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We present a Monte Carlo calculation for multiparticle events in e*e--annihilation.
The underlying model is a chain decay model and has the following features: (/) Baryon
production as well as meson production, (i) Energy-momentum conscrvation, (iii) Conser-
vation of quantum numbers like Q, I3, S, B, (iv) Inclusion of transverse momentum of the
emitted hadrons, (v) Fragmentation via meson and baryon resonances of the lowest SU(3)
multiplets. We compare the results of the model with experimental data on e*e~-annihilation
including average muhiplicities of charged and neutral particles, longitudinal and transverse
momentum distributions of the final hadrons and distributions of jet variables like Thrust.
In general the agreement of the model with experimental data is good.

1. Introduction

Presently, the muitihadron production in high energy collisions is usually studied in
the frame work of the quark parton model. We want to present a quark fragmentation
model and apply this to e*e~-annihilation into hadrons. This problem has been previously
studied by Field and Feynman [1] and ligenfritz, Kripfganz and Schiller [2]. Despite of
its phenomenological success the model of Field and Feynman suffers from several de-
fects as already pointed out by the authors. These include: (i) The model does not con-
serve energy-momentum, (if) The model does not predict baryon production, (iif) The
model does not include the conservation of quantum numbers like Q, 73, S, B.

The aim of our work was to develop a more realistic model which is able to overcome
the above mentioned defects. In order to include (anti)baryon production we use the scheme
of llgenfritz, Kripfganz and Schiller [2]. That means we consider beside (anti)quark jets
also (anti)diquark jets.

The outline of the paper is the following: In Chapter 2 we give a short description of
the quark fragmentation model, in Chapter 3 we describe the Monte Carlo model in detail
and in Chapter 4 we compare the results of the model with experimental data.
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2. The quark fragmentation model

Inclusive hadron production in e*te—-annihilation and lepton hadron collisions is
usually studied in the quark parton model in terms of the quark fragmentation functions
D(z). Di(z) is the probability distribution for finding a hadron of the type h in the jet
resulting from the fragmentation of the quark q.z = Py, 4,04/P;., is the momentum fraction
of the hadron. Scale violations of the quark fragmentation functions like those following
from QCD are not considered in the present paper. It is not obvious how to include scale
violations in chain decay models like the one considered here. At present there is no re-
liable method to calculate the quark fragmentation functions from an underlying theory,
say QCD. Therefore phenomenological chain decay models have been developed [1-3].
In their simplest version the quark fragmentation functions D(z) are given as a solution
of the integral equation

1~z
dz' z
D(z) = d(z)+ f PR d(Z')D< ) 0]
1—2 1-z
V]
first studied by Finkelstein and Peccei [4] and Krzywicki and Peterson [5]. z = P); padron/Pier
is the scaling variable. In equation (1) transverse momenta and masses of the quarks
and final hadrons are neglected. Therefore the momentum P;,, of the original quark jet
is equal to its energy \/5/2. d(z) is the so called momentum sharing function or vertex
function. d(z)dz gives the probability to emit in the first step a hadron with the momentum
fraction z in dz. The first emitted hadron leaves behind a remaining jet with the proba-
bility d(1 —n)dn where n = 1—z. Each hadron considered is either emitted in the first step
or results from the fragmentation of the remaining jet. In the second case D(z/n) is the
distribution of the hadrons with the rescaled momentum fraction z/y within the remaining
jet. The integral equation (1) is unrealistic for low initial energies /s/2 since it provides
quark fragmentation functions D(z) which scale at each initial energy.
Equation (1) is underlying the following simple model. A quark of the type a has
a determined initial momentum p, in the z-direction. This quark creates a new quark
antiquark pair of the type bb. The original quark a recombines with the antiquark b to
one meson of the type ab with the momentum fraction z,, = p, /p, and leaves behind the
quark b which carries the momentum fraction 5, = p,/po = (Po—Pr1)/Po = 1 —2Zy;.
The quark b creates a further quark antiquark pair of the type cc and so on.

