PUBLISHED FOR SISSA BY @ SPRINGER

RECEIVED: December 17, 2019
ACCEPTED: March 21, 2020
PUBLISHED: April 14, 2020

Two-particle azimuthal correlations as a probe of

collective behaviour in deep inelastic ep scattering at
HERA

The ZEUS collaboration

E-mail: m.wing@ucl.ac.uk

ABSTRACT: Two-particle azimuthal correlations have been measured in neutral current
deep inelastic ep scattering with virtuality @Q? > 5GeV? at a centre-of-mass energy
Vs = 318 GeV recorded with the ZEUS detector at HERA. The correlations of charged
particles have been measured in the range of laboratory pseudorapidity —1.5 < n < 2.0
and transverse momentum 0.1 < pp < 5.0 GeV and event multiplicities N, up to six times
larger than the average (Ne,) ~ 5. The two-particle correlations have been measured in
terms of the angular observables ¢, o1 = ({(cosnAy)), where n is between 1 and 4 and Ay is
the relative azimuthal angle between the two particles. Comparisons with available models
of deep inelastic scattering, which are tuned to reproduce inclusive particle production,
suggest that the measured two-particle correlations are dominated by contributions from
multijet production. The correlations observed here do not indicate the kind of collective
behaviour recently observed at the highest RHIC and LHC energies in high-multiplicity
hadronic collisions.
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1 Introduction

The search for a new state of matter, the quark-gluon plasma (QGP), has been a major
component of the heavy-ion physics programme at many laboratories. The evidence for
its observation in heavy-ion collisions [1-6] is strong; one of the key observations being the
collective behaviour of final-state particles. Similar behaviour has recently been observed
in high-multiplicity p + A and pp collisions. This has motivated the first search for such
behaviour in ep collisions at the Hadron Electron Ring Accelerator (HERA).

The evolution of a QGP in space and time can be described within the framework of
relativistic fluid dynamics [7-9], employing the thermodynamic and transport properties
of quantum chromodynamics (QCD) matter. The correlated production of the final-state
particles reflects this evolution and are referred to as collective behaviour or collectivity.



Recent measurements [10-16] at the Relativistic Heavy Ion Collider (RHIC) and the Large
Hadron Collider (LHC) have revealed similar collective behaviour in lighter colliding sys-
tems at high multiplicity, such as proton nucleus (p+A) and even pp, compared to heavy-ion
systems. Experimental investigations of the space-time evolution and fragmentation of a
multi-parton state formed in ep collisions at HERA are important to study the presence or
absence of collective effects for even smaller interaction regions than those that characterise
pp interactions.

At present it is unclear whether the collectivity observed in different colliding systems
is of the same fluid-dynamic origin and how small the interaction region can be until such
a description of soft QCD breaks down. Fluid-dynamic calculations applied to A + A
and high-multiplicity pp and p + A collisions are able to reproduce reasonably the mea-
surements [17-20]. This suggests that even in relatively small systems, a state of matter
in local thermal equilibrium may be produced, indicating universality of a fluid descrip-
tion. On the other hand, purely initial-state effects arising from gluon saturation in the
colour-glass-condensate framework are also able to describe the qualitative features of the
data [21].

Collisions between fully overlapping heavy nuclei at RHIC and LHC are capable of
producing large interaction regions which are of the order of 7fm in size. In pp and p + A
the interaction region is of the order of the proton size, which ranges from its size of around
1fm, when undisturbed, to a fewfm [22, 23]. The average size of the interaction region
in ep scattering depends on 1/@Q), where the exchanged photon virtuality is defined by the
four-momentum difference between the incoming and scattered electron, Q? = —(k — k’)2.

