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Abstract: 
' + The inclusive production of n- and K- mesons and of protons and anti-

protons in e+e- annihilation has been measured at c.m. energies of W = 14, 

22 and 34 GeV. Using time of flight measurements and Cerenkov counters the 

full momentum range has been covered. Differential cross sections and total 

particle yields are given. At particle momenta of 0.4 GeV/c more than 90% 

of the charged hadrons are pions. With increasing momentum the fraction of 

pions among the charged hadrons decreases. At W ~ 34 GeV and a momentum of 

5 GeV/c the particle fractions are approximately TI± : K± : p,p = 0.55 : 0.3 
' + On average an event at W = 34 GeV contains 10.3! 0.4 TI-, 2.0! 0.2 K-

and 0.8! 0.1 p,p. In addition, we present results on baryon correlations 

using a sample of events where two or more protons and/or antiprotons are 

observed in the final state. 

0.15. 
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The knowledge of the particle composition of the final state in 
e+e- annihilation is important for understanding the fragmentation of quarks 
and gluons into hadrons. Measurements of inclusive charged pion production 
in the PETRA energy range< 1•2) show that the fraction of pions among the charged 
hadrons is high at low particle momenta but decreases to about 50% at high mo
menta. It is therefore expected that kaon and p,p production plays a more im
portant rOle as the particle momentum increases. In contrast to measurements 
of neutral kaon and A, A inclusive spectra(3-S), data on charged kaons and 

-(2 5) p,p ' have only been available for low momenta. In the present paper we re-
+ + -port on measurements of.-, K-, and p,p spectra covering essentially the whole 

momentum range at c.m. energies W = 14, 22 and 34 GeY. The 34 GeY point is an 
average of data taken between 30 and 37 GeY. 

The experiment was performed with the TASSO detector at PETRA. The pre-
sent- analysis is an extension of our already published study of 11± pro
duction(1). At W = 14 and 22 GeY, data samples identical to those of Ref. 1 were 

+ -used to determine the K- and p,p yields over a wide momentum range. At 
+ -W = 34 GeY. in addition to measuring the K- and p,p yields, we have repeated 

our analysis of 11± production with a data sample that was approximately twice 
the size of that used in Ref. 1. 

Hadronic final states from e+e- annihilation were selected using the in
formation on charged particle momenta, applying the same cuts as in Ref. 6. 
Charged particle momenta were measured in the central detector(?) with an 
accuracy of crp/p = 0.017 · ~~ (with p in GeY/c). The contamination of 
our hadronic event sample is small. Beam gas scattering is found to contribute 
0.5! 0.5% at W = 14 GeV and is negligible at higher energies. The contri
bution ofT pair production is 1.5 ~ 1.5% at W = 14 GeV and 1.2 ~ 1.2% at 
W > 14 GeV. The background from yy processes is at most 1.6 ~ 0.8% at all 
energies. 

The particle separation was done with the inner and the hadron arm time
of-flight counters and with Cerenkov counters. Detailed descriptions have 
already been published{ 1•8•9). The inner time-of-flight system (ITOF) is lo
cated at a radial distance of 132 em from the beam axis. It consists of 
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48 counters viewed by phototubes at both ends and covers a solid angle 
of 82% of 411. The rms time resolution is 0.45 ns for particles passing 
through the center of the counters, improving approximately linearly to 
0.27 ns for particles passing through near the end of the scintillators. 
Averaged over the whole data sample the rms time resolution was 0.38 ns. 
The hadron arm time-of-flight system {HATOF) is located at an average 
distance of 5.5 m from the interaction point and covers a solid angle of 
20% of 4n. The average rms time resolution in the HATOF counters was 0.45 ns. 

Fig. 1a (b) shows the scatter plot of particle velocity B vs momentum in 
the ITOF (HATOF) counters. Clear pion, kaon and proton bands can be seen. 
Pions and kaons were separated in the momentum range 0.3 - 1.0 GeV/c in the 
ITOF counters and 0.5- 1.5 GeV/c in the HATOF counters. Proton separation 
was done in the momentum range 0.4 - 1.4 GeV/c {1.0 - 2.0 GeV/c) in the ITOF 
{HATOF) counters. 

Three types of Cerenkov counters, arranged sequentially and subtending a 
solid angle of 19% of 411, were used for particle identification at higher 
momenta. The radiators are silica aerogel, Freon 114 and co2 with threshold 
momenta for pions of 0.7, 2.7 and 4.8 GeV/c, for kaons of 2.3, 9.5 and 
17 GeV/c, and for protons of 4.4, 18 and 32 GeV/c respectively. The Cerenkov 
counters allowed pion identification for all momenta above 0.8 GeV/c and 
kaon-proton separation in the momentum range 3 - 6 GeV/c and for momenta 
above 10 GeV/c. 

