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We report on the first observation of A(1232)** and A(1232)** baryons 1n e*e~ annihilation at energies around 10 GeV,
using the ARGUS detector at DORIS II The sum of the rates of A** and A** per hadronic event in the continuum 1s measured
to be 0 040+0 008 +0 006, and the rate 1n direct T(1S) decays1s 0 124 +0 016+ 0 015 The momentum spectrum of A** bar-

yons in direct Y(1S) decays has been measured

Baryon production has been found to be substan-
tial 1n e*e~ anmhilation reactions, bemng enhanced
by a factor of 2-3 1n the three-gluon decays of the Y
resonances with respect to the nearby quark-anti-
quark continuum This effect might reflect different
fragmentation mechanisms of three-gluon versus
quark-antiquark hadronization, but 1s in addition
caused by the high charm production rates 1n contin-
uum [1,2]

Until now, members of all isomultiplets of both oc-
tet and decuplet baryons have been detected ine*e~
annihilation final states, with the exception of the
A(1232) [3] The reason that the A(1232) has es-
caped detection so far lies 1n the fact that 1t 1s a broad
resonance close to the px threshold, and has to com-
pete with a background which rises steeply from
threshold and peaks close to the A mass The source
of this low ivariant mass background 1s the abun-
dance of low and medium momentum pions Once a
proton 15 1dentified 1n an event, there 1s a high prob-
ability of finding a slow pion which combines with
the proton to form a system with an invariant mass

Supported by the German Bundesministerium fur Forschung
und Technologie, under contract number 054DO51P

2 Supported by the German Bundesministerium fiir Forschung
und Technologte, under contract number 054ER11P(5)
Supported by the German Bundesministerium fur Forschung
und Technologie, under contract number 0S4HD24P
University of Toronto, Toronto, Ontario, Canada M5S 1A7
Carleton University, Ottawa, Ontario, Canada K 1S 5B6
York University, Downsview, Ontario, Canada M3J 1P3
McGill University, Montreal, Quebec, Canada H3C 3J7
Supported by the Natural Sciences and Engineering Research
Council, Canada

Supported by the US National Science Foundation

' Supported by the German Bundesministertum fur Forschung
und Technologie, under contract number 054K A 1 7P
Supported by Raziskovalna skupnost Slovenije and the Inter-
nationales Buro KfA, Julich

Supported by the Swedish Research Council

Supported by the US Department of Energy, under contract
DE-ASQ9-80ER 10690

© 9 o w» oA

170

near threshold Another possible source of back-
ground comes from higher momentum pions and
kaons misidentified as protons The contribution
from these fake protons, however, influences mainly
the high mass regton above the A(1232)

Among the four 1sospin partners the double charged
A** offers the best chance for experimental obser-
vation In the decays of singly-charged A** baryons,
neutral pions are produced, so that the large combi-
natorial background prevents observation of any res-
onant structure In A® decays, the control of the back-
ground meets ncreasing difficulties because of
reflections from neutral mesonic resonances, such as
p° In addition, the decay of A°-pr~ 1s suppressed
due to 1sospin symmetry by a factor of three with re-
spect to the decay of A** »pr™*

In our analysis we have used a data sample with an
integrated luminosity of 30 6 pb=! on the Y'(1S), and
45 3 pb~!1n the nearby continuum The ARGUS de-
tector, 1ts trigger and particle identification capabili-
ties have been described elsewhere [4] The criteria
for the selection of multihadron events where at least
four charged tracks per event are required, and a de-
scription of the cut used to reduce the background of
beam-gas and beam-wall events are given m ref [3]
For a charged track all mass hypotheses were ac-
cepted for which the combined likelihood ratio from
dE/dx and ume-of-flight measurements exceeded 1%
{4] Inorderto remove the contamination from con-
verted photons in radiative Bhabha events, we re-
quired that the cosine of the opening angle between
equally charged tracks be smaller than 0 99

To determine the A* ™ rate in Y(1S) decays, the
continuum was subtracted after scaling the pr invar-
1ant mass distribution to the proper luminosity The
following formula was applhed

L
Ny =Nop = No 7221 (14 @) |
Lotf Son

where N,, 1s the number of proton pion nvariant
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mass combinations on resonance, N the number of
combinations 1n the continuum, L, (Lsy) the 1nte-
grated luminosity on (off ) resonance, son (Sorr) the
centre of mass energy squared on (off ) resonance,
and « 1s a correction term which takes into account
the 1nfluence of the vacuum polarization

