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ABSTRACT

Final data measured with the EMC forward spectrometer are presented on
the production of forward charged hadrons in up and pd scattering at incident beam energies
between 100 and 280 GeV. The large statistics of 373000 g¢vents allows a study of
the semi-inclusive hadron production as a function of z, py and <p7> in small Q?, xgj and W
bins. Charge multiplicity ratios and differences as a function of z and xp;j are given for p.d
and n-targets. From the differences of charge multiplicities the ratio of the valence quark
distributions of the proton dy(x)/uy(x) is determined for the first time in charged
lepton scattering, The Gronau et al. sum rule is tested, the measured sum being 0.31 £ 0.06
stat. * 0.05 syst.,, compared with the theoretical expectation of 2/7 = 0.286. The
measured sum corresponds to an absolute value of the ratio of the d and u quark charge of

0.44 £ 0.10 stat. * 0.08 syst.

For footnotes see next page
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1 Introduction

During the period 1977 to 1985 the European Muon Collaboration (EMC) took data
to perform a detailed series of measurements of deep inelastic muon nucleon scattering.
In these experiments both the scattered muons and the hadronic final states have been
measured. The NA2 (NA2’) phase of the experiment in 1977-1980 (1983 - 1985) con-
centrated on high statistics measurements of forward produced hadrons in addition to
measurements of inclusive muon scattering. The NA9 phase (1981-1982) also included
the backward region and provided powerful particle identification. This paper presents
final results on the semi-inclusive distributions of forward produced charged hadrons
from the NA2 and NA2’ phase for muon scattering from proton and deuteron targets.
It js based on 154000 events from pp-scattering and 219000 events from ud-scatfering.
The incident beam energies were 120, 200 and 280 GeV for the pp- and 100 and 280 GeV
for the pd-scattering. The large statistics available from these measurements enable de-
tailed studies of the hadronic final states in small kinematic bins and allow detailed
comparisons between the two targets.

Forward produced hadrons are the key to understanding the fragmentation of the
struck quark (current fragmentation). High statistical and systematic precision of the
data is needed to measure subtle QCD effects such as scaling violations and factorisation
breaking of the scaled energy distributions, especially because these eflects are further
disturbed by residual target mass effects. Another, probably more direct, access to
QCD effects is via the study of the transverse momentum p of the produced hadrons.
Here charged lepton scattering experiments have the advantage with respect to ete”
annihilation that the reference direction of the process, the virtual photon direction, is
directly measured. However, the study of QCD effects in p, spectra is complicated by the
intrinsic transverse momentum of the quarks inside the nucleon and by a contribution
usually assigned to the (nonperturbative) fragmentation process. Therefore precise
measurements of the kinematic dependences are needed to determine the dominant
variables and to disentangle the contributions from the different sources.

As the leading hadrons predominantly contain the struck quark, information about
the quark (charge) composition of the nucleon can be obtained from their distributions.
The data allow a study of this aspect in a large range of zp;; superior to those of previ-
ous experiments. Comparison of data on muon scattering from protons and deuterons
gives information on the charge structure of the neutron. The ratio of the valence quark
distributions of the proton d,{z)/u,{z) can also be determined from this comparison.
These data are complementary to neutrino scattering data and give important input
and constraints to phenomenological quark distribution and structure function param-
eterisations needed for the analysis of hadron collider data. Finally, a sum rule derived
by Gronau, Ravndal, and Zarmi [1], which is related to the (square of the) ratio of the
u and d quark charge, can be tested. Using the measurement of the average squared
valence quark charge from the comparison of the muon-nucleon and neutrino-nucleon
structure functions, the absolute charges of the u and d quarks can be determined.



This paper is organised as follows:

In section 2 we give briefly definitions of the variables and cross-sections. We describe
how neutron rates have been extracted and introduce some other theoretical aspects.

Section 3 describes the apparatus, target setups, data analysis, and data sets, as well
as cuts and corrections applied to the data. Sources of systematic errors are discussed
and final systematic errors for semi-inclusive cross-sections and < p? > are given.

Section 4 contains the physics results. First we present semi-inclusive scaled energy
and transverse momentum distributions of charged hadrons. Here we restrict ourselves
mainly to the presentation of final data and do not repeat the detailed analyses presented
in several previous papers (2]. The complete presentation of the data allows versatile
phenomenological studies, fitting of models etc.. Then charge multiplicity ratios for
protons, deuterons and neutrons are discussed in detail. The differences of charge
multiplicities are shown and the ratio of the d,(z)/u.(z) valence quark distributions are
extracted. Finally we present the first significant test of the Gronau et al. sum rule
and the determination of the quark charges. The latter two subsections also include the
necessary formulae, their derivation and a detailed discussion of the systematic errors.

In section 5 we give a brief summary of the results of this paper.



2 Definition of Variables and Cross-Sections

Throughout this paper we use standard variables relevant to deep inelastic scattering
[3] which are Q*(v), the virtual photon squared four momentum (energy) transfer; zp;
or simply z, the Bjorken scaling variable; y, the fraction of the muon energy transfer
in the laboratory frame; and W?, the mass squared of the hadronic system recoiling
against the muon;i.e.:

Q = —qzz—(k-—k')zgtiEE'sin’%,
- P
v = S =E-F,
_ @
® = 2Muv’
- P v
Y= ¥ PTE
W? = (p+4¢) =M +2Mv - Q2

k(k'), E(E') are the four momenta and energies of the incoming (scattered) muon re-
spectively. P and M are the four momentum and mass of the target nucleon and © is
the muon scattering angle in the laboratory frame. To describe the hadron kinematics
we use the scaled hadron energy

P-h E,

z P.gq v

and the square of the hadron transverse momentum with respect to the direction of the
virtual photon, p?, where h is the four momentum of the hadron and FEj, its energy.

In the Quark-Parton model (QPM) the structure function of the nucleon can be
expressed as

Fi(z) = z- . €a(3),

i=ud,...

where ¢; are the quark charges and ¢;(z) the quark distribution functions; the probability
densities to observe a quark ¢ with momentum fraction z inside the nucleon. They obey
relationships due to isospin and charge conjugation symmetries. For the distributions
of the valence quarks, which define the guantum numbers of the nucleon, the following

hold:

uo(2) 1= whgiene (2) = doitone (2); dol2) 1= 00 (2) = w(i(2).

Further, the distribution of each type of sea quark is identical with that of its anti-quark
partner inside the nucleon, so that in total the sea quarks carry the quantum numbers
of the vacuum.

The naive QPM assumes independence of the actual virtual photon quark scattering
and the fragmentation of the struck quark. Thus, if D?(z) is the probability density



that a quark of type i fragments into a hadron h with energy fraction z, the normalised
scaled energy distribution can be described as

qu,' z, . D:‘ Z}Qz
1 iol 1 dNy i:uz,d:,... (=Q°) ( ) (1)
Ot dz N, dz - Z e?Q'i(x’Qz) ,

i=ud,...

where N, denotes the number of events and N}, the number of hadrons.

This equation also holds in QCD in the leading log approximation. The explicitly
written Q? dependence is due to QCD scaling violations of either the quark distributions
or fragmentation functions. Higher order terms such as vertex corrections lead, in
principle, to an z dependence of the fragmentation functions, thus to a (small) breaking
of the factorising QPM ansatz.

Following the basic idea of the QPM we choose to present all hadron cross-sections
as normalised differential cross-sections as a function of 2 or p}. To show dependences on
p? and z simultaneously, we present Nl“ . %} in z bins. Previous studies of the azimuthal

t

angle distribution in this experiment [4] have shown that it can be understood in terms
of the QPM and QCD. Hence all distributions have been integrated over the azimuthal

angle,

We do not show results on the characteristics of event shape, like Thrust, Sphericity,
pi"/pi™ as the apparatus acceptance is limited to the forward region and thus, only a

small part of the tracks can be used to determine such quantities. We refer to results
of previous analyses of the EMC [5].

For the derivation of the hadron production rates from neutrons we assumed that
scattering from the deuteron takes place incoherently off the proton and neutron, be-
cause the deuteron is a weakly bound nuclear system (binding energy ~ 2.2 MeV).
Apart from Fermi motion no evidence for other nuclear effects has been observed so far
[6). The corrections for Fermi smearing have been computed {7] and the influence on
the hadron production rates was found to be less than 0.5% in the region z < 0.5 and
has therefore been neglected. The hadron production rates from neutrons have been
derived by subtracting the proton rate from the deuteron rate weighted by the cross
section ratio equal to Fj(z)/F¥(z).

1 dNt _ (y B)1dNT  F 1 dNF
- FpJ N4 dz Fp

"NE dz (2)

F}(z)/F{(x) was taken from a linear parameterisation of the EMC data [7]. This
ratio has been well measured by different experiments (see [8,9] for a summary). A
comparison, especially with the new precise measurement of the NMC [9], shows that
an ¢ dependent error of 5-10% covers the systematic uncertainty of this parameterisation
for the applied range in z.

The measurement of the structure functions in deep inelastic charged lepton nu-
cleon scattering cannot provide direct information about valence quark distributions.

4



Through FJ(z)/Ff(z) one can obtain information about the ratio of the distributions
of all d and u quarks inside the proton, neglecting s§ and heavier quarks,

A=) _ 1-4-(Fp(=)/F(z)
@) T TFE)/E@) -4

For high z this reflects the ratio of the valence quark distributions d,(z)/u,(z), which
in this region is less than 1/2 and decreases as z increases. For small z, however, the
sea significantly contributes to the cross section. The additional measurement of the
hadronic final state provides a possibility to separate that part of the cross section
originating from the sea, so that a direct measurement of d,(z)/u.(z) becomes possible.
In terms of the standard ideas on quark fragmentation, the hadron produced at the
largest values of z will most likely contain the struck quark. Hence the charge and z
dependence of the energy distributions are sensitive to the flavour of the fragmenting
quark [10]. The difference of the normalised scaled energy distributions for positive and
negative particles does not depend on sea quark, but only on valence quark distributions.
Starting from equation 1, and using relations between fragmentation functions and
between quark distribution functions, it is evident that the ratio d,(z)/u.(x) can be
extracted by comstructing ratios of differences of charge multiplicities obtained from
scattering from protons and neutrons. Explicitly we give the formulae in section 4.4.

(3)



3 Experiment, Data and Analysis

The experiment was performed in the M2 muon beam line at the CERN SPS using
the EMC forward spectrometer to detect the scattered muons and the fast forward
hadrons. The data were taken in 11 experimental runs with incident muon energies
of 100, 120, 200 and 280 GeV. The data sample consists of two parts, data taken
in 1978/79 with a hydrogen target and in 1985 with a combined deuterium/copper
target. The apparatus and target for the hydrogen data is described in detail elsewhere
[11,12]. The forward spectrometer for the 1985 data was similar to that described in
[11], but modified to allow data to be taken at higher incident beam intensities [13].
The combined deuterium/copper target was designed to study the EMC effect {14] in
detail, but for this analysis only events with a reconstructed vertex inside the liquid
deuterium targets have been used. A comparison between the hadronic distributions
from pd- and pCu-scattering can be found in reference [15].

The data were passed through a chain of analysis programs, in which pattern recog-
nition and geometrical reconstruction of the incident and scattered muon as well as any
charged hadron, which passed through the forward spectrometer, was performed. A
vertex fit using the incident and scattered muons and hadrons was also performed. The
vertex resolution is such that the individual targets can be clearly separated. Details of
the hydrogen data analysis can be found in [16] and for the deuterium analysis in [17].
Although the reconstruction and analysis programs for the two data sets are different
due to the large time gap, the philosophy of data reconstruction and analysis is almost
the same.

For the track and event selection kinematical cuts (see table 1) have been applied to
both data sets. They were chosen to avoid regions where smearing, due to resolution and

Event selection:
02<y<08|Q*>2GeV? |8, >17mrad | for E, = 100 GeV
02<y<08|Q*>3GeV? |6, >1Tmrad | for E, =120 GeV
02<y<08|Q*>4GeV? | b, > 15mrad | for E, = 200GeV
02<y<08|Q*>5GeV? |0, >14mrad | for E, = 280 GeV
Track selection:
Zhad > 0.1 Phad > 2 GeV for E, = 100 GeV
Zhed > 0.1 Phad > 2 GeV for E, = 120 GeV
Zhad > 0.1 | praa > 3 GeV for E, = 200 GeV
Zhgd > 0.1 | praa > 5 GeV for E, = 280 GeV

Table 1: Kinematic cuts for the data

radiative effects, was large or where the acceptance was small or varied rapidly. This
leaves for the hydrogen data set 154000 events and 219000 events for the deuterium
data set, both covering the same kinematic range (see table 2). A track is considered
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to belong to an event, if its distance of closest approach to the vertex formed from the

SPS period | Target | Energy | Data MC
P3A 85 D, 100 GeV | 92000 | 150000
P3B 85 D, |100GeV | 60000 | 75000
P3B 85 D, 280GeV | 24000 { 22000
P3C85 D, 280 GeV { 43000 | 112000
Number of events d-targzt: 219000 | 359 00(3_

P3B279 | H, |120GeV | 24000 | 35000 |
P3A179 H, |200GeV | 10000 | 49000
P3A279 H, 200GeV | 23000 | 71000
P3B179 H, 200GeV | 20000 | 83000
P4A 79 H, 280GeV | 17000 | 32000
P4B79 H, |280GeV | 24000 | 35000
P8B 78 H, 280GeV | 36000 | 45000
Number of events p-target: | 154000 | 350000

Table 2: SPS periods and number of deep inelastic events after selection

incoming and scattered muons is compatible with its error [16,17]. For all data the
acceptance of the apparatus was calculated from a complete Monte Carlo simulation
using the LUND string model [18,19,20] to simulate the fragmentation processes. Ra-
diative eflects due to QED processes have been included in the simulation [21] as well as
secondary interactions of the produced particles in the target material. The scattered
muon and the produced hadrons were tracked through the spectrometer taking into ac-
count the effects of multiple coulomb scattering. For the analysis of the deuterium data
secondary interactions of all particles inside the spectrometer material have also been
simulated. The effects of hodoscope and chamber inefficiencies and resolutions have
been taken into account when generating the response of the apparatus. In addition
to these signals, background hits determined from the data has been added. For the
analysis of the deuterium data a more refined method has been used [22]. The sim-
ulated data were “digitised” and then passed through the full reconstruction chain to
correct for imperfections in the off-line analysis. The measured and simulated (accepted
as well as generated) data of all SPS periods have been merged before performing the
acceptance correction, in which the relative weights in the Monte Carlo data sets have
been adjusted according to the number of scattered muons for each SPS period.

In table 3 we show all the individual contributions to the total systematic error, which
were considered to be relevant, for the normalised differential distributions Nl”%, NL“%
and for < p? >, separately for the hydrogen and deuterium analyses. These quantities do
not depend on the absolute flux normalisation. The smaller errors for the latter analysis
reflect a better understanding and simulation of the apparatus; a detailed discussion

can be found in [17,23]. All contributions have been added in quadrature as they are

7



Relative systematic error
Correction T\}:%N; NL‘% <p>
p |d|p d | p [ d
Apparatus losses 4% {4% 1 4% | 4% | - | -
Signal background 5% 3% 5% | 3% - -
Hadronic reinteraction 5% | 5% 1 5% | 6% {3% 4%
Electron background 3% 5% 2%
Track selection T% 3% 7% | 3% | 5% | 3%
Radiative corrections 2% (2% 2% | 2% | 2% | 2%
Momentum measurement of g, ', h | 3% 3% ! 5% | 5% {2% | 2%
Total systematic error 11% [ 8% |13% |10% | 7% | 6%

Table 3: Systematic errors on the differential distributions of charged hadrons

essentially uncorrelated. The final systematic errors are almost independent of the event
kinematics and are also given in table 3. For the mean transverse momentum < p? >
the systematic error is significantly smaller as contributions affecting the normalisation
cancel. Neglecting normalisation uncertainties, the remaining systematic error amounts
to about 60 % of the quoted total systematic error. The final systematic errors have
been checked by making comparisons between the different data sets in all variables.



4 Results

4.1 Scaled Energy Distributions

The normalised differential scaled energy dlstrlbutlons NL ‘fg have been determined

separately for positive and negative hadrons as well as for all charged hadrons in small
bins of z and Q* or W and Q?. The bins are defined in table 7 in the appendix. The
corresponding cross sections together with the mean values of the event variables are
also presented in the appendix (tables 9 - 14).

Figure 1 shows the = and Q? dependence of the differential scaled energy dlstnbutlons
for all charged hadrons from both targets. Both data sets agree well within the statistical
and systematic errors. This is expected within the QPM. Due to isospin invariance, the
charge multiplicities of pions from scattering from protons and deuterons are expected
to be equal. However, because of the presence of kaons and protons in the hadronic
final state small differences are expected. Using the LUND: fragmentation model {20]
one can show that the expected differences should be smaller then 0.5% for z < 0.4 and
smaller than 2% for z > 0.4. Such small differences are well below the accuracy of the
data. The dotted line in figure 1 represents a linear fit in ln Q?, inspired by QCD. A
clear z and Q* dependence is visible. This has already been observed and analysed in
detail in previous EMC publications [24,25 26] using a subsample of this data

The scaled energy distributions were compared with different versions of the LUND
fragmentation model {18,19,20], which have been available during the data analysis.
For this comparison we have merged the proton and deuteron data to form one high
statistics data set (see table 15 in the appendix). Figure 2 shows the comparison of the
merged data set with the following versions of the LUND models:

Model 1: LUND 4.3 (LEPTO 4.3, JETSET 4.3) - stnng model with soft gluon radia-
tlon :

Model 2: LUND 6.3 (LEPTO 5.2, JETSET 6.3) - string model W'lth exact first order
QCD calculation;

Model 3' LUND 6.3 (LEPTO 5.2, JETSET 6.3) - parton shower model

The LUND 6.3 Matriz Efement and the Parton Shower version (model 2 and 3) with
their standard parameters describe the pattern of the data well in the whole kinematic
range. The decreasing multlph(:lty for increasing @* at high z is reasonably simulated
by the inclusion of QCD processes. The older LUND version 4.3 (model 1} also descnbes
qualitatively the kinrematic dependences of the data.

