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. INTRODUCTION

Measurements of inclusive charged particle production cross—sections in the
CERN Super Proton Synchrotron (SPS) charged hyperon beam have already been pub-
lished [1]. We report here a new set of measurements (made with the same appara-
tus) of the production of the antibaryons Ps fi, g 0~ and of the corresponding
baryons. The hyperon beam [1] was tuned to select particles with an average
momentum of 113 GeV/c, produced at an angle of 5.3 mrad by 240 GeV protoms in-
teracting in a 32 cm long BeQ target. The non-zero production angle of 5.3 mrad,
corresponding to an average transverse momentum Pr = 600 MeV/c, was needed for
the positive polarity runs in order to obtain sufficient separation between the
proton beam and the secondary beam at the first collimator. The same value of the
production angle was used for negative polarity runs in order to make a direct
comparison of particle and antiparticle production under the same kinematic comn-—

ditions.

PARTICLE FLUXES AND PARTICLE RATIOS

As in the previous experiment [1] the fluxes of the most abundant particles
(ﬁt, Ps Ps Zi, %) at the exit of the magnetic channel were directly measured with
the DISC CGerenkov counter., Figures 1 and 2 show the DISC pressure curves for the
negative and positive polarities, respectively. For the less abundant particles
(T%, =, a7, ), the fluxes could not be measured directly from the DISC pressure
ecurves since the background counting rate of the Cerenkov counter was about 1078
of the total beam flux. The rare hyperons were identified through their decay
products, measured in the magnetic spectrometer trigpgered with the DISC set at
the appropriate pressure [1,2]. To ensure identical geometrical acceptances for
the decay products of the baryons and of the corresponding antibaryons, the polarity
of the spectrometer magnet was reversed for the runs with positive beam polarity.
The rélevant decay channels were TF » prn® (34 events reconstructed with both gamma
rays from the 7 detected), = -+ Ant (335 events), 7 - AK~ (287 events), and O -
+ Ak (15 events). The methods used for selecting Ez and 5: events were identical

to those used for & and & , respectively [2]. For the last three decays, the
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A (K) was also reconstructed for all events in the samples. The reconstruction
efficiency for TF > Eﬂo was obtained by measuring the reconstruction efficiency

for ¥ » pn®, For Ez, &, and o decays, the reconstruction efficiency for the

T~ > AT events measured with the same total beam intensity was used, The rela-
tive acceptances of the spectrometer for the reconstructed decays have been calcu-
lated using a Monte Carlo simulation. The effective mass distributions for

BT o> AT, T - Ant, Q7 » AK™, and Q- + AK* are shown in Figs. 3a-d. In a previous
study [2] of the § =+ AK decay, we have shown that there was a 2% background under
the mass peak. We have taken this background level as an upper limit for the four
decays listed above.

The particle-to-pion ratios at production have been calculated from the
measured fluxes, taking into account the relative geometrical acceptances of the
DISC, the decay lengths, the branching ratios, and reabsorption in the target.

The corrections to the particle (antiparticle)-to—pion ratios arising from target
reabsorption are only significant for the antibaryons since, compared to the
baryons, their absorption cross-sections are larger and the production cross-—
sections fall very rapidly with increasing x. The reabsorption correction is
largest for the ratio B/m™, being about 15% in this case. No corrections have
been applied to the baryon-to-pion ratios. Since the corrections are small, our
conclusions on production mechanisms are insensitive to their exact values. The
measured baryon (antibaryon)-to-pion ratios are given in Table 1 and shown in
Fig. 4. The straight lines are to guide the eye. Assuming the collisions to
occur with free stationary nucleons, the kinematic variables corresponding to the
data are:

Vs = 21.2 GeV, pp = 600 MeV/e, x = 0.48,

cm, cm
where x = p/ / e

. Since we have not measured absolute cross-sections, the 77 /n~
ratio of 2.68 * 0.05 was taken from the measurement of Singh et al. [3] at
Vs = 45 GeV, x = 0.478, and 0.45 GeV/c < p; < 0.65 GeV/c.

