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The measurement of the singly charmed baryon lifetimes with better
accuracy may help to discriminate among different theoretical models [1].

We report in this paper a new measurement of both mass and lifetime
of the charm-strange baryon ZF. The data were collected in the Fermilab
photoproduction experiment E687 during two run periods in 1990 and 1991.
The total number of hadronic triggers recorded to tape was more than 500
millions.

Our collaboration already published a measurement of mass and lifetime
of the EF baryon decaying into 2~ 7" 7" based on a sample of 29.7 + 7.0
events [2]. We extend now our measurements to a new decay channel so
that we may increase significantly our statistics. A new sample of about
50 events decaying into X7 K 7T has been reconstructed and added to the
previous sample of 2~ 77T decays to make a total of about 75 candidate
events.

A detailed description of the E687 experimental setup can be found
elsewhere [4]. The apparatus is a large aperture spectrometer capable of
detecting charged hadrons produced in the interactions of a photon beam
(< Ey > =220 GeV) on a beryllium target. Two electromagnetic calorime-
ters detect photons and electrons; two hadron calorimeters detect neutral
hadrons and triggers on the total hadronic energy released in the interaction.
High resolution tracking close to the target is provided by twelve planes of
silicon microstrips in our microvertex detector (hereafter SSD). Particles
coming out of the microvertex detector are deflected by two magnets of
opposite polarity and traced by five multiwire proportional chambers (here-
after MWPC) to measure their momenta. Particle identification is provided
by three multicell Cerenkov counters operating in threshold mode.



The selection of the Z~7 77T sample has already been described in a
previous EF publication [2]. We describe here the selection of the EF —
Y TK ™7t decays (throughout this paper, the charge conjugate state is im-
plied whenever a decay mode of a specific charge is stated). The ¥ baryons
can decay either into pn®(51.57%) or into nw*(48.31%). Both channels have
been studied separately and added to get our final Ef — StTK 7t sam-
ple. A clear and detailed description of the X’s reconstruction is included in
previous publications [5].

Kaons and pions must be reconstructed in both the SSD and MWPC and
the two sets of tracking parameters have to agree to within measurement
errors. In addition, for kaons, we required a severe Cerenkov identification
cut. The three microstrip tracks identifying the three particles, i.e.: X1,
K~, and 7", are required to form a secondary vertex with a confidence level
(hereafter CL) larger than 2%. The =} candidate has to point to a primary
vertex with CL > 2%. The confidence level for any of the three tracks, ¥ T,
K~ and 7" to be forced into the primary vertex is required to be less than
95%, while the confidence level that any other track could be fitted into the
secondary vertex is required to be less than 0.5%. The first cut (isolation
cut I) is used to get rid of secondary tracks that were actually produced in
the primary vertex, while the second cut (isolation cut II) is intended to
reject higher multiplicity decays that could fake the secondary vertex we are
searching for.

Being [ the distance between the primary and secondary vertices and o;
its error, we isolate our signal using also a detachment parameter defined as
the inverse of the percent error, i.e.: [/o;. This turns out to be the principal
cut parameter used to separate longer lived charm particle from non-charm
background for most of our analysis. The two decay channels Z- 77T
and ¥TK 7T have been studied separately for a series of detachmnet cuts
ranging from [/o; > 3.4 to [/o; > 4.5 1. This range has been choosen to
maximize both the number of selected events in the signals and their signal
to noise ratios.

Fig.s 1 show the invariant mass distributions for the three “channels”: in
fig.s 1a and 1b, the two X1 sub-samples; in fig. 1c the combined ¥ sample;
in fig. 1d the 227" sample and finally, the whole sample in fig. le. Fig.
2a collects the mass values for the different 1/0;.

We tested the possibility that other decays might contribute to the

—_—_—
—

E-7mt7T invariant mass distribution. For instance, a AT — E- Kt decay,

'Tt is worth mentioning here that the 29.7 events in ref. [2] were obtained for /oy > 2.5
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Figure 1: Mass for the 3 channels and for the total sample

with the kaon being misidentified as a 7T, can reflect into the ==+ 7T signal
region. Another possibility is a missing 7%, as in the decay Ef — E~nt 7t 7?
or Ef = E7ptat (pt — 7t 71°). Montecarlo studies have shown these con-
tributions to be negligible. We also performed some studies to check possible
background contributions to the 2% — L TK 7" mass plot. For instance
a Ef — YTK* (with K** — K ") could contribute to the mass peak.
A A} — Tt 7T decay, with the negative pion being misidentified as a
kaon, could fake the =F decay we are studying. Both possibilities have been
discharged.

