DESY 97-008
January 1997

Evidence for A.(2593)" Production

The ARGUS Collaboration

ISSN 0418-9833

,,"\

\
“
L4

9012046-NV DS

2 IR

VAINTD ‘SHRAVALIT NMHD






DESY 97-008 ISSN 0418-9833
January 1997

Evidence for A;(2593)% production

The ARGUS Collaboration

H. Albrecht, T. Hamacher, R. P. Hofmann, T.Kirchhoff, R. Mankel!, A. Nau, S. Nowakl,
D.ReBing, H. Schréder, H. D. Schulz, M. Walter!, R. Wurth
DESY, Hamburg, Germany

C.Hast, H. Kapitza, H. Kolanoski?, A.Kosche, A.Lange, A.Lindner, M. Schieber,
T.Siegmund, H. Thurn, D. Tépfer, D. Wegener
Institut fir Physik® Universitit Dortmund, Germany

C.Frankl, J. Graf, M. Schmidtler, M. Schramm, K. R.Schubert, R.Schwierz, B. Spaan,
R. Waldi
Institut fiir Kern- und Teilchenphysik® Technische Universitit Dresden, Germany

K. Reim, H. Wegener
Physikalisches Institut®, Universitit Erlangen-Nirnberg, Germany

R. Eckmann, H. Kuipers, O. Mai, R.Mundt, T. Qest, R. Reiner, A. Rohde,
W. Schmidt-Parzefall
II. Institut fir Ezperimentalphysik, Universitit Hamburg, Germany

J. Stiewe, S. Werner
Institut fiir Hochenergiephysik® Universitit Heidelberg, Germany

K. Ehret, W.Hofmann, A. Hiipper, K. T. Knépfle, J. Spengler
Maz-Planck-Institut fir Kernphysik, Heidelberg, Germany

P. Krieger”, D. B. MacFarlane®, J.DD. Prentice’, P.R. B. Saull8, K. Tzamariudaki®,
R.G. Van de Water’, T.-S. Yoon”
Institute of Particle Physics®, Canada

M. Schneider, S. Weseler
Institut fiir Ezperimentelle Kernphysik'®, Universitdt Karlsruhe, Germany

M. Bragko, G. Kernel, P. Krizan, E. Krizni¢, G. Medin!! T. Podobnik, T. Zivko
Institut J. Stefan and Oddelek za fiziko':, Univerza v Ljubljani, Ljubljana, Slovenia

V. Balagura, S. Barsuk, I. Belyaev, R. Chistov, M. Danilov, V. Eiges, L. Gershtein,
Yu. Gershtein, A. Golutvin, O. Igonkina, I. Korolko, G.Kostina, D. Litvintsev,
P. Pakhlov, S. Semenov, A.Snizhko, I. Tichomirov, Yu. Zaitsev
Institute of Theoretical and Ezxperimental Physics'® Moscow, Russia

! DESY, IfH Zeuthen
2 Now at Institut fiir Physik, Humboldt-Universitat zu Berlin, Germany.
3 Supported by the German Bundesministerium fiir Forschung und Technologie, under contract number 054DO51P.
4 Supported by the German Bundesministerium fiir Forschung und Technologie, under contract number 056DD11P.
5 Supported by the German Bundesministerium fiir Forschung und Technologie, under contract number 054ER12P.
6 Supported by the German Bundesministerium fiir Forschung und Technologie, under contract number 055HD21P.
University of Toronto, Toronto, Ontario, Canada.
8 McGill University, Montreal, Quebec, Canada.
9 Supported by the Natural Sciences and Engineering Research Council, Canada.
10 Supported by the German Bundesministerium fiir Forschung und Technologie, under contract number 055KA11P.
1 01 Jeave from University of Montenegro, Yugoslavia
12 Supported by the Ministry of Science and Technology of the Republic of Slovenia and the Internationales Biiro KfA, Jiilich.
13 Partially supported by Grant MSB300 from the International Science Foundation.



Abstract

Using the ARGUS detector at the ete~™ storage ring DORIS II
at DESY, we have found evidence for the production of the excited
charmed baryon state A.(2593)% in the channel A}7x*x~. Its mass
was determined to be (2594.6 + 0.9 + 0.4) MeV/c?, and the natu-
ral width measured to be I' = (2.9%%3%1%) MeV. The production
cross section times the branching ratios of o(ete™ — A,(2593)YX) x
Br(A.(2593)* — Atrtx~) x Br(A} — pK n%) was measured to
be (0.2573%3 + 0.13) pb. The fractions of A.(2593)* decays proceed-
ing through the £Ir+ and X}*7~ channels were determined to be
0.29£0.10+ 0.11 and 0.37 £ 0.12 £ 0.13, respectively.

