetimes
is known very well and the lifetime of the . is com-
pletely unknown. New measurements are needed to test
the lifetime hierarchies.

In this Letter we report a measurement of
B(E! — Eletv,)olete” — EFX) and B(E? —
E etv,)o(ete” — EOX) and estimate the lifetime ratio
7z /7Tz0. Combining the charm semileptonic width
and the lifetime of the E., reliable upper bounds for
the absolute branching ratios B(Ef — E -« "= ") and
B(E? — E~#7*) are also obtained. The data sample
used in this study contains about 3 X 10% e*e™ — cé
events corresponding to an integrated luminosity of
2.3 fb~! collected with the CLEO II detector at the
Cornell Electron Storage Ring (CESR) at and below
the Y(4S). The CLEO II detector is described in detail
elsewhere [6].

We search for the decays 2. — Ee* v, by detecting
a Ee" (right sign) pair with invariant mass in the range
mz < mg,+ < mg, [7]. Positrons are required to have a
momentum greater than 0.5 GeV/c and to satisfy |cosf| <
0.71, where 8 is the angle between the positron momentum
and the beam line. Photon candidates are required to
have a minimum energy of 40 MeV and neutral pion
candidates are selected from pairs of photons. Because
of their low detection efficiency in the momentum range
of interest, muons are not used in this analysis. To reduce
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the background from B decay we require the ratio of Fox-
Wolfram moments H,/Hy > 0.2 [8].

We reconstruct the E° and the E~ through their
decay modes A#7® and Aw~, respectively. The A is
reconstructed through its decay to pw. The measured
dE/dx of the proton is required to be consistent with
the expected value. We reject combinations that can be
interpreted as a K°. The E candidates are formed by
combining each A candidate either with a 7% in the event
or with a negatively charged track which has a combined
dE/dx and time of flight probability consistent with a
pion hypothesis. A tertiary vertex is formed from the
intersection of the A momentum vector and the negatively
charged track or 7° momentum [9]. This vertex is
required to be closer to the event vertex than the A decay
vertex. For the E°, the momenta of the two photons are
recalculated from the vertex constraint. Photon pairs with
recalculated invariant mass within 2.5¢0 of the known 7°
mass are selected as 7% candidates.

The E candidates are then combined with positrons.
The invariant mass of the Ee™ pair is required to sat-
isfy 1.33 < mg,+ < 2.47 GeV/c? and the pair is required
to have a momentum greater than 1.4 GeV/c to reduce
background. To determine the number of events passing
our cuts we fit the (p#r)# invariant mass distributions for
these events, shown in Figs. 1(a) and 1(c), with a func-
tion consisting of a Gaussian, with width determined by
a Monte Carlo (MC) simulation of the signal, and a poly-
nomial background. The values returned by the fits are
given in Table I.

We now consider sources of background to the signal.
We searched for decays of the type B, — EXe ™" v,, where
X represents additional decay products, for example, E. —
E*etv, with E¥ — Ear. The best understood resonance

L
>
©
=
M
~
[}
T
[
>
W
10 | + -
!+ He {4 !
0 )
1.26 1.30 1.34 1.38 1.26 1.30 1.34 1.38
M(A,7) (GeV/c?)
FIG. 1. The (p#)7 invariant mass for right sign and wrong

sign Ee combinations satisfying the cuts described in the text;
(@) (pm)m~ right sign, (b) (pa)m~ wrong sign; (¢) (p7)7°
right sign, and (d) (p7)7° wrong sign.
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TABLE I. Signals and backgrounds.

Mode Ef — El*y, Bl — B ety,
Nz.+ (right sign) 47 = 8 62 =9
Nz,- (wrong sign) 63 8§ +4
Corrected yield 41 *9 54 £ 10
Efficiency (%) 1.17 = 0.02 3.80 * 0.05
Bo (pb) 1.55 =033 £ 025 0.63 = 0.12 = 0.10
Fakes (right sign) 4*2 7x2
Fakes (wrong sign) 4 *2 52

in this family is the Z(1530) [10]. We reconstruct the
resonance in the mode Z°(1530) — E~#*. We fit to
the E~ 7" invariant mass distribution and find 218 + 34
events. Only 0.4 * 3.3 of these events include a suitable
positron. Other E(1530) decay modes have at least one
7% in the final state and therefore have smaller efficiencies
and poor signal to noise. No Z(1530) signals are found in
decay modes including 7%’s. As the E(1530) background
is consistent with zero, we do not subtract it but incorporate
it into the systematic error. We have not searched for
the nonresonant decays 2. — E(n)we* v, due to their low
efficiency and large backgrounds.

