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ABSTRACT

We present results on the jet-like properties of multiparticle systems
produced in K+p interactions at 70 GeV/c. The data are analysed in terms
of several variables commonly used to study the jet structure of an event.
An extensive comparison is made with jets found in electron—positron
annihilations and in deep inelastic vN interactions at comparable
energy. Many similarities are found between Low=pr. jets in this
experiment and jets observed in leptonic interactions. Our data are very
well reproduced by the Field-Feynman quark fragmentation parametrisation
but equally well by a longitudinal phase space model, suggesting that these
similarities do not prove or disprove the universal character of the jet

fragmentation.



1.

INTRODUCTION

The quark-parton picture has proved very successful in unifying our
understanding of hadron production in e+e- annihilation [1-3], of deep
inelastic v(¥) nucleon scattering [4-5] and high transverse momentum
processes in hadron-hadron collisions {6-7]. 1In all these “hard" or "short
distance" processes the primary interaction leaves an intermediate state
containing one or more quarks (and gluons), which subsequently fragment
into hadrons, forming jets of particles roughly collimated along the
direction of the originating quark. This picture is supported by the
experimental identification of these jets in the various hard processes and
of the great similarity of (at least some of) their characteristics. At
the same time these observations raise interesting questions as to the

universality of jet fragmentation.

Recently, several models have attempted to extend the parton picture
to hadron-hadron collisions at low Pre These models can be conveniently
classified into two groups: (i) Recombination models [8-9], which involve
the parton structure functions of hadrons and (ii) fragmentation models
[10~12], which relate the hadron longitudinal momentum distributions to
parton fragmentation functioms. Although none of these descriptions has
been found fully satisfactory to reproduce all features of the data [13],

they do invite further comparison in terms of parton—quark concepts.

From the experimental point of view there is accumulating evidence of
striking similarities between jets in non-diffractive low Pr interactions
initiated by different particles and hadronic jets observed in leptonic
processes, when compared at the same total hadronic .energy [14]. Using a
different approach, similarities were found between charged particle
production in pp interactions at the ISR and e+e_ annihilation processes
[15]. This was achieved by removing a leading proton from the system and

using as the energy for comparison the remaining available hadronic energy.

In this paper, we present a comparison of the jet-like behaviour of
+ . . . . .
low Pp K p interactions at Y& = 11.5 GeV, both with deep inelastic

- . . + - ey s . .
v=(3) nucleon scattering and with ¢ e annihilations, using the



_4_

same methods of analysis as in the leptonic experiments. We also compare
our results to an uncorrelated particle longitudinal phase space model and
to the Field and Feynman quark fragmentation parametrisation. These
comparisons allow us to draw some conclusions on the significance of the

observed "universality" of jet properties.

The plan of the paper is as follows. Sect. 2 describes the data
sample used for this analysis. The jet-variables and the corresponding
axes are briefly discussed in sect. 3. The experimental results are
described in sect. &4 and compared with data from e+e" annihilations and
vN interactions. In sect. 5 we discuss the Field-Feynman (FF) model and
the longitudinal phase space (LPS) model and compare their predictioms with

our data. Sect. 6 summarizes our main conclusions.

EXPERIMENTAL SAMPLE

The data come from an exposure of BEBC, filled with hydrogen, exposed
to an r.f. separated beam of positive kaons having a nominal momentum of
70 GeV/c. Details of data taking, run conditions and cross sections have

already been published [16].

The measurements were made on automatic and semi-automatic devices,

and processed through the HYDRA geometry.

The present analysis is based on a partial sample of 9561 complete
well measured events, having at least four charged outgeing tracks. These
events correspond to a sample with the mean momentum error on the tracks
<bp/p> = 2% (93% of the tracks have gﬂ < 5%). Events with any track with
%E > 50% were rejected.

All charged particles were assumed to be pions, unless identified as
protons by ionization [17]. Neutral particles (K°, A, & and v) were
identified by a 3-C kinematical fit [18]. The c.m. energy, ¥s, of these
events is 11.5 GeV. The average fraction of the energy carried by charged
particles is 56%, and the average fraction of the neutral energy that is

observed in the neutral particles is 9%.



