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Results from the Wrocªaw Monte Carlo neutrino generator of events
are reported. Predictions for charged hadron multiplicities, neutral pion
and strange particle production are presented and comparedwith available
data.
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1. Introduction

The aim of this paper is to present some details about the performance
of the neutrino Monte Carlo generator of events developed atthe Wrocªaw
University. It di�ers from other generators ( e.g. NEUGEN, NUANCE,
NEUT) [1] in the treatment of the resonance region. Our generator con-
tains an explicit � resonance excitation model but contributions from more
massive resonances are absent. It is assumed that an averagedescription
of the cross section coming from those resonances is su�cient. In fact, in
the low energy BNL data only the � peak is clearly seen in all single pion
production (SPP) channels on free nucleon targets [2]. In neutrino interac-
tions with nucleus targets the Fermi motion is supposed to average the cross
section contributions from other then the � resonance peaks.

The performance of the Wrocªaw generator in the SPP channelshas been
discussed elsewhere [3]. The agreement with available datais satisfactory.
In order to cover the entire allowed kinematical region it is necessary to
apply the DIS formalism to produce the events also for valuesof invariant
hadronic massW � 2 GeV. Two problems arise then:(i) how to model the
structure functions in order to reproduce the correct valueof the inclusive
cross section and(ii) how to produce the �nal states.
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The generally accepted way to describe the structure functions is to use
Bodek�Yang low Q2 modi�cations, which have been introduced on the basis
of the electron scattering data [4]. Recently the neutrino scattering data
from the CHORUS and NuTeV experiments on nuclear targets (iron and
lead) have become available [5] and further progress and cross checks will
be possible. In order to produce �nal hadronic states several strategies can
be adopted. In our approach we assume that interactions takeplace on
separate constituent of the nucleon. The �rst step of fragmentation is per-
formed by our generator and of remaining quark�diquark system by means
of PYTHIA6 routines based on the LUND model [6]. Several parameters
of PYTHIA6 were �ne-tuned to get a good agreement with data [7]. In
e�ect it is possible to produce DIS events for small values ofthe invari-
ant hadronic mass down to the threshold for the single pion production
W � Wthr � M + m� . The low W DIS events are used in order to model
the non-resonant background [8].

The description of the whole generator is presented in [9]. In this paper
we will present some details about the performance of generator's hadroniza-
tion routines.

2. Results

Average multiplicities hnchi of charged hadrons have been measured in
several experiments and the typical dependence

hnchi = a + b ln W 2=GeV2; (1)

has been observed. In Ref. [10] (it contains a misprint in thevalue of a in
(2) ) the following �ts have been found:

a = 0 :50 � 0:08; b = 1 :42 � 0:03; for CC �p ! �X ++ ; (2)
a = � 0:20 � 0:07; b = 1 :42 � 0:03; for CC �n ! �X + : (3)

In the experiment [10] results for scattering o� proton and neutron target
were extracted from the Fermilab 15-foot deuterium bubble chamber data.
Average neutrino energy was about 50 GeV and multiplicity distributions
were studies in the invariant mass range1 < W < 15 GeV.

In the paper [12] quite di�erent values of the parameter a nd b were
found:

a = � 0:05 � 0:11; b = 1 :43 � 0:04; for CC �p ! �X ++ : (4)

In the experiment [12] multiplicities of hadrons were obtained from the hy-
drogen bubble chamber BEBC and the investigated range of the invariant
hadronic mass was3:5 < W < 10 GeV.
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The results from the Wrocªaw generator are shown in Fig. 1. Itis seen
that the average multiplicities are much lower then the datafrom [10] while
agreement with data from [12] is very good. The di�erence between two mea-
surements is probably due to rescattering inside deuterium[10]. We veri�ed
that very similar to ours results are produced by the original PYTHIA6
code.
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Fig. 1. Average charged hadron multiplicity in neutrino scattering o� proton and
neutron targets. Data points are taken from [10,12].

