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Inclusive Charged Particle Cross Sections
in Photoproduction at HERA

H1 Collaboration

Abstract:

Cross sections are presented for the inclusive production of charged particles mea-
sured in electron-proton collisions at low Q? with the H1 detector at HERA. The
transverse momentum distribution extends up to 8 GeV/c. Its shape is found to
be harder than that observed in pp collisions at comparable centre-of-mass energies
Ve & /Spp & 200 GeV, and also harder than in yp collisions at lower energies
/5y & 18 GeV. Results from quantum chromodynamics (QCD) calculations agree
with the measured transverse momentum and pseudorapidity cross sections.
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1 Introduction

The electron-proton collider HERA is an important research facility for the understanding of
the photon. Quasi-real photons are produced in ep collisions by electrons which are scattered
through small angles. In the photon-proton collisions centre-of-mass (CMS) energies up to 300
GeV can be reached. This is one order of magnitude larger than the CMS energies achieved so far
in fixed target experiments. At this energy hard scattering processes can reveal the underlying
dynamics of the constituents of hadrons [1].

The photon, gauge boson of the electromagnetic interactions, couples directly to charged
matter, e.g to a quark of the proton. In addition vacuum fluctuations of an energetic photon
into, for example, a vector meson enable the photon to interact strongly with a proton. These
indirect photon-proton interactions are termed resolved photoproduction processes, in order to
distinguish them from the direct processes mentioned first. The resolved photon component
with its large strong interaction cross section has been shown to dominate the direct processes
at HERA at moderate transverse momenta (pr) [2, 3]. The existence of direct processes has
been demonstrated in refs.[4, 5].

A part of the resolved photoproduction has been known for about 30 years and is phenomeno-
logically described by the vector dominance model (VDM) [6, 7]. Here the photon is pictured
to fluctuate into a vector meson with the same quantum numbers as the photon. In this case
the photon-hadron interaction follows essentially the same phenomenology as a hadron-hadron
collision.

However, the pointlike coupling of the photon to quarks leads to another component in
resolved photoproduction where the photon splits into a ¢ pair, without forming a bound state.
This additional part is referred to as the anomalous or pointlike component which has been
demonstrated in two-photon processes (e.g.[8]).

At HERA the majority of photoproduction interactions consists of low transverse momentum
peripheral collisions, similar to hadron-hadron interactions, i.e., collisions where the hadronic
final state kinematics is essentially described by longitudinal phase space. Hereafter, they will
be termed soft processes. In addition, hard processes, i.e., hard scattering in ~p interactions,
are expected from partonic collisions between quarks and gluons of the incident proton and
the resolved photon, and from the direct production diagrams (boson gluon fusion and QCD
Compton scattering). The contributions of these latter diagrams to the yp cross section can be
calculated in perturbative QCD. For resolved collisions this picture leads to the introduction
of a photon structure function describing probabilities of finding partons in the photon with a
certain momentum fraction, ., of the photon at a typical scale pj of the momentum transfer
in a given process. Parametrizations of the photon structure function as used to analyse pho-
toproduction at HERA are obtained by perturbative QCD evolutions of both the VDM and
anomalous pieces (e.g. [9]). With a leading logarithmic behaviour like log(p7 /A% qp) [10] the
anomalous component of the photon is expected to dominate in resolved reactions with large
momentum transfer.

With the first data taken at HERA this general picture of hard photon-proton scattering
has been confirmed by studying single particle distributions [2] and jet topologies [3, 11]. In
this letter we present the measurement of charged particle cross sections in photoproduction
events, based on data collected in 1992 with the H1 detector. The measurements are compared
with experimental results from a pp-collider experiment (UA1 collaboration [12]) at /55, =
200 GeV, and from a fixed target experiment (WAG9 collaboration [4]) at /55, = 18 GeV.
Since both the direct and anomalous components are absent in hadron-hadron interactions, we
expect differences in the charged particle distributions between hadron — proton and v — proton
collisions.