Systematic errors have been also investigated. We separate first “fit vari-
ant” systematics from “selection” systematics and add the two contributions
in quadrature. To estimate the “fit variant” uncertainty we considered ten
different mass windows (each one shifted by 1 MeV) and three bin widths
(10, 12 and 14 MeV) .

To estimate “selection” systematic errors we splitted our sample in the 3
indipendent decay channels, i.e.: ST (pn®)K 7, St (nat)K nt, 2 ntn™.
As a proof of mass stability also other 6 sub-samples are shown in Fig. 3, i.e:
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Figure 2: Mass (upper plot) and lifetime (lower plot) stability versus 1/g;

channel, antichannel, 1990 data, 1991 data, low momentum (p < 75 GeV/c),
high momentum (p > 75 GeV/c).

We quote a systematic error of £0.9(?7?)MeV/c?.

Selected at [/o; > 3.6, plotted with a bin width of 10 MeV/c? and fitted
in the mass window shown in Fig. 1 we obtained a sample of 72.8 + 11.3
events and a mass:

m(EY) = 2463.4 + 2.6(stat.) + 0.9(syst.) MeV/c? M

In Tab. 1 previous mass measurements are summarized and compared to
our value. Although well comparable, our mass comes out somewhat lower
than that of other experiments.

Using the same sample of events we also measured the E lifetime. For
each candidate we calculated the reduced proper time t”
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Figure 3: Mass(upper plot) and lifetime(lower plot) measurement for differ-
ent sub-samples

where N is the vertex detachment cut assumed for the analysis (N = 3.6
for the events of Fig. 1) and (v is the Lorents boost factor. Montecarlo
and data studies prove that o; is indipendent of [ and consequently that
the ¢’ distribution for the Z’s is proportional to e~Y7, 7 being its lifetime.
Assuming S as the total number of signal events in the signal mass region
(defined as the region +2¢ from the mass central value) and B as the total
number of background events in the same region, the expected number of
events n; in a reduced proper time bin centered at t} is given by [3]:

! —t’i/'r .
n; = S f(tZ)e 7 B bl
X f(t)et/T 2 bi

where: b; is the number of background events as measured from the mass
sidebands and f(t}) is the correction function estimated by a Montecarlo
(MC) simulation. To obtain this function the number of MC reconstructed
events is divided by the value of the exponential function e=*/™¢ (3,
being the MC input lifetime) for each reduced proper time bin considered.

(3)



Experiment Mass (MeV/c?) | Events | Year of Pub.
Accmor [6] 2466.5 + 2.7+ 1.2 5 1989
CLEO [7] 2467 £3+4 23 1989
ARGUS [§] 2465.1 +£3.6 £ 1.9 30 1990
E687 2] 24644 £2.0+14 | 30 1993
CLEO [9] 24670 £ 1.6 £2.0 | 147 1996
PDG (fit) [12] 2465.6 + 1.4 - 1996
PDG (average) [12] 24659+ 1.4 - 1996
Our value (E687) | 2463.4 2.6 +0.9 73 1997

Table 1: E} mass measurements

The background time evolution b; is obtained from events in a low and a high
mass sideband (100 wide and 50 away from the central mass value each).
The function f(t') corrects for effects due to spectrometer acceptance, anal-
ysis cut efficiencies and absorption of the daughter particles into the target,
as a function of the reduced proper time. This function is parametrized as
a first order polynomial and is needed to avoid an improper instrumental
systematic increase of the measured lifetime. In Fig. 4 a typical correction
function, obtained for [/o; > 3.6 and for the EF — YT (na™)K 7" decay
channel, is shown. The correction functions for any {/o; or decay channel
show the same behaviour.

To calculate the lifetime 7 and to estimate the number of background
events in the signal region, we used the maximum binned likelihood method
by constructing, from a Poisson distrution, the probability of observing s;
events when n; are predicted. We added a multiplicative factor to the likeli-
hood function to take into account for the Poissonian probability of finding
also the observed number of events in the background mass sidebands when
the expected number is 5B. The factor 5 accounts for the fact that the side-
band region has been assumed to be 5 times wider than the signal region
for a linear background.

The likelihood takes the form:

o H n;le ™ _ (5B)Ez' big—5B
s (20 ba)!

This likelihood function has been constructed for all three decay modes of

(4)
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Figure 4: Correction function

the EF so that the total likelihood is assumed to be the product of the three:
ot o n+ +
L=Lzrtgp+- E2+;g77:+ . £2+;7—”7;+ (5)

The free parameters of the fit were 4: the lifetime 7 and the number
of background events for the 3 sub-decay channels. The fitting procedure
has been repeated for several [/o; cuts (see Fig. 2b) and several sample
selections, in order to investigate systematic errors.

