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Apstract:

The inclusive production of 7 and Kir mesons and of protons and anti-
protons in efe” annihilation has been measured at c.m. energies of W = 14,
22 and 34 GeV. Using time of flight measurements and Cerenkov counters the
ful) momentum range has been covered. Differential cross sections and total
particle yields are given. At particle mementa 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 oK s p,p = 0.55 : 0.3 : 0.15.

On average an event at W = 34 GeV contains 10.3 + 0.4 7, 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 cr more protons and/or antiprotons are
chserved in the final state.
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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 pton production
in the PETRA energy range(l’z) show that the fraction of pions among the charged
hadrons is high at law particle momenta but decrsisds to about 50% at high mo-
menta. It is therefore expected that kaon and p,p production plays a more im-
portant riile as the particle momentum increases. In contrast to measurements
of neutral kaon and A, A inclusive spectra(3'5), data on charged kaons and
p,5(2’5) have only been available for low momenta. In the present paper we re-
port on measurements of ni, Kt, and p,p spectra covering essentially the whole
momentum range at c.m. energies W = 14, 22 and 34 GeV. The 34 GeV point is an
average of data taken between 30 and 37 GeV.

The experiment was performed with the TASSO detector at PETRA. The pre-
sent analysis is an extension of our already published study of ot pro-
duction{Y) . At W= 14 and 22 Gev, data samples identical to those of Ref. 1 were
used to determine the I(t and p,p yields over a wide momentum range. At
W = 34 GeV, in addition to measuring the Kt and p,p yieids, we have repeated
our analysis of . 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 n-
formation on charged particle momenta, applying the same cuts as in Ref. 6.
Charged particle momenta were measured in the central detectbr(7) with an
accuracy of ap/p = 0.017 - /1 + p2 (with p in GeV¥/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 of < 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 al}
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 pub]ished(l’g’g). The inner time-of-flight system (ITOF) is fo-
cated at a radial distance of 132 cm from the beam axis. It consists of
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48 counters viewed by phototubes at both ends and covers a saolid angle

of 82% of 4uv. 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 cver the whole data sample the vms time resolution was 0.38 ns.

The hadron arm time-of-flight system (HATOF) is Tocated at an average
distance of 5.5 m from the interaction point and covers a solid angle of

20% of 4m. The average rms time resolution in the HATOF counters was 0.45 ns.

Fig. la (b) shows the scatter plct of particle velocity & 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 Ge¥/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 - 2.9 GeV/c) in the ITOF
(HATOF) counters.

Three types of Cerenkov counters, arranged sequentially and subtending a
solid angie of 19% of 4z, were used for particle identification at higher
momenta. The radiators are silica aerogel, Freon 114 and €0, 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 = NAeroge]/Ntut’
i.e. the rumber of particies in a given momentum interval which produce
Tight in aerogel divided by the total rumber 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 & 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{l) 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
rise 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 Ge¥/c is not observed.

The normalized rates of the Freon counters FF = NFreon/Ntot and of the
CUZ counters fC = NCO /NtUt are shown in Fig. 2c. The data are corrected for
background due to e]egtrons and non-recognized showers. The pion threshoids
between 2.7 and 3 GeV/c in Freon and between 5 and 7 GeV/c in 602 are clearly
seen.

The procedures employad 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 resoiution 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 1ight in either aerogel or Freon
- the AF class having 1ight in aerogel but not in Freon
- the XF class having light in Freon irrespective of the aerogel response.

The number of emtries 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 protens {antiprotons) entering the Cerenkov
counters N; s k, Nb is then related to the number of particles in the three

N, N
kil

classes N(AF), N(AF), N(XF} in the following way:

N(XF) = n_ -+ N!
NCAE) = (L-¢)(1on ){1-8 JN; + (1-g) (L-gNg + (1-e ) (18N,
N(AF) = [e_ + (Lwe 6.1 (1-n )0 + Loy + (Loed oI + ey + (1-ep)6p] Ny

Here ", is the pion efficiency to produce light in the Freon counters,
e EKr € is the pion, kaon, proton efficiency to produce 1ight in aercgel,
and ﬁﬂ, 6K’ 5p js the probability that a pion, kaon, proton will produce
Tight in aeroge} through knock-on e]ectrons*.

