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ABSTRACT

A new determination of the u valence quark distribution function in the proton is obtained
from the analysis of identified charged pions, kaons, protons and antiprotons produced in
muon-proton and muon-deuteron scattering. The comparison with results obtained in
inclusive deep inelastic lepton-nucleon scattering provides a further test of the quark-parton
model. The u quark fragmentation functions into positive and negative pions, kaons,
protons and antiprotons are also measured.

For foottiotes see next page
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1. INTRODUCTION

Experiments on deep inelastic lepton-nucleon scattering are well suited to investigate
both nucleon structure as well as the process of hadronization. These experiments have
revealed the partonic composition of the nucleon and allowed the study of how the parton
systems (quarks, diguarks and gluons) evolve towards observable hadrons. At presently
available energies hadron production in deep inelastic scattering can be viewed in the
framework of the quark-parton model (QPM) as a two stage process. In the first stage, on a
scale down to distances of 10-2 fm, the lepton-quark scattering, mediated by the exchange of
a virtual boson, takes place. Subsequently in the second stage, on the distance scale of
> 1 fm, the partonic systems evolve into final state hadrons. The measured hadron
distributions are expected to reflect both stages.

In this paper we present results on both these stages obtained in the analysis of final
state hadrons in 280 GeV muon-proton and muon-deuteron interactions. The experiment
was designed to study hadron final states with almost complete acceptance and a set of
detectors allowing particle identification over a large kinematic range. The first result
presented here is the scaled-momentum distribution of the u valence quarks in the proton,
This distribution was extracted from the differences of the distributions obtained for positive
and negative pions, kaons and protons in the hydrogen and deuterium data. The second
result is a measurement of the u quark fragmentation functions into charged pions, kaons,
protons and antiprotons extracted from the data and obtained in a kinematic region where the
QCD corrections are small.

The valence quark distributions xuy(x)} and xd(x) have been previously measured in
experiments on inclusive deep inelastic neutrino and muon scattering [1-4]. Neutrino and
antineutrino measurements on hydrogen were made by the CDHS collaboration and by the
CERN experiment WA21, and on deuterium by the experiment WA25. The EMC NA2
experiment obtained quark distributions from data on muon scattering in hydrogen and
deuterium.

The measurement of xuy(x) presented in this paper was obtained by a different
method from that used in the previous experiments. In principle, it is also possible to extract
the xdy(x) distribution using the same method, but with errors much larger than those for
xuy(x). Due to the limited statistics of the present data, the comparison with other results on
xdy(x) is not meaningful.



Most data on quark fragmentation functions come from experiments on e*e”
annihilation at PETRA and PEP [5]. However, except for the particular case of the ¢ quark
fragmentation [6], such experiments only allow the fragmentation functions to be determined
in a model dependent way. The e+e™ annihilation at the energies of PETRA and PEP
(29-35 GeV) proceeds through the creation of quark-antiquark pairs of different flavours.
Thus the observed hadron distributions are averages of fragmentation functions of the
different flavours.

Deep inelastic scattering experiments with neutrinos have the advantage of selecting
the flavour of the fragmenting quarks using different types of beams and targets (neutrino or
antineutrino, hydrogen or deuterium). Results have been published [7] on the comparison
of the u and d quark fragmentation functions into charged pions. However, in that
experiment the pion distributions were extracted from the distributions of unidentified
hadrons using a model dependent correction for the kaon and proton contributions.

In our previous muon experiment (NA2) particle identification was limited essentially
to forward emitted protons. Details of quark fragmentation into protons and antiprotons
were studied [8] and the u quark fragmentation functions into charged pions were measured

[9].

The present experiment, in addition to a better determination of the hadron variables,
combines the advantages of controlling the flavour of the scattered quark (by the scaling
variable x) with hadron identification. Some results on the production of identified hadrons
in this experiment have already been published [10-12].

In the following section we describe briefly the experimental details. Section 3
describes the method used to extract the valence quark distributions, the xuy(x) distribution
is presented and compared to other experiments. In section 4 the quark fragmentation
functions into positive and negative pions and kaons as well as into protons and antiprotons
are presented.