Later we discuss a method to include transverse momenta in the model. In a Monte
Carlo model of this kind the chain decay must stop as soon as the momentum of the
incoming jet is too low. In case that the fragmentation of a single quark is considered the
momentum cannot be conserved exactly since there always exists a residual jet with some
small momentum. But if the initial momentum p, is sufficiently high then the residual
jet carries only a small fraction of the initial momentum and we have approximate mo-
mentum conservation. Including diquark and antidiquark jets the model can easily be
expanded to describe also baryon and antibaryon production beside the meson production.
Using the integral equation method this has been discussed in the paper by Ilgenfritz,
Kripfganz and Schiller [2].



261

In figures | and 2 we illustrate chain decays containing only mesons and mesons and
(anti)baryons, respectively.

meson q.§ mesonqq mesonqﬁ

_’Jt.J J tq’k-l

qi qj

Fig. I. Chain decay into only mesons. /, j, / are the flavour quantum numbers of the quarks q and
antiquarks q

antibaryon meson
baryonqgqq ~ 3d G q§ baryonqgq

e L_HL

q qj
Fig. 2. Chain decay into mesons and baryons. i, j, k, I, m, n, p are the flavour quantum numbers of the
quarks and antiquarks
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We review briefly the solution of the chain decay equation by Ilgenfritz, Kripfganz
and Schiller [2] and discuss the asymptotic behaviour. First we neglect for simplicity the
quantum number structure of the jet and use the vertex function

d(z) = (B+1) (1-2) (2

with the normalization condition

1
fd(z)dz = 1. 3)
(o]
The solution of the integral equation (1) is
o) = L2 -2y, @
z

The distribution for non-leading particles, that are particles not emitted in the first step, is
D"(2) = D(2)-d(z) = (B+1) (1-2)’*'/z. (%)

In more general cases the equation is solved by Mellin transformation. In order to include
quantum numbers a transition matrix R, . is defined.

=Y Rl with Rh, =0 for h#qq. (6)
h
Rf:q, gives the probability that the incoming quark jet q emits a hadron of the type h and

leaves behind a quark jet q'. The transition matrix is normalized according to

Y Ry = 1. ™
q
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The sum goes over all considered quark flavours. Considering only the lowest SU(3)
multiplets, the pseudoscalar and vector meson nonet, we have the transition matrix

1 (n®+ncos® 0+n'sin?0) =t

Z hR", = (2“:_’5 - 4 (n° +cos? On +sin? 0)
D K- K°
KK * $(@°+w) of KK*
(1 sin? @+1' cos® 0) K+ K*? K¢

The ratios between the coupling constants Rp,. of the same multiplet are given by the
Clebsch-Gordan coefficients. The ratios between different multiplets are specified by weights
apgs oty With apg +ay = 1. SU(6) symmetry suggests ay/aps = 3. 0 is the mixing angle between
the singlet and octet members of the multiplet and « <C 1 suppresses strange particle pro-
duction. If we write down only the coefficients of the transition matrix we get in the SU(3)
case

1 1 k&
1 .

R,y = (-2:'—;) 1 kl. 9
1 1

We see here no reason to follow the arguments used by Sukhatme {6, 7] who assumes
a symmetrical transition matrix like

2 21
Ry =+l2 2 1]. (10)
113

Finally we discuss the asymptotic behaviour of the model for large initial momenta. We get
a logarithmic multiplicity rise with the initial momentum p

1
h § B p
(g = f dzDy(z) ~ 2 Ry Rg i {10g ;‘} R (i)
zo=p/p q’

p is the initial momentum of the jet and p is in the order of the transverse mass m, of
the emitted hadrons. From equation (11) we get the following asymptotical behaviour

{ng> _ {Ags) .~
(ney  Lngy P72
ngy  {ngs) ay

(ny ) PP o]

