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ABSTRACT

Measurements of inclusive A+K production for 1.0 < p < 10.0
GeV/c and p+5 production for 0.4 < p < 2.0 GeV/c show significant
baryon production in ete” annihilation at E, = 29 GeV. A+A
production represents 0.2 A's or A's per PEP event while the ob-
served p+p production implies all baryon-antibaryon pair production
is occurring at least as often as 0.6 per event, depending on the
yet to be measured p+5 production at high momentum. Comparisons are
made with the first theoretical attempts to account for baryon pro-
duction at these energies.

INTRODUCTION

We present measurements of inclusive A and proton production
obtained with the Mark II detector running at PEP. A total of 5500
hadronic events have been observed from 15153 nb_1 integrated

luminosity recorded at E = 29 GeV between February and June,

C.m.
1981. Some other Mark II results from this initial rum are included
in the talk of P. S8ding which appears elsewhere in these

proceedings.?

* Work supported by the Department of Energy, contracts
DE-AC03-76SF00515 and W-7405-ENG-48.

(Presented at the Annual Meeting of the Division of Particles and Fields
of the APS, Santa Cruz, California, September 8-11, 1981.)
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A AND A PRODUCTION

A and A hyperons are identified by their pn and 5ﬂ+ decay

modes. Figure 1 shows the combined mass distribution with 1.0 < py

< 10 GeV/c. An rms resolution of 3.5 MeV with a total number of 95
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Fig. 1. Invariant mass
distribution for A+A events.
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Fig. 2. Proper lifetime
distribution of A+pA events.

A's and 70 A's is observed.

Here time-of-flight information
is used for protons up to 1.6
GeV/c. For higher momenta all
tracks are tried as protons. In
addition, in the vee reconstruc-
tion it is required that (i) the
angle between the vee momentum
and the line joining the second-
ary vertex with the origin be
less than 8° and that (ii) the
distance between the origin and
the secondary vertex be at least
1.0 cm. )

The proper time distribu-
tion for the A and K's, after
background subtraction, is shown
in Figure 2. We observe a value
et = 6.4 * 1.9 cm which is con-
sistent with the established
value of c¢1 = 7.9 cm (dashed
line).

A similar analysis, with
the additional requirement that
the distance of closest approach
of each pion with the inter-
section point be greater than
2.5 mm, yields the Kg mass dis-
tribution plotted in Figure 3

and the Kg proper time
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Fig. 3. 1Invariant mass distri-
bution for KO.
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distribution shown in Figure 4.
Again the measured value c1 =
2.75 = 0.27 cm is in good agree-
ment with the nominal value ct =
2.68 cm.

Inclusive cross-sections for
A and ¥° production are deter-
mined using efficiencies obtained
with a version of the 0OCD Monte
Carlo of Ali et al.3 which has
been modified to include baryon
production. Radiative correc-
tions have not yet been applied.
Cross-sections dg/dp are plotted
in Figure 5 along with recent

results from the TASSO“ and JADE®

collaborations which are presented elsewhere in these proceedings by

S. Wu.b

The TASSO measurements are over the same momentum range of

1-10 GeV/c and are in good agreement with our results.

p+p PRODUCTION

Protons and antiprotons are

identified by time-of-flight
techniques.

scatterplot of mz, determined

from the TOF and the momentum p,

versus p for tracks in hadronic
events. Each scintillator used
here is required to have been
traversed by only one recon-
structed track. A time-of-
flight weight for each track is
then formed under the proton

hypothesis

Figure 6 presents a
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Fig. 5. Production cross-

sections for p+A and K°C+K°.

for 1.4 < p < 2.0 GeV/c.
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where t is the measured time and

t
p

flight for a proton.

is the expected time-of-
This is
then renormalized by the sum of
similar weights for pion, kaon
and proton hypotheses, as des-

cribed earlier.? Present

resolution is ¢ 360 psec for
hadron tracks which is degraded
from the SPEAR value of 300 psec
due to increased scintillator
attenuation length observed to
have occurred since our running
at SPEAR. Particles are iden-
tified as protons. when the

> 0.5 for

> 0.7

renormalized weight vy

0.4 < p < 1.4 GeV/c or v

The background of misidentified hadrons,

evident at high momentum in Figure 6, is subtracted using a careful

simulation of the TOF
response to calculate the
number of non-proton
tracks in the Monte Carlo
which pass the proton
weight cuts at each
momentum.