1 B,o% 1
=1_3B,, obio 1+, //

e

Here B,, 1s the branching ratio for the decay
Y(1S)-pu*u-, of the cross section for the process
e*e” ->Y(1S)—hadrons, and o4fp the QED point
like cross section for contingum p pair production at
the energy of the Y'(1S) pesonance The term &, takes
1nto account radiative corrections [5,6] Thepn* 1n-
variant mass spectra on the Y'(1S) resonance and 1n
the continuum are shown 1n fig 1, together with the
mass spectrum obtained after continuum subtrac-
tion, the so-called Y (1S) direct spectrum

In order to suppress the major combinatorial back-
ground peaking close to threshold, one has to remove
the bulk of low momentum pions the A*™* signal
emerges, as seen in fig 2, when one applies a low p1on
momentum cut where pions with momentum less
than 300 MeV /c were removed The effect of this cut
1s different 1n Y(1S) and continuum events due to
the different multiphcities, average momenta, and
event topologies on and off resonance The appear-
ance of the peak caused by the removal of low mo-
mentum pions 1s not an artifact induced by the cut
itself, as was carefully checked with Monte Carlo

20000 T T T T

15000 f — . 7

10000 | - . SO B

5000 d

m(pn ) [GeV]

Fig 1 Invaniant mass of pt* combinations from the Y(1S) res-
onance (crosses) and from the continuum (histogram) The lat-
ter spectrum was scaled to the same luminosity and energy as the
Y(1S) data The difference between the two spectra corresponds
to the direct Y(1S) decays (circles)
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Fig 2 Invaniant mass of pt* combinations, (a) from direct
Y(1S) decays and (b) from continuum events A cut on the pion
momentum of p, >0 3 GeV/c1sused In both figures the full line
represents a fit to the data using the sum of a smooth four param-
eter curve and a relativistic Breit-Wigner function, while the dots
represent the contribution from the background only

events [6], and with experimental data using K*n*
invariant mass spectra, where we do not expect any
resonant structure

The fits to these mass distributions were per-
formed using a relativistic Breit-Wigner function su-
perimposed onto a smooth background The results
of the fits are shown 1n fig 2 The explicit form used
for the Breit-Wigner function 1s

mor(m)
RBW(m) = 224 mo T () 12

where

(m+m,)>—m3

I"(m)=]”o(q/q0)3(m0/m)2m

I, and mq are the on-shell width and mass of the A
resonance, ¢ and g, are the momenta of decaying par-
ticles evaluated at the resonance masses # and m1 1n
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the A rest frame (see ref [7] fora discussion) Since
the shapes of the Y'(1S) and the continuum spectra
are not the same, we use different functions for back-
ground parametrization [8] The background form
taken for the Y'(1S) direct spectrum 1s

m—ol,

Y(m)=a1arctg< )(l—a4m),

while for the continuum we use
C(m)y=«a, [ 1 —exp(m;a2>] (l—aym),
3

where ¢, are free parameters On the Y (1S) spectrum
the mass, width and amphtude of the Breit—-Wigner
function have been left free during fitting, as have the
parameters describing the background shape, while
the width was fixed to 110 MeV/c? on the contin-
uurn The fit results are presented 1n table 1

In order to examine the stability of the results, the
fits were repeated while varying the cuts imposed on
the pron momentum, and the proton-pion invariant
mass range used for fitting The pion momentum cut
was varied between 250 and 350 MeV/¢, while the
upper value of the invanant mass range was varied
between 1 5and 1 7 GeV/c? After correcting for the
acceptance due to differ pion momentum cuts, the
results remain stable within errors

The systematic error introduced by the back-
ground and resonance parametrizations to be fitted
was studied 1n the following ways First, proton—-pion
ivariant mass spectra from Lund Monte Carlo gen-
erated multihadron events were used [6], where all
combinations with proton and pion both coming from
A** decay were excluded from the analysis To this
background certain fractions y, pf A** baryons, gen-
erated according to the RBW resonance shape, were
added and the fitting procedure described above was
applied The result was the fitted fraction y, In this

Table 1
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way one obtains a correlation plot between y, and y,
from which one deduces the degree of misestimation
from the fit which, for the background parametriza-
tion used, 1s of the order of 20%. This procedure can
be cross checked by constructing the background from
real data, using kaon-pion invariant masses, and re-
placing the kaon mass by the proton mass The re-
sults of both methods are consistent with each other
To study the systematic error we varied the shape of
the Kr invariant mass spectra by applying different
cuts on the pion momentum The degree of misesti-
mation of the A* * signal was rather insensitive to the
changes of the background shape, and the systematic
error on the correction factor v, /y, 1s estimated to be
10% [8]

