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Abstract

Inclusive distributions of po and » mesons have been measured in
deep inelastic u-p intefaétions.at 280 GeV/e. A comparison of the po.cross
sections with other leptoproduction experiments is presented. The « results
represent the first observation of this inclusive channel in high energy
leptoproduction. The po and w yields are found to be equal as may be
expected from the available density of states in isospin space. This
contrasts with spin angular momentum where the vector to pseudoscalar

meson ratio is suppressed relative to the available number of spin states.

For footnotes see next page
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1. Introduction

Studies of inclusive vector meson leptoproduction have helped to
increase present understanding of the quark fragmentation process. A large
proportion of vector mesons are primary particles formed in the initial
fragmentation chain. In contrast, pseudoscalar mesons are often the decay
products of more massive resonances, particularly in the central region.
Hence a study of vector mesons should give a greater insight into the

hadronisation process.

The leptoproduction of hadrons can he described in terms of several
models based on the quark-parton formalism. These models, however, all
contain free parameters which can only be reliably determined from experi-
ment. The vector to pseudoscalar meson production ratio is an example of
such a parameter. One assumption of the Field-Feynman model [1] is that
vector and pseudoscalar mesons are produced in the ratio 3:1 in accordance
to the statistical population of their spin states. However, experiments
which have studied the leptoproduction of po mesons have not observed
such high production rates [2-10]. In the Lund model {11] the vector to
pseudoscalar meson ratio is set 1:1 (for the lowest mass mesons) in
accordance with the measured value. It has been suggested that the
suppression of vector mesons is due to the mass difference between
pseudoscalar and vector mesons [12]. It is therefore of interest to
compare the production of isovector and isoscalar mesons of equal masses,

o . s
e.g. p and w to see if an analogous suppression occurs.

In the present paper results on inclusive po and w production are
presented and compared with the predictions of the ‘Lund model in order to
look for such a suppression. Results on inclusive muoproduction of po
mesons in the forward region have been published previously by the EMC [8].
The data presented here significantly extend these earlier results to cover
the whole range of Feynman x. The results on w leptoproduction rates are

the first observation of this inclusive channel.



The data were taken in the M2 muon beam at the CERN SPS using the EMC
vertex and forward spectrometers (NA9 experiment). Muons of energy 280 GeV
were incident on a 1m long liquid hydrogen target placed in a streamer
chamber. Detailed descriptions of the vertex and forward spectrometers
are published elsewhere [13,14]. The scattered muon and the fast forward
hadrons were detected and momentum analysed in the forward spectrometer.
Hadrons of lower momentum and at wider angles were detected in the streamer
chamber and vertex spectrometer (the lower cut-off momentum was 200 MeV).
Particles were identified in a system of four Cerenkov counters and time
of flight hodoscopes. These allowed w, K and p identification in the
laboratory momentum range from 0.5 to 80 GeV. The particle identification
system was inefficient for pions with xF<—0.2 and was only used as a

consistency check in the p° analysis.

Tracks through the apparatus were reconstructed with an efficiency close
to 100% and were passed through a vertex fitting algorithm which assigned
them either to the primary vertex or to secondary vertices consistent with
particle decays or secondary interactions. Mente Carlo studies show that

about 10% of tracks were misassigned to the wrong vertex.

Photons from decays were detected in a lead glass calorimeter
which was positioned downstream of the forward spectrometer about 19 metres
from the centre of the target [15]. It consisted of lead glass blocks, each
of thickness 13.6 radiation lengths built in a wall, covering approximately
3m2 at the front face. TImmediately upstream of the lead glass calorimeter
was a lead pre-shower wall of thickness 2.4 radiation lengths. 1Its purpose
was to initiate conversion of photons in order to maximise the energy of the
electromagnetic shower deposited in the lead glass. The energy resolution
of the calorimeter, averaged over all energies, was approximately 6%. An
algorithm was developed to reconstruct wo mesons from the separated or over-
lapping electromagnetic showers observed in the detector and the width of
the v mass peak was about 40 MeV. The position and geometry of the

lead glass calorimeter only allowed the detection of ﬂo mesons with xF>0.