3. JET VARIABLE DEFINITIONS

Several variables have been proposed to describe the jet structure of
multihadron events [19]. We have considered three different methods for
measuring the "jetness" and determining the jet axis of an event. We
express our data in terms of the following variables:

=2

3 2EP'Jr
sphericity : $ = min 3 -1 0. < 8 < 1. (D)
zipll?
- p
]
n .
1
Ep
thrust : T = max 2 L : .5<T< 1. (2)
zlp7l
3
Elp%i
spherocity : $' = min 41 i 0. < 8" < 1. (3)
- lejl‘

J

where pL(pT) is the longitudinal (transverse) momentum in the overall
c.m. system with respect to the axis which either minimizes S5 or 8' orx

maximizes T. I indicates a sum over all measured particles. In formula
N

(2) ¢ stands for a summation covering the forward hemigphere only.

Sphericity is conveniently evaluated [20] by constructing from the

hadron momenta the second rank tensor

N
MdB = J pq p? (2,8 = x,y,2) (4)
j=1

where the sum runs over all the measured particles. Let n, N, 0, be the

unit eigenvectors of this temsor, associated with their normalized

eigenvalues Qi

z (-1;. . ;.)2
3 3t (5)

ordered such that @ < Q < Q.
1 2 3
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The principal axis (or sphericity axis) is the 5, direction; the
event plane is defined by n; and n;. The sphericity (1) is

then given by

3 3
5 = 7 (Q +Q,) = £l (1 -0,) . . (6)
A jet like event is expected to have S + 0.

The definition of thrust as given in eq. (2) has been found to be

somewhat impractical. Therefore, following ref. [21] we use

b lpﬂl

T = max —— , (7)
. |p.|
] pJ

where the sum both in the numerator and in denominator now runs over all
the measured particles. It is worth noting that both definitions (2) and
(7) are equivalent for an event with no missing momentum. A jet-like event
is expected to have T + 1. To determine the thrust axis, we use the

method proposed in ref. [22]; this method conmsists in trying as thrust axis
all resultant momenta of all possible subsets of particles. As a
consistency check we also tried a grid method, where a come around the beam
axis was scanned. Both methods gave consistent results for distributions

and for average values.
Spherocity §' (3) was determined by the grid method, trying as

spherocity axis all directions in the forward hemisphere. A jet-like event

is expected to have S§' + Q.

4. EXPERIMENTAL RESULTS

4.1 Multiplicity distribution

It was proposed to comsider the multiplicity distribution of
hadron—hadron interactions in terms of two components [23]: a diffractive
component assumed to be energy independent and characterized by low
multiplicities, and a non-diffractive component showing an increasing

multiplicity with increasing energy.
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In order to compare our data to leptonic results, special attention is
paid to the influence of the diffractive component. To investigate this
effect in our data, we removed from our sample events having at least one
leading particle with |x| > 0.8, where x is the Feynman variable
(x = p:/p:ax)' This cut affects 18.3% of the events, mainly in & and 6

Prongs.-

The average multiplicity we obtain for non-diffractive events with
o > 4 is 7.07 * 0.03. This value agrees with leptonic results at the same
c.m. energy (vS = 11.5 GeV/c). In the forward and backward c.m. hemispheres
(with respect to the beam axis) the average charged multiplicities in our
data sample are equal to 3:80 * 0.02 and 3.27 + .02, respectively. The
difference between the forward and backward hemispheres reflects the
well-known asymmetry of inclusive x—distributions in meson-induced
interactions. 1In fig. 1, we compare our multiplicity distribution in a KNO
plot to e+e— results [24]. We observe a good agreement with these
data, when the diffractive component is removed, whereas the corresponding
distribution for the complete sample [16] (solid line on the figure) shows

a different shape.
This again emphasises that the diffractive events must be removed from

the sample for comparison with the leptonic data. This procedure is

followed in the rest of this paper unless otherwise stated.

4.2 Determination of the jet axes

Before presenting our detailed results, we first compare how the three
different methods determine the jet axis. Figs 2(a-c) show the
distributions of the relative angles between the axes defined by thrust,
sphericity and spherocity. The average values of this figure can give an
estimate of the uncertainty in defining the jet directiom. For instance,
the width of the peak at half maximum in the distribution of the angle
between thrust and sphericity axes is &~ 10° (fig. 2(a)); this gives ait
estimate of the uncertainty in any quantity calculated transverse to the
jet axis. The fact that our distribution is narrower than that of ref. (4]

indicates that we have a better determination of the jet axis.
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Fig. 2(d-f) show that the three possible jet axes are, as expected,
almost equally determined by the beam direction. Moreover, we note that
these distributions are similar to those of the angle between the current

direction and the jet axis observed in Up interactions [5].