The distribution of multiplicities agrees well with the KNO model and
is independent of the value ofW . It means that the probability to observe
n charged hadrons is

f (n; hnchi ) = F
�

n
hnchi

�
; (5)

where F is the universal scaling function.
In Fig. 2 the distributions of multiplicities obtained from the Wrocªaw

generator are shown and compared with the data from [10]. We see that
the pattern of distributions predicted by the MC generator agrees with the
data but higher multiplicities are systematically underestimated as could be
expected from the results forhnchi .

In Fig. 3 we show the average charged hadron multiplicities for antineu-
trino reactions.

The �ts obtained in [11] are

a = 0 :02� 0:20; b = 1 :28� 0:08; for CC ��p ! � + X 0 ; (6)
a = 0 :80� 0:09; b = 0 :95� 0:04; for CC ��n ! � + X � : (7)

The agreement of generator's predictions with the data is satisfactory.
It is also important to investigate NC reactions. Here the data is available

with the average charged hadron multiplicities [16]:
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Fig. 2. Charged hadron multiplicities in neutrino scatteri ng o� proton and neutron
targets. Data points are taken from [10].
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Fig. 3. Average charged hadron multiplicity in antineutrin o scattering on proton
and neutron. Data points are taken from [12] and the �t was found in [11].

a = 1 :61 � 0:16; b = 0 :99 � 0:05; for NC �p ! �X + ; (8)
a = 1 :65 � 0:20; b = 0 :95 � 0:07; for NC ��p ! �X + : (9)

The comparison of MC predictions with the data is shown in Fig. 4 and
the clear disagreement is seen. We were not able to obtain theoriginal paper
and data. The presented �ts are taken from [16]. As far as we know the NC
data was never published as an o�cial WA21 Collaboration's paper.

We did not �nd the experimental data for charged pion multipl icities.
One can use the existing data from anti-muon scattering and estimate the
charged pion multiplicities in neutrino reactions but such reconstruction
carries, especially for lower values ofW , an uncertainty which is di�cult to
evaluate.

The precise data exists for neutral pion production on the proton target.
They are again given in the form of a �t to the general formula (1):

a = 0 :14 � 0:26; b = 0 :50� 0:08; for CC �p � 0 production;(10)
a = 0 :17 � 0:42; b = 0 :53� 0:13; for CC ��p � 0 production:(11)
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Fig. 4. Average charged hadron multiplicities in neutrino NC scattering o� proton
and neutron targets. Data points are taken from [16].

In Fig. 5 we show our MC predictions for� 0 production. The agreement
with the data is excellent.
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Fig. 5. Average neutral pion production multiplicities in n eutrino and antineutrino
scattering on proton. Data points are taken from Grässleret al. [12].

In Fig. 6 we show our generator's predictions for the� 0 production in
�p and ��p scattering. The data is taken from [13]. In the case of neutrino
the agreement with data is satisfactory, but for anti-neutrino scattering the
cross section for� 0 production is overestimated.

Another good test of the hadronization routines of the generator is pro-
vided by predictions for the strangeness production.

At low anti-neutrino energy strange particles can be produced in quasi-
elastic processes but we do not discuss them here. In Fig. 7 the generator's
predictions for the cross section for�n ! � � K + � reaction are shown. The
data was taken from [14, 15] and it does not seem to be consistent (notice
the log scale). The MC results are in general agreement with the data.

Finally, in Fig. 8 we show the cross section for neutral strange parti-
cles K 0 and � 0. Data points are taken from [17�20]. We notice the good
agreement of the generator's predictions with the data.
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Fig. 6. Average� 0 production multiplicities in (anti-) neutrino scattering o� proton.
Data points are taken from [21].
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Fig. 7. Cross sections for channel�n ! � � K + � . Data points are taken from
[14,15].
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Fig. 8. Average neutral strangeK 0 and � 0 particles multiplicity in neutrino scat-
tering on proton.
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3. Conclusions

The predictions of the Wrocªaw MC generator of events are in satisfac-
tory agreement with the data. Nevertheless additional e�ort is necessary to
�ne tune some of the free parameters of the generator in orderto improve
its performance. The work on the nuclear e�ects module of thegenerator is
in progress.
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