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ABSTRACT

The inélusive prodﬁction of antiprotoﬁs and A's in'e+é-
annihilation has been measured-as a function of the c.m. energy in
the range 3.7-7.6 GeV. We find that the baryon cross section has

~ a behavior different from the total hadronic production. Our
results show a rapid rise in the ratio 05/0uu between 4.4 and 5 GeV,"
consistent with what would be expected from charmed baryon production.

K production is 10-15% of p production at all energies.

(Submitted to Phys. Rev. Lett.)
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We report here our measurements of the inclusive antiproton,

A and X production‘crosé sections in e+é- annihilation._
These measﬁrements are important in their own right but are of
particular interest now for they allow us to téstvthe hypothesis
that a new family of baryons - the charmed baryons - should be
produced in e+e- collisions. These charmed baryons should uﬁdergo
a chain of decays(l) and can have protons Or A's among thgir decay
products, thus giving an increase in the corresponding inclusive
cross section when a threshold is passed.

The data sample used in this analysis consisfs of about 380,006
multihadronic events, corresponding to a total luminosity of about
37.3 pb-l. These data were collected over a period of more than two
and a half years using the SLAC-LBL magnhetic detector at the ete”
storage ring SPEAR of the Sﬁanford Lineaf Accelerator Center. The
apparatus, trigger requirements, and event selectioﬂ criteria

(2,3) A detailed description of the

havg been described elsewhere.
time-of~flight (TOF) system which providés'the charged particle
identification for the analysis described below can be found in
Ref. 4.

To study antiproton production we have selected all multihadronic
events with at least three detected charged prongs, and used TOF
and momentum measurements to identify thé'particles. (Our'analysis
i8 restricted to antiprotons because protons have a large source
of background from electroproduction on the residual gas in SPEAR.)

The resolution of the TOF system is o = 0.35 nsec, which corresponds

to a K-p separation of 1o at about 1.8 GeV/c; the proton identification



is unambiguous (i.e., > 30) ﬁp to 1.0 GeV/c. To make the maximum
use of fhe TOF information and extend the particle identification.
to higher momenta on a statistical basis, we use @ weighing
techniqué?) From TOF and momentum measurement, we assign to each
track a probability to be a pion, a kaon or a proton, normalized so
that the sum of the probabiliﬁies is unity. We then evaluate the‘
total number of each kind of particle summing ;he respective
probabilities for all tracks. For momenta up to 1 GeV/c, the
number of antiprotons so obtained is the same as that obtained by a
straight cut in the calculated mass of the tracks.

For momenta between 1 and 2 GeV/c we must correct for the
resolution of the TOF system. We compute the 3 x 3 matrix of
7, K and p identification probabilities as a function of momentum
(the diagonal elements give the probability that a particle is
correctly identified while the off diagonal elements give the
misidentification probabilities). The inverse of ;his matrix
relates the observed n/K/p rates to the.produced n/K/p rates. From a
Monte Carlo simulation we have found that this gives the correct
number of antiprotons but with an error larger than the statistical
one. | |

At momenta above 2 GeV/c the method deteriorates and the particle
assignments are almost random. Hénce, we use a Monte Carlo calculation
to determine the fraction of antiprotons with momentum greater thén
2 GeV/c. The fraction ranges from 0 at 4.2 GeV to 9% at 7.4 GeV. We

assign an error to this correction equal to its value.



We next determine the efficiency for antiproton detection by a
Monte Cérlo calcﬁlation wherein pions, kaons, and nucleons are produced
aécording to an isotropic phase-space model. The parameters of the model :
are adjusted at each energy to give the observed multiplicity and mean
momentum of the data. The calculated detection efficiency fof anti-
protons ranges from 337 at 3.7 GeV to 50% at 7.4 GeV.