In fig. 2(g-i) we plot the correlation between the jet axis and the
direction of the particle with the largest momentum. The correlation is

much stronger for sphericity and spherocity than for thrust.

It is noted that if these distributions are restricted to events with
small missing energy, the distributions all become narrower, peaking close
to zero. The tails at large angles come from the events with large missing
enexrgy. As an example, the distribution of the angle between beam and
sphericity axes is shown in fig. 2(e) for events with missing energy below
4 GeV, the average angle being ~ 9° compared to ~ 14° from the full

sample.

Finally, we observe that our Monte-Carlo models account for most of

these features. This is fully discussed in sect. 5.

4.3 Sphericity, Thrust and Spherocity distributions

In fig. 3(a), our normalized sphericity distribution is shown and
compared to the data at the nearest c.m. energy obtained in e+e_
annihilation [25] and in neutrino-(antineutrino)-proton interactions [5] at
comparable hadronic energies. There is good overall agreement between our
data (with diffraction removed) and the distributions from leptonic
interactions. Some discrepancies appear for small sphericity values. As
the diffractive events (not shown) contribute mainly to the region S + 0
{and T » 1, 8' > 0), we have studied the shape of the distribution
using different definitions of the diffractive component (different x cuts,
rapidity gap method). We observe that the shape of the distribution is not
sensitive to the method used to remove diffractive events. Furthermore the
angle between the sphericity and thrust axes indicates for small values of
S (not shown) that we have a good determination of the jet axis even 1n

this region.
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Figs 4(a), 5(a) show thrust and spherocity distributions. Again, the

. . . . + - . .y s
similarity with e e and VN data 1s striking.

In fig. 6 we compare our <85>, 1-<T> and <§'> with selected
results obtained in leptomic interactionms over a wide range of energy;
although slightly different definitions and reference frames were used to
obtain these quantities, we observe a remarkable agreement between our data

and leptonic results.

The average values of S, 1-T and S' are given in table 1. From this
table one observes that the comparison of our results with those obtained
using only charged particles in the final state, is justified because the
two techniques do not change appreciably the average values. {We have also
checked that the corresponding distributioms are not affected). This is
not surprising, however, because the seen neutrals are only a small

fraction of the total produced neutrals.

1t has been pointed out [14] that at 147 GeV/c the average values of S
and T have a linear dependence on the outgoing charge multiplicity. Im
fig. 7 we show our <8>, <T> and <§'> as a function of the charge
multiplicity and we observe that this linear relation holds true even at
our energy. The results of the linear fits shown in the figure are given

in table 2.

In figs 3(b), 4(b) and 5(b), we compare our data with the predictions
of the Field Feynman and Longitudinal Phase Space models, fully discussed
in sect. 5. The two models describe the data very well and yield very
similar predictions. The models also predict the linear dependence of
<§>, <T> and <8'> on the charge multiplicity suggesting that the

dependence is of kinematical origin.

4.4 Single-particle distributions

In hadron collisions, the limitation of the particle momentum
transverse to the jet (or beam) axis 1s one of the best—known universal
characteristics of these interactions. The same phenomenon is observed in

hard scattering processes at present energies.
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Fig. 8 shows the normalized p% distribution of all measured
particles relative to the sphericity axis. It agrees well with the
ete” [TASSO} data [3] (where only charged particles were measured) for
P% < 0.5 (GeV/c)?*. At higher p%, the TASSO data are slightly
but systematically above our data. This excess is most probably due to the

higher energy, used for the comparison.

In addition to the limitation of <py”>, the mean particle momentum
transverse to the jet axis, a characteristic feature of hadronic jets is
the increase of the mean longitudinal momentum <pL>, with increasing
energy. These quantities relative to the thrust axis, given im table 3, are
shown in fig. 9 together with PLUTO data [26]. To suppress the non-scaling
part of the single particle distribution [32], we show also <p.> with
X = 213;/ECm > 0.1. This quantity shows a linear rise with c.m. energy
while the transverse momentum shows little change with energy. From <pT>
and <py” we can estimate the average opening angle of particles in a jet to
be v 25° (for the half opening angle), in agreement with the corresponding

value found in e'e at 9.4 GeV [21].