In the previous measurement at 100 GeV/c [1] the proportion of T~ in the I¥

triggers was determined by fitting the measured vertex distribution of the decays
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it () »n (@) + 7%, using the two known lifetimes. The ratio L*/T at the DISC
position, 12 metres from the production target, increases rapidly with momentum
owing to the relative change;in decay 1osses; Thus the procedure used to extract
the T signal becomes less reliable at 113 GeV/c. For this reason the numbers

i

given in Table 1 for I~ correspond to the 100 GeV/c measurement (pT = 600 MeV/c,
x = 0,48, but Vs = 19.8 GeV).

Statistical errors are significant only for fi, 5, 07, and { . Systematic
errors arising from the variation of the production over the momentum acceptance
are negligible. Caxe was taken to minimize possible effects on the DISC acceptance
arising from changes in the settings of the proton beam and the magnetic channel.
The systematic error from this source is estimated to be *10% in all particle
ratios. The exponential factors in the Q7 /T and /1 ratios come from the
uncertainty in the 07 lifetime [1g = (0.822 * 0.028) x 107'° s (Ref. 2)]. This

uncertainty does not affect the /™ ratio.

DISCUSSION

The results presented in Fig. 4 and in Table 1 show a rapid decrease of the
B/m  ratio with increasing baryon strangeness. The line drawn in the figure
corresponds to e—3.2[s|. Te relate the variation cof the inclusive production
cross-section with strangenesé observed in this experiment at x = 0.48 and Pr =
= 0.6 GeV/c to the variation of the total inclusive cross-section, the x and Py
dependences must be taken into account,

In our earlier paper [1] it was shown ﬁhat the x distributions for baryon
production become steeper with increasing strangeness. However, compared to the
cross-section integrated over all x, the fractiom of the decrease observed at
x = 0.48 due to this change of slope is less than a factor of 2 for each unit of
strangeness.

The comparison of the results of this experiment with those of our previous
measurement [1] made at the same value of x but at Pp = 0.2 GeG}c shows that the
5”/m ratio has increased by 18%, E7/7 by 38%, and (/7 by 44% between p, =

= 0,2 GeV/c and Py = 0.6 GeV/c. These trends agree with the general observation
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that the average value of Pr increases with the mass of the produced particle,
Assuming the P distributions to be of the form e_prz, the ratio between the
production rate integrated over Pr and our méasurement at pp = 0.6 GeV/c is given
by I = f[exp (-prz)/exp (-b-0.36)]de2 which has a null derivative for b =

= 2.8 (GeV/c)™2. Over the range 2.3 (GeV/c)™2 < b < 3.4 (GeV/c)™? the integral

I varies by only 2%, An observed typical value of b for A production at x = 0.5
is b = 2.8 (GeV/e)™2 [4]. Even for b as low as 1 (GeV/c)™? the integral increases
by only 40% with respect to the minimum value. Thus the effect of the increase

of the average Py @s a function of the mass has a very small effect on the ratio
UtOt(B)/[dG(B)/dPszlpT;O.GGeV/C ~— probably € 10% between the proton and the § .

The decrease of the B/T  ratio with increasing strangeness is not as strong

-1.3|s]. The x%

as for baryons, The line drawn on the figure corresponds to e
distributions should be very similar for all anfibaryons, and the effects arising
from the variation of the average Pr with the mass of the particle are expected
to be small, as in the baryon case,

The B/B ratio increases rapidly with strangeness. The line drawm in the

el.9|s|. Since the antibaryons have a much steeper x depen-—

figure corresponds to
dence than the baryons, the ratios between the antibaryon and the baryon integrated
- cross—-sections are expected to be much larger than the values measured at x = 0.48.

The ratio between the total inclusive cross-sections is estimated to be about

4.4% for p/p (see Section 4), and a rough estimate gives 757 for §=/9—.

Baryons can be produced in the decay of excited states of the incoming proton
(1eading—ﬁarticle effect) or by baryon-antibaryon pair production. The rapid in-
crease oé the antiparticle-to-particle production with strangeness canm be inter-—
preted in terms of the more rapid decline of the first process relative to the
second one. In the next section we will make this discussion more rigorous by
comparing our measurements with theoretical predictions, using additional experi-

mental information where necessary.