The data used in this analysis were obtained in a deep inelastic muon-nucleon
scattering experiment performed at the CERN SPS (experiment NA9). A 280 GeV beam of
positive muons is incident on a one metre long target of liquid hydrogen or deuterium which
is surrounded by a streamer chamber, which in turn is positioned inside a superconducting
vertex spectrometer magnet (VSM). The scattered muon and hadrons with momenta greater
than about 5 GeV pass through a second magnet, the forward spectrometer magnet (ESM).
The two magnets are instrumented with proportional and drift chambers. The apparatus is
triggered by fast scintillator hodoscopes when a muon is scattered through more than 12°. A
detailed description of the detector [13] and subsequent analysis [10] (see also references
quoted therein) can be found in previous publications.

In order to restrict the data to kinematic regions where radiative and acceptance
corrections are small, the following cuts on the event variables were used:

Q > 4GeV?

20 < v < 260 GeV
16 < W2 < 400 GeV2
A < 09 E,

Eyp > 20Gev

o, >  0.75°

X > 0.01

where -Q? and v are the four-momentum squared and the laboratory energy transferred

between the incident and scattered muons, W is the total centre of mass energy of the
secondary hadrons, Ey, and Ey,’ are the incident and scattered muon energies, By 1s the muon

scattering angle and x is the Bjorken scaling variable. The number of events surviving these
cuts is 25546 for the hydrogen target and 20631 for the deuterium target.

The longitudinal distributions of the final state hadrons are expressed in terms of
Xg = 2 p/W (x-Feynman) and z = Ep/v, where p_ is the hadron momentum component
parallel to the virtual photon direction in the centre of mass system of the virtual photon and
the target nucleon, and Ep, is the hadron energy in the laboratory systen.

Charged particle identification is provided by an extensive set of detectors. A time-
of-flight hodoscope system, two silica aerogel Cerenkov counters and two gas Cerenkov



counters cover the low and intermediate momentum range. A large gas Cerenkov counter is
used to identify fast hadrons in the forward spectrometer. This set of detectors allows
identification of pions, kaons and protons in a substantial part of the momentum range
between 600 MeV and 80 GeV.

For each track the probability of obtaining the observed signal (pulse height or time-
of-flight) for an assumed particle mass (e, 7, K, p) is determined for each counter taking
into account counter efficiencies and background contributions. For tracks passing through
more than one counter the probabilities are multiplied. The selection of different particles is
defined by cuts on these probabilities. The cuts were determined by a Monte Carlo
simulation and were adjusted in order to optimise the identification efficiency and minimise
the background [10]. After the cuts the contamination of misidentified particles is less than
10% in the final samples of pions and protons and is less than 20% in the sample of kaons.
This system allows identification of roughly 50% of all charged hadrons. Table 1 contains
the numbers of identified particles obtained from each target.

A detailed Monte Carlo simulation of the experiment was used to correct the data for
radiative effects, trigger acceptance, acceptance losses, particle misidentification and
reconstruction efficiencies. Monte Carlo events were generated according to the Lund model
[14], followed by a full simulation of detector responses and then processed in the same way
as the real events. A global acceptance A(y) for a distribution of hadrons of a given species
and charge in a given variable y was calculated as the ratio of the distribution obtained after
the apparatus simulation to the distribution for the generated events. A measured hadron
distribution is corrected according to the formula

fe@) =fm(y) / Ay)

where f, denotes the corrected distribution and fy, the measured distribution.

For the analysis described in this paper the acceptance as a function of xg for
different hadron species is shown in fig. 1. It is dominated by the limited momentum ranges
for particle identification and the geometrical acceptance of the time-of-flight and Cerenkov

counters. In general the acceptance is higher for the hadrons emitted in the forward
hemisphere (xg > 0). Only these hadrons will be used in the analysis described in the

following sections.



In the quark-parton model (QPM) the normalised cross section for charged lepto-
production of a given hadron h, emitted in the forward hemisphere in the virtual photon-
nucleon centre of mass system, is given by

2 h 2 h
I do 1 dN"wo) ) S e q¢(x) Di(2) =x§ef as (x) Di(z) .

Ops (X)  dz SN % et g5 (%) Fy (x)

In this formula Ny, and Nb are respectively the number of deep inelastic events and the
number of produced hadrons, e and qg(x) are the charge and the scaled-momentum

distribution function of (anti)quarks of flavour f in the proton, D?(z) is the fragmentation

function of the (anti)quark f into hadrons of type h and F(x) is the nucleon structure
function.

Assuming charge conjugation symmetry for the fragmentation functions and the
equality of sea quark and antiquark distribution functions for each flavour, the contribution
of the sea quarks of a given flavour to the production of a given hadron is the same as the
contribution of the corresponding antiquarks to the production of a hadron of opposite sign.
Thus, only the valence quarks contribute to the differences of the distributions of hadrons of
opposite charges.