The normalized rapidity distribution, %'%%, of charged particles, in
the overall c.m., evaluated with respect to the thrust axis is shown in
fig. 10. To avoid the asymmetry due to the backward identified protons, we
use here only particles produced forward in the total c.m. The TASSO
results at c.m. energy 13 GeV, to which our data are compared, refer only
to charged particles, assumed to be pions. Our distribution has a dip at
y ~ 0, as expected, since the thrust axis is rotated relative to the beam
by a small amount, such that tracks close to vy = 0 with respect to the beam
acquire a longitudinal component with respect to the thrust. The plateau
at 0.2 € y € 1.0 is in good agreement with e+e_ data. Moreover, we
note (insert of fig. 10) that our K'p data follow the linear increase with
&n Ecm for the height of the plateau found in ete .

Finally, in fig. 11 we present the average p% as a function of x
in the two hemispheres, calculated with respect to the thrust axis. The
forward jet appears to be "wider", an effect which is usually interpreted
in terms of planar events. This Pr broadening, however, is essentially

due to positive and neutral particles, as can be derived by comparing the
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effect with the symmetric distribution obtained using only negative
particles in the jet (open points). A possible alternative explanation is
therefore that this broadening effect can be due to resonances produced

diffractively.

4.5 Jet shape analysis

The "shape" of events in momentum space can be investigated using a
large number of "eollective" variables.

. . . . 1 dE
In fig. 12 we present the energy-flow angular distribution, g gy

. . . tot
where A is the angle of each particle with respect to the thrust axis,
for all measured particles, in three intervals of thrust. As expected, the
energy flow is strongly correlated with the thrust value, the distribution

becoming wider as the events become more "spherical®.

This correlation can also be seen from fig. 13 where <i>, weighted
with energy, is given as a function of T. A very similar correlation is
. + - . . . . .

observed in e e data [21] and in antineutrino proton interactions for

W > 4.5 GeV [5].

The jet event shape can be expressed in terms of the normalized

eigenvalues [5] of the sphericity tensor.

The average values of the three eigenvalues are presented in table 4,
together with the ratio <Q, /Q,> which gives an estimate of the
planarity of the events. The meaning of these eigenvalues can be

summarized in the following way:

(i) Q, estimates the length of the event,
(i1} G, estimates the width of the event,

(iii) Q, estimates the flatness of the event.

Qur diffractive events are more "jet-like" as expected; the apparent
larger planarity effect in this sample is probably due to the almost random

choice obtained ordering small values of Q and Q;.

e e M AR R W B EL 101N DRI IR MR W e
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Since we are dealing with normalized eigenvalues, (namely
Qi + Q + Qs = 1) each event can be represented in a Dalitz~like
equilateral triangle of unit height. However, the ordering restricts the
allowed region to only a sixth of this triangle. Fig. 14 shows our events

in terms of the two independent variables x = %(Ql + Q) and y = gg—(Q2 -Q,).

The bulk of the data is accumulated near QG v 1, Q1 »Q ~ 0 ("cigar"
shaped events). However, we observe also that some events have a coplanar
behaviour (Q, ~ 0, Q, # 0). The question arises whether this planarity
effect represents a real effect or just the "tail" of the two back-to~back
jets. A more detailed study of these planar events can be obtained

separating the momentum perpendicular to the jet axis into two components

& 2} = 1 N > . " 2

Priout T N .Z (pj o) (8)
3=1

&£ 2> = 1 N > . - 2

Pr’in "N .2 (Pj nz ) ()
i=l

<p%>out is the square of the momentum component normal to the event plane,

while <pT>in is the square of the momentum component in the event plane
perpendicular to the jet axis. A planar effect, if any, should appear in
the <p%>in distribution, while <p§>out should be approximately the same
for planar and non-planar events. Fig. 15 shows the <p%>o ¢ and <p,%>in
distributions. OQur data are in very good agreement with e e data [25],
and the extension to higher values of <p%>in is probably due to the larger
statistics. Furthermore, the prediction of FF or LPS accounts for most of
the tail of the <p%>in distribution, indicating that this planar effect,

if present, is very marginal at our energy.