4., TINIERPRETATION OF THE DATA

Measurements of A and A production for various laboratory angles and momenta
in proton-nucleus collisions at 300 GeV have been published by Skubic et al. [4].
The Pr dependences of the A and A production were found to be very similar., If the
jinvariant cross—sections E(d%c/dp?®) are represented by (1 - x)", then n = 7 for R
and n = 1 (variable with x) for A. These data have been compared by Devlinet al.[S]
with the predictions of a triple Regge model. Data taken in the same beam line by
Edwards et al. [6], with 200 Gev i , K_, p, and p on beryllium, have been compared
with the predictions of the constituent—interchange model of quark collisions.
Both analyses show reasonable agreement with the theoretical predictions. However,
these models cannot be easily applied to the production of =, E:, %, and © in
proton-nucleus collisions. In what follows we will attempt to interpret our meas-
urements within the proton fragmentation-recombination model, using as a starting
point the formulatiom of Kalinowski, Pokorski and Van Hove [7].

In this formulation there are six parameters Ay, By, Ay, N, n', and £, of
which four are independent. Given an incident protom containing three valence
quarks, A; is the probability that the three incident quarks emerge in three dis-
tinct outgoing hadroms; A is the probability that the three incident quarks are
shared between two outgoing hadrons; As is the probability that the three quarks
emerge in one outgoing baryou. The quantities n and n' are the probabilities that
a single incident quark may recombine with non-incident antiquarks or quarks to

form a meson with probability n, or a baryon with probability n’. With these

definitions one has

Ay + Ay + Ay =1 (1)
and
n+n’ =1. (2
Finally, the probabilities for amy non-incoming quark (or antiquark) to be
strange, up, or down are &, (1 - £)/2, and (1 - £E)/2, respectively (neglecting
the production of heavier flavours). From our measurements [1] of the K¥/t* ratio

0.55, we obtain with the equation gr/m* = 2E/(1 - £) a mean

at x = 0,48 and x

value of £ = 0.10 * 0.0135. Kalinowski et al. [7] have shown that n' is small.
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Crucial tests of the model are provided by a comparison of the predictions
with the experimental results for strange baryon and antibaryon production, We
will discuss successively the antibaryon production, the proton and the s = -1
hyperon production, and the S~ and {I” production.

4.1 The antibaryon production

The main diagram responsible for antibaryom production in the fragmentation
region, according to the model, is shown in Fig. 5a. It is proportiomal to A, n'.
To first order in n’ the mean multiplicities (ng} of the antibaryons produced in

the fragmentation of the incoming proton (x > 0) are given by

(n5) = % n'a, (1 - £)° (3)
(nz=) = % n'a, (1 - £)E? (4)
(ng=) = n'aE? . (5)

The mean multiplicity of s = +1 antibaryons is

(n_,) =3n"4,1 - )%,

with (ng=) +@z) = (n5o) + (nﬁ).

In the following we will use the mean multiplicity, <nf—i)’ defined as:
¢

(ng—) =(g=) + (agw) = 2 0’4, (1 - D)% . (6

Since all the fragmentation antibaryons are produced by the same diagram
(Fig. 5a), the x and Py dependences of their invariant cross-sections are expected
to be the same. We can therefore make a direct comparison of our measurements
[which were all made at the same average (x, pT) values] with the predictions of
the model. The observed and expected B/m~ ratios at x = 0.48 and Pr = 600 MeV/c
are listed in Table 2. For the expected ratios, the measured /T~ value is used
as input, and the other B/m~ ratios are caleculated from P/17 using (3) to (6) .and
£ = 0.10.

The table shows a clear disagreement between the observed and the expected
B/ ratios, which increases with the antibaryon strangeness. Agreement would be

reached by using a £ value of 0.15 instead of 0.10. However, we shall see below
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that such a large value of & would generate difficulties in the baryon sector.
Assuming that, with § = 0.10, the model gives a good description of the frag-
mentation contribution to the antibaryon production, the observed disagreement
suggests that there is an additional contribution from non-fragmentation antibaryon-
baryon pairs, which could even be the dominant one. Such a possibility is men-—
tioned by Kalinowski et al. [7], but they have assumed that this pair production
would be concentrated in the central region -0.1 $ x $ 0.1. A detailed pheno-
menological study [8] has shown that all the antiproton distributions are well
explained if one assumes that, owing to local quantum number conservation, an
antiproton is always emitted accompanied very closely in momentum space by a
aucleon. However, an unambiguous distinction between the pair and the fragmentation
contributions to antibaryon production can only be achieved with correlation
measurements. For example, in the case of Q~ production the fragmentation contri-
bution would correspoud to an [§=EA(E)] system, whereas the pair production would
give mainly [§=ﬂ_]. The pair production is expected to depend mainly upon the

mass of the system, rather than upon the strangeness of the antibaryon, which

could explain the gemeral trend shown by Table 2.