In this paper, standard deep inelastic scattering variables are used.
Q2 is the negative four momentum transfer squared, v is the laboratory
energy of the virtual photon, y is the fraction of the incident beam energy
carried by the virtual photon, W is the mass of the hadronic system and the

fraction of the proton's momentum carried by the struck quark is given by:

2

Q

%Bj = 2Mv

where M is the proton mass. The variables W, Q2 and x_. are related by:

Bj

W= M o+ Q° (1/x_.-1)
Bj

The following variables are commonly used to describe hadron production in
lepton-nucleon scattering, z=Elab/v. where Elab is the laboratory energy
of the hadron, p;, the transverse momentum squared of the hadron measured
with respect to the virtual photon direction and Feynman x is given by
xF=2pL*/w where pL* is the longitudinal momentum of the hadron in the

hadronic centre of mass system.

- The data were corrected for the effects of acceptance, identification
inefficiency, smearing introduced by the resolution of the apparatus and
inefficiencies of the various off-line processes such as vertex fitting and
track reconstruction. These corrections were determined by a complete Monte
Carlo simulation of the experiment. Deep inelastic scattering events were
generated using the Lund String Model [11) for the fragmentation process.
Radiative effects due to QED processes and secondary interactions of the
produced hadrons in the target material were taken into account. The
scattered muon and the secondary hadrons were tracked through the apparatus
and the effects of multiple Coulomb scattering were simulated. The detection
of photons, from a decays, in the lead glass was also simulated including
the effects of resolution smearing and shower development in the different

elements of the detector. These effects were parameterised from measurements



of electron tracks observed in the data [15]. The effects of chamber and
hodoscope inefficiencies and smearing were also included and the resulting
computed coordinates of the simulated measurements in each detector were
passed through the reconstruction programme chain. In this manner the
inefficiencies of the apparatus and losses due to imperfections in the

off-line analysis were fully corrected for.

2. eo Analysis

The data sample consisted of 35624 events of which 25125 passed the
following cuts: Q2>4 Gevz, 4<W<20 GeV, y<0.85, Gp>0.75°, where eu is the
angle through which the muon is scattered. These cuts also imply that the
laboratory energy of the scattered muon is E '>20 GeV and v<260 GeV. These
criteria were adopted in order to avoid regigns where the acceptance was
small or varying rapidly and where radiative effects were large. Within

these limits <Q2>=17.5 GeV~ and <W>=13.3 GeV.

In order to extract the po signal all combinations of oppositely

charged hadrons were considered (h+h_) and the pion mass assigned to each.
Tracks assoclated with secondary vertices and identified kaons and protons
were excluded. Events with z ai >0.95 were also excluded since these contain
the elastic contribution. Thz h"h  invariant mass distribution for the
entire sample 1is shown in fig. la. The number of po mesons in this
distribution was determined by fitting a relativistic p-wave Breit-Wigner
function (BW) and a background function (BG) to the spectrum over the mass

range 0.56<m<1.2 GeV. The fitted function N(m) had the following form:

N{(m)} = a*BW-PS + b+*BG,
where

BG = exp (-am) * (L+fm + ym )

and a, b, a, B, v were free parameters. PS8 is a phase space function,
assumed to be of the same shape as the background. The mass and width of

the p° were determined from the parameters of the Breit-Wigner function and



were found to be M =0.76810.006 GeV and T =0.158%0.025 GeV respectively, in

P P
excellent agreement with the world average [16]. The smooth curve in fig. la
represents the fitted background function and fig. 1b shows the mass spectrum

after the background has been subtracted.