In the region of transverse momenta (py) of charged particles above 1.5 GeV /¢ we compare
the cross sections with two QCD calculations: the first is based on leading-order (LO) QCD
plus a parton shower model, the second is a next-to-leading order (NLO) calculation.

2 Experimental Setup

The HERA ep storage ring was operated in 1992 with 9 colliding bunches of e~ and p, with
energies of 26.7 GeV and 820 GeV , respectively. In addition, both electron and proton beams
featured a pilot bunch, i.e., a beam bunch with no corresponding collision partner bunch in
the other beam with which to collide in the interaction region. This allows the beam related
background to be measured.

A detailed description of the Hl-detector has been given elsewhere [13]. Hence, only the
components crucial for this particular analysis are described below.

The H1-luminosity system consists of an electron detector and a photon detector, located
33 m and 103 m from the interaction point in the electron beam direction (backward, i.e.,
downstream w.r.t. electron beam), respectively. The luminosity is determined from the rate
of Bethe-Heitler ep — epy events by detecting the scattered electron and the photon. Both
detectors are TICI/TIBr crystal Cerenkov calorimeters with an energy resolution of 10%/v/E.
The integrated luminosity used for this analysis was 19 nb™" measured with an accuracy of
7%. In addition, the electron detector tags also photoproduction events by detecting electrons
scattered at small angles.

Measurements of charged tracks are provided by two cylindrical drift chambers [14], mounted
concentrically around the beamline inside a homogeneous magnetic field of 1.2 Tesla. Up to
56 space points are measured for a track yielding particle charge and momentum from the
track curvature in the polar angular range of 20° and 160°. The resolution for the momentum
measurement in the 2 — y plane transverse to the beam direction (proton beam in 4z direction)
is o(pr)/pr = 0.009-py (GeV/e)™' @& 0.015. The resolution for the polar angle # is 20 mrad.

A ray trigger is provided by two cylindrical multiwire proportional chambers (MWPC), which
are positioned inside (CIP) and in between (COP) the two drift chambers. Each consists of two
independent MWPCs with pads at the inner and outer radius [15]. Charged tracks originating
from the interaction region produce a ray trigger [16], which is defined by a coincidence of 2 pads
from the CIP and 2 pads from the COP, such that a straight line through all 4 pads intercepts
the beam-axis (z-axis) within + 44 cm of the nominal interaction point at z = 0. This indicates
the presence of at least one charged particle in the central detector with a py > 150 MeV/c in
the polar range 25° to 155°.

The central tracking system is complemented by a forward tracking system. All trackers are
surrounded by a fine grained liquid argon sampling calorimeter [17], consisting of an electro-
magnetic section with lead absorbers and a hadronic section with steel absorbers.

3 Data Analysis

3.1 Event Selection and Background Reduction

The analysis is based on the 1992 sample of tagged events in which the energy of the scattered
electron is measured in the H1 electron tagger. The event selection closely follows the one
described in a previous letter on the determination of the absolute photoproduction cross section

[18].



The fractional energy of the photon is called y, which in the case of the electron tagged events
is well approximated by y ~ 1—(F../E.). Here F, and F.. are the energy of the incoming and
scattered electrons, respectively. The four-momentum transfer carried by the photon is denoted
Q? = 4E.E. cos*(6/2). Tt depends on the electron energies and on the angle 6 between the
scattered electron and the proton beam direction.

The electron tagger acceptance is a function of y and Q2. The cross section in the kinematic
region seen by the electron tagger is calculated from the acceptance as a function of y, averaged
over 7 up to the maximum @Q? seen (Q? < 1072 GeV?). To avoid ranges of small acceptance of
the electron tagger, we restrict the analysis to the region 0.3 < y < 0.7. These intervals in Q)?
and y define the kinematic region covered by the cross sections given below. As a consequence,
the 7p centre-of-mass energy range is 160 GeV < /s, = 2\/yE.E, < 250 GeV, with an average
of /55, ~ 200 GeV.