4.2 Transverse Momentum Distributions .

In this section we present the pf depeﬁdence of_the cross section for all charged particles.
Because extensive studies {23] have not shown any significant difference between the

9



proton and deuterium data, both data sets have been merged. The high statistics of the
resulting data set allow studies of the cross sections up to high values of p? in different
kinematical regions.

In figure 3 we show the inclusive p? distributions in z and W? bins. The correspond-
ing cross sections are given in tables 16 a,b in the appendix. At large values of p? a tail
is observed, which clearly increases with W2, as expected from QCD. The dotted lines
are fits to the data using the ansatz 3,1: . ?TI:? o 1/(m? + p?)°, inspired by a propagator
form. The mass term m obtained from the fits is in the range 0.6 — 1.6 GeV (excluding
the very low z and W? bin), the power « is in the range 1.4 - 2.6, with a central value
close to two. Thus the fall off of the measured cross section at large p? (p? > m?)

indicates the power law behaviour « 1/p}, as expected from QCD.

Further, the measured mean squared transverse momentum < p? > for charged
badrons was analysed. Figure 4 shows the W? dependence of < p? > in z and Q? bins
(table 17). A linear increase of < p? > with In W2 is seen for all z,Q? bins, and this is
more pronounced in the high z region. The lines represent linear fits in In W2 to the
data.

To investigate a possible Q? dependence, such as that observed for the z distributions
at fixed W? [25], we plot in figure 5 the fitted < p} > in each z bin for a central W? value
of 200 GeV?. The data for Q* > 5G'eV? show no Q? dependence. Only for the lowest
Q? bin (2GeV? < @Q? < 5GeV?) the average p? is slightly smaller, which is presumably
due to the contribution of elastic and quasi-elastic events. Because z = (W?/Q*+1)7?,
this implies no significant z dependence, except for very small z. This confirms, with
increased precision, the conclusions of earlier EMC experiments [27,28] that W2 and 2
are the relevant variables for the p? behaviour.

In figure 6 our data on the W? dependence of < p? > (see also table 18) are compared
to those from other experiments. Here the high precision of our data can be seen. They
agree well with the results of a vNe-scattering experiment a low W? range [29] and with
the previous measurement of this experiment [27] apart from a slight discrepancy in the
lowest z bin.

The < p? > dependence on z* for different W? bins is shown in figure 7. At small
2% the expected rapid rise of < p} > with z? {seagull effect) is observed. This is more
pronounced for the high W? bins. For z > 0.4, the increase is much smaller for the low
W? bins; for the high W? bins < p? > reaches a plateau or even shows a falling trend.

Figure 8 compares < p? > as a function of W? with the different LUND models
specified in section 4.1. The default parameters have been used, of which the most
important for < p? > are: k, = 0.44GeV, g, = 04 GeV, A = 0.4 GeV and the cutoff
parameter (for model 3 only) tn = 1GeV.

The Parton Shower model (model 3), which fits ete™ data well [32], fails to describe
the size of < p} > as well as the dependence on W2. This is due to an underestimation
of the cross section at large p} [23]. Simple retuning of the model parameters does
not change the p? behaviour sufficiently in order to describe the data [33]. The matrix
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element version of the model (model 2) describes the shape of the W? dependence.
However, it underestimates < p? > significantly for large z (z > 0.4). This discrepancy
cannot be cured by increasing the intrinsic k;, because this would cause a disagreement
with backward produced hadrons as shown earlier by the EMC [28]. Only the older
version LUND 4.3 (model 1), which accounts for soft gluon radiation processes, reason-
ably describes the data, except for a small underestimation on < p? > in the highest z
range.

The same behaviour of the models is demonstrated in figure 9, where < p! > of
hadrons produced at W? > 150 GeV? is plotted versus z*. Model 1 shows again the
best descnptlon but the trend of the data to reach a plateau or eventually decrease at
high z? is not reproduced.

4.3 Charge Multiplicity Ratios

In this section we compare ratios of charge multiplicities for y-scattering from protons,
deuterons and neutrons. The derivation of the charged hadron production rates from
neutrons was performed using equation 2. Figure 10 shows the ratio of the integrated
charge multiplicities for muon scattering from protons, deuterons and peutrons versus
z in two different regions of z, from 0.1 to 1 and from 0.3 to 1. The data have been
mtegrated over the whole Q? range, as, for the ratios, no significant dependence on @*
was seen in our data. Generally, the observed z dependence is stronger for the higher z
range, as with increasing z the probability for the hadron to contain the struck quark
rises. For low z, the charge multiplicity ratios are closer to unity for p, d and n. Here
fragmentation effects and resonance decays dominate. The = dependence of the charge
multiplicity ratios in small bins of z can be found in table 19 in the appendix.

The observed z dependence of the charge multiplicity ratios can be interpreted as
follows. At small z, the ratios for muon scattering from all three targets approach each
other close to unity due to the dominant contribution of the sea quarks to the cross
section. For increasing = we see, when scattering from the proton, the expected strong
increase of the excess of positive particles due to the dominance of the positive u quarks
at high z. This effect is still seen for the isoscalar deuteron, as the virtual photon
couples preferentially to the positive u quark. For the neutron we observe, for both 2
ranges, that the charge multiplicity ratio is significantly above unity for a wide range of
the z region covered by our data.

A neutral electromagnetic current probing a neutral target shows an excess of posi-
tive charged hadrons in the forward scattering hemisphere over a wide kinematic range.
This proves a charge composition of the neutron, where the magnitude of the charge of
the positive constituents must be greater than that of the negative, also implying more
than two charged constituents. This was also observed at a significant level in a previ-
ous publication {34]. In addition, contrary to the proton and deuteron data, the charge
multiplicity ratio for the neutron shows a slight decrease with z. This confirms inde-
pendently the behaviour of the quark distribution functions inferred from the structure
functions measurements; at high z the d,(z) distribution in the neutron predominates
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over the u,(z). A cross over to negative values of the ratio is expected for z between
0.5 and 0.6.

The systematic error on the measured charge multiplicity ratio for the neutron is
estimated to be 3% for low z rising to 12% for the highest z data point. It is dominated
by the uncertainty of the different acceptances for positive and negative hadrons in the
EMC forward spectrometer [17].

In the low z region a comparison can be made with a previous experiment [35] in a
similar energy range. The data agree well in the overlap region for both, up- and un-
scattering (see figure 11 a,b). The quantitative comparison to lower energy, lower Q?
[36,37] data is complicated by the rather different cuts and corrections used. However,
the general picture for the high and low energy data is consistent and no trend with Q?
is seen (compare figure 11 a and c).

4.4 Determination of d,(z)/u,(z)

Taking the difference of the normalised scaled energy distributions (equation 1) for
positive and negative hadrons the contribution of the sea quarks cancels exactly. Using
charge conjugation symmetry [Dh(z,Q?) = Df;‘.,(z,Qz)] and the definition of valence
quark distributions [g.(z,Q%) = ¢(z,Q?) — ¢,(z,Q?)], the following equation can be
derived

1 dN*  dN¥ z

7)) = F (DI - D)+ (DY - D7), (4)

——

Nu( dz

where ¥;_, 4 . €?¢; has been replaced by the corresponding structure function F.
q g

Considering only the production of plons m the hadromnic final state, then using
isospin invariance [(DT" = D7), (D7~ ) (P = dP =t w,), (& = =:d,))],
equation 4 can be rewritten for muon scattering from protons and neutrons separately
as follows:

L z " pr

NP( dz )dz = FP (e Uy — edd,,) (D —D )d (5)
1 dN~™ dNr )

e T Ta ) S }%'(eidu—eiu.,)—w:*_p; )dz

M

To improve the accuracy of the experimental evaluation, the above equations can be
integrated over a range in 2. Taking the ratio of these integrated equations, the difference
of the fragmentation functions cancels and one can directly solve for d,(z)/ u,,(m) which,
for fixed @?, is a function of z only

d(z) _ 4-R(z)+1
w(z) = A+ RANz) (6)
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where R™(z) is to be measured by the experiment

= [ @) - Za)ya:
2 dNJ* dN"
3 () - S @)

In this experiment the possibility to identify hadrons is limited. Therefore equation 6
has to be corrected for the presence of charged kaons and (aati-)protons in the hadronic
final state, but as pions are the dominant particles, the correction is expected to be
small. If one includes the fragmentation into charged kaons and (anti-)protons, the
ratio takes the following form

do(z) 4. RMz)+1-A (8)
u,(z) ~ 4+ RA=)(1-A)
where R"(z) denotes the same ratio as R™(z) above, except that all hadrons are used

now instead of only pions in case of R™(z). A contains only the process independent
fragmentation functions, and is independent of =:

f (DF — D*Ydz
A ; (9)
/ (D' — D¥ )dz

(7)

F"
R™(x) 3
£y

(=)
(=)

A islimited to be between 0 and 1 and has been estimated with the recent fragmentation
models by the LUND group [19,20] to be 0.4 £ 0.1. For the experimental evaluation of
equation 8, all quantities in R*(z) containing hadron production rates from neutrons
have to be expressed by production rates from deuterons using equation 2. Further,
after integrating over the whole range accessible in z, it becomes

1 de

@D d p

h+ h™ ( FP ) - L. (10)
N fc.l o ﬂL(ac)) & N0

R*(z)
dz

Figure 12 shows the difference of the integrated charge multiplicities in the z range
0.1 - 1 for muon scattering from protons and deuterons in different bins of . The main
systematic uncertainties in the determination of d,(z)/u.(z), which are discussed in
more detail in [17], are the following:

o determination of A: The LUND model gives a satisfactory description of the scaled
energy distributions and particle composition in deep inelastic lepton nucleon scat-
tering [38] as well as for e*e~ annihilation experiments [39]. As A contains only
the process independent fragmentation functions, and is independent of z, this
term can be estimated using this fragmentation model. Reasonable variations
of the fragmentation functions, which respect both energy and momentum con-
servation lead to a change of A always smaller than 20%. This leads to a 1%
uncertainty in d,(z)/u,(z) at small = and 6% at high <.
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o QCD effects: As the derivation of equation 8 is valid in the leading log approx-
imation of QCD, only higher order effects may affect it. Detailed studies with
the LUND model [20], containing QCD processes up to first order in «,, allow
to estimate the corrections to the data, which influence d.(z)/¢.(z) by less than
3%. This is confirmed by the parton shower version [20]. The correction is small
since the main contribution coming from the fragmentation of hard gluons cancels
exactly, because only differences of charge multiplicities are being used. The un-
certainty is assumed to be half of the correction. Non perturbative QCD effects
(higher twists) in the structure functions, as well as in the hadronic final state,
have been shown to be negligible in the kinematic range of this experiment [26,40].
This is also valid for the elastic or quasi-elastic production of resonances {41].

o Acceptance corrections: To keep the systematic uncertainties of the differences
as small as possible, the charge multiplicities have been renormalised such that
the sum of the positive and negative charge multiplicities for the proton and
deuteron data agree with their average. These corrections are of the order of
5% and are mainly due to global normalisation shifts between the data sets. The
uncertainty in the absolute normalisation cancels, as only the ratio of multiplicities
is needed. The remaining uncertainties are due to the different acceptances of the
spectrometer for positive and negative charged particles varying with z.

o structure functions: As the ratio of structure functions Fj(z)/F7(z) is needed,
only the relative normalisation uncertainty contributes. For the ratio, the same
linear parameterisation of the EMC data [7] is used as for the determination of the
neutron rate (see section 2). The uncertainty is assumed to be 5 — 10% depending
on z.

Absolute systematic error of d,(z)/u.(z)

Source of uncertainty z=0.03}z=05

Charge multiplicity difference
(acceptance correction + QCD processes) | 0.025 0.065

Determination of A 0.01 0.02
F}(z)/ F5 (=) ' 0.03 0.04
Total systematic error 0.04 0.08

Table 4: Sources of systematic errors of dy(z)/u,(z)

Table 4 contains the systematic uncertainties for d,(z)/«,(z) deduced from the above
considerations. Figure 13 shows the ratio of the differences of deuterium to proton
data, before and after the corrections discussed above. The changes are well within the
statistical errors.

Figure 14a}, and also table 5, show the final result for d,(z)/u,(z). The error bars
of the data points represent the statistical errors, the systematic uncertainty is drawn
at the bottom of the picture.
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<z > | < Q2 > d,,(a:)/u,,(z) Tstat | Taye

0.028 6.5 0.74 0.23 | 0.04
0.059 9.2 0.68 0.10 | 0.04
0.132 18.9 0.47 0.08 | 0.04

0.265 37.5 0.38 0.09 | 0.06
0.476 62.5 0.32 0.17 | 0.08
0.660 90.6 0.24 0.50 | 0.10

Table 5: d,(x)/u,(z) with errors and mean values of the variables z and Q?

Figure 14b) shows the data points, together with previous measurements of two
neutrino scatfering experiments [42,43]. For the EMC and CDHS data statistical and
systematic errors have been added in quadrature. For the BEBC data no systematic
errors have been quoted, therefore the errors shown are purely statistical. It can be
seen that the ratio decreases below 1/2 with increasing z. This measurement is in good
agreement with the results of the neutrino experiments, obtained with a completely
different method. For z < 0.1 there is a tendency of the EMC data to be higher than
the data of the neutrino experiments.

There are no theoretical predictions about the functional behaviour of d,(z)/u.(z).
For small z there are two theoretical considerations, based on Regge arguments, which
expect the ratio to be 1/2, for z less than 0.1 [44] or z less than 0.2 [45] respectively.
These are excluded already by the data at z > 0.1. To fulfil the fundamental sum rules
Jd u,(z)dz = 2, f; d.(z)dz = 1, the ratio has to be greater than 1/2 somewhere in
the low z region, as it is less than 1/2 for high z. Such behaviour is indicated by the
EMC data. The height of the necessary increase of d,(z)/u.(z) above 1/2 is dependent
on the absolute valence quark distributions. Therefore figure 14c) compares the data
with selected quark distribution parameterisations, which fulfil the above sum rules.
The solid curve shows the parameterisation by DFLM [46], based on neutrino data
only. For the dashed and dotted curves by MRS [47], the neutrino data are used only
to fix the sum of the valence distributions d,(z) + u,(z). The remaining information
needed was taken from the deep inelastic muon nucleon scattering experiments of the
BCDMS (dotted curve) and the EMC (dashed curve). The first parameterisation is
similar to the parameterisation by DFLM while the second parameterisation shows a
significant increase above 1/2 at lower z, still fulfilling the sum rules. This analysis
cannotf discriminate between the parameterisations.

Finally, the ratio d,(z)/u,(z) characterises the structure of the nucleon with respect
to the dynamical distribution of the valence quarks. The good agreement between the
results coming from deep inelastic p-nucleon scattering and the results from neutrino
scattering shows that, in addition to the absolute structure function measurements, the
charged and neutral currents are probing the same subsiructure of the nucleon.
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4.5 Determination of the Sum Rule by Gronau et al. and
Determination of the Quark Charges

The sum rule derived by Gronau, Ravndal and Zarmi [1] correlates the number of
valence quarks inside the nucleon with their electric charges. The sum rule can be
obtained by integrating equations 5 over the entire range in z from 0 to 1 in order to
replace the quark distribution function by the number of valence quarks. For the ratio,
the fragmentation functions cancel, giving

. 2_1__ 2.2
T z(e e ):%, (11)

eu°2—ed-1

where RE, is the quantity to be measured by the experiment

[Fn(m) 1;; / (dNﬁ( )-dN' (z)) dz] dz

1

P d w x :
b (2 o]

"
Gr *—

(12)

A

Apart from the assumed number of one d and two u valence quarks inside the proton and
their electric charges, equations 11 and 12 contain only directly measurable quantities;
namely, the absolute structure functions F; and differences of charge multiplicities. As
for the determination of dy(z)/u.(z), we have to correct this relation for the presence
of kaons and (anti-)protons in the hadronic final state. Again the correction term A
(equation 9) appears

R, =%.|1E21. (13)

14 =
+7

Rewriting the sum rule in the original form and using the hadron production rates from
protons and deuterons for R:_ one can write the Gronau et al. sum rule as follows

A
L _(1-¢i2) 2 o, (1T 14
G T (e2-2—e2-1) 7T i+ A’ (14)

where the measurable quantlty RE is

- / [F"(z);d OI(ifdfg(z)_i‘!Nd (a:)) dz] dz’ L

Tz : d h h
T [ () ]«

z
For this measurement we used the charge multiplicity differences as shown in figure
12, For the absolute structure functions F,” we have used fits to the EMC proton
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and deuteron data [12,48]. The integral contains a factor F;/z diverging proportionally
to the rise of the sea in the nucleon. However, this term is multiplied by the charge
multiplicity difference (‘”:f (z) — ‘ﬂg: (z)), which approaches zero as the contribution
of the symmetric sea to the cross section increases. So we expect the integral to converge

at small .