+ - - - - - o
Due to # ¥ combinations arising from w, K , n and K* decays, where

in the latter a K is misidentified as a w, structures appear in the h+h_
invariant mass spectrum below 0.5 GeV. As a result of such structures the

background distribution is no longer a smooth function of the invariant mass
below the po peak in certain kinematic regions. This causes an uncertainty
in the background fit which varies from 15 to 60% depending on the kinematic

region, but typically amounted to 30%.

po production was studied as a function of W, Xgj» Z» Xp and p; by
producing invariant h+h_ spectra separately for each kinematic region of
interest and subtracting the background. The parameters of the p° Breit-
Wigner function were fixed during the fitting process at the following
values: HP=O.769 GeV, FP=0.156 GeV. Both these values were taken from
the particle data table [16] and the value of rp was increased slightly
to allow for the effects of the mass resolution of the apparatus. This
was measured to be 25 MeV from the observed Ko mass peak [13]. Typical

%2 per degree of freedom for the fits obtained were in the range 0.8 to

Qo
1.5 and the statistical error on the number of p mesons ranged from
10 to 25%.

Acceptance corrections were calculated for each invariant mass plot
using the distributions of generated and processed Monte Carlo events.
Since the acceptance corrections for all the kinematic regions mentioned
above were only slightly dependent on the invariant mass of the h+h_ pair
in the region of the p° mass, this dependence was ignored during the process
of extracting the po signal. Secondary interactions of the pions from
p° decay lead to ~20% of the signal being dispersed into the background
and therefore lost after the background subtraction. In order to account

for this effect a correction factor was calculated, equal to the ratio of



po mesons generated and observed in the Monte Carlo events, where the
effect of hadron reinteractions were included. The total systematic error
was estimated to be ~ 40%. This was obtained by combining the error from

the Monte Carlo corrections with that arising from the background subtraction.

The experiment yielded a total number of 78201600 po mesons giving
an average multiplicity of 0.31130.024 (stat.) *0.124 (syst.) p° per event
to be compared with the Lund prediction of 0.5 (assuming that the vector/
pseudoscalar ratio is one). This discrepancy can be seen as a systematic
difference between the Lund prediction and the data points in all the

measured distributions.

3. w Analysis

The w+w°ﬂ+w— decay mode (branching ratioc 89.9%) has been observed
using the x° mesons reconstructed from the lead glass calorimeter in
conjunction with data from the charged particle detectors. In order to
compensate for the loss of 7° mesons due to the low acceptance of the
lead glass detector as large a data sample as possible was used., There-
fore only two cuts were imposed: Q2>2 Gev® and 0.05<y<0.9, leaving a
total of 69908 deep inelastic scattering events within these looser cuts.
The mean values of the kinematic variables in the data sample were

<Q®>=16.3 GeV" and <W>=15.3 GeV.

To extract the « signal all combinations of oppositely charged hadrons
with a n° were used i.e. h+h_w°. The significance of the signal and the
signal to background ratio were improved by imposing the following require-
ments on the charged tracks used in the combinations. Only forward charged
tracks with xF>0 were considered. This was the most effective cut because
the geometry of the lead glass detector restricts full reconstruction of o
mesons to the forward region. Identified protons and tracks without particle
identification information were excluded in addition to those with p;>1 Gevz.
The invariant mass spectrum for the h*h «° combinations after all cuts is

shown in fig. 2a. A clear w signal is seen in two 20 MeV mass bins.



Inhorder to estimate the total number of w mesons in the sample two
independeﬁt methods of background subtraction were attempted. For the first
method it was assﬁmed that the w signal lay entirely within the two
significant bins. The background was approximated by a straight line outside
these two bins'over the mass range 0.70 to 0.92 GeV. The fitted background
was tﬁen subtracted leaving the signal as shown in fig. 2b. The Monte Carlo
showszthat‘the signal, after background subtraction; should lie over a range
of approximately 5 bins and so the resulting number of «w mesons was
corrected by the ratio of « mesons lying within the central two bins in the
Monte Carlo to the total number in the Monte Carlo peak. The number of w
mesons obtained in this way was 469382, As a consistency check a method
similar fd thaﬁ described for p mesons in the previous section was used to
fit the Breit-Wigner and background functions over the mass range between
0.70 to 0.92 GeV, This gave a total yield of 500196 « mesons in good
agreement with the first method. These were the yields bhefore acceptance

corrections.