From the fit results, the cross secttons were ob-
tained using the formula

1 1 1

0= 7 Ng— —
€t Mot

L

where ¢ 1s the inclusive cross section, L the inte-
grated luminosity, Ng, the number of A’s obtained
from the fit, €5, the correction factor for the fit and
Mot the total efficiency To calculate the cross sec-
tions, one needs to know the efficiencies of the cuts
applied, and the detection efficiencies for protons and
prons The efficiencies were determined using the full
detector simulation program processing events gen-
erated according to the Lund Monte Carlo program
[6] The trigger efficiency was taken to be 100%,
which was nearly true for multihadron events with at
least four charged tracks

The results are compiled 1n table 2, along with a
comparison with model predictions Our data fa-
vours the so called popcorn model over the pure di-
quark model [1,9] The ratio between the A** rate
in Y(1S) direct decays and the rate in the continuum
153 1 £0 8 Our measurement supports observations
from studies on other baryons that rates in direct

59

Results of the fit with the sum of a smooth background (four free parameters) and a relativistic Breit—-Wigner function to the Mo
Invariant mass spectrum on the Y'(1S) and on the continuum data In the latter case the width of the Breit-Wigner function was fixed to
110 MeV To determine N, the relativistic Breit-Wigner function was integrated n the region from the pr threshold to 1 5 GeV/¢2

Spectrum 1, mo(GeV/c?) o (GeV/c?) Na X?/ Nas
Y(1S) gy 1214001 0095+0011 9856+ 1160 16
continuum 12212001 011 1185+ 225 13
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Table 2
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Production cross section for the sum of A*+ and A** on the Y(1S) resonance and on the continuum The rates per hadronic event 1n
the continuum and 1n the Y(1S) direct decays are compared to Lund model predictions [1]

T (1S) Continuum (10 2 GeV)
observation model observation model
diquark popcorn diquark popcorn
o(nb) 1100+0142+£0122 013000260020
Revent 0124£0016+0015 0060 0110 004010 0080 006 0025 0032
Y(1S) decays are enhanced by a factor of 2-3 as o 80 T
compared to the continuum [3,2] ° -
The large A*™ rate from Y(1S) direct decays of- €
fers the opportunity to determine the A** momen- 2 0T 1
tum distribution The momentum region from 0 to 2 2
GeV /¢ was divided into four intervals, and the pn* =
invariant mass distribution was plotted for each mo- § 20 )
mentum bin Then the contribution from the contin-
uum was subtracted and the remaining spectra were
fitted with a sum of a relativistic Breit-Wigner and a O T o e T e 2o 24 s

smooth background, as described above The ob-
served number of A** was corrected for acceptance,
which 1s flat for momenta larger than 0 8 GeV/c, and
steeply decreases for momenta below 0 8 GeV/c The
average acceptance 1n the first two momentum bins
therefore depends on the shape of the momentum
distribution The systematic error on the acceptance
was determined by using different assumptions about
the momentum spectrum in the region from 0-0 8
GeV/c [8]

The resulting 4™ * rate from Y(1S) direct decays
for four mo tum 1ntervals 1s shown 1in fig 3 Sta-
tistical and systematic errors are added in quadra-
ture The spectrum 1s compared to the Lund model
prediction which is normalized to the data in the mo-
mentum region from 0 to 2 GeV/c [6]

In summary, we have observed for the first time
the production of the A(1232)** baryon resonance
1n ete~ annihilation, as well from Y(1S) direct de-
cays (gluon fragmentation), as in the neighbouring
continuum (quark fragmentation) We find a sizea-
ble production cross section Comparing our results
with model predictions, the agreement with the pop-
corn model 1s satisfactory, while the pure diquark
model 1s disfavoured. The enhancement of A* * rate
1 Y(1S) direct decays compared to the continuum

p(s ) [Gev]

Fig 3 Momentum distribution of A** baryons mn direct decays
of the Y'(1S) resonance Statistical and systematic errors are added
n quadrature The histogram 1s the prediction of the Lund model
normalized to the data 1n the region below 2 GeV/c

fits well 1n the pattern observed with the other octet
and decuplet baryons
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