This leads to the following expressions for the differences of the distributions of
hadrons of opposite charges produced on the proton [15]

o . -é— [4xu, (x) - xd, (x)] o .
Ny (x,2) -Nyg (x,2) = = D, @-D, @] (2a)
Fz )

5 4xu, (%) + xd, (]

Np (x,2) - NE (x,2) = D7 (2) - DE (2)] (2b)

Fj (x)



1

9 4xu,, (x)

Kt

N§+(x,z) - NHK- (x,2) = D, @ - fo_ ()] (2c)

F;{ (x)

where Nh(x,z) = (I/Nu(x) (dNh(x,z)/dz), uy and dy are the valence quark distributions and
the index H indicates the hydrogen target. The above formulae were obtained assuming
charge conjugation invariance and isospin rotation symmetry for the quark fragmentation

+ = - +
functions (e.g. D =DTC,D1r =Dn) as well as the hypothesis that the so-called
u d u d p

unfavoured fragmentation functions for the production of hadrons of a given type are equal
- g
(e.g. Df = D:,( =D, ). For equation (2b) we have made the additional assumptions that

P__P o1 s : .
D,=Dg and DS =Dj. We will discuss later a possible systematic error due to the latter

assumption.

The differences Nh+- Nh-, where h = 7, K, p, are seen to factorise into two terms,
one depending on the Bjorken x variable and the other on the fraction of the scattered quark
energy taken by the hadron. In the term depending on x, only contributions from the
valence quarks are present.

It is worth mentioning that the QPM formula (1) does not account for a hidden x
dependence of D? (z). In fact fragmentation functions as well as multiplicities were
observed to depend on W2 [16,17], which in turn is related to x. The increase of
multiplicities with W2 is about the same for hadrons of opposite charges [18], such that in
the formulae (2) the x dependence of the fragmentation functions approximately cancels.

The fragmentation functions used in this analysis are "effective" fragmentation
functions, i.e. they contain hadrons produced directly in the fragmentation process as well as
those from resonance decays.

Equations (2) are valid at each point in (x,z). However, due to the limited statistics
we have integrated them over z (with the restriction that xg > 0). If one defines the zero

order moments



1, )
M (x) = f IN" (x,2) -N" (x,2)] dz,
0

h 1 nt R
A (X) = [Du (Z) - Du (Z)} dZ »
0
one obtains for the proton target the following formulae

L gl @-xd, W
My (x) = A (3a)

F3(x)

5 [xu, (9 + xd, (0]

? () = H AP . (3b)
Fy (x)
K élixuv (x) K
My (x) = AT A
Fy (x) (3¢)

The measured distributions M™, MP, MX are thus linear combinations of the fractions

4 | S

o Xu, (x) g xd, (0

fuv (x) = _9_H_ and £ dv(x) _ 2_;1_
F, (x) Fa (x)

To extract these fractions from the measured Mh"s, it is necessary to know the
normalisation factors A", AP, AK, which do not depend on x nor on the target. To obtain
them we have used the data from the deuterium target takmg advantage of isospin symmetry
for the deuteron and its implications for the correspondmg formulae

For the dcutcrimﬁtarget one obtains [15] the 'followin'g formulae for the moments
MA(x) o
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3 Doy (9 + xd, (9]

MG (x) = A"
; o e
5
18 [xu, (x) + xd,, (x)]
MY(x) = = AP (4b)
F3 (x)
X _I% [xu, (x) + xd, (x)] K
Mpx) = = A (4c)
F,(x)

N
where the index D refers to deuterium, F, (X) is the isoscalar nucleon structure function (the
average of the proton and neutron structure functions) and uy(x), dy(x) are the valence quark

distribution functions in the proton. The x dependence of the three moments Mg , ME , Mg ,
is seen to be the same. Their normalisation is determined by the moments AT, AP, AK, At
sufficiently large x values, where the sea quark contribution to the structure function can be
neglected, ng % [xu, (x) + xd,, (x}], such that the M}S' s are constant. To determine the

moments AP we have fitted simultaneously to the pion, kaon and proton data for the
deuterium the following formula

o
Mp(x) = C — A"

1+y(1-x)° )

where h =7, p, K. The Cp are known constants (Cy = 3/5,Cp =1, Ck = 4/5) and o, B, v,
AT, AP, AX are the fitted parameters. The fits are performed in the range 0.1 < x <0.5.