1 Introduction

Most ground state charmed baryons are now well established [1], and the
measurements confirm their mass predictions by theoretical models. As for
the mass predictions for the excited charmed baryons, their experimental
verification has been long overdue. New experimental observations would
help to distinguish between different theoretical approaches [2]. The first
observation of the excited charmed baryon ! A.(2625)* was made by the
ARGUS Collaboration [3]. The E687[4] and CLEO[5] Collaborations subse-
quently confirmed this resonance. The CLEO Collaboration also reported
the observation of another state decaying into AT7*x~ at a mass of about
2593 MeV/c?[5] which was referred to as the A.(2593), and the E687 Col-
laboration published the confirmation of this state[6]. Recently, the CLEO
Collaboration presented the observation of two new charmed baryon states
at masses of about 2518 MeV/c? and 2520 MeV/c? decaying into A¥ 7~ and
At =t [7], respectively. In the charmed strange baryon sector, the CLEO Col-
laboration has evidence for excited states decaying into =}#~ [8] and =27+
[9]. In this paper we report on a study of the A.(2593)* resonance in the
decay channel AYr*7~.

L All references to a specific charged state also imply the charge conjugate state.



2  Selection criteria

The data used for this analysis was collected on the T(15), T(25) and Y(4S5)
resonances, and in the nearby continuum using the ARGUS detector at the
ete” storage ring DORIS II at DESY. The integrated luminosity of the data
sample is equal to 476 pb™'. The ARGUS detector, its trigger requirements
and particle identification capabilities have been described in detail elsewhere
[10]. Charged tracks from the main vertex were required to have a polar angle,
6, in the range |cos(f)| < 0.92. Charged particle identification was based on
a likelihood ratio calculated from measurements of specific ionization and
time-of-flight for the allowed mass hypotheses (e, g, 7, K, and p) [10]. Each
particle was used as a pion, kaon, or proton if the corresponding likelihood
ratio exceeded 1%, 5%, or 15%, respectively. A°(K?) candidates were defined
as pr~ (7t 7~ ) pairs forming a secondary vertex and having an invariant mass
within £10(+30) MeV/c? of the nominal A°(K?) mass. In addition it was
required that cos(a) > 0.995(0.9), where « is the angle between the A°(K?)
momentum and the vector pointing from the main vertex to the decay vertex.
All A® and K? candidates were kinematically constrained to their nominal
masses [1]. For the A} reconstruction five decay modes were used - pK ~ 7%,
pK? pK%rtx~, A°%* and A°x*rx~x*. All combinations having an invariant
mass within £25 MeV /c? (for the pK 7%, A%tz ~n* and pK%7x* 7~ modes),
+30 MeV/c? (for the pK? mode) and £40 MeV /c? (for the A’z mode) of
the A} nominal mass [1] were considered as A} candidates and kinematically
constraint to its mass.

Each selected A} candidate was combined with all #*#~ pairs in an
event. The momentum spectra of charmed hadrons from the continuum in
ete~ annihilation have proven to be hard compared to the combinatorial
background, and therefore the requirement of a large scaled momentum xp,
where x, = p(AT 71 77) /prmas and pras = \/Efeam — M?*(Atntn—), is a good
tool to improve the signal to background ratio. In this analysis the scaled
momentum x, of each A}7x* 7~ combination was required to be greater than
0.7 if not statec¢ otherwise.
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Figure 1: The Af#*z~ invariant mass distribution. The solid histogram
represents the same distribution but using the A} sidebands.

3 Data analysis

The invariant mass spectrum of all accepted AT7¥7~ combinations is shown
in Figure 1. Two narrow peaks are seen at masses of about 2593 MeV /c?
and 2625 MeV.'c®. The right peak corresponds to the previously observed
Ac(2625)* resonance [1]. The solid histogram in Figure 1 represents the
invariant mass spectrum for artificial A¥7*7~ combinations with the A}
candidates taken from the sidebands. It has also been checked that the in-
variant mass spectra for wrong-charge combinations (A 7~7~ and Afzr+n™)
have a smooth behavior in the signal regions.

