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Electroproduction of hadrons is studied in the kinematic region W < 2.8 GeV and
0.3 < 02 < 1.4 GeV? using the DESY streamer chamber. Prong cross sections, charged-
particle multiplicities and inclusive #~ distributions are presented. The average charged
multiplicity is found to be independent of Q2 in the Q2 range studied here; however it is
lower than in photoproduction. The fraction of forward =~ is found to be significantly
less in electroproduction than in photoproduction. The (pf) for inclusive #n ™ is, for all x
values, similar to that found in photoproduction.

1. Introduction

In this paper we report the inclusive features of hadronic finat states produced by
inelastic scattering of 7.2 GeV electrons on protons. The data cover the kinematic
range 0.3 < Q% < 1.4 GeV? and W < 2.8 GeV. (—Q? is the mass squared of the
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exchanged virtual photon and W is the effective mass of all the final state hadrons.)
This range is intermediate between photoproduction at Q2 = 0, where the interac-
tions resemble hadronic processes, and the scaling region at W > 2 GeV and Q? > 1
GeV? | where inelastic ep scattering data have given indications for point-like consti-
tuents of the proton. We also know that s-channel resonances are excited in the
region W <" 1.8 GeV whereas for W > 1.8 GeV diffractive processes like p and w
production are important [1,2]. It is our aim to study the 9 and W dependence of
the inclusive features of the data in these regions.

In sect. 2 a brief description of the apparatus and the treatment of the events is
given. Sect. 3 presents the Q% and W dependence of the simplest overall features of
the interactions, namely, the topological cross sections and the mean charged hadron
multiplicity. The inclusive momentum spectra for yy + p = n~ + X are presented in
sect. 4. In sect. 5 we discuss which channels are responsible for the observed diffe-
rences in mean charged particle multiplicity between Q% = 0 and Q% = 0.3 GeV?.
The results are summarised in sect. 6.

This paper reports our final results. Preliminary results based on a smaller data
sample have been given in ref. [3].

2. Experimental procedure
2.1. Experimental setup

A detailed description of the experimental setup and the event analysis has been
given in refs. [3,4]. An electron beam of 7.2 GeV was directed onto a 9 cm long

liquid hydrogen target inside the DESY streamer chamber. The streamer chamber
allows the observation of the outgoing charged particles with nearly 47 acceptance.

Table 1

Resolution in W (o) for unfitted events

W(GeV) 02 (Gev?) ow(GeV)

1.65 04 +0.082
0.65 +0.074
1.1 +0.071

2.0 0.4 +0.055
0.65 +0.041
1.1 £0.037

2.6 0.4 +0.019
0.65 +0.018
1.1 £0.013

The resolution was determined from a Monte Carlo program for non-radiating events.
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A pair of trigger arms, composed of scintillation counters, lucite Cerenkov counters,
and lead-scintillator sandwich shower counters, identified the scattered electrons
and triggered the streamer chamber. For the data réported here the lucite Cerenkov
counter inserted into the shower counter near shower maximum allows for an im-
proved rejection of pion triggers [4] compared to earlier data [3]. Furthermore, a
proportional wire chamber with x, y readout was added to each of the trigger arms.
This improved the measurement of the momentum vector of the scattered electrons
by more than a factor of two and resulted in a considerably better mass resolution
ow for small values of W. Typical values of o,y are given in table 1 *.

2.2. The event sample

The event sample reported here was obtained from a data run with approximately
2 - 10'? electrons hitting the target. The event analysis was similar to that of bubble
chamber experiments. Scanning losses were very small (£ 1%) and have been neglected.
Correction factors for events which were not successfully measured depend slightly
on prong number and amount to 1.01, 1.03 and 1.06 for 1-, 3- and 5-prong events
respectively, One-prong events have been measured on ~30% of the film only. The
number of prongs always refers to the number of charged hadronic tracks only.

Since we are concerned here with inelastic electron scattering, events fitting elas-
tic electron-proton scattering are not included in the data sample. The elastic events
which do not make a 4C fit due to radiation were removed by eliminating 2-prong
events which satisfied the following criteria with a x? probability >1%: The missing
mass was consistent with zero and the missing momentum vector was consistent
with either the incident or outgoing electron direction. The fraction of events removed
from the total event sample by this procedure is 7% at W = 1.6 GeV falling to 3.5%
at W=~ 2.5 GeV. Events with visible strange particle decays, amounting to ~1% of
the data, are not included in the analysis **.