Tagged events are required to have an electron candidate with energy F.. > 4 GeV and
to have less than F, < 2 GeV deposited in the photon detector. In addition, at least one
ray trigger is required, ensuring activity in the central detector, and thus strongly suppressing
electron beam induced background events.

After the track reconstruction only those events are retained, which have at least one track
originating from the interaction region. In addition, we reject the following background events:
beam-gas interaction events, characterized by more than 3 tracks originating in the downstream
region (z < —100 cm, z at the point of closest approach to the z-axis); cosmic rays, identified as
two collinear particle tracks; p-beam reactions in the beampipe itself, identified by the position
of their  — y vertex.

Interactions of the proton beam with the residual gas in the fiducial central region constitute
the main remaining background. For tagged events, they appear in random coincidence with
a signal in the electron tagger. The energy flow of such events is characterized by a value of
S p./>.p close to 1, due to the large Lorentz-boost, and a small value of y,. Here y, =
S(F —p.)/(2-E,)is measured in the calorimeter where Y (F — p,) is determined by summing
FE-(1—cos#®) for all cells, and p, denotes the longitudinal momentum component. As described
previously in ref.[18], we reject the events in the region of small y, and large > p./> p i.e.,
yp < 0.05 and Y p./> p> 0.6, 0r y, < 0.15 and > p./ > p> 0.9.

Due to the extended proton bunch length, the interaction region covers approximately 50
cm around the nominal interaction point. However, we accept only events with a z-position of
the interaction vertex zy (primary event vertex) within the central part of the detector, i.e.,
—25 < zy < 425 cm, restricting ourselves to a region of homogeneous track acceptance.

A total of 8467 events satisfy all described criteria. The remaining background is determined
by analysing data from electron and proton pilot bunches. It is found to be less than 1% and is
neglected.

3.2 Track Selection Criteria

The criteria below have been optimized to select particle tracks, originating from the primary
vertex, for inclusion in the inclusive particle spectras:

¢ Transverse momentum pr > 0.3 GeV/c.

e Pseudorapidity interval | n |< 1.5, with n = —In tan(6/2).

e d/o; < 10, where d is the distance of the extrapolated track from the primary vertex in
the plane transverse to the beam axis, and o4 the error of d.
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o | zrrack — zv |< 10 cm, with zrracx being the z-value of the track at the point of closest
approach.

o Tracks must start radially within the first 3.5 cm of the tracker and be at least 15 cm long
in the # — y plane.

e The azimuthal angular range 160° < ¢(track) < 230° is excluded to avoid an inefficient
region of the central drift chamber.

3.3 Corrections

In order to obtain the produced number of tracks, Ny oquced, the observed number of tracks is
corrected with the following factors (errors given below denote statistical and systematic errors
separately):

o Ay, @ The geometrical acceptance of the electron tagger is corrected as a function of y
and amounts to 55% in average for 0.3 < y < 0.7. It is corrected per event. The tagger
efficiency within the chosen acceptance is 100 % .

€rig - The ray trigger efficiency depends on the number and topology of tracks. It is
calculated independently for each event from the probability for each track to generate a
ray. This probability is determined as a function of (pr,#) from data. The average value
of €, for all observed event topologies is 0.80 £ 0.01 £ 0.06.

® €.uon: . T'wo components in the event efficiency have to be considered:

(i) The restriction of the primary event vertex to within z = £25 cm is taken into account
by a constant 67% efficiency factor, determined from the data. (ii) The efficiency for the
event selection depends on the event topology. In particular, its value is 70 % for soft and
96 % for hard events (see below). Therefore, the efficiency as a function of pr depends on
the relative contribution of the two classes in a given py bin. Overall, the data sample is
estimated to contain (75 £ 15)% soft and (25 =+ 15)% hard events, based on the measured
distribution of the maximum track py (see fig. 1 and discussion thereof). This introduces
a small model dependence for the correction in the region pr < 1.5 GeV/¢, where both
classes contribute.