Fig. 16 shows the planarity and the flatness, defined as
P=0Q ~Q (10)

and

rrf
[}

1-0,/Q (11)

We do not observe a significant excess of events for large values of P
or small values of F (planar event), the data being fairly well reproduced

by the predictions of FF and LPS.
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Another coordinate system has been proposed in ref. (27]. This
coordinate system is defined by the Thrust axis (7), the Major axis &,
which is the direction along which the sum of the projected momenta in the

plane perpendicular to the thrust axis is maximized:

-
tlp. . &,

Major = max -——ﬂlp—l——-‘ (12)
3 J

and the Minor axis, which is orthogonal to the thrust and the major axes.
The difference Major = Minor called oblateness, is an estimate of the
planarity of the event. The distribution of the Oblatemess is given in
fig. 19, together with the predictions of FF and LPS. We observe a small

excess of events with large Oblateness.

4.6 Comparisons using systems with a leading proton removed

It has been shown [15] that in pp interactions, once the effect of the
leading proton has been removed, the distributions agree with those found

. + - - ]
in e e annihilatiom.

Fig. 18 shows the dependence of the average charged multiplicity om
the total hadron energy for several types of interactions (the figure has
been adapted from ref. [15)). The ISR data [15] were obtained by subtrac-
ting from the total enmergy the energy of the '"leading proton'. The
agreement with e+e_ data indicates that the remaining available energy
for particle production is the appropriate variable. We applied a similar
method to determine the mean charged multiplicity in the backward
hemisphere, where a cut -0.8 < x < -0.4 removes v 80% of the identified
protons. This x—cut, and the rejection of 'diffractive events'',
corresponds to a backward remaining emergy E .4 in the range 1-3.5 GeV,
with an average value of ~ 2.23 GeV (in this context, E .4 is defined

as ECM/Z - ). The average charged multiplicities (multiplied

E .
lJeading + -
by a factor of two and compared to e e interactioms having twice

B\ ad in their c.m.) are also shown in fig. 18 at our different hadronic

energies. The agreement with the other data is excellent.
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Similar good agreement is observed in fig. 19 where the normalized

xp distributions, l/o(da/de), where x, = P/Ehad, are shown for

R

two energy intervals Ehad = 1-2 GeV and 2-3 GeV and compared to SPEAR

+__
e e data at ¥s ~ ZEhad'

COMPARISON WITH JETS MODELS

The experimental data, presented in previous sections, were
systematically compared with the Field and Feynman (FF) jet model [28,29]

and with an uncorrelated particle model, referred to as the LPS model [30].

For the first model, two back-to-back jets were generated allowing u
or 8 from the projectile and u or d (u twice as frequently as d) from the
target to fragment into mesons. The fragmentation process involves three

main parameters [28]:
(a) Uq which determines the transverse momentum of the gquarks;

(b) P/V which fixes the fraction of pseudoscalar to vector mesons produced

in the cascade;

(c) ag which determines the fragmentation function of a quark into

hadrons.

In order to reproduce the p% distribution relative to the jet
axis (fig. 8), the cq was increased from its value of 250 MeV/c in
ref. [28] to 300 MeV/c. This modification was also found necessary in

ref. [25]. For the other parameters, P/V and a,, the values given in

. F’
ref. [28] were used (P/(P + V) = 0.5, ap = 0.77). We note that the FF
Monte~Carlo reproduces quite well the measured charged multiplicity (most

sensitive to the ratio P/V).

All generated events were analysed in the same way as the experimental
data. We found that the different jet-axes defined by eqs (1), (7) and (3)
deviate from the original quark direction by an average angle of about 10°,

which is about the uncertainty observed in figs 2.
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In the LPS model, n particle exclusive final states were generated

{31] according to the following matrix element:

n .
IM|2 = 11 exp[—B(y.)m;] (13)
. L
i=1
where m; is the transverse mass (mT = p% + m?) of particle i, calculated

with respect to the beam direction; B(yi) is a rapidity dependent parameter
taken from the experimental data [32]. The various exclusive reactions,
containing ni, n°, X, protons and neutrons were properly weighted

using measured average charged and neutral multiplicities. From

figs 2(d-f) we observe that this model describes well the distribution of
the relative angle between the jet axes and the beam direction. Since the
model is constructed with the jet axis along the beam direction, this
result shows that the "true" jet axis in the bulk of low-pp events is
indeed the beam axis. The angular distribution of the reconstructed
jet—-axis originates from (a) the intrinsic fluctuation from event-to—event,
generated by the transverse momentum distribution, (b) the lack of energy~

momentum conservation due to undetected neutral particles. Both effects

affect somewhat differently the jet—algorithms described in sect. 3.