Each event in the resulting sample is weighted to correct for acceptance, radiation
effects, and smearing in Q% and W due to measurement errors. The radiation correc-
tions were generated separately for each topology using as input a fit to the total
inelastic electron-proton cross section of ref. [6] together with the fractional prong
cross sections of our earlier runs [3]. The Monte Carlo generated distributions agree
with the observed Q2, W distributions of the raw events and the input fractional
prong cross sections are consistent with the results presented below. To indicate the

* The resolution in Q2 varies from o = £0.01 GeV2at 92 = 0.4 GeV? to 0 = :0.02 GeV?2 at
Q2 =1 GeV? (independent of W).

** This procedure has also been applied in inclusive photoproduction results [5]. It should be
noted that because of the different decay volumes the procedure is not equivalent in the two
experiments. In the photoproduction experiment the fraction of events with visible strange
particle decays was ~ 6% (at W = 2.45 GeV). We estimate from the number of visible K~
decays that our 7~ inclusive spectra contain a K™ contamination of less than 8.5%.
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Table 2
Acceptance and radiation corrections at center of Q2, W bins
Q2 (GeVz) W(GeV) Acceptance Radiation and measurement error
0% (W correction
1-prong 3-prong 5-prong
0.3-0.5 1.5-1.8 0.235 1.06 1.36 141
0.4) (1.65)
1.8-2.2 0.245 0.90 1.15 1.30
(2.0)
2.2-2.8 0.230 0.78 1.04 1.20
2.5)
0.5-1.4 1.5-1.8 0.190 1.12 1.25 1.35
0.9) (1.65)
1.8-2.2 0.175 1.00 1.19 1.30
(2.0)
2.2-2.8 0.150 0.89 1.10 1.26
2.5)

The radiation correction includes a —7% correction for vertex and propagator effects (sec ref. {4]

for details). The-statistical uncertainty of the radiation correction is + 0.05 (from the Monte Carlo
generation).

size of the corrections table 2 gives the acceptance and the radiative correction at
the central values of the Q°, W bins used below. The tabulated radiative corrections
include the effects of smearing due to measurement errors.

Table 3 shows the topological distribution of the raw events for three intervals of
W. About 7.5% of events have an even number of hadronic prongs and are assumed

Table 3
Numbers of raw events in the interval 0.3 < Q2 < 1.4 GeV? (in addition we have 171 events with
visible strange particle decay)

No.of 11<W<15GeV 1.5<W<18GeV L.8<W<22GeV 22<W<28GeV
prongs

02) 64 65 61 38
19 2249 1679 1477 1003
2 117 229 378 332
3 856 2179 3561 4054
4 6 10 42 56
5 2 13 57 286
6 0 0 1 8
7 0 0 0 3
Sum 3294 4175 5577 5780

3) From 30% of the film. Elastic events ep — ep are excluded.
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to have a track hidden by flares or the target. The three-prong sample includes events
from the channel ep = epr’ 7™, observed as 2-prong events, for which a missing track
has been reconstructed by means of a 1C fit (see subsect. 4.3 of ref. [4]). These
events amount to 3% of all events at W~ 1.6 and 1.5% of all events at W = 2.5 GeV.
The remaining even prong events have been added to the next higher topology for
the purpose of the mean charged multiplicity and prong cross section determinations.
The 4-prong events have been carefully examined for spurious tracks to avoid the
possibility of a 3-prong plus a spurious electron or positron track being taken as a 5-
prong with a lost track. This check is particularly important in the case of 4-prong
events, since the number of 3-prong events is considerably greater than the number
of S-prong events.

For the inclusive distributions, the total number of tracks has been corrected for
missing tracks for each topology, which is equivalent to assuming that the missing
tracks have the same distribution as the observed tracks of the same topology *;
0.3% of the events have a charge imbalance greater than one unit and have been
neglected.

Above W = 2.6 GeV where the trigger electron energy is low (£ < 4.1 GeV) a
correction for erroneous pion triggers by photoproduction events has been estimated
The resulting corrections are less than the statistical errors and have not been applied

For the data presented here we use measured (unfitted) variables for all events
(with the exception of fig. 7a, see subsect. 4.1). This procedure is consistent with
our method for the determination of the inclusive radiative corrections where the
effect of kinematic fitting is not considered.