The moments A obtained as the limits of Mll; (x) / Cy, for x — 1 are then inserted into
the formulae (3) to extract the fractions fﬂv and fdv. Equations (3a), (3b) can be used to

extract, in principle, both fractions f u, and f4_from the data on pions and protons, whereas
equation (3c), for kaons, gives an independent estimate of fuv . However, it turns out that
the determination of fdv (x), and in consequence of xdy(x), is not feasible in practice due to
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the large statistical errors. This results from the fact that f4_ is expressed as a difference of

MP(x) and M™(x), each one of which in tumn is also a difference of distributions.

Finally, to obtain xuy(x) from f u, (x) one needs to know the structure function Fa(x).

For this purpose we have used a parameterisation for F; which describes the proton
structure function measured in a previous muon-nucleon experiment [19].

It is worth mentioning that whereas both xuy(x) and Fa(x) evolve with Q?, the Q?
dependence of fu, (x) is much weaker except for the region of the smallest x, where the

contribution of the sea quarks to Fy becomes large. The xuy(x) distribution is given at
Q2 =20 Ge V2, which is the mean Q? value for the analysed data.

For the purposes of the present analysis only hadrons emitted in the forward
hemisphere (xg > 0) were accepted. This cut was made to suppress contributions from

target fragmentation, i.e. from the fragmentation of a partonic system left after a single quark
was knocked out of the nucleon.

In the definitions of the moments MI(x) and AP the lower limit of the integrals could
be set to any number zg, 0 < zo < 1. It has been checked that for different choices for
Zg (o =0, 0.1, 0.2) the results are practically the same.

An advantage of using the data from hydrogen and deuterium treated in the same

way, is that systematic errors on the normalisation of the hadronic distributions, especially
the errors in the particle identification, almost cancel for the extracted fraction £ u, (x).

The described method of extracting the valence quark distribution was tested [15]
using a Monte Carlo program. Events were generated according to the Lund model such that
for each target about 200,000 events satisfied the kinematical cuts used for the experimental
data and then xuy(x) was extracted from the hadron distributions. The first estimate was
obtained using the pion and proton data, the second one from the kaon data. These
distributions were compared to the parameterisation of the u valence quark distribution of
ref. [20] which was used as input in the Monte Carlo program. Taking into account the
statistical errors of the Monte Carlo samples the agreement between the extracted and input
distributions was found to be satisfactory.
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The measured Ml,; {x) distributions for the deuterium target are shown in fig. 2. The

curves are those given by the formulae (5) fitted to the data to obtain the normalisation
factors Ah's, The fitted values of the Ah's are

LS 1 Tt+ 15-
A =J D @ - D, @]dz = 0.382+0.031
0
P 1 P 1_3
A =f D (z) - D2(@)]dz = 0.047+0.011
0

K 1 K+ K
A =f Dy @) - D, @]dz = 0.122+0.023
0

As discussed earlier, the above moments are estimated using forward going hadrons
(xg > 0) only.

The xuy(x) distributions obtained from the pion and proton data (xuz,t'p) and
independently from the kaon data (xu‘,K ), are shown in fig. 3a, 3b and the weighted average

of these two distributions is given in fig. 3c. The curve is the xu(x) parameterisation of ref.
[21] evaluated at Q% = 20 GeV? using the averaged valence quark densities and the CHARM
gluon density. The measured xuy(x) distributions are also listed in table 2.

The errors are the statistical errors of the hydrogen data. The errors of the Al's lead
. . . o,
to additional errors, not shown in the figures, which are about 12% for xu,, P and about
20% for xu, . The normalisation error on Fz(x) introduces the systematic normalisation

error on xuy(x) equal to about 5%.

To estimate the systematic error due to the assumption DE = Dg an analogous
analysis with the assumption DY = 2D was performed [15] and the results were compared
to those presented in fig. 3. The assumption Dﬁ = 2D§ leads to values of xuy(x) lower by

about 1.5% at small x and by about 3% at large x. This error is thus negligible when
compared to the statistical errors.
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The systematic errors of the hadron distributions are very similar for the hydrogen
and deuterium data and almost cancel for the xuy(x) distribution.

The distribution xuf‘pobtained in this experiment is compared in fig. 4 to the
distributions obtained in inclusive deep-inelastic neutrino-nucleon [3] and muon-nucleon [2]
experiments. The two last distributions were measured at Q2 = 15 GeV2. The xuy(x)
distributions determined in different experiments agree with each other within an accuracy of
about 15%. The agreement of our result with the inclusive experiments provides an
additional support for the quark-parton model.