For the range pr > 1.5 GeV /¢ where only hard events contribute, the total €,,.,; is found
to be 0.64 £ 0.02 £ 0.02.

® ¢ 4.1 . The overall track efficiency is applied on a track by track basis. It contains three
multiplicative components: (i) The efficiency for finding and reconstructing single tracks,
€reco, 18 determined by visual scanning of tracks. It is found to be (924+1+43)% in the data
and 100 % in the Monte Carlo simulation. (ii) The effect of the cuts applied in the track
selection is determined by means of a Monte Carlo simulation (see below). The efficiency
of these cuts, €,., rises from 90 % at pr = 300 MeV /¢ to 97 % at about 2 GeV/c , and
remains constant beyond this value. The values are fitted with an empirical polynomial
function in pr (averaged over # and ¢) and then used to correct the py distributions.
(iii) The ¢-restriction of the geometrical acceptance of the central drift chamber (81%) is
accounted for assuming a flat distribution in ¢.
The total €;,4.1, is 0.73 + 0.05 + 0.05 on average for pr > 1.5 GeV/e.

An additional overall uncertainty of 7% from the luminosity measurement has to be added
to the systematic errors. These 7% are not included in the error bars shown in the figures
below. Tracks selected and corrected as discussed above have less than 3% contamination from
non-primary tracks.



3.4 Monte Carlo Simulation Programs

Efficiencies and acceptance corrections of the cross sections partly rely on Monte Carlo simula-
tions, which are based on the models described in the following.

Soft processes from low-pp peripheral interactions are generated according to the vector
dominance model with a Monte Carlo program based on the photoproduction event generator
RAYPHOTON [19], using LUCVDM [20] for the soft meson-proton collision. Hard scattering
events for direct and resolved vp interactions in leading order are generated with the PYTHIA
5.6 [21] program. The effects of initial and final state QCD radiation are described in PYTHIA
by leading logarithm parton showers. For the structure functions we use GRV leading order
parametrizations both for the proton [22] and the photon [9]. Note that the current knowledge
of the photon structure function is based on measurements in two-photon interactions, which
are primarily sensitive to the quark content only.

In both Monte Carlo programs the fragmentation of the partons into hadrons follows the
Lund string model [23], as implemented in JETSET [21]. QED radiative corrections to the cross
section are expected to be small (2.51573)% [18] for the present experimental conditions and are
neglected.

The generated events are fed into the H1 detector simulation program, and then subjected
to the same reconstruction and analysis chain as the real data. The detailed simulation of the
detector parts is described in [13].

Processes involving a hard scattering are characterized by having a high value of p'c*?, the pp

of the track with the largest pr in the event. On the other hand, soft processes are not expected
to exhibit large values of p/s®?, since here the particle pp essentially comes from hadronization.
To illustrate that the Monte Carlo programs qualitatively describe the bulk of our data, we show
in fig. 1 the observed uncorrected distribution of pf?¢ (full circles). The distribution is compared
with predictions for the soft (dotted histogram) and hard (solid histogram) processes. Since a
LO QCD calculation is divergent for pr — 0, where pp is the transverse momentum of the
outgoing partons in the hard scattering process, a minimum pz cut-off value p7'" is applied in
the PYTHIA generator. For this analyis this cut-off has been chosen to be p7i'" = 2.3 GeV/c, in
order to describe the observed spectrum as well as possible. The uncertainty in the composition
of soft and hard contributions influences the efficiency calculation in the low pr region and has
been accounted for in the systematic errors (see above). Independent of the absolute rates, the
soft component is limited to pp-values below ~ 1.5 GeV/c ; particles produced with pr above

1.5 GeV/c originate predominately from interactions involving a hard collision.

4 Results on cross sections

The invariant cross section for single particle production is given by

d? d3 d3

I'o :/ A Y R (1)
dpz dne dpr di,do dp
assuming azimuthal symmetry of the cross section and thus allowing the integration over ¢. Here

Mo = —0.5-In((F—p,)/(F+p.)) denotes the rapidity, which for p >> m can be approximated by
the pseudorapidity n = — In(tan(#/2)), with p and m being the particle momentum and mass.