To compare the baryon data with the model, we need to integrate the measured
cross—sections over X and Pp- In addition, to analyse the fragmentation contri-
bution to baryon production we shall use the difference between the baryon and
the antibaryon cross—sections to eliminate the pair contribution. Thus we also
need to integrate the antibaryon cross—sections. In the Appendix we discuss the
integration procedure which yields the average particle multiplicities (ni) in
the forward hemisphere, using our data and the measurements of Refs. [9]—[13] for
p and p production and of Refs. [4], [6], and [lé]—[l?] for A and A production.

4.2 The production of protons and s = -1 hyperons

We now discuss the production of protons, A (z%, ¥, and 2. 1In the model
of Kalinowski et al. [73 the particle multiplicities in the forward hemisphetre

are given by
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(n)) =8 + % 8,(1=8) + % (& + 5 800" (L - D)% + Y a0 - ©)° (D)
(n) =e[ % 8, + 3 (A AN -8 + % ANt - 0)2](8)
(nge) = €[ o4, + 2+ A -8 + %At - 8]
(ng-y = g[ A, + % 4" -8 + % ania-e?2]. ao

They correspond to the diagrams of Fig; 5a-d and, for the term A; of (np), to the
non-fragmented proton. Using (1) and the values of the particle multiplicities
(see Appendix and Table 3}, we give a graphical representation of (7)-(10) in

Fig. 6 forn’ = 0, n = 1, and £ = 0.10. To retain only the fragmentation contri-
bution, we have subtracted from each particle multiplicity the corresponding anti-
particle multiplicity. WNote that, for n' = 0, (3)-(6) do not contribute to the
antiparticle multiplicities which are in that case entirely due to the B-B pair
production. The bands shown in Fig. 6 correspond to the uncertainties on the
multiplicities quoted in the Appendix. The I* and the (A + IZ") bands overlap
exactly. The intersection of the three bands gives A, = 0.6 and A, = 0.15.

Using A, = 0.6 and the antiproton multiplicity given in Table 3, (nﬁ) = 3.0 x 1072,
we obtain from (3) a value of 0.13 for n'. This is certainly an upper limit,

since a large fraction of the antiprotons should be due to pair production especially
at small x where most of the multiplicity is cénpentrated. The values quoted above
for A, and A, are still valid for n' £ 0.05. The A, versus A, plot of Fig. 7
corresponds to n = 1 and n’ = 0 as for Fig. 6, but with £ = 0.15, a value suggested
by the aﬁtiparticle ratios of Table 2, There is no overlap between the three bands
drawn in Fig. 7 and therefore no acceptable solution.

4.3 The © and & production

In the model of Kalinowski et al. [7] the 27 and @ multiplicities are

(ng=) = E5[% (1 - ©)an® + (&, + %5 A)0'] (11)
(ng-) = E%A;n% . (12)

Qur data cover an x range which is too limited to allow an integration over

x. The ratio 07/E at x = 0.48 and py = 600 MeV/c is (1.9 £ 0.5) x 10"%. The
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terms which contain A1n3 in (nE") and (nQ_) both correspond to the diagram of
Fig. 5c and are therefore expected to have identical x and Py dependences. The
second term of (11) corresponds to the diagram of Fig. 5a, which also produces
the antibaryons, and to the diagram of Fig. 5d. The measured ratio = /E~ at
x = 0.48 and pr = 600 MeV/c is (3.75 = 0.45) X 107%. Using the values of A; and
A, given in Section 4.2 to determine the coefficients of n' in (nE_) and (n§=),
we deduce from the measured = /E~ ratio that the n’ term would contribute at most
1.5 x 1072 of the observed £ at p, = 600 MeV/c and x = 0.48 if the py and x de-
pendences of the 7! terms were the same for %7 and 2. With the (1 - x)7 depen-
dence of the antiparticle distributions and the observed (L - x)° dependence for
7= above x = 0.48, we may reasonably assume an enhancement factor of about
“, (1-0.48)™% = 6.8 for the I contribution. As already discussed in Section 3,
we expect the contribution to the enhancement factor from the Py dependence to be
negligible. We therefore conclude that the contribution of the n' term amounts
to about 107 of the observed = at Py = 600 MeV/c and x = 0.48. Neglecting this

small contribution, (l1) and (12) give:

Q/ET =Y E/(L -8y .