The terms low and high Q? are used to distinguish two regimes of particle production
in ep collisions: photoproduction and deep inelastic scattering (DIS) [24]. The latter can
be further classified into neutral and charged current DIS. Neutral current (NC) DIS is
characterised by the exchange of a virtual photon or Z boson between the incoming electron
and proton. Charged current DIS occurs less frequently, when a W boson is exchanged and
a scattered neutrino instead of an electron appears in the final state. In photoproduction,
the electron emits a quasi-real photon (Q? < AéCD ~ (200 MeV)?), which can fluctuate
into an extended hadronic object with a size of the order of 1/Aqcp ~ 1fm. On the
other hand, DIS is characterised by the exchange of a highly virtual and more point-like
photon (Q? > AéCD) which strikes a single parton with a finer resolution of 1/Q < 1 fm.
Thus, NC DIS provides a unique opportunity to investigate the dynamics of a many-body
QCD system produced in smaller interaction regions than those available at RHIC and
LHC. This is complementary to a corresponding investigation using ALEPH data on eTe™
collisions at the Z pole [25].

In addition to the size of the interaction region, its spatial anisotropy also plays an
important role in the system’s space-time evolution. Depending on the interaction rate
during the collective expansion, the spatial anisotropy can be converted into a momentum
asymmetry of the produced particles. In a fluid picture, this arises essentially because
pressure gradients accelerate the fluid. This final-state asymmetry can be quantified with



two-particle azimuthal correlations [26-29], which coincide with the two-particle cumulants:

cn{2} = ((cosnAy)) , (1.1)

where Ay = 1 — @9 is the difference in the azimuthal angles of particles 1 and 2. The
inner angular brackets denote an average over all pairs in a given event while the outer
angular brackets denote an average over all events.

In the case of collective fluid-like expansion, measurements of the first four harmon-
ics (n = 1 — 4) are sensitive to directed, elliptic, triangular, and quadrangular spatial
anisotropies, respectively (see review [30] and references therein). A prominent feature
of the collision between partially overlapping heavy ions is the elliptical shape of the in-
teraction region. This results in the dominance of an elliptical asymmetry, co{2}, in the
momentum space. In ep DIS, the most prominent feature is the recoil of the hadronic
system against the electron (momentum conservation), which is reflected in the directed
cumulant cq{2}.

In this paper, measurements of c¢,{2} are presented for the first four harmonics as
a function of the number of charged particles, the laboratory pseudorapidity difference
|An| = |m — n2], and the mean transverse momentum (pr) = (pr,1 + pr.2)/2.

2 Experimental set-up

The NC DIS data sample used in this analysis was taken with the ZEUS detector at HERA
during 2003-2007 (HERA II). During this period, the HERA accelerator collided 27.5 GeV
electron/positron’ beams with 920 GeV proton beams, which yields a nominal centre-of-
mass energy of /s = 318 GeV. The integrated luminosity recorded by ZEUS in HERA II
at this energy is 366 + 7pb~ 1.

A detailed description of the ZEUS detector can be found elsewhere [31]. A brief
outline of the components that are most relevant for this analysis is given below.

In the kinematic range of the analysis, charged particles were mainly tracked in the
central tracking detector (CTD) [32-34] and the microvertex detector (MVD) [35]. These
components operated in a magnetic field of 1.43T provided by a thin superconducting
solenoid. The CTD consisted of 72 cylindrical drift-chamber layers, organised in nine
superlayers covering the polar-angle? region 15° < § < 164°. The MVD silicon tracker
consisted of a barrel (BMVD) and a forward (FMVD) section. The BMVD contained
three layers and provided polar-angle coverage for tracks from 30° to 150°. The four-layer
FMVD extended the polar-angle coverage in the forward region to 7°. After alignment, the
single-hit resolution of the MVD was 24 pum. The transverse distance of closest approach

'Hereafter, “electron” refers to both electrons and positrons unless otherwise stated. HERA operated
with electron beams during 2005 and part of 2006, while positrons were accelerated in the other years of
this data sample.

2The ZEUS coordinate system is a right-handed Cartesian system, with the Z axis pointing in the
nominal proton beam direction, referred to as the “forward direction”, and the X axis pointing left towards
the centre of HERA. The coordinate origin is at the centre of the CTD. The pseudorapidity is defined as
n=—In (tan 3)7 where the polar angle, 0, is measured with respect to the Z axis. The azimuthal angle, ¢,
is measured with respect to the X axis.