(12)
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We extend furthermore the model to baryon and antibaryon production, include trans-
verse momenta and quantum numbers like Q, 7, S, B. The model is applied to multihadron
production in hadronic ete~ — qoq, annihilation processes. In this process each of the
original quarks q, and q, creates separately a hadron jet in the following manner: The

original quark qo(qo) with the energy v 5/2 and the momentum in +(—) z-direction creates
in the colour field between the qq pair one or two new quark antiquark pairs. If only one
pair q,q,(q;q;) is created one meson qoq;(qeq;) is emitted and a quark jet q, (antiquark
jet q}) remains. If two pairs q,q, and q,q, are created one baryon qoq;q, (antibaryon
Q0q795) is emitted and an antiquark jet q,q, (diquark jet q,q;) remains.

In figures 3 and 4 we represent these four vertices. The remaining jets create now one
or two further quark antiquark pairs and so on. In this manner we generate first separately
two hadron jets. At the end the two residual jets are combined. They may contain one or

meson qiﬁj meson qiqj
DU | PR & B
q qj Hi ﬁj

Fig. 3. Vertex for the emission of a meson from a quark jet and antiquark jet

b .q antibaryon §9q
arysn q‘qiqk Y q‘alqk

BELL L

8 k g, 9
Fig. 4. Vertex for the emission of a baryon from a quark jet and an antibaryon from an antiquark jet
two mesons or one baryon or antibaryon. In figure 5 we show a possible vertex structure

of a total jet after the combination of the two original jets. The flavours of the quarks in
figure 5 were not specified. Each new qq pair gets a flavour quantum number. Details about

M1 B1 M2

1
R
g

B2 M3

Fig. 5. Example for the vertex structure of one final hadronic state in ete~-annihilation. M, B and A stand
for meson, baryon and antibaryon, respectively, qoqo is the primary quark antiquark pair and y is the
virtual photon

the flavour choice, energy and momentum selection are given in Section 3. In e*e--anni-
hilation the possibilities for the flavours of the original quarks q, and q, which couple
on the virtual photon are determined by their squared charges. In the present version
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of the model we consider only noncharmed hadrons. Neglecting contributions from
heavy leptons we obtain for the probabilities that the original quarks carry the flavour qq:
Pg = P; = 1/6 and P = 2/3.

3. Monte Carlo chain decay model

The simulation of a hadron jet in the process ete~ — y — qq — hadrons proceeds
by the following steps. At the beginning we choose the ete-collision energy and the initial
quark flavour. The iniiial situation is symmetrical E, = E; = /5/2 and p, = —p; and
the original quarks carry no transverse momenta. In the following steps we generate
first separately two hadron jets from the original quark q and antiquark q.

(1) Check of the end of the chain situation: At the beginning of each emission step
we compare the energy of the incoming quark jet with a randomly generated cut off energy.
If the jet energy is less than the cut off energy we stop the further chain decay.

(2) Choice of the vertex: We sample randomly whether a meson or (anti)baryon
should be emitted in the following emission step.

(3) Choice of the quark flavour: Here we have to sample the quark flavour of the
newly created qq pair or of the newly created qq pairs, respectively.

(4) Hadron classification: In this step we classify the emitted hadron or hadron
resonance according to the chosen vertex and quark flavours.

(5) Choice of the hadron energy: We sample the hadron energy and calculate the
energy of the remaining jet.

(6) Choice of the transverse momentum: We choose the transverse momentum of
the emitted hadron. The longitudinal momentum of this hadron is then determined by
its mass, transverse momentum and energy.

Py = tVEE—mi-pi,, (13)

where +(—) is used for the hadrons created in the jet with the original quark q (anti-
quark q).

(7) Combination of the two hadron jets: After having reached the end of chain
situation for both jets we combine them to a hadron two-jet.

(8) Decay of the hadron resonances: In this step all resonances decay into the observed
stable hadrons.