Figure 15a) shows the two integrals used for the determination of R¢, as a function
of the lower limit of the integral ;.. The data indicate a converging behaviour, but
clearly, the limit is not reached at the smallest values of Z,.in. As both integrals follow
the same functional behaviour (see definition of R%,, equation 15}, the ratio is expected
to converge faster. This is shown in figure 15b) where only a small variation of the ratio
over the whole range in i, is seen. Therefore we use the value RE = 1.41 % 0.06 at
Z,in = 0.02 for the determination of the sum rule. The lower limit of z has been chosen
so as to minimize the final experimental error for the sum rule,

The sources of systematic uncertainties are summarised in table 6. The main un-
certainty is due to the structure function measurements, where only the relative nor-
malisation uncertainty between proton and deuteron data [49] contributes significantly.
Changing the absolute normalisation of the structure functions to the normalisation
obtained by BCDMS [50] gives only a minor contribution as can be seen in the table.
Another significant contribution to the systematic error is due to the determination of
the charge multiplicity differences and the correction A, as already discussed in the
previous section. In addition, the absolute normalisation uncertainty for the charge
multiplicities has to be included. The uncertainty due to the unmeasured part of the
integrals between z = 0 — 0.02 was estimated using different parameterisations of the
valence distributions shown in figure 14. It was found that these parts influence the
result of the sum rule by less than 2% for all parameterisations used. As a further
consistency check, the lower boundary of the integral in z in formula 15 has been set to
0.15 and 0.2 leading to changes of -10% and +5% respectively, wich are consistent with

Relative systematic errors of the Gronau et al. sum rule

Uncertainty Error

Charge multiplicity difference:

absolute normalisation (7 %) 2%

acceptance correction + QCD processes 6 %
Structure functions:

relative normalisation of F} versus F§ (3%) 14%

behaviour in = compared to BCDMS 1%
Determination of A 6 %

Contribution to the integral from unmeasured region (z =0—-0.02) | 2%

Total systematic error 17%

Table 6: Sources of systematic errors of the Gronau et al. sum rule
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the statistical errors.

Finally, the value of the right hand side of the sum rule (equation 14) is determined
to be

(e2-1-¢3-2)
(-2—ei-1)

0.31 £ 0.06,4¢0¢ £ 0.05,y,.

This is in good agreement with the expected value of 2/7 (% 0.286). An earlier measure-
ment [37] yielded 0.24 & 0.28, where the error is statistical only. The present analysis is
the first significant test of this sum rule.

Assuming that there are one d and two u valence quarks in the proton, one can
directly extract the absolute ratio of quark charges

= 0.44 + 0.10,0; % 0.08,,,.

The result shows that the absolute charge of the d quark is lower than the u quark
charge and is in good agreement with the QPM expectation of 1/2.

Finally, the absolute charges of the u and d quark separately can be determined

N
using the ratio of the structure functions -gw = i}é = 0.289 3 0.006,, + 0.015,,,

measured in deep inelastic muon nucleon and neutrino nucleon scattering {7]

lea| = 0.66£0.03,0 £ 0.05,,,, |eq|=0.37 % 0.05,, + 0.05,,,.

The result confirms very well the QPM expectations.
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5 Summary

Precise charged hadron multiplicity spectra have been presented as a function of z in
fine (Q?, zp;) and (Q?, W) bins for muon scattering from protons and deuterons. The
data show the pattern of scaling violation and factorisation breaking expected from
QCD. The corresponding p? spectra show a tail at large p?, more pronounced at high
z and W2, which falls of x ;1? as expected from QCD. The average squared transverse
momentum, can be described at fixed z by a linear dependence on log W? only. No
significant Q® dependence is observed within the small statistical and systematic errors

of our data for Q? bigger than 5 GeV?2.

The Matrix Element and Parton Shower versions of the LUND 6.3 model fail to
reproduce the shape of the p} spectra, however, they describe well the pattern of z
spectra. The older LUND 4.3 Matrix Element model, which includes contribution due
to soft gluon radiation, describes resonably well the z and p? behaviour of the data.

The charge multiplicity ratios have been deduced for muon scattering from protons,
deuterons and neutrons. They show stronger dependences for higher z ranges, as ex-
pected if the fast hadrons contain the struck quark. For protons a strong rise with
zp; is observed. This is due to the excess of u quarks in the proton at large zp;. For
deuterons the increase is less pronounced. The charge multiplicity ratio for neutrons is
positive and decreases slightly with 2p;. This proves, in a model independent way, that
the neutron has more than 2 charged constituents and that the positive constituents
carry a bigger charge than the negative. The tendency of the ratio to decrease with
increasing zp; can be understood by the dominance of the d quark in the neutron at
large zp;.

A novel method has been presented to extract, for the first time in charged lepton
scattering, the ratio of the valence quark distributions d,(z)/u.(z) from the measured
charge multiplicity differences. The result agrees with previous neutrino measurements
obtained by a different method and also extends the measurements to smaller zg;. In
this region the ratio d,(z)/u,(z) is bigger than expected from Regge considerations.

Finally, the Gronau et al. sum rule has been tested; the measured sum being 0.31 &
0.06 + 0.05, compared to the theoretical expectation of 2/7 = 0.286. This is the first
significant test of this sum rule. From the measured sum, the absolute ratio of the
d to u quark charges has been inferred to be | eg| / | ey |= 0.44 £ 0.1050¢ + 0.08,y,.
Together with results of the average squared quark charge extracted from the neutrino
and charged lepton structure function measurement, the absolute electric charges of the
u and d quark are determined to be |e, |= 0.66 £0.031+0.05 and | eq|= 0.37+0.0540.05,

respectively.

We wish to thank all people who have contributed to the construction and mainte-
nance of our apparatus and to the analysis of this data. Especially, we want to thank
those collegues of the early EMC, not signing this late analysis, who provided us with
the hydrogen data and valuable comments.
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Appendix

The appendix contains the tables for the normalised differential scaled energy distribu-
tions 7}; . % for positive and negative hadrons as well as for all charged hadrons in small
bins of z and Q? (table9 - 11) or W and @Q? (table 12 - 14) and for the merged proton
and deuteron data set (table 15). Tables 16 a,b contain the inclusive p? distributions
in z and W? bins. The W? dependence of the mean transverse momentum < p? > in z
and Q? bins is given in in table 17 and in table 18. The latter has been integrated over
Q*. Finally table 19 contains the ratio of charge multiplicities in different bins of = and

z. All errors quoted are statistical errors only.

The kinematic bins used for these tables are defined as follows in tables 7 and &:

ZHod zp; W [GeV] | @? [GeV?]
010-0.15]10.01-0.02| 6-8 2-3
0.15-0.25{0.02-0.09| 8-10 3-5
0.25-0.3510.09-0.20(10-12 5-75
0.35-0.4510.20-035(12- 14 7.5-11
0.45-0.60|0.35-0.40] 14- 16 11 - 16
0.60-1 04-06 |16-18 16 - 30

06-1 18 - 20 30 - 50
50 - 100
100 - 250

Table 7: Kinematic bins for scaled energy distributions and charge multiplicity ratios.

P [GeV?
0 -0.1875|0.1875- 0.375 | 0.375 - 0.5625 | 0.5625- 0.75 | 0.75 - 0.9375
0.9375 - 1.125 | 1.125 - 1.3125 | 1.3125- 1.5 | 1.5 - 2.0625| 2.0625- 3.0
3.0 -3.9375|3.9375- 5625 | 5.625 - 8.4375| 8.4375- 12.0 | 12.0 - 16.0

Table 8: p? bins for inclusive p? distributions.
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proton dN/dz in bins of z end @ (positive hadrons)

<> ]| <QF> | 0.10<2<0.15 | 0.15<2<0.25 | 0.25<x<0.35 | 0.35<2<0.45 | 0.45<2<0.60 | 0.60< 5<1.0
0.027 4.1] 5.32:026 2924015 | 1.354£0.11 | 0.79240.093 | 0.374£0.068 | 0.088+0.018
0.028 6.1] 56510.20 3.06£0.11 | 1261008 | 0.59610.060 | 0.360 +0.043 | 0.084£0.014
0.029 8.1 527018 2594010 | 1.2540.08 | 0.58310.062 | 0.271£0.037 | 0.078 £0.016
0.032 11.9 | 5591034 3.16:0.24 | 1.68:0.27 | 1.462+0.407 | 0.386+0.141 | 0.739 +0.555
6.064 38| 5671041 2.7740.18 | 1533014 | 0.87410.110 | 0.447+0.061 | 0.1664+0.027
0.067 63| 8021023 3.1420.11 1.5610.08 | 0.961 :0.070 | 0.404:0.034 | 0.096:0.010
0.059 9.2 | 8581018 3374009 | 1604006 | 0.81340.048 | 0.414+0.028 | 0.106 +0.009
0.062 13.2 | 6.03:0.14 2954007 | 1.60£008 | 0.87040.047 | 0.393£0.026 | 0.102 £0.008
0.067 200 | 5.650.12 2934007 | 14410056 | 0.79810.048 | 0.3744£0.028 | 0.1040.009
0.082 33.3 | 5.81:054 1.95+0.23 | 1132023 | 0.656+0.234 | 0.205£0.138 | 0.04310.024
0.094 46| 5344+2.34 3.4041.27 | 0861051 | 0.0014£0.001 | 0.872+0.625 | 0.541 +0.605
0.112 64| 7.011088 3484035 | 1.6640.20 | 1.338+0.218 | 0.58810.106 | 0.17840.037
0.122 92| 7151045 3.734020 | 1.90£0.13 | 0.87810.077 | 0.490410.060 | 0.13310.015
0.120 135 | 6.1610.27 3304013 | 175:0.09 | 1.045+0.075 | 0.47910.036 | 0.12410.012
0.141 217§ 6.21£0.13 3.5640.07 | 1781005 | 0.9394+0037 | 0.46830.021 | ¢.138 £0.007
0.142 366 | 6.06+0.15 3.19+0.08 | 1.5410.068 | 0.85840.045 | 0.47240.026 | 0.11440.008
0.164 624 | 5571032 2.723017 | 1651014 | 0.887+0.114 | 0.48420.072 { 0.13310.023
0.216 9.7 | 6.7243.29 201+062 | 156071 | 0.788+0.381 | 0.076 £0.078 | 0.225 £0.110
0.234 141 | 4.6310.76 360+0.54 | 2941051 | 0.99410.239 | 0.426£0.104 | 0.1110.031
0.248 249 | 6.30%0.35 3.7940.17 | 2.0720.12 | 1.33240.104 | 0.596+0.049 | 0.158+0.018
0.266 37.8 | 6.32£0.13 3672012 | 1.88:0.08 | 1.00510.062 | 0.54010.037 | 0.136+0.012
0.275 64.7 | 6.06:0.22 340012 | 1.7240.08 | 1.020£0.067 | 0.521£0.037 | 0.122.£0.011
0323 ] 1189 | 4891059 202027 | 1.241021 | 0.665£0.157 { 0.4474£0.108 | 0.108 £0.031
0.485 259 | 6.27:2.00 459+149 | 1.801067 | 0.836+0.386 | 4.543+2.057 { 0.216+0.183
0.488 453 | 7.9911.33 457:066 | 20731042 | 1.0261£0.256 | 0.975£0.237 | 0.20120.073
0.511 69.8 | 6804060 4214032 | 2.5440.23 | 1.33040.177 | 0.61510.090 [ 0.186 £0.032
0.5630 | 1349 | 5911068 2774031 | 2.0120.27 | 1.32840.223 | 0.59040.113 | 0.173:0.029
proton dN/dz in bins of z and @2 {negative hadrons)

<z>] <@3> | 0.10< x<0.15 | 0.15<2<0.25 | 0.25<2<0.35 | 0.35<r<0.46 | 0.45<r<0.60 | 0.60< 2<l.0
0.027 4.1 ] 4665x023 281£012 | 1.19:009 ] 0.421+0.055 | 0.211£0.032 | 0.047£0.010
0.028 6.1 5.11+0.18 2.49+0.00 1.14+0.06 0596 +0.051 | 0.234+0.026 | 0.060+0.010
0.020 91| 4373018 2324008 [ 1.04:008 | 0.552+0.051 | 0.251£0.031 | 0.05610.010
0.032 11.8 | 4.534+0.27 2441016 | 15622018 | 0.58340.116 | 0.305:0.083 | 0.107 £0.043
0.0654 38| 4511034 2.6010.18 | 0.99:0.10 | 0.534+0.074 | 0.2871+0.048 | 0.071+0.013
0.057 63 5092021 2564010 | 1.06+008 | 0.56340.046 | 0.27010.027 | 0.062.10.008
0.059 8.2 | 5421016 277008 | 123006 | 0.629£0.042 | 0.271£0.022 | 0.065 £0.007
0.062 132 | 5021012 2404008 | 1.15:0.04 | 0.585+0.035 | 0.26810.020 | 0.055£0.008
0.067 200 | 4691011 2461006 | 1.00:0.04 | 051840034 | 0.24620.021 | 0.049 20.006
0.082 333} 4.12+0.42 2084024 | 11240622 | 0.275+0.101 | 0.191+0.096 | 0.027+0.024
6.004 46 | 4151248 1274056 | 2.36+1.43 | 0.43610.229 | 0.0201£0.018 | 0.06810.050
0.112 64| 5224070 2994037 | 1.2540.22 | 0.523+0.120 | 0.38720.094 | 0.057+0.0i8
0.122 9.2 | 5431038 2674016 | 1.3140.10 | 0.583%0.068 | 0.3160.042 | 0.05120.010
0.120 135 | 5.19:0.24 2514010 | 1.09:0.07 | 0.518:0.045 | 0.2373:0.025 | 0.047 +0.008
0.141 21.7 | 6.3410.12 2544006 | 1.15£004 | 0.52010.027 | 0.23520.015 | 0.047 £0.004
0.142 366 | 5131013 2.3810.07 | 0891004 | 0.4583+0.031 | 0.219£0.018 | 0,035 £0.004
0.164 624 | 4.4510.26 2.27+0.15 | 1.02£011 | 0.53840.084 | 0.22240.043 | 0.04910.012
0316 9.7 | 8.0615.04 423+203 | 1.21:060 | 0.398+0.238 | 0.546+0.839 | 0.149:0.149
0.234 141 | 4921097 2.86:042 | 081+0.21 | 0.668+0.231 | 0.158 £0.057 | 0.058.£0.027
0.248 249 | 4.95:0.27 2644013 | 1.13:0.08 | 0.561+0.060 | 0.256+0.030 | 0.031 £0.006
0.266 37.8 | 4.8540.20 253+009 | 1.10£0.06 | 0.55210.045 | 0.205+0.022 | 0.024 £0.004
0.275 647 | 4671018 2401009 | 0973006 | 0.417:0.040 | 0.186 £0.021 | 0.0300.005
0.3231 1189 | 4171053 19042026 | 1.024019 | 0.62740.163 | 0.162£0.063 | 0.090£0.030
0.485 259 | 299158 210£087 | 2.34x111 | 0.356:0.278 | 0.234+0.285 | 0.02010.018
0.488 453 | 4.04+0.74 2534046 | 1.2810.30 | 044210146 | 0.30610.122 | 0.030+0.018
0.511 69.8 | 5.76+0.51 2474022 | 1053014 | 0.488+0.094 | 0.21740.054 | 0.050 £0.015
0.532 | 1349 | 4521056 1922025 | 0674015 | 0.41040.1290 | 0.09940.045 | 0.03730.019

Table 9: - . 82 iy bins of z and Q? for up-scattering.

_IF,: dz
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deuteron dN/dz in bins of z and Q* (positive hadrons)

x> | <Q@°> | 0.10cec0.15 | 0.15<x<0.25 | 0.25<2<0.36 | 0.36<2<0.45 | 0.45<e<0.80 | 0.60< <10
0.028 24 ] 5.367+0.185 | 2.716+0.088 | 1.408£0.066 | 0.800£0.051 | 0.531:0.039 | 0.132£0.011
0.031 34| 571910286 | 2.620+0.128 | 1.551:0.100 | 0.861 £0.085 | 0.489+0.064 | 0.142+0.019
0.023 6.8 | 7.387£1.656 | 3.1341£0.679 | 0.857£0.261 | 0.80510.381 { 0.4760.307 | 0.11840.108
0.027 9.0 | 550040418 { 3.197+0.236 | 1.672+0.187 | 0.861+£0.144 | 0.404:0.072 | 0.115 £0.026
0.031 12.3 | 5.579+0.503 | 2.901+0.260 | 1.888£0.273 | 0.77210.141 | 0.640£0.161 | 0.086 £+0.024
0.050 75 | 6.3761+0.432 | 3.008:0.151 | 1.77230.118 | 0.865:0.071 | 0.48420.047 | 0.14910.015
0.059 38 | 5428401562 | 2.965+0.071 [ 1.67310.060 | 0.867+0.035 | 0.4456+0.020 | 0.134 £+0.007
0.062 60 | 544140147 | 2.872:£0.074 | 1.53120.064 | 0.850£0.040 | 0.431 30023 | 0.125 +0.007
0.055 96 | 520640317 | 3.117+0.188 | 1.616+£0.137 | 0.645+0.073 | 0.412+0.065 | 0.114 +0.017
0.060 13.2 | 5.14430.273 | 3.144£0.179 | 1.500+0.125 | 0.99640.118 | 0.350£0.046 | 0.094 +0.016
0.066 203 | 6.77940.209 | 2.96220.113 | 1.666+0.094 | 0.83810.067 | 0.517+0.049 | 0.096+0.011
0.081 33.0 | 5.119£0663 | 3.301+0.408 | 1.827:0.380 | 0.774+0.181 | 0.457+0.172 | 0.122+0.068
0.103 43 | 5.68240.747 | 3.594+0.342 | 1.860+0.176 | 1.061+0.140 | 0.391£0.052 | 0.156 £0.023
0.124 6.2 | 6.22740.355 | 3.36310.148 | 1.60810.085 | 0.994+0.064 | 0.488+0.035 | 0.139 2£0.011
0.138 9.0 | 5.7564£0.255 | 2.847+0.109 | 1.507+0.072 | 0.884+0.056 | 0.435+£0.020 | 0.142+0.011
0.121 13.6 | 6.777:0.386 | 3.083740.183 | 1.638£0.123 | 0.823610.084 | 0.406+0.046 | 0.095 +0.012
0.126 21.5 | 5.611£0.220 | 2.94740.114 | 1.47910.082 | 0.87310.084 | 0.453+0.036 | 0.078 £0.008
0.141 37.6 | 5.75040.224 | 2.957+0.122 | 1.665+0.095 | 0.901 £+0.072 | 0.462.+0.040 | 0.096 +0.012
0.164 59.4 | 5.345140.437 | 2.92040.253 | 1.382+0.173 | 0.7880.137 | 0.464:0.085 | 0.156 £0.030
0.227 96 | 6.140+1.086 | 3.171 £0.387 | 1.737+0.275 | 1.534£0.293 | 0.609+0.127 | 0.172 £0.038
0.265 13.3 | 6.94140625 | 3.668£0.269 | 1.664+£0.166 | 1.30410.147 | 0.577+0.076 | 0.135 +0.020
0.261 23.2 | 6.331£0.392 | 3.40920.184 | 1.467+0.106 | 0.850+0.075 | 0.379+0.038 | 0.135 +£0.015
0.272 384 | 5.015+0.347 | 3.065£0.159 | 1.664+0.114 | 0.848+0.081 | 0.502+0.065 | 0.099+0.013
0.283 67.5 | 5.84310.312 | 3.086£0.160 | 1.566+0.115 { 0.762 £0.080 | 0.397 +0.047 | 0.125 +0.016
0325 | 1183 | 5.683.:0832 | 2.672+0.426 | 1.476.£0.329 | 0.0401+0.258 | 0.454+0.147 | 0.120+0.046
0.471 275 | 5.71241.177 | 4.542+0.730 | 2.500+0.538 | 1.5034+0.369 | 0.624£0.210 | 0.275 £0.095
0.487 40.2 | 5.01541.04¢ | 4.066+0.732 | 2.346 10446 | 1.164:0.201 | 0.696+0.198 | 0.032 +0.023
0.459 69.2 | 7.623310.926 | 3.038+£0.363 | 1.93010.272 { 0.9751+0.203 | 0.503+0.113 | 0.099 £0.027
05101 1347 | 643310907 | 2.9121+0.440 | 1.460+0.3156 | 1.300+0.296 | 0.498+0.146 | 0.184 +0.054
deuteron dN/dz in bins of x and Q* (negative hadrons}