(DCA) to the nominal vertex in XY was measured to have a resolution, averaged over
the azimuthal angle, of (46 @ 122/pr) pm, where @ indicates that the values are added in
quadrature, and with pr in GeV denoting the momentum transverse to the beam axis. For
CTD-MVD tracks that pass through all nine CTD superlayers, the momentum resolution
was o(pr)/pr = 0.0029pT & 0.0081 & 0.0012/pT, with pr in GeV.

The high-resolution uranium-scintillator calorimeter (CAL) [36-39] consisted of three
parts: the forward (FCAL), the barrel (BCAL) and the rear (RCAL) calorimeters. Each
part was subdivided transversely into towers and longitudinally into one electromagnetic
section (EMC) and either one (in RCAL) or two (in BCAL and FCAL) hadronic sections
(HAC). The smallest subdivision of the calorimeter was called a cell. The CAL energy res-
olutions, as measured under test-beam conditions, were o(E)/E = 0.18/v/E for electrons
and o(F)/E = 0.35/'E for hadrons, with E in GeV.

The luminosity was measured using the Bethe-Heitler reaction ep — eyp by a lu-
minosity detector which consisted of independent lead-scintillator calorimeter [40-42] and
magnetic spectrometer [43, 44| systems.

3 Event and track selection

3.1 Event selection

The ZEUS experiment operated a three-level trigger system [45, 46]. For this analysis,
events were selected at the first level if they had an energy deposit in the CAL consistent
with an isolated scattered electron. At the second level, a requirement on the energy and
longitudinal momentum of the event was used to select NC DIS event candidates. At the
third level, the full event was reconstructed and tighter requirements for a DIS electron
were made.

NC DIS events are characterised by the observation of a high-energy scattered electron
in the CAL and were selected with the following criteria:

e the scattered electron was identified using information from the distribution of energy
deposited in the CAL, including information from a silicon-detector system embed-
ded in the RCAL and from its associated track, when available. A neural-network
algorithm [47, 48] assigned a probability that a given electron candidate was correctly
identified as an electron. The probability was required to be larger than 90%;

e the event vertex was obtained from a fit to the measured tracks. To ensure reliable
tracking within the CTD, the position of the event vertex along the Z axis, Vz, was
required to be within 30 cm of its nominal value. The transverse distance of the
event vertex from the interaction point was required to be within 0.5 cm. For the
measurements of two-particle correlations, events were required to have at least one
track associated with the primary vertex. The fraction of primary-vertex tracks to
the total number of reconstructed tracks was required to be larger than 0.1 to reject
beam-gas background;

e the scattered-electron energy, F,, as measured in the CAL, was larger than 10 GeV to
ensure good electron identification;



e the virtuality, Q?, as determined by the electron method [49], was required to be
larger than 5 GeV?, just above the minimum reconstructable value;

e the polar angle of the scattered electron, 6., was required to be larger than 1 radian
to ensure a reliable measurement in the RCAL or BCAL, which results in an effective
upper limit of Q% < 10* GeV?;

e the radial position of the electron on entering the RCAL was required to be larger
than 15 cm (6. < 3 radians) to help reject photoproduction events and to ensure a
well understood acceptance. Entrance locations (X,Y’) with poor acceptance were
excluded from the analysis: 5 < X <11 cm for Y >0 cm and —15 < X < —9 cm
for Y < 0 cm. Additionally, the region —10 < X < 10 cm for Y > 110 cm contains
a significantly higher material budget and was therefore excluded;

e for further rejection of photoproduction events, as well as rejection of DIS events
with large initial-state photon radiation, a cut based on the quantity F — py =
> Ei(1 —cosb;) was applied. The sum is over all energy-flow objects [50, 51] which
are formed from calorimeter-cell clusters and tracks, with energy F; and polar angle
0;. For a fully contained NC DIS event, E — pz should be twice the beam-electron
energy (55GeV) owing to energy and longitudinal momentum conservation. This
cut also removes background events caused by collisions of protons with residual
gas in the beam pipe or the beam pipe itself. Events were accepted in the interval
47T < E —pz < 69GeV.