Although the back-
ground subtraction is
important (25-40%) for
momenta 1.4 < p < 2.0
GeV/c, Figure 7 shows that

a clear p+5 signal is
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Fig. 6. m2 vs p from the TOF
measurement.,



visible in the proton weight

distribution. The dashed curves

in Figure 7 show the Monte Carlo
Proton Weight Distribution

for expectations for non-proton
B [.4<p<2.0 GeV/c T

tracks with diffegent time-of-
flight resolutions. The cross-
section errors presented below
100 I include estimates of the uncer-

tainty in the subtraction from

TRACKS

variation of the number of kaons
and from non-Gaussian resolution
tails. Both these effects are

strongly constrained by the

data.
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The p+5 cross~sections,
Carlo

\ do/dp, which result are plotted

Cut in Figure 8 along with the

10 1 l recent results of the TASSO8 and
0 0.5 .0

e W i JADE* collaborations at PETRA.

Fig. 7. Distribution of proton Agreement among the 3 experi-
time-of-flight weights ments is reasonably good,
for p > 1.4 GeV/e. although our cross-sections may
be somewhat higher than the
single TASSO point at the higher end of the momentum range.
Radiative corrections have not been applied to our data.

Our data, however, show a significantly higher cross-section at
momenta near 2 GeV/c than is predicted by the Lund group's OCD Monte
Carlo? (solid line in Figure 8). As a first effort to describe
baryon production, this model neglects Ac production and leading
baryons and has had its parameters fixed using the SPEAR data near
E..m. = 5 GeV. Our data indicate that further adjustment of the
parameters, or some additional dynamics in the model, is required.
Qualitative agreement, however, of both the p and A cross-sections
with the predictions of the model can be obtained, as shown in

Figure 9, if we increase the normalization by ~1.25.
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Fig. 8. Production cross-sections for p+p.
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Fig. 9. Comparison of
dg/dp with the Lund Monte
Carlo. The curves come
from S. Wu, Talk given at
the SLAC Summer Institute
Topical Conference, July-
August 1981, but have been
scaled by 1.25.



R(A+A) AND R(p+p)
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MEASUREMENTS

R observed in their respective momentum ranges

1<p< 10 GeV/c

0.4 < p < 2.0 GeV/c

and these are plotted in Figures 10(a) and 10(b) along with previous

measurements.

One can use the exponential behavior exhibited by the cross-

section, (E/anpz) do/dp within these momentum rangesl{ to extra-
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Fig. 10. R-values vs energy for

(a) R(A+A) and (b) R(p+p) in
their observed momentum ranges
and (c) both R(A+7) and

R(p+p) after extrapolation to
all momenta.

For the
bE

polate beyond them.
A+ K's, an exponential e
with b = 0.9 # 0.1 GeV ! is ob-
served and leads to a relatively
small correction which gives
R(A+A) = 0.80 * 0.24 extra-
polated to all momenta. Here
the error includes the estimated
systematic error of the extra-
polation. In the more limited
range of proton momenta, a slope
b= 1.6 + 0.2 GeV ! behavior
well describes the invariant
cross—section and leads to an
extrapolated value of R(p+5) =
2.48 + 0.62 which is plotted in
Figure 10(c) along with the
extrapolated A results. The
proton extrapolation; however,
has substantial uncertainty due
to the large unobserved range of
momentum., A flattening of the
proton invariant cross-section

at higher momentum similar to
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the observed A's would increase R(p+5) by about 407%. Thus, in a
sense, the extrapolated R(p+5) value plotted in Figure 10(c) repre-
sengg a lower limit which corresponds to 0.6 baryon-antibaryon pairs

per event at PEP.
SOME INTERESTING EVENTS

Two interesting events observed in this analysis are shown in
Figures 11 and 12. Figure 11 shows a two-jet event which
contains 2Kg's and nothing else detected. The K:Kg mass is 3.4
GeV/cz. Figure 12 shows a two-jet event with a A and K, as well as

several y's, in one of the jets. The A\ mass is 2.6 GeV/cz.

RUN 6362 REC 98l 6 PRONG PLUS HADRGN (5-41]
TRIGGER O8F S ( . MARK [} - PEP

i0-81
4187A %1

m(KsKs) = 3.38 Gev/c
p(KsKs) = 13.3 Gev/c

Fig. 11. Event #1.
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E= 29.900
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P(AA)T10.82 GeV/ce

Fig. 12. Event #2.

CONCLUSIONS

Events containing both p and p are obtained and these are
presently under study (along with a number with pp or 55). In
addition, substantial Monte Carlo work is beginning with both the
Lund model and with our own modifications of the popular Ali QCD jet
model.

These first results show baryons are clearly playing a fairly
substantial role in eTe™ annihilation at PEP and PETRA. - Hopefully,
future work will lead us to understand in some detail the
mechanism(s) responsible for their production and, perhaps, thereby

to a deeper understanding of the workings of 0CD.
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