In order to demonstrate the performance of the Cerenkov counter system 
we show in Fig. 2 various Cerenkov counter rates as a function of particle 
momentum. Fig. 2a shows the normalized aerogel counter rate fA= NAerogel/Ntot' 
i.e. the number of particles in a given momentum interval which produce 
light in aerogel divided by the total number of particles selected for par
ticle identification in that interval. The data shown are corrected for back
ground due to electrons and non-recognized showers. A steep rise is ob-
served above 0.6 GeV/c showing the pion threshold in aerogel. This is followed 
by a plateau region between 1.2 and 2.3 GeV/c and then a second rise is ob
served above the kaon threshold. The curve in Fig. 2a shows the pion contri
bution to fA which is calculated from the measured pion fractions{!) multi
plied by the efficiency of the aerogel counters. The difference between fA 
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and this curve is shown in Fig. 2b for all momenta above 0.8 GeV/c. The 

rlse above the kaon threshold is observed more clearly than in fA' since 

the pion fraction drops with increasing momentum. With the present amount 

of data the proton threshold above 4.5 GeV/c is not observed. 

The normalized rates of the Freon counters fF = NFreon/Ntot and of the 

co2 counters fc =Nco /Ntot are shown in Fig. 2c. The data are corrected for 

background due to elettrons and non-recognized showers. The pion thresholds 

between 2.7 and 3 GeV/c in Freon and between 5 and 7 GeVjc in co2 are clearly 

seen. 

The procedures employed in the TOF and Cerenkov ·analyses closely 

follow those in Ref. 1. In this paper we describe in detail the particle 

separation in the momentum range 3 - 6 GeV/c and above 10 GeV/c. 

The detection efficiencies of the Cerenkov counters for the different 

particle species were calculated as a function of momentum, using the ef

ficiency plateau values as obtained from cosmic ray muons and taking into 

account the momentum resolution of the detector and the measured hadron mo

mentum spectrum(lO). The efficiencies are listed in Table 1. 

In the momentum range 3 - 6 GeV/c, pions were identified by the Freon 

counters whereas kaons and protons were separated on a statistical basis 

making use of their different detection efficiencies in the aerogel coun

ters. More specifically, we divide the number of particles selected for the 

Cerenkov analysis into three classes: 

the AF class having no light in either aerogel or Freon 

the AF class having light in aerogel but not in Freon 

the XF class having light in Freon irrespective of the aerogel response. 

The number of entries in each class was corrected for background due to 

electrons and non-recognized showers as discussed extensively in Ref. 1 . 

The number of pions, kaons and protons {antiprotons) entering the Cerenkov 

counters N' , NK', W is then related to the number of particles in the three 
TI p 
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classes N(AF), N(AF), N(XF) in the following way: 

f~( XF) 

N(AF) 

N(AF) 

nlf N~ 

(1-, )(1-n )(1-6 )N' + (1-,K)(HK)NK' + (1-, )(1-6 )N' 
lf 1T TI 11 p p p 

[, + (1-, )6 ] (1-n )N' + [,K + (1-,K)!K]NK' + [, + (1-, )6 ] N' 
1T 11 'IT lT 'If p p p p 

Here n1f is the pion efficiency to produce light in the Freon counters, 

c , 'K' E is the pion, kaon, proton efficiency to produce light in aerogel, 
TI p 

and 8 , 6K' 8 is the probability that a pion, kaon, proton will produce 
TI p 

light in aerogel through knock-on electrons~ 

For momenta above 10 GeV/c a similar analysis was carried out using the 

co2 counters to identify pions (detection efficiency 0.96) and the Freon coun

ters to separate kaons (average detection efficiency 0.54) from protons 

(antiprotons). The low value of the kaon efficiency in Freon reflects the 

apparent broadening of the Cerenkov threshold region resulting from the finite 

momentum resolution. 