These constraints on the scattered electron implicitly remove events with an inelastic-
ity [24] y =p(k—K')/(pk) = 0.65, where p represents the four-momentum of the incoming
proton. A total of 45 million NC DIS events were selected for the analysis. The con-
tamination from photoproduction events has been estimated to be on the order of 1% as
determined from studies of photoproduction Monte Carlo data as well as from events with
scattered-electron candidates with the incorrect charge.

3.2 Track selection

Reconstructed tracks were used in this analysis if their momentum transverse to the beam-
axis and laboratory pseudorapidity were within 0.1 < pr < 5.0GeV and —1.5 <7 < 2.0,
respectively. To reject unwanted secondary tracks and false reconstructions, each track
was required to have at least one MVD hit. The track associated to the scattered electron
candidate used to identify the NC DIS event was rejected in the correlation analysis. Owing
to occasional showering of the electron in the beam pipe and tracker material, this track
is not always uniquely identified. Thus, all tracks around the scattered electron candidate
within a cone of 0.4 in pseudorapidity and azimuthal angle were rejected.

Tracks corresponding closely to primary charged particles were selected in the analysis
by requiring the distances of closest approach to the primary vertex in the transverse
(DCA xy) and longitudinal (DCA z) directions to be less than 2 cm. Some secondary tracks,
e.g. from small-angle scattering in the beam pipe, were therefore retained. These tracks



inherit information about the properties of the corresponding charged primary particles
and serve as their substitutes, thereby retaining correlations with other primary particles.

4 Monte Carlo generators

The LEPTO 6.5 [52] and ARIADNE 4.12 [53] Monte Carlo event generators were used for
the comparison of the measurements to known physics mechanisms and for the extraction of
efficiency corrections and the associated systematic uncertainties in the correlation analysis.

Both models are interfaced with PYTHIA 5.724 and JETSET 7.410 [54] to han-
dle hadronisation and decays. The initial hard scattering in ARIADNE is treated with
PYTHIA and JETSET. The LEPTO and ARIADNE generators differ chiefly in the treat-
ment of the QCD cascade process. In LEPTO, the cascade is treated as a Dokshitzer-
Gribov-Lipatov-Altarelli-Parisi (DGLAP)-based backward-evolution shower [55-57]. The
ARIADNE generator treats the cascade within the colour dipole model (CDM) [58]. Initial-
state radiation (before the central hard scatter) and final-state radiation are treated inde-
pendently in LEPTO while ARTADNE includes initial- and final-state interference effects.
In the CDM prescription, the production amplitudes of soft gluon emissions are summed
coherently while in LEPTO the angular-ordering technique [59, 60] is used to emulate the
coherence effect.

The selected ZEUS data sample includes a diffractive component [61] where the ep
scattering is mediated by an object carrying the quantum numbers of the vacuum — a
Pomeron. A distinguishing feature of diffractive events is the absence of hadronic activ-
ity in the forward direction. The pseudorapidity of the most-forward energy deposit in
the CAL greater than 400 MeV is defined as mmax. A diffractive and a non-diffractive
ARIADNE sample were combined in this analysis using a weighting scheme chosen to re-
produce the 7Mmax distribution in ZEUS data. The diffractive component was generated
with SATRAP [62] which was interfaced with ARIADNE and RAPGAP [63]. Purely non-
diffractive ARTADNE predictions were also used to illustrate the expected effect of the
diffractive component. The LEPTO Monte Carlo sample only contains a non-diffractive
component since a simulation of the diffractive component was not available.

Generated events were passed through GEANT3.21 [64] to simulate the ZEUS detector.
Additionally, a fraction of the low-pr tracks was rejected to compensate for the imperfectly
simulated loss of such tracks [65, 66]. The selection of Monte Carlo events to compute
reconstructed distributions and efficiency corrections followed the same criteria as for the
reconstructed ZEUS data, see section 3.1. Primary generated particles were defined as
charged hadrons with a mean proper lifetime, 7 > 1 cm, which were produced directly or
from the decay of a particle with 7 < 1 cm. This definition is the same as that used by
ALICE at the LHC [67].