In the following sections we discuss the above steps in more detail.
3.1. Check of the end of chain situation
We choose random’y a cut off energy E,, . according to the following distributions
f(mcut off) < e‘blmcm ore With mg < mc.o. < oo, (14)

S(Plootr) o € PP Pemor with 0 < p,, < o0, (15)
and get

Ecnt off = \/pzut off + mczut off ¢ (l 6)
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The lower limit m, of the cut off mass is necessary to guarantee that the cut off energy
is not lower than the mass of the hadron which can be emitted from the incoming quark
jet. So we get

me = M for u or d quarks in the incoming jet,
97 lmy. for s quarks in the incoming jet.

an

This method allows us to regulate the multiplicities of the final hadron states by varying
the parameters b, and b, in the above distributions. With the values b, = 8.0 GeV-!
and b, = 8.0 GeV-2 we get a good agreement with experimental data.

3.2. Choice of the vertex

In this step we determine whether a meson or (anti) baryon should be emitted in the
next step. The ratio between meson and baryon production is specified by weights oy
and oy with ag+ay = 1, where oy and ay are the probabilities to choose a baryon or
meson vertex. From comparison with data [8] we find for the ratio of these probabilities

a b
meson q7 meson qla
_._j L._q —-—4J L‘—“
baryoLrl aqq antubur{tzl_‘n 'C'l'ﬁ.ﬁk

q g; 5“" 21
antibaryon 934, baryon q q q,
ai:J——j L»— q_’__j"“} L‘-"‘
g a9 q' 9,
meson qi-qk meson qi'ﬁk
SV | S a g
2 e e — K e K
q q. q q
} j J J
ai-‘—-__—-‘._—'q‘i qi-b——--—-b-qi
5T ST %
meson q7, meson 4§

Fig. 6. All possible vertices for meson, baryon and antibaryon production in our chain decay model.
a) in the jet of the primary quark qo; b) in the jet of the primary antiquark qo. /, f, k are the flavour indices

og/ay = 0.05. In figure 6 one can see all possible vertices in dependence on the original
quark q or q. When choosing the vertex we have to take into account that the chosen
vertex must start with the secondary constituent of the previous vertex.
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3.3. Choice of the quark flavour

We sample quark flavours in our model by introducing probabilities P,; for the for-
mation of different qq pairs. Depending on the chosen vertex we have to create one or
two qq pairs. Field and Feynman [1] used the following probabilities P; : Py = Pyy = 0.4
and P ; = 0.2. We calculate these probabilities P ; according to the following mass depen-
dent distribution:

Egr
C| 2E,e™ " dE, for Eg > m,,
Pa=) m (18)
0 for Eg < m,.
C is a normalization constant determined in accordance to the sum rule } P.; = 1 and E;

q
is the energy in the incoming (anti) quark jet or (anti) diquark jet. For constituent quark
masses m, = my ~ 0.3 GeV, m, ~ 0.5 GeV and m_ = 2.1 GeV we get with b = 6.0 GeV—!
the following probabilities: P,; = Pyy = 0.41, P; = 0.179 and P, = 0.0001.

3.4. Classification of the hadrons

Depending on the chosen vertex and quark flavours a meson q,q; or baryon q,q,q;
or antibaryon 7;g;J, has been created. The following lowest meson and (anti)baryon
multiplets of the symmetry group SU(3) are used for the hadron classification: (i) pseudo-
scalar meson nonet (PS), (i) vector meson nonet (V), (ii/) baryon and antibaryon octet
(B8, A8), (iv) baryon and antibaryon decuplet (B10, A10). These multiplets obtain the most
important stable and unstable hadrons of the symmetry group SU(3). The ratios between
members of the same multiplet are given by the corresponding Clebsch-Gordan coeffi-
cients and the ratios between different multiplets are specified by weights apg, oy with
apstay = 1 and opg, dag, Aat0, Fpro With axg = dpg, daj0 = ¥pjo and opg+op;o = 1.
SU(6) suggests ratios of different multiplets determined by the spin of its members apg/ay
= 1/3 and opg/ap10 = Aag/Aas0 = 1/2.