For momenta above 10 GeV/c a simitar analysis was carried out using the
C0, counters to 1denfify 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 fi = Nihoi,where i= wi, Kt, psp and
Nhi is the number of charged hadrons in each momentum interval, the numbers
k and N' were corrected for the decay of pions and kaons, for nuclear
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 5p contain roughly egual contributions from
the magnet coil and the aerogel material. In the momentum region between
3.0 and 6.0 GeV/c, 8 6.5%, 8y ranges from 5 to 6.5%, while & varies
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 sample. The Fetults of the ITOF, HATOF,~and Cerenkov analyses are in
good agreement in the regions of overlap and were combired,

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 particies with a Tifetime smaller than 3 - 10'10 s. For example,
the pion fractions include the contribution from Kg T, decays and the
proton fractions include contributions from a decays. The particle fractions
are in good agreement with our previous lower statistics resuits(i’z). 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 nferred from the values of fﬂ and fp.

For all three c.m. energies at low particie 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 preduction of charged hadrons,
ete” > hiX, has been measured by using the central detector data(lo). We
computed the cross-sections (da/dp)i for production of the different particle

species by multiplying these values with the particle fractions fi'

The scaled cross sections s/8 de/dx {s = N2, B = p'/Ei; X = 2E1/N) are
shown for W = 14, 22 and 34 GeV in Figs. 4a,b,c for n°, K~ and p,p respectively.
A1l statistical and systematic errors are included in the error bars axcept
for an overall normalization of 8.5% at W = 14 GeV, 6.3% at W = 27 GeV and
5.5% at W = 34 GeV. For x z 0.1 the cross sections do not show a significant
energy varfation 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 DASP(II), which
are alse shown in Fig. 4 (see also Ref. 1).
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In Fig. 5 we compare the 34 GeV ni, 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 summaryof our results is given in Tables 2, 3 and 4.

The average number of charged hadrons per event <n§> was calculated
according to

pma.x da
BT I

o

=

N>

tot

where Yot is the total hadrenic cross section as measured in this experiment(ﬁj.

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

(/40 pY) (dosdp); - TRy exp (B, )

Two exponential terms are necessary to deseribe the o distributions at
W= 14 and 22 GeV as well as the K® and p.p results at W = 34 GeV. For the
n measurements at W = 34 GeV the addition of a third exponential is reguired
to obtain a satisfactory description of the data for momenta above 5 GeV/c.

In a1l other cases the data are well represented within their errors by a
single exponential, The invariant cross seétions for ni, Kt, and p,p at

W = 34 GeV are shown in Fig. 6 together with the results of the fits. The
vaiues of all fitted parameters are summarized in Table 5. The fraction of the
cross section determined by extrapolation is 25% in the worst case (ni data

at W= 14 GeV). At W = 34 GeV it amounts to 17% for the n° data, 3% for Ki,
and 2% for p,p.

Fig. 7 shows the average number of particles <n§> produced per event as
a function of the c.m. energy W. As before, the numbers contain contributions
from decay products of particles with Tifetimes smaller than 3 10'105. Also
included in Fig. 7 are results from cther experiments at lower energies(ll"l3)*.

% Note that the Tow energy data on <Ny, 5 from MARK II(13), shown in Fig. 7,
are somewhat higher than the values obtained previously by the MARK I ex-

periment(la).
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We find thaE on average an event at W = 34 GeV contains 10.3 + 0.4 ™,

2.0+ 0.2K and 0.8 + 0.1 p,p. The corresponding numbers at W = 14 GeV

are 7.2 + 0.6, 1.2 + 0.14 and 0.42 + 0.06, respectively. From our previous
measurement(3) of Ny s 0.28 + 0.04 (statistical error) + 0.04 {systematic
errer) at W = 33 GeV Qe conclude that about 25% of the protons originate from

h-decays at W = 34 GeV.

In order to obtain additional information on baryon production, we in-
vestigated events in which two or mere protons and/or antiprotons were 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 Gevz.

For momenta below 1.0 GeV/c, 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 Ge¥, 47 events with one proton and one antiproten {"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 Carle calculations
which use the same mode1(l5’16} as in our previous analyses{s) and which follow
the generated particles through the detecter.

Using events which contain ai least one proton and one antiproton we
studied the angular distributions of the baryons with respect to each other,
both for the space angle 8 _- between the proton and antiproton directions and
for the azimuthal angle A4 in the plane perpendicular to the thrust axis.