4. THE U OUARK FRAGMENTATION FUNCTIONS INTO CHARGED
HADRONS

In order to extract the fragmentation functions from the hadron distributions we have
used the QPM formula (1). However, this expression does not take into account the
observed W2 dependence [16,17] of the hadron distributions. In the framework of QCD,
the evolution of the hadron longitudinal momentum distributions with W2 is due to
interactions in which a hard gluon is emitted by the scattered quark or to interactions
proceeding through the photon-gluon fusion mechanism.

To suppress the effects of scale breaking on the fragmentation functions we have
selected a kinematic range for the event variables, where these effects are small and
consequently where formula (1) can be applied. To define this range we have used a version
of the Lund Monte Carlo program in which the leading order QCD processes were described
according to the calculations of Altarelli and Martinelli [22].

From these studies we have chosen the cuts x > 0.12 and 16 < W2 < 200 GeV?.
With these cuts the contribution of the "QCD type events” (i.e. hard gluon emission or
photon-gluon fusion) in the sample is always smaller than 10% in any region of x and W2,
and on average their contribution is smaller than 5%. After these cuts the number of events
1s reduced to 9654 for the hydrogen target and 7476 for the deuterium target.

Fragmentation functions are thus obtained for the following average values of the
event variables: <W2> = 80 GeV2, <Q%> =25 GeV?2 and <x> = (.25.
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To extract the fragmentation functions we have considered contributions from the u,
d and s quarks and the corresponding antiquarks in formula (1) and we have used the Gliick,
Hoffmann and Reya parameterisations of quark distributions [20).

The number of independent fragmentation functions has been reduced by applying
charge conjugation invariance and isospin rotation symmetry and by the additional relations

SOSpin rotatio
introduced in section 3, namely DY =Dy =D, ,DP =D} andDP =D}.

As independent fragmentation functions we have chosen

xt m W
for pions: Dy . D, . D,

Kkt K _xt K
for kaons: Dy Dy Dy, Dy
for protons: DY DY, DY, DP.

For the kinematical range chosen in this analysis the contributions from the fragmentation of
strange quarks and antiquarks to the hadron distributions are negligible; the fraction of
strange quarks fg(x) = 1/9 xs(x)/Fa(x) = 0.005 at <x> = 0.25. So the data are insensitive to
any particular shape of the strange quark fragmentation functions. In order to simplify the
formulae used for the extraction of fragmentation functions, we have made further
assumptions concerning the strange quark fragmentation functions:

+ = + - 5
(Df + Df] - DY, %—(Df +Df) = D,

nt T 1
DS =Du,§

These assumptions have negligible effect on the extracted u quark fragmentation functions

+ h'
D. ,D, (=K, p)
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Finally, one can relate [15] the normalised hadron distributions Nh(x,z) (see sect. 3
for the definition) to the u quark fragmentation functions Dﬁ (z) and fractions fg(x) of quarks

2
of given flavour f (f¢(x) = M )} by the following formulae:
Fa(x)

for pions -

N" (x,2) = [f, (0 +f3(x)] D (z)+ [fa 0 + £4(x) + 2, (%) D: (), (62)

N" (x2) =[f5(0) +£409] Dy @ +[£,(0)+ 1360 +26,(9] D} @ , (6b)
for kaons -

N K* (x,2) = [fu (x) + 2f (x)} Dfr (z) + [f; (x) + f4(x) +f3 (x)] fo - (@ , (Ta)

N¥ (x,2) = [£2 () + 2 ()] Df (@) +[f () + £4(0) + f3(¥)] DY @) , (7b)

and for protons and antiprotons -

NP (x,2) =[fu(x) +£4 ()] D! (2) +[f3 () + £3(0) + 26 x)] Dg(z) , (8a)
NF (x,2) =[f2(0) + fa )] Dy (@) +[£(0) + 4 (%) + 2f, (v)] DY (@) . (8b)

To extract the fragmentation functions DE, the experimental hadron distributions
Nh(x,z) were averaged over the measured x range. It should be mentioned that there exists a
weak correlation between the variables z and x, which leads to a slight increase of the
average x with increasing z, e.g. <x> = 0.21 at z = 0.03 whereas <x> = 0.27 at z = 0.84.
For this reason, for each z point the fractions ff(x) were taken at the average x value for this
particular z.
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As in the analysis presented in the preceding section only hadrons emitted in the
forward hemisphere (xg > 0) were used in this analysis.