3.5. Choice of the energy

Field and Feynman [1] used the momentum sharing function

f(z) = 1—a+3a(1—2')*> with a = 0.88, (19)
Hgenfritz, Kripfganz and Schiller [2] used
f@y=m+1)(Q-2z) nz=1, (20)

where 7 is the number of the elementary constituents in the residual jet. The scaling variable

V4 hadron

is defined as 2’ = . Instead of the momentum fraction z’ we choose the energy

pqunrk jet

Ehadron

fraction z = . Therefore we use the following energy sharing function.

Jet
f(z) = 1—a+3a(1-2). (1)
b = 1 is for a meson vertex and b = 2 for a baryon or antibaryon vertex. For the param-
eter a we use the value 0.88 [1].
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3.6. Inclusion of the transverse momentum

We include the transverse momentum in our model by giving each emitted hadron h
a transverse momentum according to the distribution
do . . \/2_——2
1E oc 2E, rexp(—~E,;d) with E, =pi+m;—m,, 22)
1
where m, is the mass of the hadron. The transverse momentum conservation in each
emission step demands
Dii-1 = PinitDPii (23)

Pii-1 and p,; are the transverse momenta of the incoming and outgoing constituents in
the i-th emission step and p,,; is the chosen transverse momentum of the emitted hadron.
In case of a simple meson vertex we have

Pini = 5Lqi- 1 +E’1§:a (24)

and hence with equation (23)
Pigi-1 = Pigi-1 +Pugi+ Pgi (25)
That means the conservation of the transverse momentum of each newly created qq pair
ﬁlqi+5lai = 0. (26)

For the parameter d in the distribution (22) we use the value d = 6.0 GeV-! and get average
hadron transverse momenta which depend on the masses. For pions we obtain (p,)
= 0.3 to 0.4 GeV/c.

3.7. Combination of the two hadron jets

When the chain decay of the two separate quark jets with the original quark q and
antiquark q are terminated we compose all already emitted hadrons and the two residual
jets of these quark jets into a two-jet which conserves energy momentum and quantum
numbers exactly. The energy and momentum of the two combined residual jets is deter-
mined by the energy-momentum conservation for the jet

Z Ehi+Eresidual jet = \/E L (27)

Zi: Ehi+I’rcsidual jet = 0 (28)

The sum goes over all hadrons emitted so far. The residual jet may contain one or two last
particles depending on its quark constituents. These last one or two hadrons carry well
defined masses by their classification. On the other hand their energy and momentum
is exactly determined by the energy-momentum conservation for the whole jet. Hence
we get a contradiction if the residual jet contains only one particle since its mass is then
double defined. In such cases we include one of the already emitted hadrons in the last
kinematical calculations. Thus we are able to conserve exactly energy and momentum for
the whole jet. Due to the virtual quark masses which we never need to specify in our calcu-
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lations we are not able to exclude events in which the invariant mass of the residual jets
is less than the sum of the masses of the one or two last hadrons inside of this residual
system. It may even happen that the energy of the residual system is less than its momentum.
We reject such events.

3.8. Decay of hadron resonances

We are interested in hadron final states which contain only stable hadrons. For the
simulation of the decay of the emitted resonances into stable final hadrons we use a com-
puter program [9]. In this program each resonance might have several decay channels.
The ratios between these decay channels are taken from the particle data group tables
[10] and only decay channels are used with branching ratios bigger than 1%.

4. Discussion of the Monte Carlo results and comparison with experimental data

In this chapter we discuss the comparison of the Monte Carlo chain decay calculations
with experimental data from SLAC and DESY [8], [11-24]. Since charmed hadrons and
hadronic decays of heavy leptons are not yet included we do not expect complete agreement

with data above Vs = 4.0 GeV.
4.1. Multiplicity distributions

We expect a logarithmic increase of the average secondary hadron multiplicity as
function of the center of mass energy. Figure 7 shows the average multiplicities of all
hadrons and only charged hadrons versus the center of mass energy compared with data
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Fig. 7. Average multiplicities of all hadrons and charged hadrons versus E.n,. The Monte Carlo results
are compared with data from SLAC [11] and DESY ([12]
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from SLAC [11] and DESY {12}. The two free parameters for the cut-off energy distribution
(equations (14)-(16)) have been chosen as b, = b, = 8.0 GeV-*,