The cross section for inclusive charged particle production in ep collisions is calculated from
the number of tracks produced, N, ,4uccq, in a bin of pr and n by applying all efficiency and
acceptance corrections to the observed track spectrum. It is given by :

dZO' _ Nproduced(pTvn) (2)
dpz dn L -2prApr-Any
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where I denotes the integrated luminosity. An and Ap% = 2-pp - App are the bin widths.

The resulting differential cross section for positively and negatively charged particles is shown
in fig. 2. The error bars denote the quadratically combined systematic and statistical errors.
The additional overall systematic uncertainty of 7 % from the luminosity measurement is not
included in the figure. For the py spectra the n-range from —1.5 to 1.5 is used. The bin sizes in
pr are chosen such that bin migration is small, i.e., less than 5%. The spectra are not unfolded
for these small binning effects. The measured cross sections are listed in table 1. Note that
the ep cross section is determined for the range Q@ < 1072 GeV? and 0.3 < y < 0.7. It
can be converted into a vp cross section by taking into account the photon flux according to
do = o(yp)- Fluz(y) - dy. For the chosen y-range the integral over y of the photon flux yields
a factor 74, assuming the Weizsdcker-Williams approximation [24].

In the same figure 2 are shown the cross section measurements by the UAl-collaboration
[12] at the pp collider at /s = 200 GeV in the rapidity region 5 <| 2.5 |. In the yp CMS system
the H1 data overlap with this rapidity interval in the photon hemisphere. The UA1 data points
(open diamonds) are normalized to the H1 point at py = 1.5 GeV/e. The scale factor of order
4000 can be understood in terms of the the photon flux factor, the (p,w, ¢)-meson coupling
constants within the VDM-model (of order 200), a factor 7 (see eqn. 1), a factor 1.5 (3 instead
of 2 quarks in mesons versus baryons) and a factor 0.5 (UAL numbers are for single charges
only). In the range below 2 GeV/c , the pr-spectra agree quite well. This shows that at low
pr photon-proton interactions are very similar to hadron-hadron interactions, as expected from
the VDM picture.

However, more interesting is the difference observed in the py spectrum in the range above
2 GeV/c. The yp spectrum is clearly harder than the pp data. This can be seen quantitatively
by fitting the following QCD inspired power-law [25] to the data:

d3o pro_,

R e ®)
Both spectra are well parametrized by eqn.(3). The UA1 data are described by the parameters
[1,12] (pr)o = (1.8 £ 0.1) GeV/c and n = 12.14 £ 0.39. A fit to our spectrum yields the values
(pr)o = (0.63 4+ 0.20) GeV/c and n = 7.1 & 2.0. The fitted curves are indicated in fig. 2. The
difference between the yp and hadron p scattering is further illustrated in fig. 2 by cross sections
measured by the WA69 collaboration at CMS energies around 18 GeV [4]. Within the same
experimental setup they determined the scattering cross sections with real photon and hadron
(= 60%7 + 40% K') beams. Only the relative normalization of the two measurements (WA69-v
and WA69-h) is maintained. Two interesting observations result from these comparisons: a) at
both small and large CMS energies, the vp data show a more pronounced tail at large transverse
momenta compared to the hadron p data, b) both hadron-proton and 7-proton spectra harden
with increasing CMS energy.