The predictions of the two models were already discussed in previous
sections. In general, very good agreement with the data is found. Further
comparison of the models, both among themselves and with the data leads us
to several observations. In the LPS model, both multiplicity and
transverse momentum distributions are chosen to describe the experimental
data. The successes of the LPS model show that these two ingredients are

sufficient to describe the data.

In the FF model, definite mechanisms of quantum—number flow are
incorporated in the fragmentation process that leads to a hadron jet.
However when jet—properties are averaged over (additive) quantum numbers,
quantum-number correlations become irrelevant. In addition, comparison of
the two models demonstrates that short-range correlations (e.g. due to
resonances), included in the FF-model, but absent in the LPS-model, as well
as detailed structure of the longitudinal momentum distributions have
essentially no influence omn the behaviour of the "collective' variables
(1), (7) and (3).

LR R I o PR Al b e
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Returning to comparisons between the experimental data, it was shown
in sect. 4 that (a) the average charge multiplicity in non-diffractive low
Pp hadronic interactions and in leptonic processes are similar at the
same c.m. energy; (b) the transverse momentum distribution, with respect to
the jet axis, is also similar. We conclude from the Monte—-Carlo models
that the remarkable similarity of many characteristics of "soft" and "hard"

jets originates from (a) and (b).

This fact allows us to appreciate further the interpretation of our
results. Indeed, the "universality" now traced to the similarities in
average multiplicity and transverse momentum distribution, is not
sufficient to show fundamental similarities between low Pr hadronic
dynamics and the leptonic processes. Moreover it remains to be seen
whether these observations [(a) and (b)] are still valid at higher energies
where perturbative QCD effects become more prominent in leptonic
processes. The lack of sensitivity of most of the collective variables
used, indicates that other methods are needed to prove or disprove the

"universal" character of jet fragmentation. Quantum-number content and

quantum-number flow are possible candidates.

CONCLUSIONS AND SUMMARY

We have done an extensive comparison of low-pT ‘jets" in non-
diffractive XK' P interaction at vs = 11.5 GeV with jets found in e+e-
annihilations and in v(V)N interactions at similar energies. We find a
good overall agreement between the collective properties of these two
classes of jets when compared at the same hadronic c.m. energy. Agreement
is also found when comparing various inclusive single particle distribu-
tions. In particular the transverse momentum distribution and the average

charge multiplicity are very similar.

Our data were compared to the predictions of two Monte-Carlo models
(LPS and FF). Both models describe the data equally well, and yield very
similar predictions. This 1s not unexpected since the input to the models
is essentially the same, namely the average charged particle multiplicity
and transverse momentum distribution. We conclude that these two features

account for many of the other similarities observed.
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Thus other methods are required to prove or disprove the "universal"

character of the jet fragmentation process, such as quantum number content

or flavour—-flow.
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TABLE CAPTIONS

Table 1

Table 2

Table 3

Table 4

Average values of S, 1-T and §' for different sets of data. For
sake of completeness, we give also average values obtained with
the definition given in ref. [4], where the spherocity and thrust
axes are the direction of the resultant four-momentum vectors of
hadrons that travel forward in the measured hadrons c.m.s.

(Statistical errors only).

Coefficients of the straight line fits to <8>, <T> and <8'> as a

function of the charge multiplicity. The fits are shown in fig. 7.

Average values of <pL>, <pT>, <p%> with respect to the thrust

axis for different sets of data. (Statistical errors only).

Average values of the eigenvalues Qi and of the ratioc Q,/Q, for

different sets of data. (Statistical errors only).
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TABLE 2

Fits of straight line y = ang + b

a b x % /NDF
Sphericity .0282 * .0008 | .021 % .005 1.31
Thrust -.0166 £ .0004 [ .959 = .003 0.50

Spherocity +0345 £ ,0007 005 = .005 0.44
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TABLE 4

Non-diffractive
events

Diffractive events

All events

<Q,> 0.853 £ 0.001 0.983 % 0.001 0.876 * 0.001

<Q,> 0.112 % 0.001 0.014 * 0.001 0.094 % 0.001
<Q,> 0.0352 * 0.0005 0.0030 * 0.0002 | 0.0295 % 0.0005
<Q, /Q;> 0.329 * 0.002 0.237 * 0.005 0.312 £ 0.002
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FIGURE CAPTIONS

Fig. 1

Fig. 2

Fig. 3

Fig. 4

KNO plot for mon—diffractive events. The solid curve corresponds

+
to the full sample. e e data are from ref. [24].
Distributions of the angles between the following different axes

(a) Thrust and sphericity.