To derive the particle fractions f; = N1;Nh±,where i = .,/, K±, p,p and 

Nh± is the number of charged hadrons in each momentum interval, the numbers 

N', NK' and N' were corrected for the decay of pions and kaons, for nuclear 
TI p 

interactions in the material in front of the counters, and for the contami-

nation due to muons. Within statistical errors equal numbers of positive and 

negative particles were observed for each particle species at all momenta and 

c.m. energies. We also verified that the tracks selected for particle iden

tification have the same spectra in momentum and transverse momentum with 

respect to the sphericity axis as all central detector tracks. Furthermore, 

~The probabilities 8 , 6K and 8 contain roughly equal contributions from 
TI p 

the magnet coil and the aerogel material. In the momentum region between 

3.0 and 6.0 GeV/c, 8 ~ 6.5%, 6K ranges from 5 to 6.5%, while 8 varies 
TI p 

from 1 to 5.5%. The contribution of knock-on electrons to the Freon rate 

and thus to the number of pions is negligible. 
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the events in which tracks were selected for particle identification have 
the same sphericity and multiplicity distributions as the total hadronic 
event Safnpl·e·. The reSults of the ITOF, HATOF;--and Cerenkbv analyses are in 
good agreement in the regions of overlap and were combined. 

The particle fractions are shown in Fig. 3 as a function of particle mo
mentum for the three c.m. energies W = 14, 22 and 34 GeV and listed in 
Tables 2- 4. The particle fractions include the contributions from decay 
products of particles with a lifetime smaller than 3 · 1o-10 s. For example, 
the pion fractions include the contribution from K~-* rr\,- decays and the 
proton fractions include contributions from A decays. The particle fractions 
are in good agreement with our previous lower statistics results( 1•2). The 
kaon fraction in the 1.4- 2.0 GeV/c interval (1.0- 2.0 GeV/c for W = 22 GeV) 
was not directly measured, but was inferred from the values of frr and fp. 

For all three c.m. energies at low particle momenta most of the charged 
hadrons produced are pions (more than 90% at 0.4 GeV/c). At higher momenta, 
kaon and p,p production become increasingly important: the pion fraction 
decreases smoothly to about 50%, while fK and fp increase to about 30% and 
20%, respectively. 

The cross section do/dp for the inclusive production of charged hadrons, + - + . ( 10) e e -* h-x, has been measured by using the central detector data . We 
computed the cross-sections (do/dP); for production of the different particle 
species by IJJ.Jltiplying these values with the particle fractions f 1. 

The scaled cross sections s/s do/dx (s = w2, s = p.fE;• x = 2Ei/W) are 
shown for W = 14, 22 and 34 GeV in Figs. 4a,b,c for rrf, K± and p,p respectively. 
All statistical and systematic errors are included in the error bars except 
for an overall normalization of 8.5% at W = 14 GeV, 6.3% at W = 22 GeV and 
5.5% at W = 34 GeV. For x t 0.1 the cross sections do not show a Significant 
energy variation between 14 and 34 GeV. In the case of pions and kaons in this 
x range, they are systematically lower than the 5.2 data from OASP{ 11 ), which 
are also shown in Fig. 4 {see also Ref. 1). 
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In Fig. 5 we compare the 34 GeV ~± + -K-, and p,p data. The scaled cross 
sections for all particle types have a similar x dependence for values of 
x > 0.1. A summary.of our results is given in Tables 2, 3 and 4. 

" The average number of charged hadrons per event <ni> was calculated 
according to 

t 
<ni > J

Pmax 
0 ( ~ ) ; dp 

0 tot 

where otot is the total hadronic cross section as measured in this experiment( 6). 

The extrapolation of (do/dp); to zero momentum, as well as the inter
polation over the momentum intervals for which particles were not identified, 
was done by parametrising the invariant cross sections in the form 

2 
(E;f4n P;) (da/dP); t: Aim exp { -B;m Ei) 

m 

Two exponential terms are necessary to describe the rr± distributions at 
W = 14 and 22 GeV as well as the K± and p,p results at W = 34 GeV. For the 

+ rr- measurements at W = 34 GeV the addition of a third exponential is required 
to obtain a satisfactory description 
In all other cases the data are well 

of the data for momenta above 5 GeVjc. 

single 
w : 34 

represented 
exponential. The invariant cross sections 
GeV are shown in Fig. 6 together with the 

wlthin their errors by a 
+ + -for rr-, K-, and p,p at 

results of the fits. The 
values of all fitted parameters are summarized in Table 5. The fraction of the 
cross section determined by extrapolation is 25% in the worst case (~±data 
at W = 14 GeV). At W = 34 GeV it amounts to 17% for the rr± data, 3% forK±, 
and 2% for p,p. 