Other background sources of Ee™ pairs are real
positrons with fake E’s, fake-positron—real-Z combina-
tions, the continuum production of random Ee* pairs
where the E is not associated with charm baryons, and
B decays at the Y(4S). Fake E’s are excluded by fitting
to the E mass to determine the yield. For the other
backgrounds approximately equal numbers of Ee* (right
sign) pairs and Ee~ (wrong sign) pairs are expected to be
produced. We therefore use the number of Ee~ pairs in
the data to estimate these backgrounds.

We repeat the analysis for wrong sign pairs. The
fits to the (p7r)7r invariant mass distributions are shown
in Figs. 1(b) and 1(d). The fit results are given in
Table I. As an independent check that the wrong sign
pairs correctly estimate the right sign background, we
determine the number of fake-positron—real-= pairs. The
fake positron background is estimated by combining a
= with all tracks which are not positively identified as
lepton tracks, and multiplying by the fake probabilities
weighted by the particle population of continuum events
containing a strange baryon [11]. We fit the (pw)mr
invariant mass distribution to determine the number of
fake-positrons—real-E combinations. This procedure is
repeated for electrons to obtain the number of wrong sign
fakes. The results are given in Table I. The equality
of the right and wrong sign fakes, which are the largest
component of the background, justifies our use of wrong
sign events to estimate the right sign background.

We obtain the yield given in Table I by subtracting
the number of wrong sign events from the number of
right sign events. The statistical error in the yield is

calculated from the error in the number of right sign and
wrong sign events added in quadrature. The efficiencies
given in Table I are obtained by MC simulation and
include B(A — p). The MC model used for the signal
is the heavy quark effective theory (HQET) inspired
Korner-Kriamer (KK) model [12] which has previously
been used to describe the data [13]. To compare the
data to the model, in Fig. 2 we plot the Ee* invariant
mass distribution after subtraction of the E sideband.
Agreement between the data and the model is good. The
efficiency-corrected yield and integrated luminosity £ are
used to obtain the B o given in Table I.

We have considered the following sources of system-
atic error and give our estimate of the percentage errors
on Bo in parentheses for the £} and 2. The largest ex-
perimental source of the systematic error is the contribu-
tion from E(1530) feeddown (5%, 13%). We investigated
the model dependence by varying the fragmentation func-
tion (10% for both) and by taking the difference in cal-
culated efficiencies from the HQET KK model [12] and a
semileptonic decay model producing E’s with no net po-
larization (8%, 10%). An additional source of systematic
error is background from the decay Q, — Qe*v,, with
Q — Em. The e*e™ production cross section for the ().
is unknown. The e*e™ production cross sections of the
E. and the A, are in the approximate ratio 1:4 [14]. We
expect a similar ratio of production cross sections for the
Q. and the E.. By MC simulation, we find that for the
selection criteria used in this analysis the efficiency of re-
constructing (1, semileptonic decay background is about
70% of that for B, — Eetv,. Using the relative effi-
ciency, the known branching ratios, and our estimate of
the (), cross section, we obtain a systematic error of (3%,
1%). The final source of systematic error is due to using
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FIG. 2. The Ee™ invariant mass for right sign combinations

(a) E-e*, (b) E%". The points with error bars are data
after the subtraction of wrong sign events and fake cascades
estimated using the (p#)7r invariant mass sidebands. The solid
line is a Monte Carlo simulation of 5. — Eev, signal using the
KK model.
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He~ pairs to estimate the background from the contin-
uum and Y (4S). On the continuum, there are two sources
that only produce Ee~ pairs. They are ete™ — Y.Y,,
where Y. is a charmed baryon which decays to a B
and Y, decays semielectronically, and ete™ — Y.M_.N,
where M. is a charm meson that decays semielectroni-
cally. In both cases the Ee~ invariant mass normally sat-
isfies mg.- > myg, and is rejected. However, there is a
small probability that wrong sign pairs from these sources
will satisfy our selection criteria and lead to an overesti-
mate of the right sign background. The systematic error
due to this effect is (6%, 7%).