In fig. 3a we compare the measured pr cross section above py > 1.5 GeV /¢ with the LO QCD
calculation (PYTHIA). The full line represents the complete calculation including the resolved
and direct processes. The calculation agrees well with the measured data in shape and in rate.
The dashed line indicates the size of the resolved component, leaving a narrow band for the
direct contribution between the dashed and full lines. As expected, the relative contribution
of the direct process increases with transverse momentum of the particles [26]. Note that both
the transverse momentum and the rapidity distributions of high pp particles are related to the
structure function of the photon: the cross section and form depends on the quark and gluon
distributions in the photon as demonstrated, for instance, in ref.[26]. The dotted line in fig. 3a
has been calculated using the resolved diagrams and the pion structure function [27] instead
of the photon structure function in order to indicate the VDM piece of the full calculation.
This latter calculation has been normalized at pr = 1.5 GeV/c to the level of the total resolved
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calculation, since the VDM component is expected to dominate at low transverse momenta. The
difference between the dotted and the dashed lines therefore indicates the size of the anomalous
part in the calculation. The latter is seen to make a significant contribution to the total.

The spectrum obtained using the pion structure function for the photon is still harder than
the UA1 data which is expected for two reasons: firstly, parton momenta of quarks in mesons are
on average larger than those of quarks in baryons. This simply provides more phase space for
a high-py particle. Secondly, the variation of the CMS energy present for the photoproduction
collisions leads to a small contribution towards a harder spectrum.

In fig. 3b the analytical NLO QCD calculation by B.A.Kniehl and G.Kramer [28] is compared
with the measured data. The full line is the complete calculation which is in excellent agreement
with the data, in shape as well as in absolute rate. The difference between the dashed and the
full lines indicates again the contribution of the direct component.

The dependence of the cross section on the pseudorapidity 7, do/dn, is shown in fig. 4 for
all particles with pr > 1.5 GeV/c . It has been corrected bin-by-bin for n-dependent effects.
Binning effects are small and neglected. The high py-value was again chosen to suppress the soft
processes. The measured cross sections are listed in table 2. The average number of produced
charged particles with a py above 1.5 GeV /¢ is found to be 1.6 £ 0.1 £+ 0.2 per event, based on
observations in a total of 749 events.

Note, that the n measured in the HERA frame is on average shifted by 2 units with respect
to the »* distribution in the vp CMS system. The spread of this shift due to the photon energy
range is less than 0.3 units in pseudorapidity. Therefore the n and n* distributions look very
similar.

The full line in fig. 4 is the result of the NLO QCD calculation. Within the errors of the
measurement the full calculation is compatible with the data. Again, the difference between
the dashed and the full lines indicates the contribution of the direct photon processes. The LO
calculation (PYTHIA) gives similar results.

Furthermore, a LO QCD calculation including parton showers using the HERWIG [29, 30]
Monte Carlo program is found to agree with the measured cross sections in terms of the - and
pr-variables.

5 Conclusions

We have measured the differential ep cross sections for charged particles in photoproduction
events at HERA in the kinematic region Q* < 0.01 GeV*? and 0.3 < y < 0.7 for /5., = 200 GeV.

Comparing the ep results with pp data at comparable CMS energies we find in the ep data an
excess of particles in the region of large transverse momenta. According to QCD calculations,
this is expected to be a reflection of direct and anomalous processes, which are predicted to be
present in photoproduction, but absent in pp scattering.

The measured high pr tail is also larger than has been observed in a previous photoproduction
experiment. This effect results from the large increase of the CMS energy from /5., ~ 18 GeV
to /5y, ~ 200 GeV available at HERA.

The results from QCD calculations agree with the measured differential cross section in terms
of the particle transverse momentum and pseudorapidity variables. The anomalous resolved
process gives a sizeable contribution to the total cross section. This component, together with
the direct processes, results in qualitatively different behaviour of photons and hadrons at high
momentum transfers.
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Figure 1: Measured uncorrected distribution of pfi®?, the maximum track pp in the event (full

circles). The histograms represent the distributions for events simulated by the Monte Carlo

programs PYTHIA(dashed) and RAYPHOTON(dotted) and their sum(full).
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Figure 2: The inclusive ep cross section for charged particles in photoproduction (full circles)
measured in the kinematical region | n |< 1.5, Q% < 1072 GeV? and 0.3 < y < 0.7, at an average
Ecys(yp) = 200 GeV. The error bars indicate the quadratic sum of statistical and systematic
errors. An overall uncertainty of 7% from the luminosity measurement is not included in the
figure. Also shown are cross sections measured by the UAl-collaboration (open diamonds) at
FEcus = 200 GeV for | n |< 2.5, normalized to the Hl-data at pr = 1.5 GeV/e. The curves
indicate the power-law fit, as described in the text.