Fig. 8a shows the distribution of cosepﬁ. The data from all c.m. energies have
been added together. The data show some enhancement at cosf - = +1 but are

also consistent with a flat distribution., From the number of combinations with
cos@ - < 0 it would appear unlikely 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 cbtain a rather flat distribution
which in particuiar does not show a pronounced peak at A¢ = 180°; s0, in contrast
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to the claim made in Ref.5, we do not observe a large angular anticorrelation.
The rapidity difference between p and p is shown in Fig. 8c. The rapidity v,
defined as y = 1/2 In {{E + pu) / (E - pu)) 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 vaiue of
about 2. The distribution in Fig. 8¢ has a maximum at a rapidity gap of zero

and decreases almost linearly as Ay increases. Such a shape is consistent with
the assumption of uncorrelated distributions of the proton and antiproton ra-
pidities 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(ls), the
Lund group(IT) and by Bell et a1.(18) which is an extension of the model of
Cerny et al. . 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 & longitudinal phase space model
in which a randomisation of quark rapidities takes p]ace(lg) and in which
barycns are produced by the Tocal 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 + lp in Table 6) is
consistent with a calculation assuming a Poisson distribution for nucleon-
antinucleon 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, ¢ as solid, dashed and dashed-dotted lines respectively. The
models by Meyer(lﬁ) and the Lund group(17) are consistent with all three
distributions, whereas the phase space model of Ref. 18 predicts a peak at
cosepp = -t and a dip at ly, - yz| = 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 nf, I(t and p,p production over
the full momentum range. We find that the fraction of Kt 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 fﬁi : fKt ¢ f ,p are roughly in
the ratio 0.55 : 0.3 : 0.15. On average an event at W = 34 GeV containg
10.3 + 0.4 7%, 2.0 + 0.2 K~ and 0.8 + 0.1 p,§. The availadle data on
events coritaining ‘more than one observed p or o show ro statisticaily
significant correlaticn between p and b within our restricted rapidity
range of |y| < 1. They are consistent with a class of models that assume
for the fragmentation process both quarks and diquarks.
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Japle 1 - Mean detection efficiency of the Cerenkov counters for pions,

kaons, and protons (antiprotons) in the mementum regicns

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 aeroge} {Freon and 602) counters in the
plateau region.

Momentum Range Detection Efficiency
(GeV/c) Aerogel Freon 002
T K P T K T
3.0 - 3.4 ¢.90 0.69 - 0.77 - -
3.4 - 3.8 0.90 0.76 - 0.95 - -
3.8 -4.6 0.90 0.8 0.09 0.99 - 0.04
4.6 - 6.0 0.91 0.85 0.46 >0.99 - 0.44
10.0 - 17.0 0.91 0.9¢ 0.84 =¢.99 0.54 0.96
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Table 3 - Charged hadron inclusive cross-sections for W = 22 GeV
Table 2 - Charged hadron inclusive cross-secticns for W = 14 GeV T

i . -
; a) 'n+ v a) m o+ T
= P <p> fraction do/dp x <x> 8/B -do/dx <E> B/4np®-do/dp
i (CeV/c) {Cev/c) (nbarn/Ce¥/c} {zbarn Gev?) (GeV} |{nbarn-GeY-%c?) I <p> fraction do/dp x <x> s/8-da/dx <E> | E/d4np*-do/dp
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h Am exp(—BmE) for o
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in {nbarn - Gev? - c3}, B, in (GeV_l}, m

m

- Fits to the invariant cross sections (E/4rp2) do/dp
A

Table &

«2/d.o.f.

(GeY)

9.3/7

5.25+0.43 1.44 £0.42 1.78 =0.14

23.9 3.9

14

+1

7.1/9

0.36 +0.08 1,30 =0.10

8.0 £1.2  4.70+0.32

22

0.27 20.09 1.51 =0.21 0.008+0.005 0.50 =0.08 5.5/9

3.7 £0.6  4.97+0.45

34

17.6/6

1.3120.2 2.05:0.16

14

12.7/9

0.40:0.05 1.67:0.12

22

8.2/4

0.45 +0.06

0.005+0.002

0.25+¢0.05 2.13:0.27

34

6.7/7

0.61:£0.24 1.87+0.28
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6.4/10

0.17+0.06 1.51:0.21

22
34

1.6/4

0.36 =0.11

0.001x0.001

0.07+0.03 1.58+0.3%
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Table 6 - MNumber 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 t lp+2p
events events {1p+2p)
events

14 2704 19 3 0

22 2120 6 1 1

34 19676 47 18 2
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Figure Captions:

Fig. 1

Fig. 2

Fig. 3

Fig. 4

Fig. &

Particle velocity & versus momentum 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 a1l statistical and systematic errors. The arrows in-
dicate the pich, kaon and proton thresholds.

a) Aerogel counters
The solid tine is the pion contribution (see text)

b) The same as in Fig. 2a, but with the pion contribution sub-
tracted. The error bars contain alsc the uncertainties resy]-
ting from the error of the pion fracticn.