Fig. 7 shows the average number of particles <n~> produced per event as 
l 

a function of the c.m. energy W. As before, the numbers contain contributions 
from decay products of particles with lifetimes smaller than 3 lo-10s. Also 
included in Fig. 7 are results from other experiments at lower energies( 11 - 13 l~. 

f Note that the low energy data on <np,p> from MARK 11{ 13 ), shown in Fig. 7, 
are somewhat higher than the values obtained previously by the MARK I ex
periment{14). 
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We find that on average an event at W = 34 GeV contains 10.3 
+ -

2.0 ~ 0.2 K- and 0.8 ~ 0.1 p,p. The corresponding numbers at 

+ ! 0.4 'IT-, 

W " 14 GeV 

are 7.2 + 0.6, 1.2 + 0.14 and 0.42 + 0.06, respectively. From our previous 

measurem~nt( 3 ) of <~A.A> = 0.28 ± 0~04 (statistical error) ± 0.04 (systematic 

error) at W = 33 GeV we conclude that about 25% of the protons originate from 

A-decays at W = 34 GeV. 

In order to obtain additional information on baryon production, we in

vestigated events in which two or more protons and/or antiprotons ~ere de

tected. For this analysis the p,p were restricted to the range 0.4 - 1.2 GeV/c. 

A proton was defined as a track with mass-squared between 0.6 and 1.4 GeV 2 

For momenta below 1.0 GeVjc, the background from other particles is less than 

3%, while between 1.0 and 1.2 GeV/c the background is~ 5%. The observed num

bers of events with two or more p,p are given in Table 6. 

At W = 34 GeV, 47 events with one proton and one antiproton ("p+P" class) 

are observed but only 18 events with either two protons or two antiprotons 

("2p" or "2P" class). The background due to incorrect particle identification 

is about 4 events for both classes, as estimated by Monte Carlo calculations 

which use the same model( 15 •16) as in our previous analyses( 6) and which follow 

the generated particles through the detector. 

Using events which contain at least one proton and one antiproton we 

studied the angular distributions of the baryons with respect to each other, 

both for the space angle 9pp between the proton and antiproton directions and 

for the azimuthal angle~~ in the plane perpendicular to the thrust axis. 

Fig. Sa shows the distribution of cos9pp· The data from all c.m. energies have 

been added together. The data show some enhancement at cos9pp = +1 but are 

also consistent with a flat distribution. From the number of combin'ations with 

cos9pp < 0 it would appear unl'ikely that the proton and antiproton are always 

confined to the same jet. It must be noted, however, that in our limited mo

mentum range there is a large uncertainty in associating a particle with a 

particular jet. Fig. 8b shows the difference in azimuthal angle in the plane 

perpendicular to the thrust axis. Here we obtain a rather flat distribution 

which in particular does not show a pronounced peak at ~¢ = 180°; so, in contrast 
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to the claim made in Ref.5, we do not 

The rapidity difference between p and 
observe a large angular anticorrelation. 

P is shown in Fig. Be. The rapidity y, 

defined as y = 1/2 ln ((E + p,.) I (E - p,)) where p, is the momentum component 

parallel to the thrust axis, is less than 1.06 for a maximum proton momentum 

of 1.2 GeV/c. Thus the maximal rapidity difference is limited to a value of 

about 2, The distribution in Fig. Be has a maximum at a rapidity gap of zero 

and decreases almost linearly as ~y increases. Such a shape is consistent with 

the assumption of uncorrelated distributions of the proton and antiproton ra

piditi~s in the accessible range- 1.06 < y < 1.06, although some degree of cor

relation cannot be excluded. 

The data can be compared to the predictions of models by Meyer( 16 ), the 

Lund group( 17 l and by Bell et al. (lS) which is an extension of the model of 

Cerny et al .( 19 ). In the first two models, baryons are produced by the use of 

diquarks at a rate which is adjustable and which (in Ref. 17) can be related 

to the masses of the diquarks. Ref. 18 contains a longitudinal phase space model 

in which a randomisation of quark rapidities takes place( 19 ) and in which 

baryons are produced by the local accumulation of quarks with similar rapidity. 

The observed number of p+P events is consistent with the predictions of the 

models of Refs. 16, 17 which are tuned to reproduce the inclusive proton cross 

section in the momentum range 0.4 - 1.2 GeV/c (see Ref. 18). The number of 

events with more than one p+P pair (2p, 2p, 2p + 1p, 2P + 1p in Table 6) is 

consistent with a calculation assuming a Poisson distribution for nucleon

anti nucleon pair production with an average value of 0.8 ! 0.1 p;p per event 

(see above}. 

The predictions of the models of Refs. 16, 17 and 18 are shown in 

Fig. 8a, b, c as solid, dashed and dashed-dotted lines respectively. The 

models by Meyer( 16 ) and the Lund group( 17 ) are consistent with all three 

distributions, whereas the phase space model of Ref. 18 predicts a peak at 

cos9pp = -1 and a dip at IYP - Ypl = 0 in contradiction to the data. This 

dip arises from the quark recombination algorithm of Ref. 19 which prefers 

to produce mesons rather than a baryon-antibaryon pair overlapping in ra

pidity. 