5 Comparison of reconstructed data and Monte Carlo

To validate the extraction of efficiency corrections from ARITADNE and LEPTO, the data
are now compared to model predictions at reconstruction level. The distributions of Nyec
and Q2 are shown in figure 1. In addition, figure 1 shows distributions at generator level.



For this, Monte Carlo events were selected based on Q?, E., 6., and E — pz, which were
calculated using initial- and final-state electron momenta. These quantities were required
to be in the same intervals as used at reconstruction level. Generated primary particles
were selected from the same kinematic pr and 7 intervals as at reconstruction level without
a matching constraint.

Figure 1(a) shows the distributions of track multiplicity, where Ngen denotes the num-
ber of selected generated tracks for either ARIADNE or LEPTO, and Ny denotes the
number of selected reconstructed tracks in either data or Monte Carlo. Figure 1(b) shows
the equivalent distributions in Q?. The reconstructed Ny and Q2 distributions as pre-
dicted by ARIADNE are compatible with the data to within about 10%, except for the
high- Ve region, where the discrepancy is about 50%. The mean value of N, is about 5
and the mean value of Q2 is about 30 GeV?.

Reconstructed pr and 7 track distributions are shown in figure 2. The reconstructed
single-particle distributions in ARTADNE are compatible with the data to within about
10% except for the high-pt region, where the discrepancy is about 15%. Owing to the
asymmetric electron and proton beam energies and the occurrence of a beam remnant
in the proton direction, particle production is expected to peak in the forward direction
near 1 = 4.

The reconstructed two-particle correlations ci{2} and co{2} versus N;e. in data and
Monte Carlo are shown in figure 3. Figures 3(a) and (b) represent the kinematic intervals
given by pr > 0.1GeV and no |An| cut, while (c) and (d) represent pr > 0.5 GeV and
|An| > 2. From the comparison of the full ARTADNE distributions with the distributions
predicted by the non-diffractive component only, it is clear that the impact of diffraction
on these distributions is small. Thus, ARIADNE and LEPTO can be compared to the
data on an equal footing. It is clear that ARIADNE describes ci{2} better than LEPTO
in panels (a) and (c) while the opposite is true with c2{2} in panel (d) with a |An| and
stronger pr cut. For ca{2}, in panel (b), which corresponds to the full kinematic interval,
neither model fully satisfactorily describes the data.

Reconstructed two-particle correlations c¢; {2} as a function of |An| and (pr) are shown
in figure 4. It is clear that ARITADNE describes the data much better than LEPTO in
all of the kinematic intervals shown. In contrast, cp{2} as a function of |An| and (pr) is
described much better by LEPTO as shown in figure 5. In all cases the data are described
by at least one of the two Monte Carlo models reasonably enough, such that the efficiency

corrections can be derived reliably.

6 Efficiency corrections

The measurement of two-particle correlations can be affected by non-uniform particle-
tracking efficiency. The single- and two-particle efficiencies were estimated by comparing
the number of primary particles or pairs as generated with ARIADNE to the corresponding
reconstructed numbers. The single-particle efficiencies were extracted differentially in pr,
1, @, charge, and data-taking period. Two-particle efficiencies, which characterise the



degree to which two tracks close in ¢ can be distinguished in the CTD, were extracted
differentially in A, |An|, Na, and relative charge.