The production of w mesons was studied as a function of z, Xp and p;
by producing invariant mass spectra for each bin of these variables. The
straight line fitting method was used to subtract the background for each
region and the‘correction for the losses outside the 2 central mass bins,
as explained above, was applied. 1In order to reduce systematic errors
‘introduced by acceptance corrections only w's with xF>0.2 were considered
for this part of the analysis. Acceptance corrections were calculated by
taking the fatio of w's reconstructed in the Monte Carlo to the number
generated for each region. The systematic error resulting from the back-
ground fit was estimated to be approximately 15%. Once other sources of
error due to the Monte Carlo had been taken into account the total syste-

matic error was estimated to be 50%.
4, Discussion
The normalised z distribution of the po production rate is shown in

fig. 3. Cood agreement with the previous EMC experiment [8] can be seen in

the forward region (z>0.3). In the same figure results of two other lepto-
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production experiments (vp.;p) are plotted [4,10]. All the data seem to

be in satisfactory agreement except for the low z region where differences
appear. The significantly lower production rate for 0<z<0.3 observed in the
neutrino experiments may be due to the fact that the mean value of the
hadronic c¢.m. energy, W, was much smaller: 4.4 GeV in [4] and 3.7 GeV in
{101 as compared to 13.3 GeV for the data presented here. Figure 4 shows
the normalised Xg distribution for both the neutrinc experiments and the
data presented here. The discrepancy observed for z<0.3 is also manifest

in the region xF~0.

The forward-backward asymmetry (F-B)/(F+B) for po production is
0.3810.06 (stat.) in agreement with the wvalue of 0.31 predicted by the Lund

model.

The average po multiplicity as a function of w2 and xBj are shown in
figs. 5 and 6, respectively. The shapes of both the xBj and the W depend-
ences are adequately represented by the model, but as noted above, the model

predicts systematically higher yields than observed in the data.

A comparison of the production rates for pO and w mesons as functions
of z, Xp and p; is shown in figs. 7,8,9 respectively. The production rates
of po and w mesons are equal within errors in all three distributions.
This result is in reasonable agreement with the predictions of the Lund model.
S8ince both particles have the same valence quarks, effects due to the flavour
of the struck quark should not be observed at high z (or xF). This implies

that the yeild of » and po should be the same at high z which is consistent
with the data.

In conclusion inclusive po and w production rates have been studied
in deep inelastic muon scattering on protons. These production rates in
the forward direction are found to be equal. This equality implies that
there is no suppression of the production of isovector relative to isoscalar
mesons in the quark fragmentation process. This is in contrast to the case
of the production of vector mesons which is suppressed relative to pseudo-
scalar mesons. The Lund string model for the fragmentation process gives a
reasonable representation of the shape of the data but overestimates the

total production rate.
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Figure Captions

Fig. 1
Fig. 2
Fig. 3
Fig. 4
Fig. 5
Fig. 6
Fig. 7
Fig. 8
Fig. 9

+_

(a) The h h invariant mass distribution of the entire sample
(after cuts). The curve shows the fit of the background
function (BG);

(b) po peak after background subtraction with the curve of the

. o .
fitted p signal.

+, - . .
(a) The h h ﬁo invariant mass distribution after cuts (see text};

(b) w signal after background subtraction.

Normalised z distribution of p° (1/N +dN o/dz) compared with
other experiments. The curve shows the prediction of the Lund

model.

NMormalised Feynman x distribution of p° compared with other

experiments. The curve shows the prediction of the Lund model.

Average p0 multiplicity as a function of the hadronic c¢.m.
energy, W. The curve shows the prediction of the Lund model.

Average po multiplicity as a function of % The curve shows

Bj’
the prediction of the Lund model.

Normalised z distribution of w production rate (1/Nu-de/dz)

compared with the corresponding Po distribution. The curves

show the prediction of the Lund model.

. . s s o
Normalised Feynman x distribution p and w mesons. The curves

show the prediction of the Lund model.

2
Normalised transverse momentum Py distribution of po and w mesons
compared with other experiments. The curves show the prediction
of the Lund model.
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