Above 5.0 GeV the Monte Carlo data seem to be somewhat higher than the experi-
mental data. The inclusion of charm and heavy leptons should provide a better agreement
above 4 or 5 GeV since the decays of heavy leptons and charmed hadrons provide final
states with lower multiplicities.

In figures 8a and 8b we plot the multiplicity distributions of all particles and only
charged particles, respectively, and find approximate KNO-scaling in the energy range

Vs = 4 to 30 GeV.

| <Ny t>
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27 . . » JESY [8]
1 <N &> 1
6t ]
* E
27 7 ) . « DESY [g]
‘f<"za>* { $ .
06}
, Ft et T ]
021 : ) x DESY [8]
30 4.0 5.0 6.0 70
Eepm (GeV)

Fig. 9. Average multiplicities for charged pions, kaons and twice of the antiprotons as function of the
center of mass energy compared with data from DESY [8]. In case of kaons and antiprotons we have plotted
a hatched region which represents the statistical error of the Monte Carlo calculations

In figure 9 we show the average multiplicities for charged pions, kaons and anti-
protons compared with data from DESY [8]. We are not able to provide complete agree-
ment with the data, however, the multiplicity ratios between pions, kaons and antiprotons
agree reasonably well with the data.

4.2. Energy and momentum distributions

Next we discuss average energies and momenta as function of the center of mass
energy as well as energy and momentum distributions.

In figure 10 we plot the average energy carried by all charged particles devided by the
total jet energy versus the center of mass energy. Experimental data [11] decrease approxi-
mately from 0.6 to 0.5 in the energy range \/s = 2.6 GeV to /s = 8.0 GeV. Our model
provides a ratio which decreases less rapidly.
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Fig. 10. Average energy of all charged hadrons divided by the total jet energy in dependence of the center

of mass energy compared with data from SLAC [11]
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Fig. 11. Average transverse (dash-dot line) and longitudinal (continuous line) momenta relative to the jet
axis versus E., compared with data from DESY [13]). In our Monte Carlo calculations we identify the jet
axis with the thrust axis. Additionally we show the average-transverse momenta (hatched line) relative to

the direction of the primary qq pair

This may be due to the fact that all final charged particles are considered as pions
in the experiment. Since we know the exact number of charged pions, kaons, protons
and antiprotons in the final hadronic state in our calculations we get no energy loss by
incorrect particle identification. On the other hand the flavour and energy choice for the
emitted hadrons is independent of the total jet energy in our model and all effects which
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cause a decrease of the above ratio should only be effected by.the resonance decay mech-
anism. In figure 11 we compare the average transverse and longitudinal momenta
relative to the jet axis with data from DESY [13]. We identify the jet axis with the thrust
axis in our calculations, which is found for each event by an iterative method.

For the free parameter of the transverse energy distribution (equation (22)) we use
the value d = 5.8 GeV-!. In general there-is a good agreement with data. The average
transverse momenta provided by the model might be somewhat too low and the longitudinal
momenta somewhat too high compared with the data. This could be corrected by the choice
of a lower value for the free parameter d, however, if we later include charm and heavy
lepton production in the model we get more particles with higher transverse momenta
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Fig. 12a) e versus p for ®¥, K* and 2p at Ecm = 4.0 GeV compared with data from DESY {14] at
/4

3.98 < E¢m < 4.10 GeV. For comparison with data we have normalized the calculated distributions using
do 2E —
the experimental hadronic cross section [14]; b) 2 & versus zg = — for %, K¥ and 2p at Eem
ﬂ dz E '\/S"

= 4.0 GeV compared with data from DESY [14] at 3.98 < 4/5 < 4.10 GeV. For comparison with data
we have normalized the calculated distributions using the experimental hadronic cross section [14]
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and lower longitudinal momenta, respectively, since we use & mass dependent transverse

. energy distribution (equation (22)). In figure 11 we also show the average transverse mo-
menta relative to the direction of the primary quark antiquark pair which we know of
course in our calculations in contrast to the experiment.