Corrections for non-uniform efficiency were applied using two types of weights. They
were extracted in two steps from Monte Carlo event samples. In the first step, the single-
particle tracking efficiencies were calculated as the ratio of the number of reconstructed
to generated particles passing the track-selection criteria. The weight for particle 7, w;, is
the inverse of the single-particle tracking efficiency. Such weights are valid provided that
there are no regions void of reconstructed particles (holes), which is the case for the chosen
kinematic interval. Projected against pr, the typical variation of w; from its mean value is
about 5% at high pt and 15% at low pr, where secondary contamination becomes larger.
The typical variation of w; projected against ¢ is about 5%. The true number of charged
primary particles within the fiducial region in a given event was estimated with a weighted
sum over the reconstructed tracks passing the track-selection criteria, Nyec:

Nrec
New =Y w. (6.1)
1

In a second pass over the Monte Carlo events, the w; weights were applied to the
reconstructed particles and two-particle reconstruction efficiencies were calculated as a
function of Ap. The ratio of the number of generated to reconstructed pairs passing the
track-selection criteria forms the second weight wa,. The typical variation of wa, is about
10% and is largest for same-sign pairs with |Ap| < 0.3 radians.

7 Analysis method

The two-particle correlation functions measured in this analysis are defined by

Nev Nrec Nev Nrec
2} =0 | Y wijcos [n(pi — ¢;)] DI wiy| (7.1)
e 1,J>1 e e 1,J>1 e

where ¢; and ¢; are the azimuthal angles of the two particles. The first sum over e is per-
formed for all events, Ny, and the sums over ¢ and j run over all selected charged particles
in the event with multiplicity Nyec. The pair-correction factor for non-uniform acceptance
is given by w;i; = wywjwa,, which is normalised (see eq. 7.1) in the determination of ¢,{2}.

Two-particle correlations are also reported in a two-dimensional form, which is de-

fined as: S(An. Ay)
n, ¢
C(An, Ap) = ——"—=, 7.2
( ) B(An, Ap) 72
where S(An, Ap) = NS (An, Ap) and B(An, Ap) = Ngii’;sd(An, Agp) are the number of

pairs for the signal and background distributions, respectively. These pair distributions
were formed by taking the first particle from a given event and the other from either
the same event or a different event (mixed) with similar values of Ny and vertex Z
position. The S distribution was corrected with w;;, while B was corrected with w;w;.
Both distributions were symmetrised along An and then individually normalised to unity
before division.



8 Systematic uncertainties

In principle, the application of the efficiency corrections as defined in eq. 7.1 to the re-
constructed Monte Carlo data should recover the distributions of ¢, {2} at generator level.
However, residual differences persist. This is called Monte Carlo non-closure. Qualita-
tively, the Monte Carlo non-closure was observed to be similar for ARIADNE and LEPTO.
Quantitatively, differences were observed, because the models predict different event con-
figurations to which the detector responds differently. For the results, the Monte Carlo
non-closure values from ARIADNE, (5I‘;"CRIADNE, and LEPTO, §LEPTO | wwere averaged, 6pe,
and are quoted as a signed separate uncertainty. The typical values of this uncertainty on
cn{2} versus Ny, without a cut on |An| are < 15%.

Further systematic uncertainties were estimated by comparing the correlations ob-
tained with the default event- and track-selection criteria to those obtained with varied
settings. The difference between the ¢, {2} results obtained with the default and the varied
settings was assigned as the systematic uncertainty. The sources of systematic uncertainty
that were considered are given below (with the typical values of the uncertainty on ¢, {2}
versus Ng, without a cut on |An|):

e sccondary-particle contamination: the default analysis used DCAxyz < 2 cm,
while for the variation DCAxy,z < 1 cm was used. The uncertainty was
symmetrised (< 10%);

e efficiency-correction uncertainty due to the choice of Monte Carlo generator: the
default analysis used ARIADNE, while for the variation, LEPTO was used. The
uncertainty was largest at high Ng, (< 10%);

e consistency of c¢,{2} from events with different primary-vertex positions, Vz: the
default analysis used |Vz| < 30 cm. For the variations either —30 < Vz < 0 cm
or 0 < Vz < 30 cm were selected. The resulting deviations were weighted by their
relative contribution (< 5%);

e low-pr tracking efficiency: the default simulation included the low-pr track rejection,
while for the variation it did not. The uncertainty was assigned to be half of the
difference between the default and varied procedure and was symmetrised (< 3%);

o different data-taking conditions: the default analysis used all available data, while for
the variations, separate data taking periods weighted by their relative contribution
were used and the differences were added in quadrature and used as a symmetric
uncertainty (< 2%);

e DIS event-selection criteria: the chosen E — pz interval, the scattered-electron po-
lar angle, the neural-network identification probability, and the excluded entrance
locations of the scattered electron in the CAL were found to have a negligible effect.