This is 7.4 x 1072 for £ = 0.10 and 12 x 1072 for £ = 0.15, in strong disagreement
with the measured ratio of (1.9 * 0.5) X 1072, Through all the above discussion
we have assumed that all the £~ and £ produced at x = 0.48 were of the fragmen-
tation type witheout a BB pair contributiom, but, as shown in Section 3.1, such a
contribution is a necessity for £ = 0.10. The disagreement now becomes even
worse since the pair contribution corresponds to a larger fraction of I than of
%= To account for the T and §i production the model must be modified.
Kalinowski et al. [7] have considered only a single fragmentation of the
proton per collision. We shall now assume that successive fragmentations may
occur within the same interaction. Examples of such multifragmentation (MF) con-—
)

. . . . * . .. . .
tributions are shown in Fig. 8a,b ’. We define a new ccefficlent A?T, which is

the sum of the probabilities for onme or more successive fragmentations into two

%) We wish to emphasize that the diagrams of Fig. 8a, b are obtained by repeating
the basic diagram of Fig. 5b within the same interaction. They are not reinter-
pretations of the diagrams of Fig. 53¢, d, which still remain in the multifrag-
mentation scheme.



_10..

hadrons. For simplicity we shall assume that the probabilities for each elemen-
tary fragmentation are the same and that they factorize, The A?F probability can
then be expressed as a function of the elementary probability a,:

A?T = a, + az 4+ ... = a,/(1l - a,) . (13)

From (13) one gets

MF
a, = A /(1 + AT |

The main effect of the multifragmentation scheme for the s = -1 hyperon probabi-
lifies is to introduce a new A, term in (ng-). The effect of this term is shown
in Fig., 6 where the two axes now correspond to the variables A?F and A?F. There
are also small changes (v 10%) for the A, contributions to the other mean multi-
plicities. Other higher—order terms such as a,a; can be neglected because of the
small value of a;.

The a, multifragmentation now becomes the dominant contribution to 2~ and §7
production at large x. The lowest—order diagrams are shown in Fig. 8a, and 8b for
57 and §§7, respectively. WNeglecting the other terms, the ¥ /2 ratio at x = 0.48
is given by:

/5 = ake ,

where the factor € represents the effect of the different x dependences of the E7
and Q° cross-sections. Since the observed dependence on x for £” is (1 - x)!-5

and for ¥~ is (1 - x)°, we assume a (1 - x)*°° dependence for i production. This
is compatible with the measured invariant cross-sections [1] at x = 0.48 and

x = 0,55, Using, in addition, the wvalue AEF = 0.6 we obtain Q7/57 = 1.8 x 107?¢ for
£
£

0.10 =~ in agreement with the observed ratioc —— and Q /2 = 2.8 x 1072 for

0.15.

Including the multifragmentation contributions, we deduce a final set of
parameters for £ = 0.10:

AF 20,1, AF =06, aF=o0.3

nt < 0.1 and n>0.9.
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CONCLUSION

Data on the production of charged baryons and antibaryons in p-BeO collisions
at vs = 21 GeV, x = 0.48, and Pr = 600 MeV/c have been presented. They include
measurements of the particle/megative-pion ratios of charged, [s[ =0, 1, 2, 3,
baryons and antibaryons. In particular this is the first measurement of the T~
production rate.

The ratio antibaryon/baryon increases very quickly with strangeness, from
1.0 x 10~% for P/p to about 3 x 107! for & /Q".

The results can be interpreted within the framework of the proton fragmentation-—
recombination model of Kalinowski et al. [7] with two important additions:

a) a large fraction (probably almost all) of the antibaryoms arise from baryon-
antibaryon pair production and not from a fragmentation process even at large

x (x = 0.5);

b)  higher-order contributions corresponding to several successive fragmentations
within the same interaction are essential to explain the %7 and &7 production.