3. Mean charged multiplicity and fractional prong cross sections

In this section we present the dependence of the mean charged multiplicity and
the fractional prong cross sections on the photon “mass” 0% and the hadronic c.m.s.
energy W.

The fractional prong cross section is defined as 6, (0%, W)/0,0((Q*, W), where a,,
is the cross section for events with » charged hadronic prongs, oo¢ = Z,0,. The
mean charged multiplicity is then

(R = Enan/om )
n

All cross sections presented below are virtual photon cross sections averaged over
the quoted Q%, W regions. The prong cross sections are given by

Ly Wi 0% W)

0"(QZ’W)CCAQ’AW P TELw

* The tracks recovered by a 1C fit for channel ep ~ epn’n have x and p, distributions similar
to those from the observed tracks of this channel.



Table 4

Charged multiplicities and fractional prong cross sections as a function of Q2 for different W

intervals

1.3 <W<1.5GeV (Wy=1.4 GeV

0% (GeV?) (nep) 01/0tot 93/0t0t otot (ub) d
0.3-0.4 1.49 + 0.03 0.76 + 0.02 0.24 + 0.02 135758
04-0.5 1.44 + 0.03 0.78 £ 0.02 0.22 + 0.02 137.8 6.3
0.5-0.6 1.37 £ 0.03 0.82 + 0.02 0.18 £ 0.02 101.2+ 6.0
0.6-0.7 1.43 + 0.05 0.79 £ 0.02 0.21 £ 0.02 102.6 + 74
0.7-1.0 1.39 + 0.04 0.80 = 0.02 0.20 £ 0.02 814 +5.7
1.0-14 141+0.10 0.79 £ 0.05 0.21 £ 0.05 502+7.7
1.5 <W<1.8GeV (W= 1.65GeV

0% (GeV?) (nep) o1/0t0t 03/0t0t otot () D
0.3-0.4 1.69 £ 0.03 0.66 + 0.02 0.34 2 0.02 149.4 + 4.7
04-0.5 1.72 + 0.03 0.64 + 0.02 0.36 = 0.02 132.8+44
0.5-0.6 1.76 + 0.04 0.62 £ 0.02 0.38 £ 0.02 1084 + 4.5
0.6-0.7 1.72+ 0.05 0.65+0.02 0.35 £ 0.02 92.5+5.2
0.7-1.0 1.67 = 0.04 0.67 + 0.02 0.33 £ 0.02 82.1+£4.2
1.0-14 1.75 £ 0.09 0.63 £ 0.05 0.37 £ 0.05 616 6.5

The above total cross sections were determined by normalising to the total inelastic ep cross sec-
tion measured in a single arm experiment [6]. The above errors are statistical only. An additional
8% uncertainty is due to normalisation and radiative corrections.

1.8 < W< 2.2 GeV (W= 2.0 GeV

0*(GeVY)  (nep o1/ot01 03/0t0t o5/otot otot (ub)?
0.0 2.32 £ 0.06 0.34 0.645 0.015 141
0.3-0.4 2.06 £ 0.03 0.49 + 0.02 0.50 £ 0.02 0.014 = 0.004 93.6 + 2.6
04-0.5 2.05 % 0.03 0.49 = 0.02 0.50 £ 0.02 0.014 £ 0.004 89.8+2.5
0.5-0.6 2.07 £ 6.04 0.48 + 0.02 0.51+0.02 0.014 + 0.004 146+28
0.6-0.7 2.14 £ 0.05 0.45 1 0.03 0.53 +0.03 0.018 + 0.005 68.9 + 3.2
0.7-1.0 2.05 % 0.04 0.49 £ 0.02 0.49 £ 0.02 0.015 = 0.005 61.5£2.5
1.0-14 1.96 + 0.09 0.53 % 0.05 046 + 0.04 0.010 + 0.005 51.1+4.7
22<W<2.8GeV (W) =2.5GeV