In summary, we measured cross sections for n±, K± and p,p production over 
+ -

the full momentum range. We find that the fraction of K- and p,p increases 
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with particle momentum, and that at a momentum of 5 GeV/c at W = 34 GeV 
(3 GeV/c at W = 22 GeV) the fractions f ± : fK± : f - are roughly in 1T p,p 
the ratio 0.55 : 0.3 : 0.15. On average an event at W = 34 GeV contains • + -10.3 ~ 0.4 n-, 2.0 ~ 0.2 K- and 0.8 ~ 0,1 p,p. The available data on 
events containing more than one observed p or p show no statistically 
significant correlation between p and P within our restricted rapidity 
range of jyj ~ 1. They are consistent with a class of models that assume 
for the fragmentation process both quarks and diquarks. 
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Table 1 
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Mean detection efficiency of the Cerenkov counters for pions, 

kaons, and protons (antiprotons) in the momentum regions 

3.0 < p < 6.0 GeV/c and 10.0 < p < 17.0 GeV/c. The uncertainty 

in the efficiency is ~ 0.05 in the threshold regions and 

± 0.02 (± 0.01) for the aerogel (Freon and C0 2) counters in the 

plateau region. 

Homentum Range 0 e t e c t i o n E f f i c i e n c y 

(GeV/c) 

3.0 - 3.4 

3.4 - 3.8 

3.8 - 4.6 

4.6 - 6.0 

10.0 - 17.0 

Aerogel 

n K 

0.90 0.69 

0.90 0.76 

p 

Freon 

' 
0.77 

0.95 

0.90 0.81 0.09 0.99 

0.91 0.85 0.46 >0.99 

K 

0.91 0.90 0.84 >0.99 0.54 

C02 
n 

0.04 

0.44 

0.96 
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Table 2 - Charged hadron inclusive cross-sections for W 
a) 7f+ + 7f 

14 GeV 

p <p> fraction do/dp ' <P sffl do/dx <E> E/4")) 2-do/dp (CeV/c) {CeV/c} (nbarn/CeV/c) (!-'barn· eev•) (CeV) (nbarn -eev-•ca) 

0.3 - 0 4 035 0.94 ± 0.03 16.6 ± 0.97 0.047- 0.061 0.054 26.4 ± 1-55 ooe 4.07 t 0.24 0.4 - 0.5 0.45 0.89 t 0.03 14.8 ± 0.74 0.061 - 0.0?4 0.067 21-9 t !. II "' 2.70 t 0.14 0.5 - 0.5 055 0.86 ± 0.03 11.5 ± 0.56 0.0?4 - 0 088 0.081 16.8 ± 0 83 0.57 1.72 t 0.08 0.6 - 0 7 005 0.79±003 8.?1 ± 0.46 0 088- 0.102 0.095 12.5 ± 0-66 o.oo 1.09 t 0.056 0.?- 0.6 0.?5 0.85 ± 0.04 6.06 ± 0.49 0.102 - 0.116 0.109 11.5 ±0.70 o. 76 0.67 t 0.053 0.8 - LO 0 . ., 0.74 ± 0.03 5.48 ± 0.30 0.116-0.144 0.130 7.69 t 0.41 0.91 0-490 ± 0.027 1.0 - 1.2 u o. 73 t 0.0? 395±0.40 0.144- 0.17 0. !56 5.50 ± 0.56 1-11 0.286 ± 0.029 1.2 - L6 1.4 0.66 t 0.07 2.34 ± 0.27 0.17 - 0.23 0."' 3.24 ± 0.37 L4 0.135 ± 0.016 1.6 - 2.0 L5 0.54 ± 0.06 1.16±014 0.23 - 0.29 o.eo 1-60±0.20 ' 5 0.052 t 0.006 2.0 - 2.5 2.3 0. ?3 ± 0.0"7 0.90 ± 0.11 0.29 - 0.37 0.33 1.25±0.15 a 3 0.032 ± 0.004 3.0 - u 3.5 0.43±0.12 0.10 ± 0.03 0.43 - 0.66 0.51 0-14 t 0.04 3.6 0. 0023± 0 ' 0001 

b) K+ + K 

p <p> fraction do/dp ' <P s/{J-da/dx <E> E/4np 2-do/dp (CeV/c) {CeV/c} (nbarn/CeV/c) ~arn·CeV2 {CeV) (nbarn -eev-•c3) 