The three—quark system of the incident proton appears to fragment into two
quarks and one quark about 607 of the time. It is fully broken into three separate
quarks in only 10% of the cases, while in the remaining 307 the three quarks stay
together. Such a model gives a comprehensive representation of our data on the

production of charged baryoms and antibaryons (s = =3 to +3).
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APPENDIX

DETERMINATION OF THE AVERAGE PARTICLE MULTIPLICITIES

IN THE FORWARD HEMISPHERE

The multiplicity (ni) for each type of particle i is defined as:

_ 1 ., dp?
(n;) = c. . Jrcinv(l) E (a.1)
inelastic
where O, . =32 mb is the pp inelastic cross-section at Vs = 21 GeV, and
lnelastic

Ginv(i) = E d%c/dp® is the inclusive production cross-section. The integration
extends over the forward hemisphere (x 2 0). The invariant cross—-section at

x = 0,48 and pp = 600 MeV/c is obtained from the measured ratios B/m (or B/n")
through the relation:

o, (B = (B/w™) x Oinv(W') .

The value Ginv(v—) = 0,264 mb/GeV?, measured by Singh et al,. [3] at Vs = 45 GeV

is used for our measurement at Vs = 21 GeV since Ginv(ﬂ') at large x does not vary

within this Vs range [11].
The mean proton multiplicity is obtained from

i) the inclusive cross-section p + p > p + X measured in a hydrogen bubble

chamber for -1 < x < ~0.6 and an incident proton momentum of 205 GeV/c [9];

ii) the ISR measurements [10]—[12] of the invariant cross—-section for Q0 < x < 0.6
which are integrated using the method of Antinucci et al. [18] and of Rossi

et al. [197].

We find a value (np) 0.74 = 0.06 for the average proton multiplicity in
the forward hemisphere in agreement with the calculation of Rossi et al..[19]
which gives (np) = 0.81 for vs = 23.3 GeV (the values given in Ref. 19 are

total multiplicities and must be divided by a factor of 2 for comparison). Since
the integrationr is only required for part of the x range, the uncertainty on our

determination of the proton multiplieity is reduced with respect to previous cal-

culations which did not use the data from Ref. [9]. The protons produced in
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A, ¥, and &~ decays are included in the ISR proton measurements. Subtracting
these contributions (from our value {np) = 0.74) and using the A and t multi-
plicities calculated below, we cbtain (np) = 0.68 * 0.06.

The A production cross-section has been measured in several bubble chamber
experiments using backward-produced A's [14]—[17]. Skubic et al. [4] have used
their measurement to compute the integrated distribution F(x) = (2/mVs)

f Ecm(dzdfdxdp%) dp%. A comparison of these integrated distributions for the
various experiments shows a deficiency of A's at low |x| in all the bubble chamber
experiments with respect to the counter experiments [4],[6]. This disagreement
could arise from an insufficient correction for the loss of fast backward A's in
the bubble chamber experiments. Using an average between the two types of measure-
ments we get (nA) = (6.3 £ 0.9) x 1072, where the error has been enlarged to take
into account the uncertainty mentiomed above.

To determine the £t and I~ multiplicities, we have used the x dependence of
the invariant cross—section given by Bourquin et al. [1] for x 2 0.5 [(1 - x)-°
to be compared with (1 - x)!1+? for A in the same x range (Refs. 4 and 6)].

For lower x values we have assumed the same X dependence as for A. The Pr depen-
dence of the A cross-section has also been used. We obtain (nz+) = (3.0 £ 0.5) % 1072
and (ng-) = (1.4 * 0.2) X 1072,

The O~ and =~ data are too limited to allow a determination of their average
multiplicities.

To evaluate the antiparticle multiplicities, we have used the following in-
formation and assumptions:

a) the P and x dependences of the invariant cross—sections have been measured
by Capiluppl et al. [12] for antiprotoms and by Skubic et al. [4] and

Edwards et al. [6] for K;

b) for all the other amtihyperons we have assumed the same pg and X dependences

as measured for A.

The integrand of (A.l) is written as Uinv(i)w (/E/ZEcm) dxdp%, and the inte-—

gration is performed in two steps:



_14.-

i) the invariant cross-section is first integrated over P at x = 0.48;

.
.
s

the result is then integrated over x replacing JE/ZEcm using the approxima-
tion [xz + 4(mi + (p%))/s]-y&, where m; is the particle mass and

{p%) = f %inv p% dp;/ I inv dp%.