Each variation was applied to ZEUS data as well as Monte Carlo data for the recalculation
of efficiency corrections. Positive and negative systematic uncertainties were separately



summed in quadrature to obtain the total systematic uncertainty, dsys;. The values of each
systematic uncertainty and the full information for the two models are also provided in
tables 1-26.

9 Results

Results are presented® in the kinematic region defined by: Q% > 5GeV?, E, > 10GeV,
E —pyz > 47GeV, 0. > 1 radian, and primary charged particles with —1.5 <7 < 2 and
0.1 < pr < 5GeV. The kinematic intervals were chosen to avoid contributions from un-
wanted hard processes at very high pt and to provide good tracking efficiency.

Figure 6 shows C(An, Ap) for low and high N, and for particles with 0.5 < pp <
5GeV. For both ranges in Ng, a dominant near-side (Agp ~ 0) peak is seen at small
An. The displayed range in C' was truncated to illustrate better the finer structures of the
correlation. Also in both N, ranges, at Ap ~ 7 (away-side), a broad ridge-like structure
is observed. At low Ng,, a dip in this away-side ridge is visible, while at high Ng, it is
more uniform. There is no indication of a near-side ridge with or without the subtraction of
C(An, Ap) at low Ny, from that at high N, which would be an indication of hydrodynamic
collectivity. This is in contrast to what has been observed in high-multiplicity pp and
p + Pb collisions [11-13]. Similarly, an analysis of two-particle correlations in ete™ shows
no indication of a near-side ridge [25].

Figure 7 shows the N., dependence of the two-particle correlations c,{2} for the first
four harmonics, n = 1 — 4. Results are presented for the full ranges of |An| and pr, and
with a rapidity-separation condition, |An| > 2, for py > 0.1 and pp > 0.5 GeV. Without a
rapidity separation, the c,{2} correlations are strongest and positive at low N, for all n,
indicating that particles are preferentially emitted into the same hemisphere, as expected
for the fragmentation of the struck parton. This is largely absent for |An| > 2, indicating
that c¢,{2} at small multiplicities is dominated mostly by short-range correlations. An
alternative way to suppress short-range correlations is to use multiparticle correlations [28]
such as four-particle cumulants c¢,{4}, which explicitly removes them. Owing to limited
statistics, they were not studied here.

All ¢, {2} correlations depend only weakly on N, for Ny, > 15. For |An| > 2, ¢1{2}
and c3{2} become negative, which is expected from the effects of global momentum con-
servation, e.g. back-to-back dijet-like processes with large eta separation between jets.
For pp > 0.5GeV, ¢1{2} (c2{2}) exhibit stronger negative (positive) correlations than for
pr > 0.1 GeV.

Similar conclusions can be drawn by comparing figure 6 to figure 7. For low N, and no
|An| cut, the peak in figure 6 is the dominant structure from which ¢1{2} = ((cos Ap)) >0
and co{2} = ((cos 2A¢)) > 0 are expected. For large values of Ny, |An| and pr, the away-
side ridge becomes the dominant structure, which leads to the pattern ((cos2A¢)) > 0
and ((cos Ap)) < 0. It can be seen that |c1{2}| is much larger than |ca{2}| at high N, and
|An|. This reflects that inclusive NC DIS events have a more directed than elliptic event
topology. This is in contrast to systems with larger interaction regions, where the positive

3The values are given in tables 1-26.

~10 -



magnitude of co{2} is much larger than the negative magnitude of ¢;{2} [68], which is an
expected signature of hydrodynamic collectivity.