x> ] <Q@°> | 0.10c2<0.46 | 0.15<2<0.25 | 0.25<z<0.35 | 0.35c2<0.46 | 0.45<2<0.60 | 0.60< £<1.0
0,023 74| 4.730+0171 | 2.357+0.079 | 1.272+£0.064 | 0.860+0.047 | 0.316+0.027 | 0.090+0.008
0.031 34| 454940232 | 2.364+0.119 | 1.122.£0.087 | 0.728+0.080 | 0.296+0.036 | 0.10510.017
0.023 6.9 | 669711663 | 2.550+£0.636 | 0.759+0.264 | 1.74441.281 | 0.100£0.062 | 0.206 £0.253
0.027 9.0 | 5.926+£0.448 | 3.037+0.268 | 1.5681+0.210 | 0.608+0.116 | 0.268+0.054 | 0.080 £0.022
0.031 12.3 | 4.668£0.466 | 2.536 £+0.275 | 1.780£0.303 | 0.69810.164 | 0.208+0.061 | 0.106 £0.033
0.050 25 | 5.241+0.357 | 2.331£0.122 ] 1.162£0.077 | 0.619£0.055 | 0.325+0.033 | 0.101 £0.012
0.059 3.8 | 477040135 | 2.587+£0.064 | 1.18120.041 | 0.65530.031 | 0.279+0.015 | 0.084 £0.005
0.062 6.0 | 4.608+0.120 | 2.471 £0.066 { 1.166 :+0.047 | 0.62410.035 | 0.32610.021 | 0.082 +0.008
0.055 9.6 | 4.604£0.202 | 2.363£0.150 | 1.062+0.104 [ 0.577£0.077 | 0.261+£0.045 | 0.065 £0.014
0.060 13.2 | 492420278 | 2.529+0.165 | 1.028+0.095 | 0.617+0.084 | 0.37040.063 | 0.064£0.014
0.066 20.3 | 4.89610.193 | 2.53610.112 | 1.326£0.092 | 0.6351+0.064 | 0.299£0.035 | 0.063+0.010
0.081 33.0 | 445340653 | 2.44610.395 | 1.609+0.3690 | 0.5561+0.197 | 0.447£0.159 | 0.050 £+0.028
0.103 4.3 | 4.3534£0.557 | 2.30440.214 | 1.35220.156 | 0.639 £+0.087 | 0.313+0.052 | 0.099 £0.019
0.124 8.2 | 467840.259 | 2.42920.112 | 1.29120.078 | 0.67510.054 | 0.328+0.029 | 0.078 £0.008
0.138 9.0 | 4.96240.220 | 2.562+0.100 | 1.103+0.060 | 0.65310.047 | 0.26810.023 | 0.055 £0.006
0.121 13.6 | 4.5811£0.200 | 2.197+0.144 | 1.110:0.099 | 0.510+0.084 | 0.258.40.029 | 0.049 +0.008
0.136 215 | 4.668+0194 | 2.46920.105 | 1.056 0,068 | 0.510£0.047 | 0.230+0.025 | 0.042 £0.006
0.141 37.6 | 472610204 | 2.778+0.125 | 1.256+0.087 | 0.662+0.057 | 0.232+0.032 | 0.050 £0.008
0.164 59.4 | 4.199+£0.383 | 2.585+0.238 | 1.174:0.174 | 0.559+0.121 | 0.320£0.075 | 0.079£0.025
0.237 96 | 453440761 | 2.805+0.359 | 1.206 40,202 | 0.462£0.115 | 0.25440.087 | 0.079 +0.027
0.265 13.3 | 4.313+0434 | 2.605+0.214 | 1.427:0.150 | 0.597+0.088 | 0.291£0.049 | 0.054£0.012
0.261 23.2 | 5.10140.348 | 2.372+0.140 | 1.120:0.098 | 0.449+0.040 | 0.267+0.036 | 0.048 £0.008
0.272 384 | 472020289 | 2.76410.164 | 1.059+0.092 | 0.63040.075 | 0.237£0.041 | 0.026 +0.008
0.283 67.5 | 4.703£0273 | 2.36410.137 | 1.201 £0.101 | 0.528£0.067 | 0.243£0.038 | 0.043 +0.010
0.325 | 118.3 | 4.48540.744 | 2.715+0.442 | 0.69340.223 | 0.460+£0.177 | 0.63040.206 | 0.064 £0.033
0471 22.5 | 3.463+0.925 | 2.813+0.537 | 0.898£0.245 | 0.607+0.230 | 0.31410.167 | 0.061 £0.037
0.487 40.2 | 4.24540.921 | 2.58340.445 | 0.938+0.237 | 0.731£0.229 | 0.61940.191 | 0.018+0.018
0.489 69.2 { 5.357+0.706 | 2.66410.318 | 1.223x0.218 | 0.440+0.128 | 0.158+0.0682 | 0.022 £0.013
0510 | 134.7 | 5.6898+0.845 | 1.576+0.325 | 0.710+0.216 | 0.833+0.226 | 0.28810.110 | 0.015+0.015

+{-) . . -
Table 10: Ni,. . % in bins of z and Q? for ud-scattering.
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proton dN/dz in bins of 2 and @ {charged hadrona)

<2> ] <@¥>] 0.10<5<0.15 | 0.16<x<0.28 | 0.26<#<0.35 | 0.35<5<0.46 | 0.45<e<0.60 | 0.60< 5<1.0
0.027 4.1 9.9710.35 §.21+0.19 254+0.14 | 118410103 | 0.683:0.081 | 0.129+0.019
0.028 61| 10.77+0.27 5.5210.14 240010 | 1.20640.079 | 0.583+0.048 | 0.14640.017
0.029 9.1 9.61+0.23 4911013 2204010 | 1.24540.080 | 0.526 £0.048 | 0.138+0.018
0.032 11.9 10.07 £ 0.43 5.49 4 0.28 3.17+£031 1.68310.271 | 0.688 +0.150 | 0.411 +0.137
0.054 38| 1018+054 $.38 +0.26 2624017 | 1.391+0.129 | 0.7344+0.078 | 0.224 +0.029
0.067 63| 11121031 5694015 262010 | 1.502£0.082 | 0.673+0.043 | 0.150 £0.013
0.059 9.2 | 12072025 6.1410.12 2811008 | 1.44240.063 | 0.684+0.035 [ 0.17140.011
0.062 132 | 11.03:048 5.38 1 0.09 2.7640.07 | 1.44840.058 | 0.661+0.033 | 0.16540.010
0.067 200 10.23+0.16 5.20.£0.09 2.5240.07 | 130210087 [ 0.617T+0.024 | 0.152 +0.011
0.082 333 9431088 4.06 £0.34 2.261033 [ 0.862+0.218 { 0.486+0.167 | 0.071+0.034
0.094 468 | 9551339 44631.26 3.01+1.26 | 2.807+£1.560 | 2.341£1.724 | 0.386 £0.238
0.112 64 | 12271123 6.42 10.51 2.8810.20 | 1.86440.246 | 0.975+£0.140 | 0.234+0.041
0122 9.2 | 12.56840.59 6.4010.25 3.22+0.17 | 146140103 | 0.804+0.066 | 0.184 £0.018
0.120 135 | 11.3510.36 5.81+0.16 2844011 | 1.542+0.085 | 0.716 £0.044 | 0.169+0.013
0.141 217 | 11.5640.18 6.08 40,09 2943008 | 146140046 | 0.704£0.025 | 0.183 +0.008
0.142 366 | 11.2040.20 557+0.10 253:0.07 | 1.31140.054 [ 0.693+0.032 | 0.15040.009
0.164 624 | 10014041 5.00+0.22 2.66+0.38 | 1.41940.141 | 0.69210.082 | 0.179 £0.025
0.z1d@ 9.7 | 13.96+5.23 4.80+1.19 2784064 | 1.190+0.456 | 0.231+£0.177 | 0.390£0.175
0.234 14.1 9.33+1.17 6.46 £0.73 3.724£054 | 164410323 | 0.581+£0.117 | 0.167 £0.039
0.248 249 | 11.3010.44 6.42 40.22 3.20£015 | 1.879.40.118 | 0.849+0.057 | 0.18010.016
0.266 37.8 | 11.1710.31 6.10£0.15 2984010 | 1.56710.076 | 0.746 £0.043 | 0.15710.012
0.275 64.7 | 10.7210.29 5.79+0.16 2704010 | 1.42310.077 | 0.702£0.042 | 0.151 +0.012
0323 | 1189 | 9081079 3.98£0.38 22710290 | 1.272:0.222 | 0.605+0.124 | 0.196 £0.042
0.485 269 | 9.2712.62 6.67+1.70 3.92%1.16 | 1.21240.482 | 4.043+2.194 | 0.189 +0.151
0.488 453 | 11.66+1.43 7.06 £0.79 3.371+051 | 1.45640.288 | 1.280+0.265 | 0.219+0.069
0.511 69.8 | 12.61+0.79 6.64 £0.38 3.659+£0.27 | 1.7974£0.196 | 0.837+0.105 | 0.233 20.035
0530 | 1349 | 10.42:0.88 4.69 £0.39 266031 | 1.725+0.256 | 0.6831+0.120 | 0.209 +0.044
deuteron dN/dz in bins of = and Q* (charged hadrons}

<z> | <Q*> | 0.1052<0.15 | 0.15<2<0.25 | 0.25<2<0.36 | 0.35<x<0.45 | 0.45<z<0.60 | 0.60< £<1.0
0.028 2.4 | 10.086+0.262 | 5.073+0.118 | 268840092 | 1.461 10.060 | 0.8442+0.046 | 0.222 +0.014
0.031 3.4 | 10.230+0.365 | 4.994+0.175 | 2.64420.138 | 1.589.40.118 | 0.774 £0.063 | 0.246 1 0.026
0.023 68 ] 14.077+2.194 | 5.6971£0.932 | 1.617+0.371 | 2.058£0.803 | 0.415+0.177 | 0.208 +0.213
0.027 9.0 | 11.82040.610 { 6.2241£0.353 | 3.22010.276 | 1.46710.185 | 0.670+0.089 | 0.195 +0.034
0.031 12.3 | 10.2794+0.686 | 5436 £0.375 | 3.64140.401 | 1.465+0.212 | 0.79610.149 | 0.190 £0.038
0.050 2.6 | 11.607+£0.558 | 532940.104 | 2.88510.136 | 1.481 +0.089 | 0.803 +0.087 | 0.250 +0.019
0.059 3.8 | 10.1954+0.203 | 555210096 | 2.7514£0.064 } 1.52230.047 | 0.723:0.025 | 0.218 +0.008
0.082 6.0 | 10.043£0.195 | 5.440+£0.099 | 2.608+0.072 [ 1.47€ £0.053 | 0.756.£0.031 | 0.207 +0.010
0.055 9.6 | 990240431 | 546610239 | 2.680+0.171 | 1.21840.105 | 0.675+0.071 | 0.181 +6.022
0.080 132 | 10.064+0.389 | 567310236 | 2.62310.156 | 1.604:0.143 | 0.704+0.073 [ 0.158 £0.021
0.066 20.3 | 10.686 +0.285 | 5.501 £0.159 | 2.99540.131 | 1.470£0.092 | 0.81710.060 | 0.159 +0.015
0.081 330 | 957640930 | 5.857+0.576 | 3.533:0531 | 1.33310.261 | 0.93240.239 | 0.161 +0.063
0.103 43| 9.98840.916 | 5.7981+0.385 | 3.01740.236 | 1.69410.168 | 0.701 £+0.073 | 0.256 +0.030
0.124 6.2 | 10.872£0.432 | 5.76410.183 | 2.89840.116 | 1.669+0.083 | 0.81710046 | 0.21710.014
0.138 9.0 | 10.7164+0.336 | $.513+0.148 | 2.608.4+0.093 | 1.537£0.073 | 0.704 £0.037 | 0.195 £0.012
6121 136 | 10.317+0.481 | 5.22310.231 | 2.647+0.168 | 1.347:0.106 | 0.662340.060 | 0.14410.016
0.136 21.5 | 10.28040.203 | 5.416210.155 | 2.53440.106 | 1.282+0.079 | 0.6834+0.044 | 0.12040.010
¢.141 37.6 | 10.48440.303 | 5.723+0.174 | 292140120 | 1.46310.082 | 0.70210.052 | 0.147 £0.015
0.164 59.4 | 9.543+0.681 | 5.506+0.347 | 2.548+0.243 | 1.344+0.182 | 0.781+0.112 | 0.235 £ 0.039
0.227 9.6 | 10.782+1.314 | 6.006 £+0.530 | 2.93810.338 | 1.883 £0.280 | 0.842£0.137 | 0.251 +0.047
0.265 13.3 | 11.1654+0.747 | 6.267+0.343 | 3.12040.224 | 1.88240.168 | 0.865 £+0.089 | 0.189 £ 0.022
0.261 23.2 | 11.41920.524 | 5.766£0.230 | 2.68720.144 | 1.204+0.088 | 0.64310.052 | 0.181 £0.017
0.272 38.4 | 10.6231+0.450 | 583020222 | 2.71540.146 | 1.46910.110 | 0.745+0.069 | 0.125+0.014
0.283 675 | 10.563730.414 | 5.4461£0.210 | 2.766+£0.163 | 1.319.+£0.104 | 0.638+0.060 | 0.168 +0.019
0.326 | 1183 | 10.173+1.116 { §.374+0.612 | 2.166£0.397 | 1.399+0.313 | 1.02620.232 | 0.185 +0.057
0.471 225 9.17641.498 | 7.339+0.803 | 3.211+0.641 | 2.112+0.434 | 0.94120.268 | 0.325 +0.096
0.487 40.2 | 9.29941.305 | 7.41140.828 | 3.198+0.483 | 1.50420.370 [ 1.32420.276 | 0.049 +0.020
0.489 60.2 | 12.951+1.163 | 5.72810.484 | 3.16440.349 | 1.405+0.238 | 0.660£0.128 | 0.121 £0.030
0.510 | 134.7 | 12.130+1.240 | 449310547 ] 2.16510.381 | 2.138:0.373 | 0.78640.183 [ 0.197 +0.055

Table 11: 7\,1—“

dNcharged |

in bins of z and @Q* for up- and ud-scattering.