0.3 - 0.4 0.36 0.059± 0.010 1.04±0.18 0.083- 0.091 0.087 4.29 t 0.76 0.61 0.4!0 ± 0.0?3 0.4 - 05 040 0.098± 0.011 1.81 ±0.19 0.091 - 0.101 0 096 4.6? ± 0.58 0.67 0-422 ± 0.050 0.5- 0.6 0.55 0.12 ± 0.02 I .61 ± 0. 18 0101-0.111 0.106 4.00 i 0.45 0. ?4 0.314 ± 0.035 0.6 - 0 7 085 0.1?±002 La? t 0.27 0.111-0.122 0. 117 4.00 t 0.59 0.82 0.288 t 0.042 0.7- 0.8 0. 75 0.11±0.02 1.05 t 0.20 0.122 - 0.134 0.128 2.0? ± 0.40 000 0.133 ± 0.026 0.6 - LO 0.00 0.19 ± 0.04 1.42±0.30 0.134-0.16 0.147 2.53±0.54 1.03 0.143 ± 0.031 1.0 - " L3 0.18±007 0.80 t 0.29 
0 " 

- 0.24 0"' 1.27 t 0.47 1_39 0.053 ± 0.021 1.6 - 2.0 " 0.39 ± 0.06 0.64 ± 0.18 0.24 - 0.29 02'; 1.24 ± 0.26 "' 0.039 i 0 008 3.0 - 4 -~ 3.5 0.26 t 0.1! 0.06±0.03 0.43 - 0.66 0.52 0.09±0.04 3 6 0 0014± 0.0006 

c) p + P 

' <p> :fraction do/dp ' «> s/{J-d<t/dx "'' E/4np"·do/dp (CeVjc) (CeV/c) (nbarn/CeV/c) (j.ibarn·CeV2) (CeV) (nbarn -eev-•c•) 
0.4- 0.5 0.45 0.013± 0.004 0.21 i 0.07 0.145-0.151 0. 148 1.55 ± 0.48 1.04 0.087 ± 0.027 0.5- 0.6 056 0.016± 0.005 0.21 ± 0.07 0.151 - 0. 159 0.155 1.14±0.38 LOO 0.061 t 0.019 0.6 - 0.7 085 0.032± 0.008 0.35 ± 0.09 0.159-0.187 0.16.1 1.49±0.38 '" 0.0"76 ± 0.019 0.?- 0.8 0.75 0.052± 0.012 0.50 t 0.12 0.!67 - 0. 176 0.171 J_ 74 i 0.41 1.20 0.084 ± 0.020 0.8 - " 0.90 0.003± 0.013 0.47±0.10 0. 176 - 0.196 0.165 1.34 ± 0.26 L30 0.060 t 0.0!3 1.0 - La 1.10 010t0.03 0.54±0.16 0 196 - 0.22 0.200 1.26 t 0.39 I .44 0.051 ± 0.016 1.2 - " .. 0.10 t 0.03 0.35 ± 0.12 0.22 - 0.27 0.24 0.71 i 0.24 1.67 0.025 ± 0.008 I .6 - a.o .., 0.07 ± 0.04 016±0.09 027 - 0.32 0.29 0.27 ± 0.15 a 0 0.008 ± 0.004 3.0 - .. , 3.6 0.31 l 0.13 0.073± 0.033 0.45 - 0.67 053 0.1! t 0.05 3. 7 0.0017± 0.0008 

34808 
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Table_l - Charged hadron inclusive cross-sections for \~ 22 GeV 

a) 
+ 

TI + TI 

p <p> fraction do/dp ' <P sjp-dojdx ,,, E/4np 2-d<t/dp (CeVjc) (CeV/c) (nbarn/CeY/c) (r-<barn · eev•) (CeV) (nbarn ·Cev-•c•) 

0.3 - 0.4 0.35 0_95 t 0.04 6.85±044 0.030 - 0 039 0.034 42.3 ± 2.7 '" LM ± 0 II 0.4 - 0.5 0.45 0.90 ± 0.04 583r035 0039-0047 0.043 34.1 ± 2.1 0.47 LOO ± 0 07 0.5 - 0 ' 0.55 087±004 4.74±028 0047-0056 0 052 266 ± I .6 0.57 on t 0 04 0.6- 0.7 0.65 0.63 ± 0.04 4.15±0.26 0.056 - 0.065 0.000 23.1 '" 066 0.52 ± 0.03 0.7 - 0.5 075 0.76 t 0.04 3.26 i 0.22 0065-0074 0.069 18.0 
' ' 2 