We separated again fit variant systematics from “selection” systematics
and added the two contributions in quadrature. For the fit variants we
considered three different reduced proper time binning (0.04 ps, 0.05 ps
and 0.07 ps), three different sideband widths and three different sideband
positions. For “selection” systematics we splitted our sample into the same
different sub-samples used for the mass measurement and we proceeded in
the same way. In Fig. 3b the lifetime measurements for the sub-samples are
shown.

Our new best estimate of the lifetime is quoted for [/o; > 3.6 for a bin



Experiment Lifetime (ps) | Events | Year of Pub.
WA62 [10] 0487075 7018 | 53 1985
E400 [11] 0.407075 £0.10 | 102 1987
Accmor [6] 0.207 06 6 1989
E687 [2] 0417002 +£0.02 | 30 1993
PDG (average) [12] 0.357007 - 1996
Our value (E687) | 0.357008 £0.02 | 73 1997

Table 2: E lifetime measurements

width of 0.05 ps. The value is:
T2+ = 0.3570:08 +0.02 (6)

In Tab. 2 previous lifetime measurements are summarized and coma-
pared to our value. Our measurement of the EF lifetime is in excellent
agreement with all previous analyses and our statistical error is comparable
to the one of the world average.

We wish to acknowledge the assistance of the staffs of Fermilab and the
INFN of Italy, and the Physics Departments of the collaborating institutions.
This research was supported in part by the National Science Foundation, the
U.S. Department of Energy, the Italian Istituto Nazionale di Fisica Nucleare
and Ministero dell’Universita e della Ricerca Scientifica e Tecnologica, and
by the Korean Science and Engineering Foundation.

References

[a] Present address: Fermilab, Batavia, IL 60510, USA.

[b] Present address: University of Maryland, College Park, MD 20742, USA.
[c] Present address: University of South Carolina, Columbia, SC 29208, USA.
[d] Present address: Vanderbilt University, Nashville, TN 37235, USA.

[e] Present address: Enrico Fermi Institute, University of Chicago, Chicago, IL 60637,
USA.

[f] Present address: Syracuse University, Syracuse, NY 13244-1130, USA.



[1]

2]
[3]
[4]

[5]

[6]
[7]
8]

Present address: University of Colorado, Boulder, CO 80309, USA.
Present address: University of New York, Stony Brook, NY 11794, USA.
Present address: Yale University, New Haven, CN 06511, USA.

Present address: Pohang Accelerator Laboratory, Pohang, Korea.

Present address: Lawrence Berkeley Laboratory, University of California, Berkeley,
CA 94720, USA.

Present address: Science Applications International Corporation, McLean, VA
22102, USA.

Present address: Gamma Products Inc., Palos Hills, IL 60465, USA.

Present address: Department of Physics and Astronomy, University of Pittsburgh,
3941 O’Hara St., Pittsburgh, PA 15260, USA.

Present address: Brookhaven National Laboratory, Upton, NY 11793-5000, USA.

Present address: KEK, National Laboratory for High Energy Physics, Tsukuba 305,
Japan.

a-B. Guberina, R.Riuckl, J. Trampetié¢., Z. Phys. C33, 297 (1986); b-
M. B. Voloshin and M. A. Shifman, Zh. Eksp. Teor. Fiz. 91, 1180 (1986)
[Sov. Phys. JETP 64, 698 (1986)]; c- V. Gupta and K.V.L. Sharma,
Int. J. Mod. Phys. A5, 879 (1990); d- B. Blok and M. Shifman, Nucl.
Phys. B399, 441 (1993) e- B. Blok and M. Shifman, in: Tau-Charm
Factory, (Eds. J. and R. Kirkby, Ed. Frontiers, 1994, pag. 847);

P.L. Frabetti et al.: Phys. Rev. Lett. 70, 1381 (1993);
P.L. Frabetti et al.: Phys. Lett. B 263, 584 (1991);

a- P.L. Frabetti et al.: Nuclear Instruments & Methods in Physics
Research, A320, 519-547 (1992); b- A329, 62 (1993);

a- P.L. Frabetti et al.: Physics Letters, 328, 193 (1994); b- B338, 106
(1994);

Barlag et al.: Phys. Lett. B233, 522 (1989);
Alam et al.: Phys. Lett. B226, 401 (1989);

Albrecht et al.: Phys. Lett. B247, 121 (1990);

10



[9] Edwards et al.: Phys. Lett. B373, 261 (1986);
[10] Biagi et al.: Phys. Lett. 150B, 230 (1985);
[11] Coteus et al.: Phys. Rev. Lett. 59, 1530 (1987);

[12] R.M. Barnett et al. (Particle Data Group) Phys. Rev. D54, 1 (1996).

11