The method of extracting the fragmentation functions was tested using events
generated by the Lund Monte Carlo program. The fragmentation functions were extracted
from the Monte Carlo events and compared to those used in the Monte Carlo program {15].
For the pions and kaons the agreement between the original and extracted fragmentation

functions is very good. For the protons the original D, is in general different from D ; they
are about equal for z < 0.4, but at larger z the ratio DY /Dj increases, becoming about 2 for
0.4 < z < 0.6 and greater than 2 for 0.6 < z < 0.8. The extracted D}, is very close to the
original DY, although the assumption D) = DY, made in deriving the formulae (8), is not
satisfied for the original fragmentation functions. The reason the extracted DY is not very
sensitive to the assumption about D} is due to the dominance of the contribution of u quark

scattering in the analysed sample (fy = 0.84 for the hydrogen target and f,; = 0.73 for the
deuterium target at <x> =0.25).

Table 3 contains the extracted fragmentation function separately for the hydrogen and
deuterium targets as well as the weighted average fragmentation functions. The
fragmentation functions from the hydrogen and deuterium data agree within the statistical
errors. The weighted average fragmentation functions are also shown in fig. 5.

The quoted errors are the statistical errors including those introduced by the Monte
Carlo corrections described in section 2. The statistical errors are about 5% for the
fragmentation functions into pions and about 15% for kaons and protons.

The experimental systematic errors are mostly due to the uncertainties of particle
identification and they are about 10% for pions and about 15% for kaons and protons. The
possible systematic error due to the parameterisation of the quark distribution functions is
less than 2% for pions and protons and less than 4% for kaons. In order to estimate a

systematic error due to the assumption DY, = DY, the analysis was repeated with the

assumption DY = 2DY [15]. The resulting values of DE change in such a case by about 4%

for the hydrogen and by about 8% for the deuterium data, whereas the DE is not affected.
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In fig. 6 the u quark fragmentation functions into pions measured in this experiment
are compared to those obtained in the previous experiment [9]. The agreement of both

measurements is good.

At small values of z (z = 0.1) the unfavoured and corresponding favoured
- + K + o
fragmentation functions are about equal, i.e. DE ~ Dy ,D, = DE , DE = DE. At these

u
z values a large fraction of produced hadrons, especially pions, are the products of
resonance decays and as such carry little information on the quantum numbers of the

scattered quark.

At large z, for the leading hadrons (z > 0.5), the probability for the hadron to contain
a valence quark with the quantum numbers of the scattered quark is several times bigger than
the probability not to contain such a quark. The favoured fragmentation functions are about
3-4 times larger than the unfavoured ones in this range of z.

+ + - -
The ratios DE /D) and Df/ D: are shown in fig. 7. They clearly show that the

fragmentation functions into pions are softer than the fragmentation functions into kaons.
This is due, at least in part, to a larger contribution of resonance decay products for pions
than for kaons. The values of the ratios at large z are related in the framework of the Lund
model to the ratio ¥% /Y, characterising the relative probability for the creation of a strange
quark-antiquark pair in the colour field. The ratios presented are consistent with %/%, = 0.3,
the value reported in one of our previous analysis [11].

. b P, s g
The ratios DE/Du and D, /D are shown in fig. 8. These results demonstrate a

similar trend to that observed in our previous muon-nucleon experiment [8], where at high
Bjorken x (x > 0.2) and for z > 0.4 the ratio of protons to all positive hadrons (p/h™) exceeds
about twice the ratio of antiprotons to all negative hadrons (p /h™ ). This observation was
found to disagree with models where it is assumed that the production of proton-antiproton
pairs proceeds exclusively through a mechanism of diquark-antidiquark creation. It agrees
however with a model [23] in which the baryon and antibaryon do not have to be neighbours
in rapidity, the probability to produce a meson between them being defined by an extra

parameter.
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5.  CONCLUSIONS

Using the distributions of identified charged hadrons produced in the deep inelastic
muon scattering on hydrogen and deuterium targets, we have applied a new method to
extract the scaled-momentum distribution function of the u valence quark in the proton,
xuy(x). This distribution is obtained at Q2 = 20 GeV?, the average Q2 value for the data.
The agreement of this result with the distribution functions measured in the inclusive muon-
nucleon and neutrino-nucleon scattering experiments provides an additional support for the
quark-parton model.