0%(Gev?) (nch? ailotot a3lotot a5/otot Otot (ub)
0.0 (ref. [8])  2.77+0.06  0.18 + 0.01 0.75 + 0.02 0.068 + 0.003  124.3: 3.0
0.3-04 242 £ 0.04 0.35 £ 0.02 0.60 + 0.02 0.053 + 0.007 793+2.5
0.4-0.5 248 + 0.04 0.33:0.02-  0.60 ¢ 0.02 0.065 + 0.007 73.0 % 2.0
0.5-0.6 2.42 £ 0.05 0.36 + 0.02 0.57 £ 0.02 0.067 + 0.008 68.0 £ 2.5
0.6-0.7 2.37£0.06 0.37 £ 0.03 0.57 £ 0.03 0.055 + 0.009 62.8+2.9
0.7-1.0 2.50 £ 0.05 032+ 0.02 0.61 £ 0.02 0.069 * 0.009 52.3:2.0
1.0-14 2.48 £ 0.10 0.31 £ 0.04 0.64 + 0.04

a) Excluding events with visible strange particle decay.
b) Interpolated values from refs. [8,9].

0.052 £ 0.016

40.3+3.2
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Table 5
Charged multiplicities and fractional prong cross sections as a function of W for 0.3 < Q2 <14
GeV? (¢ is the polarization parameter)

0.3 < Q%< 14 Gev? (0% = 0.78 GeV?
W (GeV) {€) #en) a1/0tot 03/0¢0t 05/0t0t
11-1.2 0.99 1.00 £ 0.00 1.00 0.0

1.2-1.3 0.99 1.06 = 0.01 0.97 + 0.01 0.03 +0.01

1.3-14 0.99 1.34 £ 0.03 0.83 £ 0.02 0.17 £ 0.02

14-15 0.98 1.48 + 0.04 0.76 £ 0.02 0.24 = 0.02

1.5-1.6 0.98 1.66 = 0.04 0.67 = 0.02 0.33 + 0.02

1.6-1.7 0.97 1.67 £ 0.0 0.67 £ 0.02 0.33 £+ 0.02 0.002 £ 0.001
1.7-1.8 0.96 1.83 + 0.05 0.59 £ 0.02 0.41 £ 0.02 0.005 = 0.002
1.8-1.9 0.95 1.93 £ 0.05 0.54 £ 0.03 0.44 £ 0.03 0.011 £ 0.004
1.9-2.0 0.94 2.00 = 0.06 0.51+0.03 047 +0.03 0.013 £ 0.004
20-2.1 0.93 2.11 £ 0.06 046+ 0.03 0.53£0.03 0.015 = 0.004
2.1-2.2 091 2.11 £0.07 0.46 + 0.04 0.52 £ 0.04 0.016 = 0.004
22-23 0.89 2.27+0.08 0.39 £ 0.04 0.58 + 0.04 0.024 + 0.005
2324 0.87 2.36 £ 0.08 0.37 + 0.04 0.59 = 0.04 0.045 £ 0.013
24-25 0.85 247+ 006 0.32+0.03 0.63 +0.03 0.049 + 0.013
2.5-2.6 0.82 2.56 £ 0.07 0.29+0.03 0.66 = 0.03 0.056 = 0.009
26-2.7 0.78 2.59 £ 0.07 0.29 £ 0.03 0.62 £0.03 0.090 = 0.017
2.7-2.8 0.74 2.57 £ 0.09 0.34 + 0.03 0.55£0.03 0.110 £ 0.018

o 1B<W<22GeV,<W>= 2.0 GeV

S S R S N G W U S I\

0 05 10 15
Q*(GeV?)

Fig. 1. The mean charged hadron multiplicity, (n.p), as a function of Q2 for 1.8 < W < 2.2 and
2.2 < W < 2.8 GeV. The photoproduction data at Q2 =0 are from ref. {8].
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where Wr is the acceptance and radiation correction factor, I is the usual {7] virtual
photon flux factor and the summation is over the events in the kinematical region
AQ? X AW
2 2
e W WM
P_417M2E2Q2 1—¢

3

where ¢, the virtual photon polarisation parameter, is given by

I’ 2+ Q2
€ 4FE' — Q%
with E, E' = initial, final electron energies,
v=E-E,
M = proton mass.

Tables 4 and 5 list the data discussed in this section.

Fig. 1 shows {n.,) as a function of Q% for (W) = 2.0 and 2.5 GeV. The photo-
production points (at Q% = 0) are taken from the data of ref. [8], the point at 2.0
GeV being an interpolated value. The electroproduction data are independent of Q?
over the range 0.3—1.4 GeV? but are ~12% lower than the photoproduction points.