If we compare the average transverse momenta relative to the thrust axis and relative
to the direction of the primary qq pair we get a good agreement for energies above
/5 = 9.0 GeV. For lower center of mass energies the average transverse momenta relative
to the thrust axis decrease and the ones relative to the primary qq direction are independent
of the center of mass energy. This is what we expect since the jet axis and the axis of the
primary qq pair agree better and better with increasing center of mass energies.

Figures 12a and 12b show distributions for charged pions, kaons and antiprotons

2E _
versus their momenta p and their energy fraction z; = T’ respectively for \/s = 4.0 GeV
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Fig. 13. Momentum fraction distributions e versus z = —\—/—_— for charged hadrons at several center
y4

of .mass energies compared with 'data from SLAC [15).-The Monte Carlo distributions are normalized
according to the data.using the experimental hadronic cross section [14]

P 1 da
Fig. 14. Momentum fraction distributions — I Versus zj = \T for charged hadrons at several
[} Z ”

center of mass energies compared: with data from SLAC {15). The Monte- Carlo distributions are nor-
malized according to the data
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compared with data from DESY [14] at 3.98 GeV < /5 < 4.10 GeV. In order to compare

do d
the Monte Carlo distributions with experimental data of the form ———and sl we

B dzg
normalize the Monte Carlo data using the experimental hadromc cross-sectlon [14].
The agreement with data is good.

In figures 13 and 14 we get a similar good agreemcnt with data from SLAC [15] for
. . da do 2p"
the distributions s — versus z = and — versus z; = —= at several centers
dz \/ s o dzy s _

of mass energies. Due to the fact that we neglect heavy lepton and charm production we
cannot expect complete agreement with data.

In figure 15 we plot the quark fragmentation functions for u-quarks into n+ and =n-.
The results of the model are compared with data from vp, vp [16] and ep [17] lepton-

———

u-n* 4 trom ep+»n*X[17)]

f $ from Fpeu*h*X[16];
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B
" 3 !
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Fig. 15. Fragmentation functions of u quarks into =* and »—. The mulculated fragmentation functions
are compared with data from vp and vp experiments [16] and ep expenments [17} in the kinematic region
12< W2<16GeV?, 2 < 02 <6GeV?, 01 < x< 045 and 02< 2 < 09

nucleon scattering events in the kinematic region 2 < Q2% < 6 GeV?, 0.1 < x < 045,
12 < W? < 16 GeV? and 0.2 < z < 0.9. W is the invariant mass of the final state hadrons,

— Q% and v are the invariant mass squared and laboratory energy of the virtual photon
2

o
dx =
e X = oMy

. Since our model shows a relatively good scaling behaviour for center
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of mass energies above 4.0 GeV (figures 13 and 14) we are able to compare our calculated
fragmentation functions with data from lepton-nucleon scattering events for z values
above 0.2. In the vp-scattering experiment [16] D2*(2) is measured. In our model we
determine D} " (z). Therefore our calculated fragmentation functions might be somewhat
lower than the data from vp-scattering events.

4.3. Thrust and sphericity distributions

For the analysis of the jet character of the hadronig final states in e*e—-annihilation
we use the well known thrust variable, which is defined as [18, 19]:

T =max (TIl/Y 51} with $<T<1 (29)
The sum goes over all final particles and the longitudinal momenta 13",- are defined

relative to the jet axis e by py; = p; - . T = 1 belongs to an ideal two jet eventand T = %
belongs to an isotropic event. Furthermore, we consider the sphericity {20]:

S=3min{Yp2/Y P} with 0<S<L (30)
i i
7150
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o 1 . .
Fig. 16. Calculated angular distributions -— versus lcos @] for several center of mass energies.