£) Freen counters {closed circles) and 002 counters (open circles).
The solid and dashed dotted lines are calculated picn 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 wi, K*, p,p as a function of particle momentuym
at c.m. energies W = 14, 22 and 34 GeV.

Scaled cross section {s/2)do/dx as a function of x for c.m.
energies W = 14, 22 and 34 GeV. Alsc shown are the DASP datall)
at W= 5.2 GeV.

a = kK ¢ .

Scaled cross section (s/g) do/dx as a function of x at
W = 34 GeY for «, K~ and p,p.
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Fig. 6 - Invariant cross section (E/4wp2)do/dp as a function of particle
4 . .

Fig. 7

Fig. 8

energy at W = 34 GeY for ni, 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).

4 _ _
Average particle mu1tip1icity7for.ni, 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.

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 1ip + 2p
both pp-combinations are plotted. ‘

a) cosepﬁ, where Gpﬁ is the angle between p and p

- b) difference of azimuthal angle A¢ 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 Tine).
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CHARGED HADRON FRACTION

llllll] 1 I lllllll

10 - TASSO —

* “* ** * W = 14 GeV
08 - % + —
ST
06 |- i K
il ,'( ¢ p.p n
04 b + { _
0.2 ..¢+$k —
0.0 .:0i01010|0|{ ¢ ¢| L1 =||1||.-
I T 1 I i 1 Illll
 t ¥ TASSO

06

S

08 *_’F i .
’I'*"' W =22 GeV

0.2

@
- ¢
00 Foted] b: -+
¥y . TASSO
08 * i 4 | + W=34GeV  —
06 |- + HJr Jf + _
0.4 — § —
'_ ¢ + %
0.2 i P i { k o 4 .
o * o O 0
00 10199, 11 ! ooy
0.3 0.5 1.0 5.0 10.0
' p (GeV/c)
. 34624

Fig, 3



100 T . . T~ I T |

b1 111

. et e”—= * X (@)
X
L. @ —
b 6 —
¢x ¢ W=14 GeV
oL ’4@ ¢ W=226eV b TASSO _
- ° $ W =234GeV ':'
- §¢ 5 W=520eV DASP ]
i *} ]
- *é -
& i t _
3 1
& ¢
E Py

T TTTT]
Lo iiatl

s do
dx

3
|
—_—
——
——
—p—
1

T
—O
___D__
|

0.1

T TTTT]
—
gl

|
1

0.01 | | | | | | |
00 01 02 03 04 05 06 07 0.8

X:ZEW/W

Fig. 4 34805



00 g T | l —
B et e" e K X (b) -
i ¢ W =14 GeV ]
0 b ¥ W=22GeV > TASSO |
-y ¢ W= 34GeV =
- M 5 W=520eV DASP -
- ¢ A
e _.
&
3 'E H+ + -
D| x - + } E
TITO — . -
0l - % =
01 = ‘ ‘% —
0.01 1 ] ] | | } |

00 01 0.2 03 04 05 06 07 0.8
X = ZEK /W

Fig. 4 34804



| 100

10

(ub GeV 2)

s do
B dx

0.1

0.01

T T Iriid

T T TT7] |
> & % O

T TTTT]

I

|

IIIIHI

et e™—=p,p X

W = 14 GeV
W= 22 GeV
W = 34GeV
W =5.2GeV

(c)

TASSO

DASP

05 06
X= 2 Ep‘b' /W

0.7

34803

Lol

Lot

ol !

|




100

e’ e”—= hadron + X

11 1 111

|

+
% For ] Tasso
10 bk —-
R P 5 pp | W=3uGev =
- X { :

Cofa :
i i ‘% ¥ _

-

Kt f ,

ERRN t + i E
D| x | % _
©TIo L -
n e B % * 7

01 + —]
00 0} 02 03 04 05 06 07 08
X = 2Eh W
Fig. 34802



T T T 1 LRI LA LR S AL LRI [T
- w —
O
o S R \\ _
> ~J W i
+ ™ g ’y |
- 1l
5 = /
1 & N A— /
O "/ —
— £ 4 o+ 1O \\ ‘\
L} Bx e Y/ -
O . /
-t o e © / \ 7
\ [
o e a; :
i
| g |
/ / _
S T
o s _
O~
= P -
i \\A\\
= \.\\\Umﬂpﬂ —
-8
1L 1 Thwrer 1 TN byt 11 Lyspai i1 1 Liis
— o~ o™ ~3 :_J
= o o S = o

:U\N%ozcv.mw ,diLy/3

| 10.0 15.0
E (GeV)
34806

5.0

Fig. 6

0.0
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