dz
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proton dN/dz in bins of W and @* {positive hadrons)
<W>] <Q> | 010 3<0.15 | 0.16<£<0.25 | 0.25<5<0.35 | 0.35<2<0.45 | 0.45<r<0.60 | 0.80< z<1.0
73 34 ) 568141.716 | 2.082+0.782 | 1.626:0.536 | 0.94240.365 | 0.46810.230 | 0.68210.381
71 64| 706310624 | 3.266£0.238 | 1.63340.149 { 1.268 £0.145 { 0.56540.070 | 0.17940.026
7.3 142 | 580240533 | 3.742+0.289 | 1.791+£0.173 | 1.146 £0.139 | 0.546 £0.073 | 0.177 +0.027
7.2 369 | 6.350+0654 | 3.48610.307 | 2.035£0.219 | 0.82440.141 | 0.694£0.104 | 0.113 £0.025
7.3 753 | 8.449+1.372 | 3.702+£0.568 | 2750+ 0.474 | 1.62810.363 | 0.65610.175 | 0.167 +0.061
9.1 35 | 461910648 | 2.802+0.340 | 1.17820.195 | 0.718+0.186 | 0.826:0.219 | 0136 10.041
2.0 8.9 | 6.199+0.2907 | 3.350+0.141 | 1.770+0.099 | 0.857 40066 | 0.48120.040 [ 0.117 £0.012
9.2 14.9 | 5.86540.260 | 3.310+0.126 | 1.65310.083 | 1.04810.069 | 0.437+0.032 | 0.116 £+0.010
9.3 28.8 | 6.32040.317 | 3.7941+0.166 | 2.063+0.113 | 1.26810.093 | 0.604 +0.049 | 0.168 +0.016
9.1 71.0 | 5.13140.504 | 3.264£0.274 | 1.869+0.204 | 1.078+0.163 | 0.576£0.092 | 0.158 +0.029
10.9 35 | 5.27740501 | 2.9657+0.301 | 1.570£0.220 | 0.948:0.202 | 0.333+0.100 | 0.060+0.025
10.8 72 | 6.76340.248 | 315040113 { 1.51430.079 | 0.93810.067 | 0.426 £0.035 | 0,109 +0.011
10.8 13.9 [ 6.3471+0.265 | 3.62940.132 | 1.745£0.092 | 0.94210.066 | 0.440 £0.034 | 0.135 £0.013
11.0 29.9 § 6.557+0.220 | 3.460£0.111 | 1.8794£0.081 | 0.95040.055 | 0.469£0.030 | 0.134 £0.011
11.1 87.3 ] 607910401 | 3.312+0.201 | 2.02910.158 | 1.020406.113 | 0.626 +0.070 | 0.093 +0.016
12.7 36| 464540463 | 3.048+0.314 | 1.077£0.181 | 0.733+0.219 | 0.388+£0.126 | 0.121 £0.059
13.1 63| 5.70120.204 | 319420113 | 1.65810.088 | 0.83140.086 | 0.374£0.036 | 0.111 20.023
12.9 145 | 6.29840.208 | 3.315+0.109 | 1.667+0.078 | 0.875 £0.066 | 0.486 0,036 | 0.114£0.010
13.0 28.8 | 6.538+0.197 | 3.65210.107 | 1.806 20.075 | 0.934£0.052 | 052230031 | 0.129 £0.010
12.9 651 | 6.02340.339 | 3.552+0.188 | 1.50340.115 | 1.046£0.200 { 0.454+0.061 | 0.135:0.018
150 70| 5.739£0.211 | 3.117+£0.123 | 1.43910.091 | 0.835£0.077 | 0.398 +0.044 | 0.106 10.016
14.9 13.9 | 6.068+0.196 | 3.1751+0.105 | 1.661 £0.082 { 0.781 £0.055 | 0.348 +0.030 | 0.091 £0.009
15.2 203 | 6.147+0.188 | 3.504£0.108 | 1.77340.079 | 0.962+0.060 | 0.48410.034 | 0.123 20.011
14.8 82.8 | 6.02610.350 | 2.080+0.184 | 1.82240.145 | 0.01910.100 | 0.489+0.060 | 0.135 +6.018
17.1 79| 5.52640.235 | 3.047+0.141 | 1.304£0.108 | 0.560£0.071 | 0.3231£0.052 | 0.102 £0.023
17.1 13.8 | 5.674+0.193 | 2.958+0.108 | 1.52940.090 | 0.862 400756 | 0.38410.042 | 0.3117 £0.037
16.8 30.4 | 5.407+0.187 | 2.8621+0.104 | 1.38540.081 | 0.772+0.062 | 0.395 £0.038 | 0.11010.012
17.0 78.7 | 5.103+0.345 | 2.499+0.180 | 1.416+0.147 | 0.641 £0.087 | 0.416 :0.066 | 0.116 £0.020
18.8 76 | 5.699+0436 | 277710267 | 1.872+0.293 | 1.04110.202 | 0.563+£0.261 | 0.120 £0.080
18.6 12.8 | 537140220 | 2.67330.125 | 1.488+0.135 { 1.040+0.160 | 0.335 +0.061 { 0.165 £0.049
19.1 28.5 § 5.91640.264 | 2.81440.151 | 141740.141 | 1.12940.182 | 0.509+0.169 { 0.144 +0.039
19.1 667 | 549740552 | 2.6004£0.204 | 1.743+0.290 | 1.359+0.307 | 0.484+0.157 | 0.143+0.055

proton dN/dz in bins of W and @* (negative hadrons)
<Wo> | <Q> | 0.10c 2<0.15 | 0.15<2<0.25 | 0.25<e<0.35 | 0.35<x<0.45 | 0.45<2<0.60 | 0.60<£<1.0
7.3 3.4 ] 2.950+£1.076 | 3.502+£1.063 | 1.3711+0.541 | 0.425:0.166 | 0.694 £0.399 | 0.080 +0.057
71 6.4 | 5.496£0.536 | 2.658+0.225 | 1.36010.159 | 0.5734+0.080 | 0.33310.058 | 0.0700.013
1.3 14.2 | 512140511 | 2.7981+0.244 | 1.068+0.134 | 0.498+0.086 | 0.1811:0042 | 0.053 £0.014
72 369 | 420810452 | 2.50740.245 | 1.07840.147 | 0.43240.090 | 0.29140.064 | 0.036 £0.012
7.3 75.3 | 6.454+1.063 | 2.32840.390 | 1.080+0.282 | 0.47740.186 | 0.295+0.125 | 0.082 +0.040
8.1 35 | 497720702 | 2.47710.311 | 1.38720.271 | 0.48710.131 | 0.286.1£0.083 | 0.067 £0.021
9.0 69| 466010238 | 2.323£0.110 | 1.106 £0.074 | 0.67310.060 | 0.262+0.028 | 0.050 +0.007
9.2 14.0 | 4.82640.223 | 2.51940.104 | 1.042+0.066 | 0.547+0.047 | 0.207+0.020 | 0.047 +0.007
9.3 28.8 | 4.716.+0.244 | 2.79810.134 | 116010083 | 0.61810.063 | 0.24910.030 | 0.042 +0.007
9.1 71.0 | 4.561£0.471 | 1.998+0.200 | 0.85440.141 | 0.53140.107 | 0.17440.047 | 0.03040.012
10.8 3.5 | 4.801+0.462 | 2.300+0.234 { 1193 40.188 | 0.5451+0.122 | 0.22210.057 | 0.06210.024
10.8 7.2 | 5.219+0.208 | 2.742+0103 | 1.105 £0.064 | 0.5264£0.044 | 0.311 £0.030 | 0.061 £0.008
10.8 13.9 | 5.436+0.236 | 2.605+0.107 | 1.110£0.069 | 0.568.£0.050 | 0.24110.025 | 0.049 £0.006
11.0 200 | 508640183 | 2.62410.090 | 1.200+:0.084 | 0.468+0.037 | 0.20410.010 | 0.032 4£0.004
11.1 87.3 | 4126+0.301 | 2.22940.162 | 0.898+0.097 | 0.407£0.067 | 0.1091+0.025 | 0.023 £0.008
127 36 ] 47714£0.441 | 2.399+0.247 | 1.0031:0.172 | 0.436+0.118 | 0.241 £0.077 | 0.045 £0.018
13.1 63 1] 511240.187 | 2.56010.086 | 1.23240.067 | 0.670£0.055 | 0.223+£0.024 | 0.059£0.009
12.9 145 | 517540.181 | 2.528 10080 | 1.17040.064 | 0.55440043 | 0.2704£0.028 | 0.056 +0.007
13.0 268 | 563140181 | 2.596+0.088 | 1.134£0.058 | 0.525+0.037 | 0.2491+0.022 | 0.036 +0.005
129 65.1 | 4.668+0.281 | 2.39730.148 | 0.968£0.094 | 0.354£0.053 | 0.19010.032 | 0.034:0.008
150 7.0 | 5.265+0.198 | 2.801+0.107 | 1.197+0.072 | 0.546 £0.050 | 0.27210.030 | 0.0624+6.010
148 139 | 533710179 | 2.635+0.093 | 1.241+0.070 | ©.556 +0.045 | 0.329+0.032 | 0.057+0.008
15.2 29.3 | 5.26740.169 | 2.495+0.087 | 1.164+0.064 | 0.614£0.049 | 0.222£0.022 | 0.032.+0.006
14.8 82.8 | 469610298 | 2.28810.159 | 0.9341+0.099 | 0.50510.074 | 0.208+0.040 | 0.03910.009
17.1 78] 484040204 | 2.287+0.103 | 1.128+0.082 | 0.552+0.061 | 0.228+0.032 | 0.049+0.010
171 13.8 | 4.78710.162 | 2.315:0.087 | 1.09210.067 | 0.53810.048 | 0.256 £0.031 | 0.056 +0.009
16.8 30.4 { 4.71010.168 | 2.33110.092 | 0.90110.060 | 0.43210.043 | 0.23620.029 | 0.042 £0.007
17.0 78.7 | 4.39010.305 | 2.15120.164 | 1.06140.123 | 0.45520.083 | 0.206 £0.044 | 0.067+£0.016
18.9 76 | 4.345+0.317 | 2.7194+0.220 | 1.208+0.180 | 0.680+0.143 | 0.441 +0.130 | 0.135 +0.059
18.6 12.8 | 4.448+0.178 | 2.3001+0.106 | 1.2631:0.100 | 0.586 £0.072 | 0.248+0.041 | 0.092+0.025
19.1 285 [ 4.609+0.196 | 2.46340.121 | 1.154+0.103 | 0.518 £0.072 | 0.231 £0.046 | 0.048 £0.014
19.1 66.7 | 4.80040.465 | 2.40710.268 | 0.9804+0.185 | 0.568+0.161 | 0.21810.081 | 0.015 10.011

dNH(=)

Table 12: Ni"

- #%— in bins of W and @Q? for up-scatiering.
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deuteron dN/dz in bins of W and @ (positive hadrons}
<W> | <@ > | 0.10<£<0.15 | 0.15<2<0.26 | 0.25<2<0.35 | 0.35<2<0.45 | 0.45<2<0.60 | 0.60<x<1.0
7.0 28| 6.006+0.334 | 3.084 10126 | 1.808 +0.095 | 0.8381+0.062 | 0.46040.032 | 0.155 £0.012
7.0 6.0 | 812740242 | 3.316+0.101 | 1.56684+0.058 | 1.0001£0.045 | 0.466+0.023 | 0.130+0.007
7.0 13.4 | €.128+0.368 | 3.536 +0.170' | 1.674+0.106 | 1.09240.086 | 0.517£0.044 | 0.151 £0.014
7.1 286 | 5.616+0572 | 3.440:0.286 | 1,780940.184 | 0.85140.124 | 0.395+0.068 | 0.12410.024
7.3 69.1 | 5.906+1.601 | 2.434+G.654 | 1.639+0.511 | 1.646£0.527 | 0.527£0.277 | 0.060+0.043
X 2.8 | 5.39410.158 | 2.768+0.073 | 1.398+0.051 | 0.81610.040 | 0.491:0.027 | 0.13240.009
8.9 6.1 | 5.583+£0.147 | 2.909 £0.068 | 1.487£0.047 | 0.808 £0.034 | 0.417:0.020 | 0.125 £0.007
8.3 144 | 603220406 | 2.047+0.171 [ 1.417+0.106 | 0.843+0.080 | 0.383+0.041 | 0.105 +0.014
9.2 30.4 | 6.50320.473 | 3.346+0.223 | 1.38140.120 | 0.839:0.0900 | 0.4364£0.055 | 0.098 +0.014
8.1 68.6 | 6.831 10054 | 3.339+ 0.436 1.6814£0.268 | 0.90610.212 | 0.456+:0.106 0.133 +0.034
10.4 28| 5.208+0.187 | 2.798.10.098 { 1.5914+0.086 | 0.84040.062 | 0.465+0.039 | 0.126 £0.013
10.9 6.4 | 535140155 | 2.740+0.078 | 1.65410.087 | 0.5361£0.048 | 0.4321+0.028 | 0.124 +0.009
11.0 14.4 | 578240415 | 2.855+0.198 { 1.74530.177 | 0.901:0.122 | 0.37710.063 | 0.095 £0.017
11.0 200 | 5.081£0.205 | 2.992£0.1556 | 1.58310.112 | 0.903 20.086 | 0.434 £0.047 § 0.065 £0.010
11.1 72.6 | 5757410534 | 3.353+£0.204 | 1.5991£0.190 | 0.915+0.143 | 0.401 +0.078 { 0.116 +0.025
12.9 8.5 | 4.8401£0.923 | 3.388 £0.595 | 1.7271+0.504 | 0.910£0.338 | 0.479£0.201 | 0.166 £0.069
13.0 14.0 | 523840448 | 2,903+ 0262 | 1.2004£0.172 | 0.8921£0.157 | 0.385+0.075 | 0.140.£0.049
13.0 204 | 560040279 | 3.000£0.161 | 1.446 £0.104 | 0.793£0.077 | 0.514£0.065 [ 0.101 £0.014
13.0 75.7 | 693840546 | 2.814+0.227 | 1.619+0.179 | 0.752£0.122 | 0.352£0.070 | 0.119+0.025
151 87| 403440869 | 4373+1.218 | 3.00811.277 | 0.627+0:363 | 0.596+0.510 | 0.103 £0.067
15.0 13.8 | 5.79840.436 | 2.990£0.239 | 1.624£0.188 | 0.903+0.141 | 0.357£0.066 | 0.074 £0.017
15.0 29.7 | 5.636+£0.270 | 2.974+0.150 | 1.577+0.115 | 0.959+0,098 | 0.43840.053 | 0.092+0.016
15.0 77.6 | 542740453 | 2.90320.251 | 1.47040.179 | 0.772£0.132 | 0.47140.086 | 0.121 £0.027
171 78 | 5.81440.752 | 3.327+0.449 | 1.27140.265 | 1.05310:361 | 0.62740.196 | 0.172£0.098
17.0 13.8 | 6.581+0.331 | 2.736+0.177 | 1.500+£0.146 | 0.794£0.16¢ | 0.4104+0.063 | 0.105 £0.021
17.0 30.1 | 5.64520.202 | 3.161£0.176 | 1.79710.144 | 0.763£0.085 | 0.4611+0.052 | 0.082£0.012
17.0 75.6 | 5.680+£0519 | 2.812+0.274 | 1.65110.218 | 0.7124£0.141 | 0.3881+0.083 | 0.1761+0.038
19.0 71| 61070487 | 3.122+0.263 | 1.69140.217 | 0.916+0.163 | 0.367+0.076 | 0.112+0.028
19.0 13.8 | 5.347£0.315 | 3.301£0.197 | 1.618£0.151 | 0.961+0.119 | 0.472+0.076 | 0.095+0.019
18.9 200 | 590910353 | 2.957100181 | 1.676 £0.151 | 0.780£0.092 | 0.57310.085 | 0.105 +0.024
18.7 66.4 | 4.805+0663 | 3.18210.435 | 1.05640.263 | 1.11540.272 | 0.741 £0.187 | 0.185 £0.0566

deuteron dN/dz in bins of W and Q°. (negative hadrons)
<W> | «Q2> | 0.10< £<0.15 | 0.15<5<0.25 | 0.25<2<0.35 | 0.35<2<0.45 | 0.45<z<0.60 | 0.60< £<1.0
7.0 28 | 65.059£0277 | 2.462+0.103 | 1.171£0.062 | 0.647£0.046 | 0.230430.023 | 0.097 £0.009
7.0 6.0 | 4673 +£0.179 | 238810076 | 1.227+0.061 | 0.631+0.034 | 0.29940.019 | 0.074+0.005
7.0 13.4 | 453440282 | 2.42640.131 | 1.298 10.001 | 0595 :0.058 | 0.22210.027 | 0.047 £0.007
7.1 286 | 460710491 | 2.622+0.232 ] 1.0054£0.131 | 0.545+0.095 | 0.231 £0.064 | 0.044+£0.013
7.3 69.1 | 4.32041.378 | 2.957+0.609 | 126410477 | 0.79940.343 | 0.19940.146 | 0.061 £0.044
89 75 | 4.866:0.148 | 2.50010.060 | 1.227£0.040 | 0.653+0,036 | 0.336+0.022 | 0.087£0.007
8.9 61 4.799£0132 | 2.542+0.063 | 1.197+0.043 | 0.680:0.034 | 0.279£0.016 | 0.070 +0.005
9.3 144 | 5.046£0.334 | 2.44640.158 | 1.032£0.091 | 0.504:0.058 | 0.24610.035 | 0.050£0.008
9.2 30.4 | 4.944:£0.380 | 2.487+0.172 | 0.91810.100 | 0.516 :0.066 | 0.220£0.038 | 0.032 £0.007
9.1 68.6 ] 4.288:0655 | 2.228%0.308'| 1.002+£0.214 | 0.3864:0.121 | 0.171£0.068 | 0.019 +0.014
10.4 2.8 | 4.627£0.172 | 2.31640.086 | 1.164£0.066 | 0.671£0.055 | 0.281+0.027 | 0.102 £0.012
109 6.4 | 452240133 | 244510074 | 1.11940.052 | 0.612:0.042 | 0.31740.024 | 0.088 +0.009
11.0° 14.4 | 4662 +0.344 | 2.104%0.153 | 0.961 £0.101 | 0.481+0.073 | 0.269+0.051 | 0.056+0.013
11.0 200 | 4933+0.297 | 263140156 | 1.055+0.098 | 0.535£0.089 | 0.239+0.042 | 0.033 +0.007
11.1 72.8 | 5.394+0.5625 | 2.5689+0.250 | 1.03240.152 | 0.667+0.133 | 0.2¥6 £0.054 | 0.025 £0.011
12.9 8.5 | 4.113£0.716 | 2.341+0.472 | 0.67510.209 | 0.620:0.290 | 0.339£0.198 | 0.086 £0.052
130 | ~140| 416610381 | 2.2604£0.215 | 1.07440.157 | 0:395+0.082 | 0.3084+0.088 | 0.053 £0.019
130 294 | 4.799£0.257 | 2.568+0.143 | 1.06810.088 | 0.526 £+0.066 | 0.237£0.034 | 0.035 +0.007
13.0 "76.7 | 4.30410.396 | 2.364+0.214 ] 1.305+0.166 | 0.635+0.116 | 0.288 £0.066 | 0.041 +0.014
15.1 8.7 | 4846+1.157 | 1.937£0.454°| 1.19710.656 | 0.72020.422 | 0.3441+0.24% | 0.1071+0.128
15.0 138 | 65.078+0.383 | 2.932+£0.267 | 1.003+0.133 | 0.599.+0.118 | 0.285 +0.086 | 0.044 +0.012
15.0 20.7 | 4.336:0.229 | 2.549:0.145 | 1.51940.130 | 0.52810.070 | 0.28410.046 | 0.065 £0.013
15.0 77.6 | 5.285+0.458 | 2.211:0.211 | 1.07040.152 | 0.379+0.08% | 0.345+0.085 | 0.076 £0.024
171 | 7.8 | 7.114£0.974 | 3.522+0.578 | 1.489£0.387 | 0.533£0.194 | 0.270£0.118 | 0.190£0.132
170 13.8 | 467810312 | 2.805 £0.219 | 1.325 +0:158 | 0.813£0.145 | 6.320+£0.060 | 0.049 +0.014
17.0 30.1 | 472310250 | 2.63840.162 | 1.116 £0.110 | 0.655+0.094 | 0.293+0.053 | 0.063 +0.013
170 ] 756 4.27010.442 | 2.413£0.250 | 1.188+0.197 | 0.47340.121 | 0.255+0.070 | 0.063 £0.023
18.0 71 | 5.524+0.480 | 3.1270.307 | 1.210+0.165 | 0.790+0.154 | 0.248+0.053 | 0.078 £0.022
19.0 138 | 5.107+0.338 | 2.438+0.173 | 1:609+0.182 | 0.619+0.099 | 0.301£0.056 | 0.104 £0.024
18.9 209 | 513810341 | 2.55220.186 | 1.20410.136 | 0.634+0.100 | 0.206 £+0.044 | 0.082 +0.020
187 ] 664 | 4138+0810 | 2.81140.433 | 109130282 | 0.66840.215 | 0.453+0.161 [ 0.057£0.036

dNX2 in bins of W and Q? for ud-scattering.