Fig. 2 shows the fractional prong cross sections, 6,/0, for Wy =2.5 GeV and
the photoproduction data of ref. [8]. Again, the electroproduction data are inde-

2.2<W< 2.8 GeV
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|
00 S 10 K]
Q%(Gev?)
Fig. 2. The Q2 dependence of the fractional prong cross sections for (W)= 2.5 GeV. The photo-
production data (open points) are from ref. [8] (W=2.48 GeV). The dashed lines indicate the
level of the photoproduction data.
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Fig. 3. Fractional prong cross sections as a function of s = W2, averaged over 0.3 < 02 < 1.4 GeV?
The curves are interpolations through photoproduction results, taken from ref. [8] (open points)
for s > 3 GeV? and determined from the data of refs. [9,10] fors < 3 GeV2,

pendent of Q2 for 0.3 < Q% < 1.4 GeV2. While the S-prong fractional cross section
is consistent with the photoproduction value, the 1- and 3-prong fractional cross
sections differ significantly. The 7-prong cross section is negligible at this energy.

Since the electroproduction data show no Q? dependence in the region 0.3 <
0% < 1.4 GeV?, we present in figs. 3 and 4 our data averaged over this range ((0?)
=0.78 GeV?).

s (GeV?)
50 10 20.

W0 T T T 7T -

T

T

—r

30

T T T T T T

0 QZ=0 <n>=(110* 013 {0892 0.06) Ins
#<0%>=078 <n>=(0.85:0.09)+(088£0.05)Ins

0.0 1 1 1 1 L 1

10 15 20 30 w0
W(GeV)

Fig. 4. The mean charged hadron multiplicity, (n¢p), as a function of s = w2 averaged over
0.3 < Q2 < 1.4 GeV2. The full curve shows an interpolation through photoproduction results
(open points) using data as for fig. 3. The dashed curve represents a fit to our data.
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Fig. 3 shows the fractional prong cross sections, averaged over Q2 as a function
of s = W?. For comparison, photoproduction data are also shown; the dashed lines are
hand drawn curves through the photoproduction data of ref. [8] (open points),
while the full curves for s < 3 GeV? have been calculated from the total cross sec-
tion [9] and the 3-prong cross section [10]. (The >5-prong cross sections are negli-
gible for s < 3 GeV?)) The 5-prong fractional cross section shows similar behaviour
for Q2 = 0 and (Q?) = 0.78 GeV? in contrast to the 1-and 3-prong fractional cross
sections which display a different W dependence for the photoproduction and
electroproduction data. Fig. 4 shows ¢, as a function of s = W?. For s > 3 GeV?
our data are consistent with a logarithmic behaviour (dashed curve):

(1) = (0.85 £ 0.09) + (0.88 + 0.05) In s .

For comparison the open points are the photoproduction data of ref. [8] which
can be fitted for s > 3 GeV? (full line) by

(g =(1.10+0.13) + (0.89 + 0.06) In s .

Below s = 3 GeV?2 the full line has been obtained from photoproduction data in the
same way as the corresponding curves in fig. 3. The value of (n., for photoproduc-
tion is seen to be ~12% higher than for electroproduction throughout the range 3 <

“1Q2>1.0 Gev?

3t
2l 3‘ This Ex

[3 E
« ¢ ¢UCSC-SPLAC
A LAC
. . s Cornell
1 ___ilw

<Nep>

-~

w

10.25<Q%<05 GeVZ  f,%4
i /
2k * 0

.
.
.
1 L .

1 2 3 5
s{GeV?)

Fig. 5. Comparison of electroproduction data for the s dependence of (ncp) for three regions of
02, e this experiment, o UCSC-SLAC [11], 4 SLAC [12] and = Cornell [13]. The solid lines are
a fit to photoproduction data of ref. [8] using (ncp)=1.10 £ 0.89 Ins.

10 20
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Fig. 6. The fractional prong cross sections from this experiment (data points) as a function of W
compared to those obtained from pomeron + proton — X (full curves) as a function of My, the
mass of X, obtained from the reaction pp — pX [14].

s < 8 GeV? reflecting the behaviour of the 1- and 3-prong fractional cross sections
shown in fig. 3. In the resonance region, below s = 3 GeV? the agreement between
photoproduction and electroproduction is closer; however, limited resolution in our
experiment at low W (see table 1) precludes the observation of resonance structure
similar to that seen in photoproduction (figs. 3, 4).