N dcosb
0 is the angle between the thrust axis and the direction of the primary qq pair. The distributions are
normalized to the number of events N at each energy
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S = 0 belongs to-an ideal two jet event and § = 1 belongs to an isotropic event. Sphericity
distributions have been studied in detail experimentally [22, 23]. We determine the thrust
values by an iterative method. At high enough center of mass energies the jet axis agrees
approximately with the direction of the primary quark antiquark pair. Starting with this
direction we need only a small correction in order to find the thrust axis. An iterative
method to calculate this correction works very well.

In figure 16 we present the angular distribution of the thrust axis in the center of

versus |cos 0| for several center of mass energies. 0 is the angle

mass system — —
¥ N dcos @

between the thrust axis and the primary qq pair direction. The agreement between these
two directions is indeed a good one for high enough center of mass energies. Since we
use only two jet events and neglect contributions from three and more jet events and neglect
also contributions from charmed meson and heavy lepton decays we cannot expect complete
agreement with data.

x $ <85> }DESY
A * o A<I-T>] [13,21]
o* x <S> }M.—C,
Xy X o <1-T>[] RESULT
X
A
w3t XX‘
Y] X
z *
s oA 4, X *
A
"_ 2 %0o0g ‘o .
VoL g
X
It °
L d e 2
5.0 10. 15. 20.
Ecm(GeV)

Fig. 17. Average sphericity <§> and thrust <I— T versus the center of mass energy compared with data
from DESY [13, 21]

In figure 17 we have plotted the average sphericity (3 and the average thrust (1 ~T"
versus the center of mass energy. For the energy range between 2 GeV and 8 GeV we have
a good agreement with data from DESY [13, 21].

1 dN
In figures 18a, b and ¢ we compare the sphericity distributions NB for the

center of mass energies E,,, = 9.4 GeV, 13.0 GeV and 17.0 GeV with data from the PLUTO
Collaboration [22] and the TASSO Collaboration [23]. At E,,, = 17.0 GeV we observe
a disagreement between our distribution and the data at large S values (Fig. 18c). Such
a disagreement was interpreted recently as evidence for bottom decays [24].
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Fig. 18a) Sphericity distributions N & versus $ for Ecm = 9.4 GeV compared with data from DESY

[22, 23]. The distributions are normalized to the number of events N at the considered center of mass
energy; b) The same like in figure 18a but for E.y = 13.0GeV; ¢) The same like in figure 18a but for
Eepy = 17.0 GeV

1 dN
In figure 19 we plot the calculated thrust distributions N ar versus T for several

center of mass energies. With increasing center of mass energy the maximum of the distribu-
tions goes to T = 1 and the curves become more narrow. A possible analytical parametriza-
tion of the tail of these thrust distributions is [25]

AN 1-T 1-T
ar = AT’ e"p(" AT)’ 3n
c'lnWw

with AT = 7 [26] where W is the total hadronic energy of the event. We found

a reasonable good fit for ¢ = 0.2293.
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Fig. 19. Calculated thrust distributions N T versus T for several center of mass energies. The distri
butions are normalized to the number of events N at each energy. We also compare these distributions

v 4-7) (I'_T)) [25] with AT =

with lytical parametrization of the form —— ~ ——ex
an analyfical pa n Nt~ Tar: “P\” “ar

= 0.2293 (In W)/W. W is the total hadronic energy

5. Summary

In the present paper we have described a quark jet fragmentation model with the
following features: (i) Inclusion of baryon and antibaryon production beside meson
production, (ii) Conservation of energy and momentum of qq fragmentation events, (jii)
Conservation of quantum numbers like Q, I3, S and B, (iv) Inclusion of transverse
momenta, (v) Fragmentation via meson and baryon resonances of the lowest SU(3)
multiplets. We do not consider charmed hadrons and heavy leptons at this stage. In general
the agreement with experimental data is good.
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