Table 13: N%.

dz
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roton dN/dz in bins of W and Q* charged hadrons)

<W>1<Q%> ] 010<2<0.15 ] 0.16<2<0.26 | 0.25¢2<0.35 | 0.35<x<0.456 | 0.45<2<0.60 | 0.80< 2<1.0 |
7.3 34 857911.001 | 6.30841.244 | 2.876£0.751 | 1.287 3 0.361 | 1.124 :0.417 | 0.508 £0.234
7.1 6.4 | 12,696 :0.824 | 5.92010.327 | 2.867040.213 | 1.807+0.1590 | 0.898+0.091 | 0.247+0.028
7.3 14.2 | 10.95040.740 | 6.543+0.378 | 2.861+0.218 | 1.642+0.162 | 0.736 £0.085 | 0.229 +0.030
7.2 36.9 | 10.51740.783 | 6.004+0.393 | 3.09810.262 | 1.34930.166 | 0.983+0.122 | 0.148 +0.028
7.3 75.3 | 14.95311.720 | 6.01510.881 | 3.797+0.546 | 2.110+0.406 | 0.963+0.218 | 0.257 20.076
9.1 35| 9.567910.952 | 528210461 | 2.505+0.316 | 1.199:0.224 | 1.039+0.189 | 0.202 £0.045
9.0 6.9 | 10.8410.379 | 5.65640.178 | 2.86840.124 | 1.52020.089 | 0.732+0.048 | 0.167 +0.014
9.2 14.9 | 10.700£0.343 | 5.83010.163 | 2.69710.106 | 1.587+0.083 | 0.64240.038 | 0.164+0.012
9.3 28.8 | 11.0074£0.396 | 6.588.40.213 | 3.22810.140 | 1.889+0.112 | 0.851£0.057 | 0.20410.017
9.1 71.0 | 9.685+0.690 | 5.235+0.337 | 2.7301+0.248 | 1.60610.194 | 0.746£0.163 | 0.186 +0.031
10.9 35 | 10.07740.681 | 5.241 £0.378 | 2.7634£0.288 | 1.460£0.226 | 0.5381£0.105 | 0.122 +0.035
10.8 7.2 11.95140.321 | 6.906.£0.163 | 2.614£0.101 | 1.4494£0.079 | 0.73810.046 | 0.170 £0.014
10.8 13.9 | 11.784£0.347 | 6.126£0.169 | 2.852£0.115 | 1.513+0.083 | 0.684+0.043 | 0.18440.014
11.0 20.9 | 11.63230.286 | 5.978+0.142 | 3.080+0.103 | 1.416+0.088 | 0.67210.035 | 0.16040.011
11.1 87.3 | 10.131£0.495 | 5.53810.258 | 2.901 £0.183 | 1.411 £0.130 | 0.714£0.071 | 0.116 £0.027
12.7 36 | 946210643 | 5.398:0.393 | 2102140253 | 1.12030.227 | 0.614+0.139 | 0.14410.041
13.1 6.3 | 10.818+0.277 | 5.74340.148 { 2.873£0.109 | 1.500 +0.085 | 0.590 £0.043 | 0.169 +0.015
12.9 145 | 11.47040.274 | 5.83140.140 | 2.83840.101 | 1.42040.071 | 0.757 1+ 0.044 | 0.170 20.013
13.0 28.8 | 12.173+0.267 | 6.24830.138 | 2.94440.008 | 1.458£0.064 | 0.776 £0.039 | 0.163 £0.010
12.9 85.1 | 10.674+0.439 | 5.9391+0.239 | 2.47340.148 | 1.380£0.2111 | 0.644£0.060 | 0.172+0.020
16.0 70| 11.006:0.280 | 5.917+0.162 | 2.63110.115 | 1.354 20.088 [ 0.662+0.052 | 0.167+0.018
14.9 13.9 | 11.406:0.265 | 5.808+0.140 | 2.901£0.108 | 1.334+0.071 | 0.6724+0.044 | 0.148 +0.012
15.2 20.3 | 11.40410.253 | 5.988+0.138 | 2.904340.102 | 1576 £0.078 | 0.717£0.041 | 0.1630.012
14.8 82.8 | 10.712+0.457 | 5.267£0.243 | 2.747:0.175 | 1.426+0.124 | 0.606£0.072 | 0.172210.021
17.1 79| 10.363£0.310 | 5.261£0.169 | 2.438640.133 | 1.125 +0.094 | 0.538 £0.057 | 0.143 +0.022
17.1 13.8 | 10.430+0.260 | 5.266+0.138 | 2.601+0.111 | 1.377+0.086 | 0.636 £+0.062 | 0.168.£0.018
16.8 304 | 10.115+0.261 | 5.19240.130 | 2.2781+0.100 | 1.188 £0.074 | 0.631 £0.047 | 0.151 £0.014
17.0 T8.7 | 9.50110.4680 | 4.6561+0.244 | 2.47904£0.192 | 1.086+0.127 | 0.618+0.078 | 0.18310.026
189 76| 99240523 | 55460344 | 3.02040.327 | 1.612£0.271 | 1.007+£0.251 | 0.302+0.110
18.8 128 | 9.810+0.281 | 4.87610.163 | 2.725+£0.163 | 1.501+0.144 | 0.573+£0.070 | 0.246 +0.049
19.1 285 | 10.456+0.316 | 5.286+0.192 | 2.66740.171 | 1.486+0.165 | 0.870+0.121 | 0.175+0.035
19.1 66.7 | 10.318:0.720 | 5.022:0.398 | 2.658:0.331 | 1.845+0.325 | 0.6774+0.165 | 0.129+0.043

deuteron dN/dz in bins of W and @* {charged hadrons)

<W>] <Q*> ] 010<2<0.15 | 0.16<2<0.25 | 0.25<2<0.35 | 0.35<r<0.45 | 0.45<2<0.60 | 0.60< x<1.0
7.0 2.8 | 11.146+0.432 | 6.537+0.162 | 2.041+0.110 | 1.4853:0.069 | 0.762+0.039 | 0.251 £0.015
7.0 8.0 | 10.745+0.206 | 5.671 £0.124 | 2.79520.078 | 1.628 :0.057 | 0.765 1 0.030 | 0.204 +0.009
7.0 13.4 | 10.605+0.457 | 5.904010.213 | 2.97440.140 | 1.684:0.103 | 0.735:0.061 | 0.195 +0.018
71 28.6 | 10.24540.7564 | 6.067:0.368 | 2.78040.224 | 1.397+£0.157 | 0.726 :0.093 | 0.167+0.027
7.3 60.1 | 10.215+2.176 | 5.454:0.966 | 2.800£0.697 | 2.336£0.624 | 0.712+0.304 | 0.121 20.062
89 2.8 | 10.260£0.217 | 6.278£0.100 | 2.62530.071 | 1.470:0.054 | 0.82810.035 | 0.219 :0.011
8.9 6.1 | 10.361+0.197 | 5.462£0.092 | 2.68440.064 | 1.48510.048 | 0.696+0.026 | 0.195+0.008
9.3 144 | 11.067 0523 | 5.39310.233 | 2.449+0.140 | 1.346 2 0.098 | 0.63040.054 | 0.166+0.016
9.2 304 [ 11.30410.602 | 5.82240.280 | 2.300+6.157 | 1.355£0.112 | 0.655+0.067 | 0.12040.016
9.1 68.6 | 10.9574+1.128 | 5508 +0.5623 | 2.585+0.343 | 1.248+0.238 | 0.631£0.126 | 0.157 +0.038
10.4 28 | 9.926+:0.254 | 5.110£0.131 | 2.7694£0.107 | 1.611 £0.083 | 0.742+0.047 | 0.22840.017
10.9 6.4 | P860+0.204 | 5.18510.108 | 2.772+0.085 | 1.4481:0.084 | 0.74840.037 | 0.21220.013
11.0 144 | 10.425 40536 | 4.944+0.249 | 2.849+0.193 | 1.368+0.138 | 0.646.40.073 | 0.151 :0.021
11.0 200 ] 10.011+0418 | 5.61410.219 | 264810.149 | 1.420+0.120 | 0.678.:0.063 | 0.00820.012
11.1 726 | 11.148£0.749 | 5.637+0.386 | 2.63110.244 | 1.566+0.194 | 0.618+0.095 | 0.141 4+0.028
12.9 8.5 8953+1.1658 | 6.740+0.761 | 2.31340.487 | 1.5301+0.446 | 0.816£0.278 | 0.24310.088
13.0 140 | 9.427+0.588 | 5.16110.331 | 2.36440.233 | 1.248+0.167 | 0.685+0.111 | 0.181 +0.045
13.0 20.4 | 10.410+0.379 | 6.568.+£0.208 | 2.51440.138 | 1.319+£0.102 | 0.749+0.064 | 0.134:0.018
13.0 75.7 | 11.1264£0.664 | 5.176+0.312 | 2.92110.244 | 1.386+0.167 | 0.641+0.096 | 0.16040.029
15.1 87| 8816+1.410 | 5.737+1.021 | 4.093+1.269 | 1.366 2 0.558 | 0.88810.488 | 0.19710.115
15.0 13.8 | 10.868+0.578 | 6591640350 | 2.61420.227 | 1.507+0.184 | 0.639+0.093 | 0.11730.021
15.0 20.7 | 9.970:0.354 | 6.52210.208 | 3.07110.171 | 1.4894£0.120 | 0.722 £ 0.070 [ 0.157 £0.020
16.0 77.6 | 10.708+0.643 | 5.20140.328 | 2.540+0.235 | 1.148£0.158 | 0.800+0.117 | 0.104 £ 0.035
171 7.8 | 12.813+:1.203 | 6.74410.701 | 2.652+0.420 | 1.550+£0.385 | 0.78340.221 | 0.357+0.157
17.0 13.8 | 10.060+0.456 | 6.507+0.275 | 2.81840.212 | 1.576£0.172 | 0.731 +0.087 | 0.155 £0.025
17.0 30.1 | 10.363+0.3900 | 5.800+0.230 | 2.91420.181 | 1.40510.123 | 0.76040.074 | 0.144+0.018
17.0 756 | 9.957+0.681 | 6.23040.371 | 2.84440.295 | 1.181:0.185 | 0.64140.108 | 0.230 30.044
19.0 71| 1164210684 | 6.23710.392 | 2.89340.270 { 1.706 20.224 | 0.612+0.001 | 0.19010.036
19.0 13.8 | 10.459+0.460 | 5.771+0.263 | 3.196.40.230 | 1.601 +0.157 | 0.77240.004 | 0.195 10.029
18.9 290.9 | 11.9644+0.492 | 5.521£0.259 | 2.97240.203 | 1.407+0.133 | 0.76240.082 | 0.189 +0.031
18.7 664 | 594040901 | 598440612 | 2.32130372 | 1.786 +0.346 | 1.19340.246 | 0.251 20.067

Table 14: Nl"

diNcharged
- i S

dz mn
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bins of W and Q? for pp- and pd-scattering.




merged data set

dN/dz in bins of = and G°

(charged hadrons)