Using a sub-sample of the same data in which QCD effects are suppressed, we have
extracted the u quark fragmentation functions into charged pions, kaons, protons and
antiprotons. This analysis has been limited to the kinematic range x > 0.12 and 16 < W2 <
400 GeV2. The comparison of the resulting fragmentation functions shows that those into
pions differ from the ones into kaons and protons. In particular, the comparison of the pion
and proton fragmentation gives additional information on the baryon production mechanism.
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Numbers of identified charged hadrons
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T

le 1

Particle H; Target D, Target
Ntot Nxp<0) NEp>0) Ntot Nxp<0) Nxg>0)
mt 33676 7883 25793 25732 6076 19656
K+ 1891 635 1256 1510 543 967
P 4189 2660 1529 2979 1840 1139
T 30368 7492 22876 24640 6270 18370
K 1509 562 047 1313 498 815
B 1395 389 1006 1128 277 861
TFable 2

Values of the xuy(x) distributions extracted from pion and proton data (xuy™), from kaon

data (Xu, ) and their average. The errors given are the statistical errors.

x xu? (x) XU (%) xul P (x)
0.030 0.304 % 0.075 0.039 + 0.111 0.222 £ 0.062
0.072 0.425 % 0.067 0.490 + 0.107 0.444 % 0.060
0.123 0.473 + 0.069 0.281 £ 0.117 0.423 + 0.060
0.174 0.658 £ 0.076 0.492 + 0.118 0.610 + 0.064
0.242 0.580 + 0.058 0.548 + 0.095 0.571'+ 0.050
0.341 0.461 % 0.061 0.367 £ 0.078 0.425 + 0.048
0.440 0.279 + 0.063 0.230 £ 0.070 0.257 + 0.047
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Table 3

The measured u quark fragmentation functions from the hydrogen and deuterium data
and the averaged fragmentation functions as functions of the energy fraction z. The
errors given are the statistical errors.

H, Target D, Target Average
Tt
Dy 0.03 3.485 + 0.120 3.519 + 0.180 3.495 + 0.100
0.07 5.746 + 0.169 5.976 + 0.247 5.819 £ 0.139
0.12 4.262 +0.145 3.897 + 0.204 4.139 £ 0.118
0.17 2.835 £ 0.116 2.922 +0.171 2.862 £ 0.096
0.24 1.736 + 0.063 1.736 + 0.090 1.736 + 0.051
0.35 0.825 + 0.042 1.040 + 0.066 0.886 + 0.035
0.45 0.523 + 0.034 0.582 + 0.050 0.542 + 0.028
0.55 0.275 £+ 0.024 0.318 £ 0.037 0.288 + 0.020
0.65 0.196 + 0.021 0.139 + 0.025 0.172 + 0.016
0.75 0.094 £ 0.015 0.075 £ 0.020 0.087 + 0.012
0.85 0.051 + 0.010 0.032 + 0.013 0.044 + 0.008
-
Dy 0.03 2.871 +0.108 2.744 + 0.162 2.832 + 0.090
0.07 5.089 + 0,159 4.424 + 0.223 4.866 + 0.129
0.12 3.294 + (0.128 3.444 + 0.193 3.340 + 0.107
0.17 2,031 +0.102 2,020 + 0.152 2.028 £ 0.084
0.24 1.033 + 0.051 1.057 £ 0.078 1.040 + 0.042
0.35 0.448 + 0.033 0.396 + 0.053 0.434 + 0.028
0.45 0.224 £ 0.025 0.209 + 0.038 0.220 + 0.021
0.55 0.091 + 0.016 0.108 + 0.028 0.095 + 0.014
0.65 0.046 + 0.013 0.061 £ 0.022 0.050 + 0.011
0.75 0.033 + 0.010 0.079 + 0.021 0.042 + 0.009
0.85 0.013 £ 0.007 0.050 + 0.018 0.019 + 0.007
K+
Dy 0.08 0.456 + 0.109 0.363 + 0.243 0.448 £ 0.099
0.13 0.396 + 0.086 0.610 + 0.151 0.448 + 0.075
0.18 0.678 + 0.098 0.543 + 0.104 0.614 £ 0.071
0.25 0.425 + 0.043 0.457 + 0.063 0.436 + 0.036
0.35 0.238 + 0.029 0.287 £ 0.044 0.253 + 0.024
0.45 0.167 £ 0.026 0.167 + 0.035 0.167 £ 0.021
0.55 0.093 £ 0.021 0.125 £ 0.033 0.102 £ 0.018
0.65 0.055 + 0.017 0.113 + 0.042 0.064 + 0.016
0.75 0.054 + 0.023 0.019 + 0.024 0.038 + 0.017
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1.154 + 0.288
0.460 + 0.098
0.289 = 0.063
0.217 £ 0.036
0.114 + 0.026
0.071 = 0.024
0.039 £ 0.017
0.036 £ 0.021
0.028 £ 0.026
0.051 £ 0.090
1.617 £ 0.345
2.168 + 0.441
1.604 + 0.230
2.265 £ 0.288
0.819 £ 0.140
0.551 £ 0.145
0.360 + 0.095
0.165 £ 0.051
0.094 + 0.040
0.129 £ 0.111
0.928 + (0.259
1.991 = 0.405
1.133 £ 0.200
0.445 +0.113
0.269 £ 0.108
0.175 £ 0.070
0.098 £ 0.070
0.105 + 0.058
0.078 + 0.057