The lower-mass peak proved to be significantly wider than the expected
detector resolution of 1.8 MeV/c? found from a Monte Carlo simulation. The
spectrum presented in Figure 1 was fitted with the sum of a non-relativistic
Breit-Wigner convoluted with a Gaussian resolution function parametrizing
the lower-mass peak plus a pure Gaussian to describe the higher-mass sig-
nal [3, 5, 6]. The widths of the Gaussians were fixed to the expected values
of 1.8 MeV/c? and 3.0 MeV /c?, respectively. A background parametrization
consisting of a second order polynomial, multiplied by a three body threshold
factor completed the fit function. Using a Monte Carlo simulation procedure



it was found that the mass resolutions and efficiencies do not substantially de-
pend upon whether the baryons under study decay through a resonant £ 7
channel or not. The fit yields 18.8+5.9 and 51.318.2 events for the A.(2593)*
and A.(2625)" states respectively. The masses M(A.(2593)%), M(A.(2625)),
and the mass difference of §M = M(A.(2625)%) — M(A.(2593)F) were mea-
sured to be (2594.6 + 0.9 &+ 0.4) MeV/c?, (2627.0 + 0.5 £+ 0.5) MeV /2, and
(32.4£1.040.7) MeV/c?, respectively. The natural width for the A.(2593)*
state was obtained to be I' = (2.972711%) MeV. We also measured the
mass differences of M(A.(2593)*) — M(A}) and M(A.(2625)%) — M(A]) to
be (309.74+0.9+0.4) MeV /c? and (342.140.54+0.5) MeV /c?, respectively. The
systematic errors come from varying the cuts, signal widths and background
parametrization. An additional systematic error of 0.6 MeV/c? should be
added to the mass measurements as the error in the world average A} mass
[1]. The obtained A.(2593)% parameters are in a good agreement with the
results of the CLEO[5] and E687[6] Collaborations (see Table 1).

A.(2593)* ARGUS CLEO [5] E687 [6]
parameter, [MeV /c?]

M(ATF) 35046 £ 0.9+ 0.4

M(AZH) — M(A}) 300.7+£0.9+04 | 3075+ 0.4+ 1.0 | 309.2 £ 0.7 £ 0.3
oM 32.44+1.01+0.7 34.7+£05+1.2

) i I i

Table 1: The extracted parameters of the A*(2593) baryon along with mea-
surements of other groups.

To obtain the A.(2593)t momentum distribution we fitted the invariant
Ar7t 7~ mass spectra in five x,, bins starting from x, = 0.5. The mass and
width of the A.(2593)% state were fixed to the values determined from the
overall fit. Gaussian resolutions were fixed in each x, bin to the appropriate
values obtained from a Monte Carlo simulation. The resulting efficiency cor-
rected A.(2593)* momentum spectrum is shown in Figure 2. The efficiency
in each xp, bin is the sum of the products of the reconstruction efficiency for
the corresponding A} mode found from a Monte Carlo simulation and the
ratio of Br(A} — X)/Br(A} — pK~=7%) for this mode [1]. The Peterson
et. al. fragmentation function [14]
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Figure 2: The x;, spectrum for A.(2593)*. The superimposed curve represents
the fit with a Peterson et. al. fragmentation function.

ﬁ'; o xp Ml — L+ — —=-]7?

was used to fit this x, spectrum and to obtain the total number of A.(2593)*
baryons produced in the entire momentum interval, and the fragmenta-
tion parameter €. The fit results in € = 0.0697595; + 0.040, and the pro-
duction cross section times the branching ratios in ete~ annihilation at

Vs =104 GeV:
o(A(2593)") x Br(A.(2593)" — Afrt7™) x Br(A} — pK~1t)
= (0.2525:35 £ 0.13) pb.
The cross section in the momentum interval of z, > 0.7 is equal to
o(A(2593)F |xp > 0.7) x Br(A.(2593)" — Atn*n™) x Br(A}Y — pK %)

= (0.14 + 0.04 + 0.03) pb,

which is free of the extrapolation uncertainty. The quoted systematic errors
include the uncertainty on variation of the fit parameters in each x, bin,
the errors on the Monte Carlo reconstruction efficiency, and the errors on
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Br(A} — X)/Br(At — pK~x%) [1]. Using the ARGUS measurement of
o(AY) x Br(AF — pK—x%) = (12.0 &+ 1.0 £ 1.3) pb [13] the fraction of
A} baryons produced from A.(2593)* — AYrt#r~ decays was found to be
(2.1729+1.1) %, in agreement with the analogous measurement of the CLEO
Collaboration [5] of (1.44 £0.24 £ 0.30) %.