<z> | <O0%>] 010<e<0.16 | 0.15<5<026 | 0.25¢2<0.36 | 0.35<1<045 | 0.45<x<060 | 0.60c <10
0.028 24 10086+0252 | 6.073+0.118 | 2.688+:0.002 | 1.46140.0690 | 0.844+0046 | 0.22210.014
0.029 38| 10.086+0.254 | 5.113+0.131 | 2.587:0.000 | 1.39310.077 | 0.676+0.043 | 0.191£0.016
0.027 6.4 | 1070510207 | 5.392+0.155 | 2.326:0.110 | 1.212+0.085 | 0.5744£0.062 | 0.15410.020
0.028 90| 984240235 | 5.150+0.136 | 2.545£0.111 | 1.207+0.077 | 0.678:0.045 | 0.162+0.017
0.031 121 ] 9.666+£0.348 | 5.378:0.220 |'3.42810.248 | 1.658+£0.177 | 0.830£0.114 | 0.253+0.044
0.050 361 11.607+0558 | 5.320+0.194 | 2.88540.136 | 1.481+0.08¢0 | 0.80310.067 | 0.25010.019
0.058 38) 10.170+0.189 | 5.51840.090 | 2.7174+0.060 | 1.502+0.044. ] 0.719+£0.024 | 0.217+0.008
0.060 611! 10.489+0.170 | 5.548+0.085 | 2.670+0.060 | 1.484£0.045 | 0.723 £0.026 | 0.188 30.008
0.057 9.4} 11.173+0.225 | 5.89240.118 | 2.73810.080 | 1.362+0.067 | 0.678+£0.034 | 0.173:0.010
0.061 13.2 | 10.5404+0.185 | 5.431£0.102 | 2.689+0.078 | 1.48240.061 | 0.667+0.033 | 0.1540.010
0.067 20.2 | 10.272£0.150 | 5.484£0087 | 2.715+0.0690 | 1.35810.050 | 0.601:0.031 '| 0.154+0.009
0.082 331 | 10642108619 | 520020340 | 2.96110.307 | 1.020£0.166 | 0.67110.137 | 0.109+0.033
0.102 44| 1004640894 | 5.762+0.373 | 3.027+0.232 | 1.7384£0.170 | 0.73010.076 | 0.263+0.030
0.122 62| 11.0031+0.406 | 5.867+0.174 | 2.897+0108 | 1.696+£0.079 | 0.84040.044 | 0.220+0.013
0.133 91| 11.486+0.301 | 5874+£0.132 | 2.84240085 | 1.5281+0.060 | 0.74140.033 | 0.19210.010
0.121 13.5 | 10.008+0.207 | 558810141 | 2.769+0.097 | 1.463+£0.068 | 0.696+0.036 | 0.168+0.010
0.139 216 | 10.887+0.166 | 5.77510.082 | 2.776 £0.058 | 1.407 +0.040 | 0.680+0.022 | 0.16910.007
0.141 37.2 | 10948:0174 | 565210095 | 2.686+0.068 | 1.375+0.048 | 0.69010.028 | 0.149+0.008
0.164 613| 949910326 | 4968+£0.184 | 2.6501£0.142 | 1.3566 £0.109 | 0.7i5£0.066 | 0.196 +£0.021
03226 56| 10887+1.260 | 566640471 | 288210314 | 164040225 | 0.769+0.120 | 0.264 £0.045
0.261 13.4] 11.076+0.651 | 6.601+£0.321 | 3.387+0.215 | 1.893+0.154 | 0.819:0.076 | 0.18240.020
0.255 240 | 11.181+0.334 | 6.06010.159 | 2.906+£0.105 | 1.589:0.074 | 0.74610.039 | 0.181+£0.012
0.269 38.1 | 10.818+0.266 | 5.973+0.131 | 2.900x0.089 | 1.522+0.063 | 0.745£0.037 | 0.144:0.009
0.279 66.2 | 10.800+0.242 | 5.76730.120 | 2.77910.088 | 1.41410.063 | 0.701£0.038 | 0.161 £0.011
0.324 118.7 [ 8.9890+0.617 | 4.271+£0.313 | 2.13710.226 | 1.26610.174 | 0.685£0.106 | 0.18210.032
0.472 228 | 9655+1.351 | 7.46610.828 | 360710528 | 1.928+0.351 | 1.418£0.327 | 0.301 £0.084
0.488 432 | 1071321028 | 7.260+0.588 | 3.349+0364 | 1.656+0.231 | 1.314:0.195 | 0.144 £0.040
0.498 69.4 | 12.61310656 | €.24510.300 | 3.409:0218 | 1.664+0.154 | 0.77210.082 | 0.18210.024
0.525 1348 | 10.927+0.713 | 463240323 | 2.48840.245 | 1.8481+0.209 | 0.71110.100 | 0.202 +0.034
merged data set dN/dz in bins of W and Q* {charged hadrons).
<Wo> | <Q7> | 0.10<w<0.156 | 0.15<z<0.25 | 0.25<e<0.35 | 0.36<5<0.45 [ 0.45<x<0.60 | 0.60<x<1.0
7.0 29 | 11.078% 0421 | 5556+ 0.160 | 2.9040+ 0.108 | 1.473 + 0.067 | 0.764 £ 0.039 | 0.253 % 0.015
7.0 61| 11.0861 0.282 | 5.720+ 0.117 | 2.830% 0073 | 1.661 4 0.054 | 0.787 4 0.0290 { 0.211 4 0.009 .
7.1 136 | 10.690+ 0.200 | 6.151+ 0138 | 2,958+ 0119 | 1.673 1 0.087 | 0.734 1+ 0.044 | 0.205 + 0.014
7.1 328 | 10.342+ 0546 | 5908+ 0.270| 2.931+ 0172 | 1.364 1 0.114 | 0.855x 0.076 | 0.156 & 0.019
7.3 721 | 123731 1.376 | 6.730+ 0.540 | 3.463+ 0435 | 2,152 0.337 | 0.004 4 0.183 | 0.203 % 0.052
9.0 28 | 10.203+ 0.210 | 6.252+ 0.097 { 2.606 + 0.069 | 1.454+ 0.052 | 0.830+ 0.034 | 0.216 + 0.010
9.0 64 | 10610+ 0.180 [ 5.563+ 0.084 | 2.747 L 0.058 | 1.500+ 0.043 | 0.706 + 0.023 | 0.1837+ 0.007
9.3 147 | 10834+ 0.201 | 5629+ 0.136 | 2,552+ 0.085 | 1.478+ 0.064 | 0.632 ¢ 0.031 | 0.160+ 0.010
9.3 205 | 11.033+ 0.329 | 6.2644 0.170 | 2871+ 0107 | 1.6731 0.681 | 0.771 & 0.043 [ 0.174 2 0.012
8.1 695 | 10.159+ 0.602 | 53964 0.201 | 2.703+ '0.205 | 1.507+ 0.156 | 0.698+ 0.080 | 0.172% 0.024
10.5 20| 9932+ 0.238 | 6.1264% 0.124 | 2.758 £ 0,100 | 1.504 + 0.078 | 0.715 4 0.043 | 0.216+ 0.016
10.8 68 | 10715+ 0.177 | 5427+ 0.089 | 2663+ 0.064 | 1.424+ 0.049 | 0.731 % Q.028 | 0.191 1 0.009
109 141 | 111914 0.299 | 5692+ 0.147 | 2.774 & 0.103 | 1.469+ 0.075 | 0.666+ 0.038 | 0.171+ 0.012
11.0 29.4 | 10847+ 0.236 | 5.807+ 0.121 | 2.9354+ 0088 | 1.411 0.057 | 0.661 £ 0.031 | 0.135 + 0.008
11.1 702 | 10616+ 0.423 | 5797+ 0221 | 2.862 0151 | 1.486 4 0.111 | 0.701 2 0.059 | 0.1274 0.015
12.7 36| 9.462+ 0643 | 5398+ 0393 | 2.102£ 0263 | 1.129+ 0.227 | 0.614% 0.139 | 0.144 3 0.041
13.1 6.7 | 10395+ 0.274 | 5596 0.147 | 2.749% 0309 | 1,472+ 0.086 | 0.608% 0.045 | 0.178x 0.018
12.9 14.2 | 10607+ 0.277 | 6.583 4 0.149 | 2.732.+ 0109 | 1.373 4 0.074 | 0.7371 0.049 | 0.160+ 0.014
13.0 291 | 11.365+ 0.217 | 5.946 % 0.116 | 2775+ 0079 | 1.378+ 0.053 | 0.753 4+ 0.033 | 0.1562 + 0.009
12.9 704 | 10.7334+ 0.365 | 5.7222 0193 | 2619+ 0.128 | 1.398+ 0.094 | 0.643+ 0.051 | 0.168 + 0.016
15.0 76 | 10548+ 0.326 | 5.883+ 0.193'| 2.652+ 0336 | 1.323 4 0.102 | 0.668+ 0.061 | 0.171 3+ 0.021
150 13.0 | 10867+ 0.245 | 5668+ ©0.136 | 2.761 £ 0.101 | 1.337+ 0.069 | 0.653 1+ 0.041 | 0.136 1 0.011
15.1 295 | 10.851 + 0.210 | 5.840+ ¢.118 | 3.026.4:0.092 |. 1.539 + 0.066 | 0.719+ 0.036 | 0.164 % 0.011
14.9 799 | 11.188+ 0.390 | 5.455 + 0.204 | 2.8184+ 0148 | 1.410+ 0.104 | 0.772+ 0.065 | 0.191 1 0.019
17.1 7.8 | 10.316+ 0.335 | 5.286 % 0.186 | 2.4841 0.146 | 1.134+ 0.099 | 0.687 + 0.066 | 0.176 + 0.028
17.0 138 | 10.185+ 0.228 | 5.343+ 0.132 | 2.6954 0.106 | 1.430+ 0.081 | 0.666+ 0.046 | 0.161 0.015
16.9 30.3 | 10.186+ 0.215 | 5.422 ¢ 0.124 | 2.481.4 0.090 | 1.275+ 0.065 | 0.685+ 0.041 | 0.147 & 0.011 |
179 776 | 92021+ 0363 | 46284+ 0.195 | 2.491 4 0154 | 1089+ 0.102 | 0.610+ 0.062 | 0.192+ 0.021
19.0 72 | 109784 0.465 | 6.070+ 0.287 | 2.927+ 0.215 | 1.684% 0.182 | 0.667 + 0.087 | 0.199 + 0.034
18.8 133 | 9882+ 0.240 | 5180+ 0141 | 2.9244 0135 | 1.553+ 0.106 | 0.672+ 0.067 | 0.207 + 0.025
19.0 294 | 11.220+ 0.289 | 5.624+ 0.163 | 2.734 4 0131 | 1.3644 0.095 | 0756+ 0.068 | 0.171 + 0.022
19.0 666 | 9.444+ 0542 | 51132 0320 | 2.384 4+ 0.243 | 1.819+ 0.239 | 0924+ 0.145 | 0.188 3 0.039
charged |, .
Table 15: -]-vl-; - A" in bins of (W) and @7 for the merged data set.
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W2 < 90 GeV?,

< W? >=59.4GeV?

0.1<z<0.2 0.2<2<04 0.4<z<1.0

RG] | e T iev ] | #i6ev? | T (Cev T [ A6V | i T (Gev )
0.756-10"" | ( 0.293% 0.003)10*! || 0.813.107! | (01704 0.002)-10%? || 0.845.10~1 | ( 0.562+ 0.010).10%°
0.265.10%° | (0.975+ 0.021)-10%° | 0.267-10%" | ( 0.738% 0.013)10%° || 0.272.10*° | ( 0.336+ 0.008).10+°
0.456:10%% | (0.347% 0.015)107° | 0.467-10%° | ( 0.342% 0.010)10~° || 0.460.10+° { ( 0.187+ 0.006).10~°
0.645-10%° | (0.161% 0.011)10° |f 0.645.20%° | (0.165% 0.007)107° [ 0.847.10+° | (0.1164 0.005).20~°
0.833-10%% | (0.756+ 0.097)-107! [| 0.833.10%° | (0.933% 0.058)-10~! || 0.834-10*° | (0.705+ 0.040)-10?
0.102.10* | { 0.3084 0.062)107 || 0.10210%! | (0.4364 0.039)10~' ]| 0.102.10%! | ( 0.427% 0.030).10~1
0.121-30%! | ( 0.254% 0.081)20! ]| 0.121.10%! | (0.271% 0.031)107! || 0.121.10% | (0.2484 0.022).10-}
0.139-10%? | (0.1194% 0.054)-10" || 0.140-10%! | (0176 0.029)-10~' [ 0.240.10+! | ( 0.2264 0.026)-10!
9.170-10+! (0.677% 0.275)10-2 || 0.171.10+! | (0.8104 0.120)-10-2 || 0.172.10%! | { 0.962+ 0.088)-107
¢.235-10%1 | ( 0.2593% 0.225)-10~% || 0.237.10* | (0.187+% 0.044)1077 || 0.238-10%! | (0.188+ 0.023).102
0.34120%* | {0.3851+ 0.196)10~% || 0.333-10* | ( 0.681+ 0.126).10~2
0.461.10%! | (0.110+ 0.075)10~% || 0.450-10*! | ( 0.177+ 0.068)-10?
0.628-10*! | (0.419+ 0.252)-10~*

90 GeV? < W? <« 150 GeV?, < W2 >=113.8GCeV?
0.773-107! | ( 0.278% 0.003)-10%! }| 0.817.107 | ( 0.1494 0.002)-10** | 0.856.10"' | (0.439% 0.011).10~°
0.267:10%° | ( 0.1021% 0.002)-10%" | 0.260-10%° | (0.722:% 0.015)10~° [ 0.273.20%° | ( 0.274% 0.009).10~°
0.457.10%% | ( 0.409% 0.013)-10=° || 0.457-10%% | (0.368% 0.011)20~° || 0.460.10+° | ( 0.1734 0.007).10~¢
0.647-10%% | { 0.202% 0.010)10~° || 0.647-20%% | (0.192% 0.008)10~° || 0.648-10+° | ( 0.124% 0.007)-10~°
0.834-.10*° | (0.110% 0.009)207° || 0.834.10%% | (0.1094 0.006)10~° I 0.835.10*° | ( 0.782+ 0.051)-10~!
0.102-10*! | ( 0.620% 0.074)107! || 0.102.10*! | (06514 0.051)10~! || 0.103.10%! | (05204 0.044).107!
0.121-10% | (0.312% 0.062)10" || 0.121-10%! | (04174 0.044)10-! [| 012110+ | (03741 0.038).10™}
0.139-10%1 | (0.2774 0.066)-1071 || 0.140.10%! | (0.257% 0.031)10~ [| 0.140.10* | (0.242% 0.027)-107}
0.172-10+1 | (0.1324% 0.032)20~! || 0.17410%! | (01794 0.022)10~! || 0.173-10*t | (01562 0.016)-10~?
0.243-10%1 | (0.2024 0.119)2072 || 0.242.10%" | (0.728% 0.129)10~? || 0.242.10%! | (o0.648% 0.092)-1072
0.339.10%1 | (0.162+ 0.049)10~7 || 0.341-10*! | ( 0.151+ 0.025}10-2
0.466-10%" | { 0.247% 0.120)107? )| 0.4561-10% | ( 0.509+ 0.115)-10~?
0.652-10%1 | (0.562+ 0.329)10~* || 0.679-10** | ( 0.171% 0.053).10~°
0.983-101! | (0.896% 0.366)-10-°
150 GeV? < W? < 200 GeV? , < W? >= 174.3GeV?

0.776-107" | ( 0.275+ 0.004)-10%* || 0.818-107% | ( 0142+ 0.003)-10*! || 0.857.10-1 | (0373 0.017)10-°
0.268-10%% | (01081 0.003)-10%* || 0.270-10+° | (0.787% 0.028)10~° || 0.274.10%° | ( 0.262% 0.015)-20~0
0.457:10%% § (0.427% 0.020)107° || 0.450.10%° | ( 0.394+ 0.019)107° {| 0.461.10%° | ( 0.186+ 0.012).10-0
0.647-10%° | { 0.204+ 0.014)10~° }| 0.647.10*° | ( 0.210+ 0.014)}107° || 0.649.204° | (0.1104 0.010)-10~°
0.834-101? | (0.1224 0.013)107° || 0.837-10%° | ( 0.130+ 0.012)10~° || 0.838-10*° | (0.865% 0.093}.101
0.103-10*} | (0.648+ 0.090)-10~* || 0.103-10%! | (0.662:+ 0.076)10~' || 0.102.10*! | ( 0.497+ 0.058).10—>
0.123-10* | (0.401% 0.071)107 || 0.122.10+! | (0.566+ 0.085)10°! || 0.121-10*1 | (04214 0.067)-102
0.140-10%' 1 (0.257% 0.069)-1071 | 0.140-10*" | (0.3424 0.066)10~! [ 0.140.10%? | ( 0.238% 0.044).10-2
0.174-10%' | (0.122% 0.026)-107! || 0.174-10%" | (0.198+ 0.029)107! || 0175101 | (0.180% 0.923)-10—1
0.242.20%! | (0.438+ 0.159)20~* {| 0.245-10% | (0.775%+ 0.140)10~2 || 0.244-10*! | (0.7824 0.140).163
0.338.10+1 | (0.859:% 0.621)-107° || 0.345-10% | (0.267% 0.073)10~7 || 0.339-10t! | (0.225% 0.055).10~3
0.457-10* | (0458 0.187)10-° || 0.465-10%! | ( 0.128+ 0.044).103
0.660-10%1 | (0.155% 0.087)107° || 0.670-10%! | ( 0.246% 0.086}.10~°
0.874.10%1 | ( 0.2124+ 0.197).10-3
0.137-10%2 | (0.8464 0.359).10—%

Table 16 a):

1
Ny

charged
, dNcheTece

11
dpe
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bins of z and W? for the merged data

set.




200 GeV? <« W7 < 275 GeVi |, < W2 5= 236.0GV?

0.1<2<0.2 0.2< z <04 04<r<1.0

Peevi] | TR ieev =T | plleeV] | @ Tr (VT [ n6Vi | ok (Gev
0.786-10~! | ( 0.2654 0.003)-10! [| 0.827.10-' | ( 0.132+ 0.003)-10+ [| 0.853.10~1 | ( 0.326+ 0.014)-10-°
0.267-10*? | (0.9654 0.022)-10~° || 0.270.10+° | (0.726+ 0.622).107° || 0.2723.10*° | ( 0.2234 0.013).10™°
Il 0.458.16%% | ( 0.420% 0.015)-107° | 0.468.101° | ( 0.357+ 0.015).10~" || 0.461.20*° | ( 0.150+ 0.010).10~°
0.646-107° | (0.237% 0.012)-10~" || 0.647-10%° | (0.209+ 0.012)-10~° [} 0.648.10%° | (0.990% 0.084)-10-1
0.837.101° | { 0.127:% 0.009)-10~% || 0.836-10%% | { 0.127+ 0.009)10~° || 0.837-10%° | (0.658+ 0.062)-10"!
0.102.10%! | (0.681% 0.063)-10! || 0.103:10*! | (0.885+% 0.084)}-107! || 0.102-104% | {0.608% 0.075).10™!
0.121.20%1 | (0.496+ 0.058)-10! )| 0.121.10*! | {(0.521+ 0.059}-10°! || 0.121-10%! | { 0.383+ 0.065).10~1
0.140-10*! | ( 0.204%+ 0.043)-107" Y| 0.140.10*% | ( 0.407% 0.049)10~! || 0.240-10%! | ( 0.281+ 0.042).10-!
0.173-10%1 | (0.182+ 0.023)20° |} 0.274.10% | ( 0.203+ 0.021)107! || 0172101t | {0.179% ©.022)-10™1
0.242.10%! | (0.607+ 0.084)10~7 || 0.246-10*' | (0.746% 0.090)-10~? || 0.244-10*! | (0.735+ 0.097)-10—2
0.337-10%% | (0.171% 0.050)-10"2 [| 0.342.10%! | (0.174% 0.034)10~? || 0.341-20*' | (0.3144 0.052)-10-2
0.461.10%1 | (0.607+ 0.278)-107° || 0.462.10%! | (0.1054& 0.024)-1077 || 0.462-10*! | (0.136+ 0.027).1073
0.669-10%! | { 0.605+ 0.439).10~* J 0.600.10%! | (0.338+ 0.111)-10~° [§ 0.680-10*! | ( 0.383+ 0.094).20°
0.102.10+% | (6.174+ 0.098)10~% || 0.986.10% | ( 0.259% 0.145).1072
0.145-10%% | {0.146%+ 0.102)-107* || 0.137-20%% | (0.709+ 0.396).10™*

275 GeV? < W2 < 350 GeV?, < W? >= 310.9GeV?
0.778-107! | ( 0.235% 0.004)-10%1 || 0.823.16—! | ( 6.120% 0.003)-10%! || 0.865.10"! { { 0.320% 0.019)-10~°
0.268-10%° | (0.938+ 0.026).107° || 0.269.201° { (0.692+ 0.027)10~° || 0.272.10+° | ( 0.210% 0.017)-10"°
0.458-10%% | (0.392% 0.016)10~° || 0.450.10*% | (0.337+ 0.017)-20~° }| 0.461-10%° | (6.138% 0.012)-10-°
0.646-10%° | (0.212% 0.012)10~¢ || 6.647-10%° | (0.200% 0.014)10~% Y 0.648-10%° | ( 0.8563% 0.094).10~?
0.837.10%¢ | (0.120+ 0.009)}-10° }| 0.834.10%° | (0.1404+ 0.012)-10~° || 0.840-10° | ( 0.669+ 0.088).10~!
0.102-10+ | (07134 0.071)107! § 0.10310%! | (0.8114 0.088)107! [} 0.103-20*' | ( 0.507%+ 0.074).10¢
0.121-10+ | (0.434% 0.052)107F [l 0121201 | (0.495% 0.067)-107" [[ 0.221-20% | { 0.358+ 0.059).107!
0.140-10%! | (0.348% 0.048)10~! [} 0.140-104 | (0.223% 0.045)-10~1 | 014010 | {0.251% 0.049)-10-1
0.173-10%! | (0.1604 0.018).107! || 0.176.10%! | { 0.189+ 0.026)107! || 0.173.10+! | (0.196% 0.028).107
0.244-10%1 | (0.870% 0.104)}1077 )| 0.246-10% | (0.821+ 0.105)1072 || 0.245.10%" | ( 0.713+ 0.121).1072
0.338-1011 | (0.2514 0.059)107% i 0.342-10%! | ( 0.255+ 0.047)10™% || 0.345.101 | ( 0.547%+ 0.124)-1073
0.470-10* | ( 0.564+ 0.187)10~° § 0.468-10% | { 0.157% 0.035)102 || 0465101 | ( 0.151% 0.036)-10—2
0.668-10*! | ( 0.138+ 0.085)-107° || 0.679-10%% | ( 0.4333 0.120)-1073 | 0.678-10%! | (0.531+ 0.137).10~2
0.101-10%2 | (0.276+ 0.260)10~¢ || 0.996.20%Y | { 0.8264+ 0.439)10~*¢ || 0.975-10% | (0.7754 0.210)-10™1
0.158-10%2 | (0.895+ 0.736)-10~" [] 0.14710*? | { 0.489+ 0.156)-10~1
350 GeV? < W3 , < W3 5=380.9GV?