Fig. 5 shows a comparison of our data for {n4,) with the results of other electro-
production experiments [11--13] for three intervals of Q*. The agreement, in general,
is good.

We now compare our multiplicity distributions with data on the pomeron-proton
interaction where the total hadronic charge involved is the same as in electroproduc-
tion. The pomeron-proton cross sections have been derived from the reaction pp -

p + X (anything) [14 *]. The selection method is based on the rapidity distribution, so
as to obtain events with one of the protons diffractively scattered. In fig. 6 the ratio
0/ Otot, fOr prong multiplicity # =1, 3, 5, is shown as a function of W for the hadronic
events (curves) and for our electroproduction data (full points). (In the hadronic data
the mass of X is equivalent to W.) For all channels the hadronic and electroproduction
data show a similar energy dependence and cross section ratio. This suggests that there
is little difference between the overall features of the virtual photon-proton and the
pomeron-proton interactions.

In conclusion, the mean charged multiplicities and fractional prong cross sections
show no dependence on the photon mass for Q% > 0.3 GeV> The same observation

* The charged multiplicities are from a private communication of the authors.
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Fig. 7. (a) —(c): The normalised invariant 7~ x distributions, F(x), for 0.3 < Q2 < 0.5 (solid points)
and 0.5 < 02 < 1.4 GeV? (open points) for three intervals of W. (d): The x distribution of fig. 7¢
after removal of the quasi-elastic p© events with normalisation to oot — 0,0- The curves in fig. 7¢
and 7d show the photoproduction data of ref. [5] treated correspondingly.

was made in ref. [13], at Q% values up to 6 GeV? and values of the scaling variable
w= ZMV/Q2 of 2—3, i.e. for deep inelastic collisions. Hence for Q% > 0.3 GeV? the
mean charged multiplicity is found to depend only on the energy available and not
on details of the production mechanism. The drop in (ng, ) between Q% = 0 and
Q*=0.3 GeV? will be discussed in sect. 5.

4. Inclusive distributions

In this section we present inclusive distributions for 7~ mesons as a function of
. R VA 2
the Feynman variable, x = p|/pnax and of the transverse momentum squared, pt.
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(Here pj is the longitudinal momentum in the hadronic center of mass system and
Pmax the maximum particle momentum kinematically allowed *. The conventional
invariant distribution function is used,

E* d%
T Otot p:nax dxdpt ’

Fx,pi)=

where £ is the particle c.m. energy and we have normalised to the total inelastic
vy p cross section **. F(x, p?) is given for several regions of @2 and W in table 6. In
the following we discuss the distributions of x and p?%.

4.1. x distribution

The x distribution is given by

pfmax
Fe)= [ F&x phpt.

0

F(x) is tabulated in table 7 and displayed in fig. 7 for three intervals of W. ***

We observe the following principal features.

(i) The distribution function F(x) increases with W in the central region (x = 0)
due to increasing phase space, i.e. F(0) does not scale.

(ii) F(x) does not change significantly between the Q? regions 0.3--0.5 GeV?
(solid points) and 0.5 —1.4 GeV? (open points).

(iii) A comparison with photoproduction results [5] (solid curves in fig. 7¢,d) for
2.2 <W<2.8 GeV shows little difference in the target fragmentation and central
region (x <0.2), where the bulk of the events is located. However for x > 0.2 we
find significantly fewer 7™ than in photoproduction.

We now examine whether the reduction of 7~ production at large x is due to a
specific channel. The reaction yp = p®p is known to be a source of forward 7~ [5].
In the W interval considered the ratio o(yyp — p%p)/0o¢ drops by a factor two
(from 14% to 7%) between Q% = 0 and our Q? range [1]. This effect might be respon-
sible for at least part of the difference between photo- and electroproduction ob-
served in fig. 7c. We have therefore removed in fig. 7d all quasi-elastic p® events from

"p,*“ax has been calculated for a ™ recoiling against a pr* system of mass 1.08 GeV.
** Events with visible strange particle decays have been excluded from the total cross section for
this procedure.

*%% The limited W resolution in the interval 1.5 < W < 1.8 GeV (see table 1) results in a noticeablk
smearing of the x value of n~ mesons from unfitted events. Most 7~ in this interval result
from the channel ep — epna™ (4C fit). We therefore use kinematic quantities from fitted
events ep — epn w for 1.5 < W < 1.8 GeV. We estimate the remaining uncertainty of F(x)
due to limited resolution to be less than 10%.
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the data sample (full and open points) *.