0.496 + 0.090
0.355 £ 0.053
0.282 £ 0.041
0.156 £ 0.019
0.103 £ 0.015
0.048 £0.012
0.025 £ 0.009
0.022 = 0.010
0.016 £ 0.010
0.117 £ 0.066
1.582 + 0.239
2.189 £ 0.290
1.949 + 0.170
2.268 £0.189
0.964 £ 0.103
0.619 + 0.078
0.398 = 0.067
0.195 £ 0.040
0.073 + 0.022
0.122 £ 0.066
1.026 £ 0.185
1.701 £0.239
1.172 £ 0.132
0.414 = 0.076
0.280 + 0.058
0.147 £0.045
0.030 + 0.023
0.073 £ 0.032
0.012 + 0.010
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FIGURE CAPTIONS

Fig. 1  Analysis acceptance as a function of xg for different identified hadrons.

Fig.2 Experimental distributions of the moments ME (x), Mg (x), M% (x) for the
deuterium target and fitted formulae (5). The errors shown are the statistical
EeITorS.

Fig. 3  The xu,(x) distributions extracted from the experimental data. a) From the pion
and proton data (xug'p). b) From the kaon data (xuf,{ ). ¢) Weighted average of
xui,t'p and xuf,( . The errors shown are the statistical errors. The curve is the
Xu,(x) parameterisation of ref. [21].

Fig. 4 xu?'p (x) from this experiment compared to the results from inclusive lepton-
nucleon scattering experiments [2], [3].

Fig. 5 Fragmentation functions of the u quark into pions (a), kaons (b) and protons
(c) vs. the energy fraction z. The errors shown are the statistical errors.

Fig. 6 Fragmentation functions of the u quark into pions measured in this experiment and
in the experiment [9]. The errors shown are the statistical errors.

Fig. 7 Ratios of the u quark fragmentation functions into kaons and pions vs. the energy
fraction z. The errors shown are the statistical errors.

Fig. 8 Ratios of the u quark fragmentation functions into protons and pions vs. the

energy fraction z. The errors shown are the statistical errors.



ACCEPTANCE (%)

100

FIG. 1



A E

X X X
90 70 20 0 9°0 170 A 0 9°0 170 A 0
| 0 T T T 1 0 T T T 1 0
700 -%70°0
®
- ~80°0
7070
- ~ L0
- T oo | %
L 1 _ L 1 | L ! 1 I 91°0 _ L L 1 1 7°0

(X) oW






XU, (x)

0.7

0.6

0.5

0.4

0.3

0.2

0.1

e EMC, This exp. |
o EMC (2}
% xCDHS_ (3]

|

®
[
* ®
i ﬁ? )
H- | | | | I%D*l + "
0 02 04 06 08
X

FIG. &



0l

80

/

90 70 20 0

f

I

as |as
o O
[ ]

b—

_ 4,8
10
Emlo_
7
5 w 1,0
. ._hp
n !
|

S DId

Z

01 80 90 %0 20 0
[ _ " I

} Y
I Py _
Y Y
LA
Y ?«
-ma v \
2 :D v {q -

0l

Z

80 90 %0 ¢0 0

I I

0l

() "g



10

ODU
XDU

ADU
I

¢
+¢ +*+

}EMc This exp. +

}EMC (9]

| | I

0.2

04 0.6 0.8
V4

FIG. 6

1.0



0.6

FIG. 7




n

(-)

p
u

u 2)

(z) / D

D

0.4

0.3

0.1

FIG. 8



	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31