076 oe5 ± 0.02 0.6 - LO o.oo o:n ± 0.05 2.62±019 0.074 - 0.092 
0 ""' 

,., ± 1.0 0.91 02< t o_oz 1.0 - La 1-10 07f<t0.09 2.01 ± 0.25 0-092-0.110 0.101 '" ± 1.3 I. II 
0 " 

± 0 02 1.2 - " L4 0.61 _t 0.08 1.10 ± 0.15 0.110 - 0 146 0.12? 5.P 'OS L4 0.063 ± 0 008 1.6 - 2.0 ' 5 on" 0.07 0.83 t 0.09 0-146- 0.18 0.163 4.43 ± 0.50 L8 0.037 t 0.004 2.0 - a ' a 3 0 ;;g t 0.06 0.53 ± 0.07 o. 18 - 0.24 0.21 2.84 ± 0.38 a.3 0.019 ± 0.003 3.0- 3.8 3 4 0.55 -~ 0.10 0.18±0.04 02'; - 0.35 030 0.94 t 0.19 3< 0 0042± 0 '0000 3.8 - 4 ' . ' 047J0.12 0.065± 0.016 0.35 - 0 42 o.oe 0.35 ± 0. 10 4.' 0.0012± 0.000~ 4.6- 10.0 
' 0 0.50 ± 0.12 0.020± 0-006 0.42 - 0.91 055 01!±0.03 ' 0 0.0003± 0.0001 

-- L_ --

b) + 
K + K 

' <p> fraction da/dp ' = sj{I-df1/dx ,,, E/4np 2-do/dp (CeV/c) (CeV/c) {nbarn/CeY/c) ()tbarn·CeV2) {CeV) (nbarn' eev-•ca) 

0-3 - 0.-4 0.35 0.053± 0.011 0.38 ± 0.06 0.053 
0 "' 0.055 6 12 ± 1.31 0.61 0.151 ± 0.032 0.4 - 0.5 045 0.081± 0.014 0.54 ± 0.09 0.058- 0.004 0.001 6.18 ± 1.10 0.67 0 138 ± 0.025 0.5- 0.6 0.55 0.12 t 0.02 0.64 t 0. 10 0.064- 0.071 0.067 6.15±092 0.74 0.124 ± 0 019 0-6- 0.7 0.65 0.14 ± 0.02 0.72 i 0.10 0 071 - 0.0?8 0.074 6.04 ± 0.88 002 0 Ill ± 0.016 o.1- 0.8 0.75 019±0_03 0.62±011 0.078 - 0 086 0.062 8.21 ± 0.66 0.00 0.103 ± 0 014 0.6- 1.0 090 0.17 i 0.04 0.59 ± 0.12 0.088- 0.10 0 003 4.09 t 0_83 L03 0 060 ± 0.012 1-0- l.6 L3 0.18 ± 0.07 039±015 

0 " 
- 0_15 0.125 241±094 1.40 0.026 t O.Oll 1-6 - 2.0 '' 019±0.08 0.22±009 0.!5 . 0 19 o. 17 1.25 ± 0.53 '" 0.010 ± 0 004 3.0- 3.8 3 • 0_29 t 0_09 0_092± 0.030 0.28 - 0 "' 0.31 0.50 ± 0.16 3.4 0- 002Zt 0- 0007 3 8- 4_6 .. 0.33r0.12 0.045± 0.017 0.35 - 0_42 ooe 0.25 ± 0.09 • 2 0 0009± 0' 0003 

c) p + p 

p <p> fraction do/dp ' '" s/{I-do/dx <E> E/4np2·do/dp (CeV/c) (CeV/c) (nbarn/CeV/c) (1-<barn · eev•) (CeV) (nbarn eev-•ca) 

04 0 5 0.45 0.020± 0 007 0.13 t 0.05 0.092 - 0 096 0.094 37 ± 1.3 '" 0.053 ± 0 019 0.5- 0.6 0.55 0.015± 0.007 0.06 ± 0.04 0096-0.101 0.099 ,, i 0.6 LOO 0.023 t 0.011 0.6-0.7 0.65 0.032± 0.010 0.16 ± 0 05 0 101- 0.106 0.104 
a ' ± 0_8 1.14 0.035 ± 0.011 0.7- 0.6 0. 75 0.052± 0.013 0.22 ± 0.06 0.106- 0 112 0.109 3 0 ± 0.8 1.20 0.038 ± 0.010 0 8 - 1.2 LOO 0.065± 0 013 0.21 ± 0.04 0.112- 0.138 0.125 a ' ± 0.4 1.37 0_023 ± 0 004 1 2 - 1.6 .. 0.10 ± 0.03 0!8±004 0.138-0.17 0.152 L4 i 0.3 1.67 0.012 ± 0-003 1 6 - 2.0 " 0.09 t 0.04 0.10±0.05 0.17 - 0.20 0.18 0.70 ± 0.31 a.O 0 0052± 0' 0023 3.0- 3.8 3 • 016±009 0_051± 0 028 029 - 0 36 0.32 0.29 t 0.16 35 0 0013± 0 0007 3.8- 4.6 4.' 0.20 ± 0.11 0.0281 0.0!5 0.36 - 0.43 O.OP 015±0.09 4 2 0 . 0005± 0 ' 0003 