The solid curve of fig. 7d shows the photoproduction data of ref. [S] whose authors
used the same cut **. The discrepancy between photo- and electroproduction above
x = 0.2 although reduced by a factor 1.5 still largely remains. Other known diffractive
processes (like diffractive yyp = wp [2]) are too weak to account for the remaining
difference.

Hence we now consider non-diffractive processes which yield 7~ in the fragmenta-
tion region. The cross sections for yyp ~ 7~ A" " and non-diffractive yy p = wp deter-
mined in this experiment [2,4] show the same drop by a factor 2 between Q% = 0 and
0% =0.3 GeV?, but are considerably smaller than the p cross section and so cannot
produce a significant effect. In order to fully explain the Q? dependence of F(x)
other non-diffractive processes present in photoproduction must develop a 9 depen-
dence similar to that of quasi-elastic p production.

4.2. p3 distributions

Fig. 8 shows our F(x, p?) distributions for 2.2 < W < 2.8 GeV and four x inter-
vals. The data are again displayed for 0.3 < Q? < 0.5 GeV? (solid points) and
0.5 < Q% < 1.4 GeV? (open points). The curves are fits of the form

F(x, p?) ~ A exp(Bp} + Cp?),

to the photoproduction data of ref. [S]. The difference between curve and data points
for 0.3 <x < 0.7 merely reflects the discrepancy of the x distribution noted above.
Table 8 shows the results of fits to our data of the form

F(xr pf) ~A exp(—Bp}) ’

for p} < 0.5 GeV2. There is no evidence of a change of the slope B with Q2. Note that
the p? distributions of fig. 8 for —0.3 < x < 0.1 can be equally well decribed by two
exponentials with different slopes. The same observation was made in inclusive 7~
muoproduction at higher energies [15].

The dependence of p? on the variables Q2, W and x can be seen more clearly in
fig. 9 (and table 9) where we show {p?) (not weighted by E”/pmay) as a function of
x for three intervals of W. For 2.2 <W < 2.8 GeV we compare our data with fits to
the photoproduction data of ref. [5]*** (open triangles). Fig. 9 shows the following
main features.

* For this purpose yp — pp events were defined as those yp — prta” events with M+, <

1 GeV. In addition F(x) of fig. 7d is normalised to oot — o(yp = o 0p). The number of events

removed from the electroproduction data in this way is consistent with our cross sections for

YVP 0 P

The peak in the photoproductlon distribution near x = 0.9 is due to the reaction yp — A —At

*** Ref. [5] tabulates £ /ﬂpmaxd ofdx dpl We have removed the E* dependence using E* appro-
priate to each bin center. (p2> was then calculated from a fit to the data so obtained.

*k
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Fig. 8. The invariant pf distributions for (W» = 2.5 GeV are shown for four intervals of x. Solid
points show 0.3 < 0% < 0.5 and open points 0.5 < 02 < 1.4 GeV2. The curves are the fits to the
photoproduction data of ref. [5] as described in the text.

(1) {p?) increases with W due to the increased phase space available.

(ii) (p? develops with increasing W a characteristic dependence on x with a dip
at x =0 (seagull effect).

(iii) At fixed x and W the data show no Q? dependence of (p?). In particular we
find no change in {p?) at fixed x when going from photoproduction to our Q? range
(for 2.2 <W<2.8 GeV).

The last observation is further illustrated in fig. 10 where we plot (p,» as a func-
tion of Q% at (W) =2.5 GeV and 0.4 < x < 0.8. The open points are from refs. {5,15]
It is worth noting that such comparisons should be made at fixed W since {(p,) is
clearly dependent on W, at least for the relatively low W values considered here. For
convenience we have also tabulated our {p, ) results in table 10.