A and R ére identified by studying the invariant mass distribution
of all two-prong zero-charge combinatiqns in an event (the electro-
production backgrognd from residual gas in tﬁe SPEAR vacuum chamber
is not significant for A production). For a pair of tracks to be
consideredvas a A or A candidate one of the pfongs must have a TOF
probability of > 1% of being a p or p and the pair vertex must lie
between 0.6 and 16 cm from the e+e' collision point (the A identifica~
tion procedure is described more fully in Ref.'A). Figure 1 shows
the 2-particle mass distribution at iow and high c.ﬁ. energles. The
rmg width of the peak is ébout 4 MeV as exﬁected from our
resolution. The A detection efficiency is also determined by a
Monte Carlo‘calculation, and ranges from 12% at 3.7 GeV to 18% at
7.4.GeV (including the branchiﬁg fraction to pw).

The proton and A  detection efficiencies determined from
the Monte Carlo calculation depend on the particle ﬁroduction
model used in the calculation. We have used several models and
estimate a systematic error of about ¥ 257 1n the efficiency
calculation for both protons and A's. The main effect of this
systematic error is on the overall normalization of the data; there

is only a small effect between points nearby in energy.
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| Our results are suﬁmarized in Table I where, for each c.m.
energy intervél, we give the number of autiprotons with momentum
lower than 1.0 GeV/c, the total number of antiprotons determined by
the weight method, corrected for those with p > 2 FeV/c, the number
of detected A's, the luminosity and the cross sections (errors
do not include efficiency uncertaintiec). |

In Figure 2a we plot R(ptp) = ZGslcuu, the ratio of the inclusive

charged nucleon cross section to the u-pair production cross section

ve. c.m. energy. Figure 2b shows R(A+A) = o(A+K)/ouu

while Figure 2c shows for comparison RH= OTOT(hadron)/ouu as
determined previously in the same detector.(6?
R(p+p) increases by about a fdctor of two from roughly 0.3 to

0.6 between 4.4 and 5 GeV in C-m-energy- R(A+L) appears to have a

~ similar behavior though statistical errors are much worse and preclude

' any precise comparison. R(A+K) is about 10-15% of ﬁ(p+§) at all

energies. RH’ on the other hand, increases by a factor of about
two around 4 GeV and has a complex structure which has been

identified as corresponding to the onset of production of charmed
(5)

‘mesons and charmed meson resonances.

The fact that the increase in R(p+p) occurs above 4.4 GeV
while the increase in RH occurs around 4 GeV gives us confidence that

the baryon effect is not due to some subtle particle misidentification

»problem in the TOF system, and, therefore, that some new baryon

production mechanism is coming into play above 4.4 GeV. Such a
mechanism could be the production of singly charmed, strangeness 0

or 1 baryons whose thresholds are expected to lie in this range.



Indeed, a particle with the expected properties of such a

charmed baryon has been cbserved in photoproduction(7) and neutrino

experiments.(B)

The most direct evidence for the production of charmed baryons
in e’e” annihilation would be the §bservation of a peak in the mass
distribution of those particles which would be expected in the decays
of such baryons.  We have not observed such a peak. However, the
acceptance of the magnetic detector for the expected decay modes is
low and our inability to find a peakvis not inconsistent with

charmed baryon production.

If the increase in the inclusive cross sections is due to

charmed baryon production, our measurements indicate that the ratio

of charmed baryon to charmed meson production is about the same as
the ratio of uncharmed baryon to uncharmed meson production.
Further, with the same assumption, the small value of AR(A+A)/ AR(p+p)
iﬁdicétes that the weak decays of charmed baryons must go preferentially
+

to particle combinations containing p, n or Z; and not to p or .
Since iﬁ is very difficult to conceive of a mechanism which would
make charmed baryons decay preferentially to gt and not to zo, it
is likely that the preferred decay mode is nucleon plus strange
meson and pions.