Because of the large wvalue of x at which our measurements have been obtained, the
error introduced by the approximation is completely negligible.

All the computed multiplicities are given in Table 3. For &+ and I- the
value listed corresponds to (nf:) + (ng=). Within the statistical accuracy of
our data (“f*) = (nE= .

The p multiplicity (np) = 4,3 x 1072 calculated by Rossi et al. [19] at
Vs = 23.3 GeV includes the contribution from A, £F, =, and {T decays. Using our
résults at Vg = 21,2 GeV, we get 4.2 x 107% for the p multiplicity, if we also
include the p contributions from these decay sources.

We estimate the accuracy on the antibaryon multiplicities to be 20% for A,

$, and 5, 30% for T, and about 35% for (i .
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Particle ratiocs at vs = 21.2 GeV, x = 0.
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Table 1

48, and Pr = 600 MeV/e

B B/ B/ B/B
P 12.1 % 1.2 (1.21 % 0.12) x 1072 (1.0 + 0.1) x 107}
I (2.72 + 0,27) x 107! (3.5 + 0.9) x 107° (1.3 = 0.3) x 1072
I+ (7.30 + 0.73) x 107! (2.6 + 0.5) x 107? (3.6 + 0.6) x 107°
=" (2.93 + 0.29) x 1072 (1.10 + 0.12) x 1073 (3.75 £ 0.45) x 1072
Q- (5.6 = 0.7) x 107" (1.6 + 0,4) x 107* (2.8 £ 0.8) x 107!
+p.23 +0.23
X e X 7 .
Z~ + E+ -1 —3 g
(5.01 + 0,50) x 10 (3.1 £ 0.5) x 10 (6.2 + 1.3) x 10
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7 = e cn - cee en e pa3d2dxy
S*T ¥ ¢°% PE°0 7 ££°C 82°0 F 06°1 1 mmmmmmmm
andut
x0T x (%0°0 F 9£°0) 0T x (S0°0 F {¥°0) 0T x (v°0Q 1°%) 20T x (Z1'0 ¥ 12'1) pa3vedxy
x0T %X (S°0 7 9°1) ¢=0T x (Z1°0 7 O1°1) 01T x (0°1 z°9) 20T x (Z1°'0 ¥ IT°1) pRax9sqQ
1/ /S /g _u/d _1/g

I/A9H GO9 = Lg PUB ‘g 0 = X ‘A39 7'z u.M\ e soIjex _u/g pajvadxe pus paaissqp
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Table 3

Average particle multiplicities in the
forward hemisphere at Vs = 21.2 GeV

p A T £ g o
(ng) 0.68 6.3 x 1072 | 3.0 x 1072 | 1.4 x 1072 - -
{(noF) + (ng=) =
(n5) | 3.0 x 107 | 1.3 x 1072 L g 1.9 x 107 3.0 x 107
= 1.0 x 1072
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Figure captions

Fig. 1

Fig. 2

Fig. 3

Fig. 4

Fig., 5

Fig. 6

Fig. 7

Fig. 8

"

.-

DISC pressure curve with circular diaphragm [1] for 113 GeV/c nega-

tively charged particles.

DISC pressure curve with circular diaphragm [1] for 113 GeV/c posi-
tively charged particles.

Effective mass distributions for: a) E~ + A1™, b) ¥ - An',
e) 7+ AKT, d) 7 + Ak,

Baryon/T , antibaryon/m , and antibaryon/baryon ratios as a function

of the baryon (antibaryon) strangeness at x = 0.48 and Pr = 600 MeV/c.

The straight lines have been drawn to guide the eye,

Fragmentation diagrams for the production of antibaryons and baryoms.
The diagrams drawn correspond to the lowest order (0 or, 1) in n', the

baryon recombination probability.

Graphical representation of the proton and s = -1 hyperon average
multiplicities in the A,A, plane for § = 0.10. The line labelled

I~ (MF) is explained in Section 3.3,

Graphical representation of the proton and s = -1 hyperon average

multiplicities in the A,A; plame for £ = 0.15,

Higher-order fragmentation diagrams corresponding to Z~ and Q7 pro-

duction.
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