Our results are B(E — Ele v, )o(eTe” — EFX) =
1.55 £ 033 = 025 pband B(E? — E e*v.)o(ete —
20X) = 0.63 = 0.12 = 0.10 pb. This is the first ob-
servation of E/ Our cross section for
BHY > E e'w, is in agreement with the previous
measurement [14].

At present, there is no reliable normalization of the =,
branching ratios. Under the assumption that the semilep-
tonic widths of all charmed particles are equal [15], we
estimate the inclusive semileptonic branching ratio of the
E., Bex, from the weighted average of the inclusive
semileptonic widths of the D° and D™ ({(I'sz)) [1] and
the B, lifetime: Bex = B(E, — €*X) = (I's.)75,. Then
the ratio of our Bo to Bo for a hadronic mode places
a reliable model independent upper bound on the abso-
lute branching ratio of the hadronic mode. This technique
was recently applied to the A, to derive an upper limit for
B(A. — pKw) [13].

Therefore we measured the ratios R, = B(Z! —
E wtat)/B(E — E% v,) and Ry = B(E!—
E-7")/B(E? — E"e*v,). For R, the obvious choice
of numerator is Ef — E%#*, but a search for this
mode yields very few events. In order to present
a ratio with a smaller statistical error we choose
the copious Ef — E- 77" mode instead. For the
modes Ef - E #"#" and E’— E &7, 137 + 16
events and 35 = 8 events are found, respectively. In
each case the error is that returned by the fit. For

=+

BEXY — E-wtxw*, three body phase space is assumed. If
instead the decay proceeds via 2} — E°(1530)7* with
E%(1530) — E - «*, the efficiency decreases by a factor
of 2. The average of the two efficiencies is used for the
final result while the difference between them is taken
as a measure of the systematic error from this source.
After correcting the yields for the efficiency we compute
R, = 044 + 0.11704¢ and Ry = 0.32 *+ 0.107033. Many
of the systematic errors cancel in forming the ratios.
The largest remaining sources of systematic error are the
Y (4S) and continuum backgrounds in the denominator
and the selection criteria in the numerator. No theoretical
predictions exist for either ratio.

Using the world average of the individual E. lifetime
measurements [1] we compute By = B(Ef — €7X) =
B2 D% and By = B(EC — ¢*X) = (1.4303)%.

— Bt yp,.
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There exists no theoretical relationship between B(E, —
E¢*v,) and By, however, by definition fz, = B(E, —
E¢*v))/Bex = 1. Therefore BE - E #tn") =
fe.R+Bdy = f=.(14 + 03703 x 1072 and B(E? —
E-7*)=fs RoBx =[xz (43 * 1.3703) X 1073, where
the first error is from the determination of R and the
second error is from our estimate of Byy. Unfortunately
the value of fz, is unknown and no theoretical estimates
presently exist; nevertheless, these results place reliable
upper bounds on the charmed cascade absolute branching
ratios for the first time.

Since we measure both charged and neutral =, semilep-
tonic decays using similar cuts in one experiment, the life-
time ratio R = 7g¢ /7 can be extracted from the ratio of
our measurements under the following assumptions. We
assume that semileptonic decay width of = and Z° are
equal and that I'(E} — E%*v,) = I'(E? — E e*v.).
Both of these assumptions follow from isospin invariance.
We also assume that the £ and E? are equally produced
from e" e annihilations at 10 GeV. This is reasonable
because the E!’s are expected to decay to the ground
state via pion emission, and to be sufficiently heavy that
no channel related by isospin is excluded by phase space
[16], and the B/ decays electromagnetically to a E. [17].
The lifetime ratio is then related to the ratio of branching
ratios
_ B(E! = E%'v.) T EHE) (B

B(E? — E~etv.) Iy (B9 (E° (B9’
where Ty, is the semileptonic decay width of Ef and
E? and 7 is the appropriate lifetime. Combining our
measurements, the lifetime ratio is found to be R =
T(EH)/7(EY) = 2.46 + 0.702033.

Agreement among the existing lifetime ratio measure-
ments 4.06 = 1.26 (E687) [18], 2.44 = 1.68 (NA32) [19],
and this result is good. As our result is not a direct mea-
surement of the lifetimes, it has entirely different system-
atic errors than E687 and NA32 and therefore serves as
independent confirmation of the fixed target results.
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