(b} Thrust and spherocity.

(c) Sphericity and spherocity.

(d) Thrust and beam.

(e) Sphericity and beam.

(£f) Spherocity and beam.

(g) Thrust and fastest particle.

{h) Sphericity and fastest particle.

(i) Spherocity and fastest particle.

The open points in (e) refer to events with missing energy below
4 GeV. The superimposed curves are the expected distributions

from FF (dashed lines) and from LPS (continuous line).

(a) Sphericity distribution for non-diffractive data. ete”

data are from ref. [25] and v(;)p data from ref. [5].

(b) Same as in {(a). The superimposed curves are the expected
sphericity distributions from FF (dashed 1ine) and from LPS
(continuous line).

+—
(a) Thrust distribution for non-diffractive data. e e data

are from ref. [25] and vN data from ref. [4].

(b) Same as in (a). The superimposed curves are the expected
thrust distributions from FF (dashed line) and from LPS

(continuous line).
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FIGURE CAPTIONS (Cont'd)

Fig. 5 (a) Spherocity distribution for non-diffractive data. vN data

are from ref. [4].

(b) Same as in (a). The superimposed curves are the expected
spherocity distributions from FF (dashed line) and from LPS

(continuous line).

. . R + -
Fig. 6 (a) <S> as a function of V& compared with e e [21,25]
and vN [4] data. The curve is a parametrization taken from

ref. [25].

) + -
(b) 1—<T> as a function of VS compared with e e

[21,25]) and wWe [4] data.
(e) <8'> as a function v& compared with vNe [4] data.

Fig. 7 (a) Average sphericity.
(b) Average thrust.

(c) Average spherocity.

as a function of the charge multiplicity. The coefficients of

the fitted straight lines are listed in table 2.

Fig. 8 /e dU/dP% as a function of p% relative to the
.. . + -
sphericity axis. The e e data are from ref. [3]. The
superimposed curves are the expected p% distributions from

FF (dashed line) and from LPS (continuous line).

Fig. 9 Average observed parallel and transverse momentum with respect to
the thrust axis. The triangle data points are obtained for
. +—
<p. > = > 0.1.
P> with x 2p//Ecm 0.1. The e e data are
from ref. [26].
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FIGCURE CAPTIONS (Cont'd)

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

10

11

12

13

14

15

(a) Rapidity distribution 1/¢ do/dy for nom diffractive events
(using thrust axis). We use here only charged particles produced
in the c.m. forward hemisphere. In the insert, rapidity
distribution 1/0 do/dy averaged over 0.2 < y < 1 as a function of

the c.m. energy-

2 . . ,
<PT> as a function of x in the two hemispheres (forward and
2. . . .
backward) . <pp> is caleulated with respect to the thrust axis.
Points refer to seen particles, open points to negative particles

only.

Angular distributions (llETOT dE/dA) of observed particles with
respect to the thrust axis for thrust intervals 0.85 - 1.0, 0.75
- 0.85 and 0.5 - 0.75.

Correlation between the width of the energy flow distribution and

the thrust value.

Plot of y = %2 (Q2—Q1) versus X = % (Q, + Q,) for the non~

diffractive sample. The lines indicate the kinematical boundaries.
(a) <p2> distribution.
T out

2 . . . . e
(b) N distribution (see text for the definitions). In both
figures the e e data at W = 13 - 17 GeV are entered [25].
The superimposed curves are the expected distributions from FF

(dashed curve) and from LPS (continuous curve), respectively.
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FIGURE CAPTIONS (Cont'd)

Fig. 16

Fig. 17

Fig. 18

Fig. 19

(a) Planarity distribution.

(b} Flatness distribution (see text for the definitions). The
curves are the predictions of FF (dashed curve) and LPS

(continuous curve), respectively.

Oblateness distribution (see text for the definition). The
curves are the predictions of FF (dashed curve) and LPS

(continuous curve), respectively.

Mean charged multiplicity (obtained doubling the mean charged
multiplicity in the backward hemisphere) as compared with

+
e e and pp data.

/o do/de in the backward hemisphere for charged

particles. Our data, for two different ranges of Ehad are
compared with ete” data [1] having ¥s comparable with
2E

had”
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