An HQETJ[11] and some other models[12] predict that the A.(2593)%,
being interpreted as a JF = (3)~ state, should have resonant £.m S-wave
decay channels. Therefore the experimental resonant structure measurements
in the decay A.(2593)* — AF7w+#~ can help to establish the identity of this
state. For the A (2593)* state the CLEO [5] and E687 [6] Collaborations have
found that substantial fractions of A.(2593)* — AYr+r~ decays proceed
through the £.7* resonant channels. Here we present our investigation of
the resonant structure in the A.(2593)* — Afn*n~ decay. To get more
statistics in this part of the analysis the x, cut was relaxed to the value of
0.5.

In order to obtain the resonant contribution to the decay A.(2593)* —
Arr*tr~ we performed a maximum likelihood fit to the AY7n* 7~ invariant
mass spectrum in bins of the AY#* invariant mass. The A.(2593)* parame-
ters were fixed to the values found from the overall fit, and the mass resolution
was fixed to the value found from a Monte Carlo simulation(c = 1.9 MeV/c?).
The spectrum obtained is presented in Figure 3, where two peaks on a
small non-resonant background are clearly seen. The peak at a mass of
2453 MeV /c? is.attributed to the ¥+ baryon, the peak at 2428 MeV /c? cor-
responds to a reflection of the X2. This reflection arises because of the small
phase space in the A,(2593)* — Z27+(X? — Atnr~) decay. The Afx* mass
distribution was fitted using two Gaussians to describe the 1+ signal and X2
reflection plus a constant term times square-root threshold factor to describe
the non-resonant contribution. The Gaussian widths and central values were
fixed from a Monte Carlo simulation. The fit results in the following decay
fractions for the A.(2593)% state:

fro = AR Fert)  _ .99 40.10 £ 0.11,

Br(Ac(2593)t—=AZ rt7x—)

fops = ZRLBOR=ETT) .37 £ 0.12 4 0.13,

Br(A.(2593)+ AT rtx—

fry = BrALECSR G Jer) — .347318 4 007,
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Figure 3: Af7™ invariant mass spectrum for A.(2593)* decays. The over-
layed curve is the fit described in the text.

Using the constraint fgo +fg+++ far = 1, the total fraction of L. 7% decays be-
comes 0.661313 +0.07. The systematic errors on the extracted fractions were
evaluated by varying the fit parameters and the shape of the non-resonant
function. Our measurement of the resonant decay fractions is in agreement

with the results of the CLEO [5] and E687 [6] Collaborations(see Table 2).

A.(2593)* ARGTUS CLEO [5] E687 [6]
decay fractions

o 0.29+0.10 £ 0.11 | 0.42 + 0.09 £+ 0.09

fet+ 0.3740.124 0.13 | 0.36 £ 0.09 + 0.09

fgo++ 0.66%512 4 0.07 > 0.51 @ 90% CL

Table 2: Summary of measurements for the A*(2593) decay fractions.



4 Conclusions

In summary, we confirmed the existence of the A.(2593)" resonance and
studied its procuction and decay in e*e~ annihilation at 10.4 GeV center-
of-mass energy.

The mass and the natural width of the A.(2593)" state were measured to
be (2594.6 +0.9 4 0.4 £ 0.6)MeV /c? and (2.9722+18)MeV | respectively. The
mass differences of M(A(2593)")—M(A7}) and M(A.(2625)%)—M(A.(2593)*)
were determined to be (309.7+0.94+0.4) MeV/c? and (32.441.040.7) MeV /2,
respectively. The production cross section of o(A.(2593)%) x Br(A.(2593)* —
Afr*r™) x Br(AY — pK~ %) was found to be (0.2575:23 +0.13) pb. The
fractions of A.(2593)* — AFn*7~ decays going through the ¥%r+ and £} +#°
channels were determined to be 0.29 + 0.10 £ 0.11 and 0.37 £ 0.12 + 0.13,
respectively. Our A.(2593)* mass, natural width and resonant decay fraction
measurements are in agreement with the CLEO [5] and E687 [6] Collabora-
tions results.
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