We now discuss the dependence of € p?) on x. Firstly the dip at x = 0 is caused by
an excess of events with small p? which manifests itself in a steepening of the p? dis-
tribution of fig. 8 for small x and p? < 0.2 GeV2. Secondly kinematics forces (p?)to
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Fig. 9. The mean transverse momentum squared, (pf), for inclusive 7~ in three intervals of W
and two intervals of Q2. The photoproduction points () at 2.2 < W < 2.8 GeV have been deter
mined from the data of ref. [5].
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experiment and o ref. [15].
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decrease close to x = +1. These effects result in the “seagull” shape of (p?) which has
also been observed in inclusive 7 production with hadron beams. The origin of the
excess events in inclusive 7~ photoproduction at small p? and x ~ 0 is twofold: (i)
7~ from high multiplicity final states peak at x &~ 0 and have much smaller (p?) than
7~ from low multiplicity final states since less phase space per particle is available
(see fig. 19 of fig. [5]), (ii) in photoproduction most of the 7~ produced are known
to be decay products of parent resonances like p, w, A etc. [16—18]. These 7~ have
considerably smaller x and p, than the parent resonance since the parent momentum
must be shared by two or more particles *. This picture has been successfully applied
to explain the excess at small p? and small x in 7~ electroproduction [19].

In conclusion: the transverse momentum of electroproduced 7™ at fixed W and x
shows no dependence on the photon “mass” @2 in the range of our experiment. The
variation of (p?) with W and x can be largely explained by kinematic effects [19].

5. Differences between electro- and photoproduction

In sect. 3 and 4 we have compared our electroproduction data on multiplicity and
inclusive 7~ distributions with similar data for photoproduction. Although our data
show no significant Q? dependence over the range 0.3~1.4 GeV?, there are significant
differences from the data at Q% = 0. The fraction of 1-prongs is higher in electropro-
duction, resulting in a lower value of {n., ). Also there are differences in the 77 x dis-
tributions. The question now arises whether the difference in (s, is due to some
particular channel, or due to a “conspiracy’ of many channels.

The cross section for yp =~ pp® is known [1] to fall faster with increasing Q? than
the total cross section. Similar behaviour occurs for the channels yp - 7~ A** and
vp = pw?® [2,4]. Nevertheless, these three channels alone cannot account for the dif-
ference in {ncy ) occurring between Q2 = 0 and Q2 0.3 GeV2. At W= 245 GeV,
(nep) = 2.77 for photoproduction. If all pp®, pw® and A** 7~ events are excluded
{ngy) falls to 2.69. This drop of {ny,) is only about one third of the difference ob-
served between Q% = 0 and Q% >0.3 GeV?2.

Consequently we must examine other possibilities. If a 1-prong channel plays an
important role in the change of (ny) between @ = 0 and 0* =0.3 GeV?, the channel
involved must be a multi-neutral channel. This follows from fig. 11, which shows the
missing-mass-squared distributions for the hypotheses ep > ep + MM and ep - en’ +
MM for 2.2 < W < 2.8 GeV. Only few events are found in the neutron and 7° peaks.
Thus the 1-prong channels with one neutral particle in the final state are too small to
play an important role in the rise of 0,/040; between Q% = 0 and Q2 ~ 0.3 GeV 2.

* Note that inclusive p productlon from real photons shows no dependence of (pl> on x (for
x < 0.8), the average (pl> being 0.25 + 0.04 GeV? for W= 2.45 GeV corresponding to a slope
Bof3.7+0.7GeV™ [16]
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Fig. 11. Missing mass squared distributions for all 1-prong events with 0.3 < 0% < 1.4 Gev2and
2.2 < W < 2.8 GeV. 514 events that fit to both hypotheses, ep — ep‘fro ..andep~en'n ... are
shown with full weight in each plot.

We conclude therefore that the reduction in (ny,) between Q% =0 and Q> > 0.3
GeV?is (i) not completely explained by the strong 0* dependence of p°, w® and
A™* production, and (ii) if due to a relative increase of the 1-prong cross section,
must originate from the channels ep = en’ + X or ep ~> ep + X, where X represents
two or more missing neutrals.

6. Conclusion

We have studied the inclusive features of electroproduction as a function of the
variables Q%, W, x and p, . No significant Q2 dependence of the mean charge multipli-
city (ncp?, fractional prong cross section 0,,/0,o; or 7~ inclusive x distribution is ob-
served over the range 0.3 < Q? < 1.4 GeV 2, studied in this experiment. In contrast,
significant differences are seen compared to photoproduction data at Q2 = 0. It
appears that this behaviour is not due to the influence of only one or two specific
channels with a Q2 dependence different from the majority of channels. The p? dis-
tributions for inclusive 7~ have been examined and compared with photoproduction
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results. There is no evidence for a change of (p?) as Q7 increases (figs. 9 and 10).
This contradicts the shrinkage behaviour expected in some theories [20].
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