0.780-10~* | ( 0.236+ 0.004)-10* || 0.819-107! | ( 0.126+ 0.004)-10% |} 0.853-107! { { 0.367+ 0.024)-10—°
0.268-201° | (0.928+ 0.027)10~° [} 0.271.10*° | ( 0.696+ 0.030)10~° J| 0.273.10%° | {0.2324 0.021).10~°
0.457-10%° | { 0.391% 0.016)107° || 0.459.20%° | (0.366% 0.021)107° || 0462.10%" | (0.146% 0.016).10~°
0.645-10%° | (0.219% 0.012)107° || 0.647-10%° | (0.209+ 0.016)10~° | 0.651.10%° | ( 0.1256%+ 0.016)-10-°
0.837-10%% | (0.1194 0.009)10° {| 0.835-10%° [ {01264+ 0.011)-107° | 0.840.101° | (0.751% 0.116)-10~?
0.102-10%* | {0.782% 0.072)10~! || 0.163.10* | { 0.836% 0.103)10~" [} 0.102-10*! | (0.811+ 0.158).10~!
0.121-10%1 | (0.554+ 0.064)-10°! |} 0.121.16% { ( 0.693+ 0.096)107% || 0.121.10%! | { 0.508+ 0.133).101
0.140-10*! | ( 0.369% 0.045)-10~! [} 0.140-20* | (0.398% 0.063)107! | 0.140.10%! | ( 0.255+ 0.064)-10™F
0.174-10%! | ( 0.194% 0.020)-10°! || 0.174.20%1 | (0.235+ 0.028)10~1 § 0174101 | {0.2474 0.045).107!
024310 | (0.743% 0.100)10-? [ 0.246.10% | ( 0.975+ 0.130)3077 [ 0.246-10%! | (0.1134 0.021)-10™1
0.346-10*' | ( 0.281+ 0.062)1072 | 0.342.10%! | { 0.399%+ 0.068)10~? [| 0.340-10%! | ( 0.406% 0.099)-10—2
0.453.10*1 | (0.118% 0.026)-107% j| 0.462-10*! | (0.153% 0.027)10~2 || 0.467.10*! | ( 0.1504 0.034).10~3
0.687-10%1 | ( 0.243% 0.113).10~% || 0.669-10*! | (0.4544 0.093)10~ il 0.677.201! | (0.1324 0.041)-10~2
0.954-10%% | (0.262+ 0.223)107% |{ 0.100:10%? | (0.274% 0.134)10"? j| 0.204-10%2 | ( 0.326+ 0.162).102
0.141-10%2 | (0.385+ 0.154)10~* || 0.138-10%? | { 0.634+ 0.242).10—*

Table 16 b): —_,%; .

dNcharged

dpe n
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bins of z and W? for the merged data set.




< pi > [GeV?)

Q? [Gerj <Wis [GeV’] 0.10<8<0.20 | 0.20<e<0.40 0.40<2<1.0
2.0- 5.0 42.2 [20-50} | 0.176+0.007 | 0.256+4:0.009 | 0.33640.014
2.0- 5.0 67.7 {50-80] [ 0.20610.003 | 0.28210.004 | 0.386+0.009
20-590 103.9  [980-120] | 0.234+0.003 | 0.30710.005 | 0.399 £ 0.010
2.0-5.0 133.8 [120-150] | 0.242+0.010 | 0.326:0.018 | 0.501 £ 0.066
2.0- 5.0 182.4 [150-200] [ 0.2614+0.029 | 0.4751+0.069 | 0.544+0.134
2.0-50 | 2353 [200-275] | 0.287+0.013 | 0.36640.024 | 0.692 £ 0.092
20-50 | 2805 [275-350] | 0.26410.014 | 0.3944+0.032 | 0.68440.138
5.0-10.0 40.4 [30-50] | 0.176+0.005 | 0.226+0.008 | 0.342+0.012
5.0-10.0 69.5 [60-90) | 0.200+0.003 | 0.288+40.004 | 0.428+ 0.009
5.0-100 | 1048 [90-120] ]| 0.2424+0.004 | 0.34010.007 | 0.537+0.017
5.0-100 | 1353 [120-150] | 0.241+£0.008 | 0.353+0.014 | 0.546:£0.038
5.0-10.0 | 177.7 [150-200] | 0.254+0.009 | 0.357%£0.016 | 0.565 £ 0.043
5.0-100 | 239.9 [200-275] | 0.2824-0.009 | 0.403+0.018 | 0.5544 0.045
5.0-10.0 | 313.3 [275-350] | 0.3089£0.010 | 0.407+0.020 | 0.7334 0.069
5.0-100 | 394.1 [350-500] | 0.323%:0.008 | 0.42840.018 | 0.830+0.058

10.0-20.0 | 376 [30-50] | 0.174£0.008 | 0.23640.008 | 0.341 +0.017

10.0-20.0 | 73.1 [50-90] } 0.21310.004 | 0.28210.008 | 0.44240.013

10.0-20.0 | 104.4 [80-120] | 0.285+0.009 | 0.367:£0.013 | 0.5800.030

10.0-200 | 135.0 [120-150] | 0.262£0.011 | 0.348+0.018 | 0.521+0.042

10.0-~20.0 { 173.9 [150-200) | 0.27440.008 | 0.40110.015 | 0.587+ 0.036

10.0-20.0 | 232.4 [200-275) | 0.293+0.006 | 0.40240.011 | 0.70440.031

10.0-20.0 | 311.8 ([275-350} | 0.3114£0.008 | 0.433+0.013 | 0.72140.038

10.0-20.0 | 386.8 [350-500] | 0.33940.006 | 0.46610.014 | 0.723+0.040

20.0~40.0 | 35.0 [30-50] | 0.20210.012 | 0.23440.014 | 0.364:10.031

20.0-40.0 | 75.8 [50-90] | 0.212£0.005 | 0.259+0.007 | 0.41740.017

20.0—40.0 | 1040 [90-120] | 0.2394+0.008 | 0.327£0.010 | 0.521+0.024

20.0-40.0 | 134.2 [120-150] | 0.272+0.006 | 0.351+0.008 | 0.548+40.022
20.0-40.0 | 1719 [150-200] | 0.260+0.006 | 0.356+0.008 | 0.593+0.021
20.0-40.0 | 238.4 [200-275) | 0.2031+0.004 | 0.396:1+:0.008 | 0.678 +0.024

20.0-40.0 | 307.7 [275.350] | 0.318+0.008 | 0.42240.012 | 0.699 4 0,034

20.0-40.0 | 383.9¢ ([350-500] | 0.3134+0.007 | 0.477£0.018 | 0.775+ 0.058

>40.0 44.3 [30-50] | 0.19640.023 | 0.261£0.033 | 0.421 £ 0.077
>40.0 72.1 [50-90] | 0.206+0.008 | 0.2724+0.011 | 0.474£0.030
>40.0 1041 [90-120] | 0.220+0.008 | 0.325:£0.013 | 0.488+ 0.030
>40.0 1348  [120-150] | 0.23140.007 | 0.319£0.011 | 0.685+0.033
>40.0 174.2  [150-200] | 0.27040.006 | 0.359+ 0.010 | 0.6664 0.030
>40.0 238.6 [200-275) | 0.28040.006 | 0.410+0.011 | 0.666+0.030
>40.0 306.2 [275-350] | 0.3011£0.008 | 0.4294£0.016 | 0.716 £ 0.040
>40.0 372.4 [350-500] | 0.318+0.015 | 0.45310.031 | 0.897+0.107

Table 17: W? dependence of < pf > in bins of z and Q? for the merged data set.

< pl > [GeVI]
<W?> [GeV?] | 010<2<0.20 | 020< 2040 | 040< 2 < 1.0
410  [30-50) 0.186 1+ 0.004 0.24040.005 | 0.336 4 0.008
69.6  [50-90] 0.206 + 0.002 0.276 £ 0003 | 0.406£0.005
1042 [90-120] 0.2441 0.002 0.3414£0.004 | 0.5001 0.009
1348 [120-150] 0.259+ 0.004 0.24710.007 | 0.54910.018
174.3  [150-200] 9.2674 0.003 0.37440.008 | 0.609%0.016
236.0 [200-275] 0.291 4 0.003 0.399+0.006 | 0.665%0.016
3109 [275-350] 0.306+ 0.004 0.4204+0.008 | 0.71910.023
389.0  [350-500] 0.323 4 0.004 0.44440.008 | 0.763+ 0.028

Table 18: W?2 dependence of < p} > integrated over Q? for the merged data set.
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<2> | (dN/d:z)* [(dN/dz)~ for 0.01 <= < 0.02

proton deuteron neutron

0.12 | 1.054£0.18 | 1.00 +0.09 0.94+0.28
0.17 | 1.171+0.27 | 1.06 +0.14 0.96 +0.37
022 ] 1.00£0.33 | 1.014+0.17 1.01 £+ 0.38
0.20 | 1.41+0.41 | 1.04 +0.15 0.79+0.33
0.41 | 276119 1.0140.18 0.46 £ 0.34
063 [ 1.27+0.73 | 1.8810.39 23741.16

<z> | (dN/dz)* /(dN/dz)~ for 0.02 <z < 0.036

proton deuteron neutron

012 ] 1171004 | 1.12£0.04 1.06 1 0.09
0.17 | 1.21£0.05 | 1.134+0.05 1.0410.12
022 1 1.21+£0.07 | 1.134+0.07 1.02+0.17
0.27 { 1321008 | 1.21 +0.09 1.33£0.24
0.32 | 1.16+0.10 | 1.11+0.10 1.0610.19
0.37 | 1.20+£0.13 | 1.21 £0.12 1.22+90.26
0421 1.34+017 | 1.2340.15 1131031
0.47 | 1.3040.21 | 1.82+0.24 2.37: 066
052 ] 1403026 | 1.76+0.28 2.05£064
0.57 | 1641035 | 1.614+0.30 1.50+0.65
063 | 1621042 [ 1.55+0.31 1.50+0.60
068 | 1.58+051 | 1.34.40.32 1.15 £ 0.65
0.7T7T | 1.23+0.29 | 1.290 +£0.23 1.34+047
0.89 | 4211201 | 1.32+0.38 0.74+0.48

<z> | (dN/dz)* /(dN/dz)~ for 0.2 <z < 0.4
proton deuteron neutron

0.12 | 1.314£0.05 | 1.3140.06 | 1.31+0.18
017 | 1.36+0.06 | 1.274+0.07 | 1.1310.20
022 1.50£008 | 1.2810.08 | 0.97+0.19
0.27 | 1.68+0.10 | 1.27+0.08 | 0.7210.20
03211971014 | 1.5610.14 | 0.96 +0.30
037 1991017 | 1.68+0.17 | 1.1540.43
0.42 |} 2.204+0.22 | 1.8840.22 | 1.44£0.51
047 | 2471029 | 1.864+0.27 | 1.02:0.63
0.56 | 260+0.26 | 1.6510.18 | 0.86+0.29
064 | 4164063 | 22901036 | 1.034£0.47

0.77 | 4704088 | 3.5240.70 | 2.49+1.15

<z> | (dN/dz)* /(dN/dz)~ for 0.035 <= < 0.09 090} 5024183 | 36121.25 | 2.2242.16
t. deut t =
pro‘on cuteron i <z> | (dN/dz)* /(dN/dz)~ for 0.4 <z < 0.8

012 | 1.214002 | 1152003 | 1.0640.07
017 | 1.204003 | 1.184003 | 1.1610.09 proton deuteron | neutron
022 1234004 ] 1.22:004 | 1.21£0.10 012 1.374£0.14 | 1.3640.16 | 1.33+0.68
0.27 | 1.3220.05 | 1.3540.06 | 1.39+0.14 0.17 1 1.474£0.18 | 1.3040.18 | 0.8740.55
052 | 1455007 | 1382007 | 1815016 0.25 | 1851021 | 1.894+0.25 | 2.06+1.42
039 | 2044037 | 2104031 | 0.9310.60

0.37 { 1422008 | 1.2310.07 | 1.0510.15 oot | 2562096 | 3372008 | o .
642 | 1622011 | 1481010 1342021 - 2840 Srx0. :15:40.82

047 | 1561013 | 1.46 +0.11 1.36 £ 0.24 <z> | (dNfdz)t/(dN/dz)~ for 0.8<z < 1.0
052 | 1.411+013 | 1.5110.13 1.6210.33 proton deuteron neutron

057 | 1.5440.17 | 1.30 +£0.14 1.284£0.27 0.12 | 1.46+041 | 1.35+0.58 | 0.09 +6.75
063 ] 1661022 | 1.61+0.18 1.57 4 0.35 019 | 1.874+0.53 | 1051044 [ .9111.67
069 1 1994+0.22 | 1.54+0.14 1.20 £0.25 0311 2044086 | 26011.33 | 4.3549.69
0.80 | 1.62:0.25 | 1.454+0.18 1.29+0.39 041 | 3474156 | 2.15+1.05 | 0.50+1.70
091 | 2301051 | 1.55+0.25 1.26 4 0.34 : 064} 2484130 | 5471602 [ 0.3442.26
<z> (dedz)"‘/(JN/dz)“ for 0.09 <z < 0.2

proton | deuteron neutron Table 19: Ratio of charge multiplicities in

012 | 1.20£0.03 | 1.23+0.04 1.2710.11
0.17 | 1.324+0.04 | 1.21 4004 1.06+0.11
0.22 | 143006 | 1.274+0.06 1.04 +0.14
927 | 1421006 | 1.34 £0.07 1.23+0.18
0.32 | 1.751:0.09 | 1.3010.08 0.8410.14
0.37 | 1.7910.11 | 1.53+0.10 1.2410.23
042 | 1.87+0.13 ] 1.57+0.12 1.2710.24
0.47 | 1924016 | 1.59+0.14 1.2610.29
952 | 2.20£0.19 | 1.4710.15 0.79+0.25
0801 2261019 | 2.064+0.18 1.61 £0.45
068 | 2961033 | 1.68+0.19 0.60 1 0.29
0.79 | 3051046 | 2.2440.34 1.65+0.58
090 | 2155046 | 2041042 1.8410.87

bins of 2 and =z.
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Figure Captions

Figure 1: Comparison of normalised differential scaled energy distributions for charged
hadrons in bins of 2, @* and z: The dotted lines represent hnear ﬁts inln Q2 1nsp1red
by QCD The errors shown are stahstlca.l only. & & : :

Figure 2: Comparison of normalised dlfferentlal sca.led energy chstrlbutlons for charged
hadrons of the merged up- and pd-data with different versions of the LUND {ragmen-
tation model [18,20]. The errors shown are statlstlca.l only | ‘

Flgure 3: Normalised differential pf dlstnbutlons for charged hadrons of the merged up-
and pd-data in different W? and 2z bins. The dotted lines represent fits using the ansatz
1\?'" ‘%“ o 1/(m? +pi)* mspu'ed by i propagator form The errors shown are statlstxcal
iny. . o e o

Figure 4: W? dependcnce of < p? > for charged hadrons in bins of Qz‘ and z. The sohd
lines represent linear fits in In W2, The errors shown are statlstlcal only

Figure 5: < p} > of charged hadrons for fixed If‘l/'2 asa functlon of Q2 in dlfferent z bms
The errors shown are stat:stlca.l only S : . ;

L]

Figure 6: Companson of < p? > of charged hadrons as ‘a function of ‘W2 w:th BEBC
data of the collaboration ABCDLOS [29] and a previous EMC analysis [27].: The three
z ranges for the data shown are the same for the three analyses. The errors shown are
statistical only.

Figure 7: 2% dependence of < p; > (seagull effect) for charged hadrons in different W2
bins. The errors shown are statistical only.

Figure 8: Comparison of the W? and z dependence of < p? > of charged hadrons with
different versions of the LUND fragmentation model [18,20]. The errors shown are sta-
tistical only.

Figure 9: Comparison of the z* dependence of < p? > of charged hadrons with different
versions of the LUND fragmentation model [18,20]. The errors shown are statistical
only.

Figure 10: Ratio of the integrated charge multiplicities as a function of z for two differ-
ent z ranges. The errors shown are statistical only.

Figure 11: Ratio of integrated charge multiplicities as a function of z; a) Comparison
of the ratio from the up-data to [35}; b) Comparison of the ratio from the un-data to
[35,36]; ¢} Summary of ratios from low energy, low Q? up- and ep-data [36,37]. The
errors shown are statistical only.
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Figure 12: Difference of integrated charge multiplicities from up- and pd-scattering as
a function of . The errors shown are statistical only.

Figure 13: Ratio of the differences of the integrated charge multiplicities from up- and
pd-scattering as a function of z. N*(-) denotes the integral #- f3, dz9% for positive
and negative particles respectively. The ratios are shown before and after correction for
QCD effects and acceptance correction (see section 4.4). The errors shown are statisti-

cal only.

Figure 14: a) Ratio of the valence distributions d,/u, as a function of z; the shaded area
indicates the systematic error. The dotted line represents the expectation of the naive
QPM of 1. b) Comparison with the v-scattering experiments BEBC [42] and CDHS
[43]. The lines represent two theoretical predictions using Regge arguments (solid line
[44], dotted line [45]). For the EMC and CDHS data statistical and systematic errors
are added in quadrature. For the BEBC data no systematic errors have been quoted. c)
Comparison with different parameterisations of the quark distribution functions. DFLM
[46] is based on neutrino data only, whereas MRSB and MRSE [47] is derived with ad-
ditional information taken from the deep inelastic muon nucleon scattering experiments
BCDMS (dotted curve) and EMC (dashed curve).

Figure 15: Integrals for the determination of the Gronau et al. sum rule as a function of
the lower z bound; a) f, denotes the integral in the nominator and f; in the denominator
of equation 15, both integrals are shown separately; b) shows the ratio of both integrals.
The errors shown are statistical only.
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Figure 5 .
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Figure 9 .
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