The rectangles show the shape of the cross section measurements by the WA69-collaboration at
Ecys = 18 GeV, for vp (filled rectangles) and for hadron p data (open rectangles).

14



1072

T a)
1) ~
< $ H1
% 10 =
< - Pythia (LO+PS)
e B — all
S 1 = --- resolved
~, - i viiert N hadron ()
Qo B
o
S 10 & ----'T----
g = T
o B T
o~ —2 e,
O 10 e, T
- L i _____
—3 A
107
- mI<1.5
_47\ | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | -
10
2 3 4 5 6 7 8
pr [GeV/Cc]
— 107%F
) K b)
1)
< $ HI
% 10 3
\(-?/ - Kniehl, Kramer (NLO)
O B — all
S 1T --- resolved
~_ -
s C
o —1|
S 10 |
o =
~ -
Nb —2|
T 10|
3|
1071
- mI<1.5
_47\ Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il L
10
2 3 4 5 6 7 8

pr [GeV/c]

Figure 3: a) The measured cross section as depicted in fig. 2 (full circles) is compared in
the pr > 1.5 GeV/c region with the predictions of a LO QCD calculation (PYTHIA). The
histograms indicate the different contributions to the calculation: resolved photon (dashed),
all=resolved+direct (full), hadron using the pion structure function (dotted).

b) The same data points as in fig. 3a are compared with an analytical NLO QCD calculation [28].
The solid line represents the sum of the resolved (dashed line) and direct photon contributions.
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Figure 4: The measured differential ep cross section do/dn for inclusive production of charged
particles. Only particles with a pr > 1.5 GeV/c are included. The outer (inner) error bars repre-
sent the total (statistical) errors. An overall uncertainty of 7% from the luminosity measurement
is not included. The overlaid curves represent the prediction of the NLO QCD calculation [28].
The solid line represents the sum of the resolved (dashed line) and direct photon contributions.
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Table 1: Measured differential cross section for the production of charged particles in the n-range
—1.5 to 1.5. An overall uncertainty of 7% from the luminosity measurement is not included.

oo [GeV/el | 2] | ovalmdis) | owel ciiep] |

0.3-0.5 7547.5 8.7 734.0
0.5-0.7 2611.7 36.5 254.3
0.7-0.9 981.3 19.1 96.9
0.9-1.1 372.0 10.3 37.0
1.1-1.3 168.5 7.1 16.1
1.3-1.5 71.4 3.5 6.4
1.5-1.7 37.0 2.3 3.2
1.7-2.0 15.5 1.1 1.2
2.0-2.5 5.3 0.4 0.4
2.5-3.0 1.8 0.2 0.1
3.0—-4.0 0.38 0.06 0.03
4.0-5.0 0.136 0.038 0.010
5.0-6.5 0.032 0.012 0.002
6.5—-8.0 0.0050 0.0036 0.0004

Table 2: Measured differential cross section for the production of charged particles with py > 1.5
GeV/c. An overall uncertainty of 7% from the luminosity measurement is not included.

7 H dg;p [nb] ‘ Ostat[nb] ‘ Osyst[nb] ‘

-1.5 - =09 64.6 5.3 5.2
-09 - =03 55.3 4.8 4.4
-0.3 - 0.3 53.0 5.0 4.2
03 - 0.9 68.5 5.5 5.5
0.9 - 1.5 72.4 5.6 5.8

17