--
34809 
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Fits to the invariant cross sections (E/4Tip2) do/dp = r Table 5 A, exp( -8mE) 

· GeV- 2 3 . -1 m 
Am ; n (nbarn c ), Bm 1n (GeV ), m = 1,2,3. 

w A1 81 A2 82 A3 

(GeV) 

± 14 TI 

22 

34 

+ K- 14 

22 

34 

p,p 14 

22 

34 

23.9 ±3 .9 5.25±0.43 

8.0 ±1.2 4.70±0.32 

3.7 ±0.6 4.97±0.45 

1.31±0.2 2.05±0.16 

0.40±0.05 1.67±0.12 

0.25±0.05 2.13±0.27 

0.61±0.24 1.87±0.28 

0.17 ±0. 06 1.51±0.21 
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Table 6 - Number of events with two or more protons and/or antiprotons 
detected 

w Total number (p + p) (2p) or (2p) (2p+1p) or 
(GeV/c) of hadronic 

events events ( 1p+2p) events 
events 

14 2704 19 3 0 

22 2120 6 

34 19676 47 18 2 
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Figure Captions: 

Fig. 1 

Fig. 2 

Fig. 3 

Fig. 4 

Fig. 5 

Particle velocity 6 versus moo1entum for tracks from multihadronic 
events. 
a) inner time-of-flight counters 
b) hadron arm time-of-flight counters 
The theoretical expectation values for different particle species 
are indicated by the solid lines. 

Fraction of tracks selected for particle identification from 
multihadronic events at W ~ 34 GeV which produce light in the 
Cerenkov counters. The data are corrected for background due to 
electrons and non-recognized electromagnetic showers. The error 
bars include all statistical and systematic errors. The arrows in
dicate the pion, kaon and proton thresholds. 
a) Aerogel counters 

The solid line is the pion contribution (see text) 
b) The same as in Fig. 2a, but with the pion contribution sub

tracted. The error bars contain also the uncertainties resul
ting from the error of the pion fraction. 

c) Freon counters {closed circles) and co2 counters {open circles). 
The solid and dashed dotted lines are calculated pion threshold 
curves assuming a constant pion fraction of 0.55 in the mo
mentum range of 2.0 to 12.0 GeV/c. Errors as in Fig. 2a. 

• + -Fraction of IT-, K-, p,p as a function of particle momentum 
at c.m. energies W = 14, 22 and 34 GeV. 

Scaled cross section {s/B)dcr/dx as a function of x for c.m. 
energies W = 14, 22 and 34 GeV. Also shown are the DASP data 11 ) 
at W = 5.2 GeV. 

• ± 
a) ,- b) K c) p,p. 

Scaled cross section (s/8) do/dx as a function of x at • + -W = 34 GeV for n-, K- and p,p. 
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Fig. 6 - Invariant cross section (E/4np2)do/dp as a function of particle 
+ + -

Fig. 7 

energy at W = 34 GeV for n-, K- and p,p. The curves represent 

the results of the fit described in the text for pions (solid 

line), kaons (dashed line), protons and antiprotons (dashed

dotted line). 

+ + -
- Average particle multiplicity for n-, K- and p,p as a function 

of c.m. energy W. The data at W = 14, 22 and 34 GeV are from this 

experiment. The data at lower c.m. energies are from Refs. 11 - 13. 

Fig. 8 - Proton-antiproton correlations for events with at least one 

observed proton and antiproton. The data from all three c.m. 

energies have been combined. For events with 2p + 1p or 1p + 2p 

both pp-combinations are plotted. 
-

a) cos9pp' where QPP is the angle between p and p 
-

b) difference of azimuthal angle ~$ of p and p, measured in 

the plane perpendicular to the jet axis 

c) difference of p and p in rapidity. 

The curves are the prediction of the models of Ref. 16 (solid 

line), Ref. 17 (dashed line) and Refs. 18, 19 (dashed-dotted line). 
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