We acknowledge the support of the Deutsche Forschungsgemeinschaft

for D.L.,the Laboratori Nazionali de Frascati dell INFN for I.P. and

M.P., and the Swiss gational Science Foundaticn for V.V.

vy



G

06wudsdo /gy

*Work supported in part by the Department of Energy.
**Present address: Laboratori Nazionall di Frascati dell' INFN, Rome Italy

+ Present address: Laboratoire de Physique Nucl8aire et Hautes
Energies, Université Paris VI, Paris, France

++Present address: Physics Department, Harvard University, Cambridge,
Mass.

% Present address: DESY, Notkestieg 1, Hamburg, Germany

¥+Present address: CERN, Geneva; Switzerland

REFERENCES |
1. See for example A.De Rujula et al., Phys. Rev. D12, 147 (1975)

and B. W. Lee et al., Phys. Rev. D15, 157 (1977).

2. J. E. Augusizin et al., Phys. Rev. Lett. 34, 233 (1975),
F. Vannucci et al., Phys. Rev. D15, 1814 (1977). ,

3. ‘A. Barbaro~Galtieri et al., SLAC-PUB-1976, Submitted to Phys.
Rev. Lett. |

4, TI. Peruzzi et al., to be submitted to Phys. Rev.

5. G. Géldhabér et al., Phys. Rev. Lett. 34, 419 (1975); i. Peruzzi
et al., Phys. Rev. Lett. 37, 569 (1976); G. J. Feldman et al.,
Phys. Rev. Lett. 38, 1313 (1977); G. Goldhaber et al., Phys.
ﬁ.ett. 69B, 503 (1977).

6. J. Siegrist et al., Phys. Rev. Lett. 36, 526 (1976);

R. F. Schwitters, Proceedings of the 1975 International

Symposium on Lepton and Photon Interactions, Stanford (1975).

P. A. Rapidis et al., Phys. Rev. Lett. 39 526 (1977).
7. B. Knapp et al., Phys. Rev. Lett. 37, 882 (1976).

8. E. G. Cazzoli et al., Phys, Rev. Lett. 34, 1125 (1975).



TABLE I
p and A &ata summary. ‘The third and sixth_columhs show numbers
of observed events. The fourth column shows the number of obsefved
antiprotons corrected for TOF misidentifications but not‘for

detection efficiency. Systematic errors are ncf included.

E_ f‘dt N(?) ‘N(_r_)) ' o (p) N | o (1)
@on |G| pes cavie | felsheed | o)
3.82 | 2650 424 o7t 6.810.03 61%13 | 0.20%0.04
4.03 | 2120 335 492%25 '0.66%0.03 | 45¥10 | 0.18%0.04
ls.26 | 1670 266 442%23 0.73%0.04 | 2811 | 0.14%0.06
4.28 | 850 112 22216 0.71%0.05| 247 | 0.22%0.086
4.41 | 2510 338 609+28 0.646%0.03 | 59%13 | 0.19%0.04
4,72 2210 376 733i31 ~0.83%0.04 | 57%15 | 0.20%0.05
5.32 | 1200 211 | 47527 0.92%0.05| 33t10] 0.20+0.06
5.86 | 1970 275 619%46 0.67t0.05! 58%10( 0.18%0.03
6.23 3440 417 1314389 0.66+0.05 | 78+15| 0.14%0.03
6.59 | 4100 431 1224%102 0.58%0.05 J114%18 | 0.16%0.02
7.04 5520 646 1715%155 0.57%0.05 |120%19 | 0.12%0.02
7.36 8790 835 2425%239 | 0.49%0.05 |250%26 | 0.16%0.02
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FIGURE CAPTIONS
1. pm and Sﬂ+_ mass distribution for two c.m. energy ranges.
2. a) R(p+p) .',.vzq(f:;)/cfuu vs. c.m. energy.
b) R(AHR) = cr(A-I-K)/cwgg_. c.m. energy.
c) Ru- OHAD/Guu vs. c.m. energy from previous wqu.
Radiative corrections have been made and the large. peaks

due to the Yand. ¢' have been omitted.
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