Figure 8 shows the two-particle correlations as a function of rapidity separation |An].
Compared to results for pr > 0.1 GeV, the correlations with pr > 0.5 GeV are more
pronounced, as expected from particles in jet-like structures. The mean values of pr in
the low- and high-pt intervals are 0.6 and 1.0 GeV, respectively. The correlations c1{2}
and c3{2} have qualitatively similar dependences on |An| but with different modulation
strengths. Both change sign near |An| = 1, which shows that the short-range correlations
extend up to about one unit of rapidity separation, after which the long-range effects,
such as global momentum conservation, become dominant contributions to c;{2} and c3{2}.
Integrated for pp > 0.1 GeV, cao{2} approaches zero for |An| = 2. Positive correlations
observed in ca{2} for pr > 0.5 GeV extend out to |An| ~ 3.

In figure 9, c1{2} and co{2} are plotted versus (pr) with |An| > 2 in low- and high-
multiplicity regions. The third and fourth harmonic correlation functions have much larger
statistical uncertainties and are therefore not shown. Correlations at low Ng, were down-
scaled by the factor (New)igy / (Neh)pign = 0.4, where (Nen)iy, ((Neh)pign) = 6.7 (16.8).
Studies in heavy-ion collisions suggest that correlations unrelated to hydrodynamic collec-
tivity contribute to cp{2} as 1/Na, [69, 70]. Applying the scaling factor provides a better
means to compare and investigate the possible collective effects, which enter each multi-
plicity interval differently, and investigate if there is an excess of the correlations at high
multiplicities. For both ¢;{2} and ca{2}, the correlation strength grows with increasing (pr)
up to a few GeV, which is universally observed in all collision systems [10-16]. Despite the
observed excess of correlation strength for co{2} at high compared to low multiplicity, an
even stronger excess is observed for c¢;{2}, which, as described above, is dominated by dijet-
like processes. This suggests that the 1/Ng, scaling inspired by observations in heavy-ion
collisions may not be appropriate for ep scattering.

Comparisons of ca{2} at low and high multiplicity, as well as fits to C(An, Ap), have
been performed at RHIC and LHC. The laboratory rapidity window used in the analysis
presented here is located about 2-5 units away from the peak of the proton fragmentation
region at n &~ 4 (figure 2). The LHC measurements in pp collisions were made in between
two wide fragmentation peaks which are separated by about 4 units [71-73]. Despite this
difference in rapidity coverage, the typical magnitudes of co{2} are compared. The value of
c2{2} at RHIC [15, 16] and LHC [10-14] lies in the range 0.002-0.01 at pr ~ 1 GeV [14].
At a similar pr value, the corresponding difference between the central values of co{2}
at low and high multiplicity in figure 9 is about 0.01. The further understanding of the
similarity of the co{2} excess observed in both ep and pp, together with the much larger ¢ {2}
excess relative to that for co{2} in ep, would require a consistent modelling of multi-particle
production in both collision systems.

The generated correlations in LEPTO and ARIADNE are compared to the measured
correlations c¢1{2} and co{2} in figures 10-12. In figure 10, generated correlations are com-
pared to c1{2} and co{2} versus Ng,(a) and (b) without and (¢) and (d) with a |An| cut.
The ARIADNE prediction is shown with and without a diffractive component. Figures 10
(e) and (f) show the expectations from the models for < 1 and 2 jets. Massless jets were
reconstructed from generated hadrons using the kp algorithm [74] with AR = 1, rapidity
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less than 3, and at least 2 GeV of transverse energy in the laboratory frame. Figures 10 (e)
and (f) confirm that dijet-like processes are responsible for the large values of |c;{2}| and
|c2{2}|. The models are able to reproduce the qualitative features of the data but do not
give a quantitative description in certain regions. Both LEPTO and ARIADNE predict an
increase of integrated co{2} at high Ng,, which the data do not show.

The correlations projected against |An| and (pr) in figures 11 and 12 confirm the
observation at reconstruction level (section 5) that ARTADNE describes ¢1{2} better than
LEPTO while the opposite is true for co{2}. In particular, it is clear that long-range
correlations (|An| 2 2) are underestimated by LEPTO for the first harmonic while they
are overestimated by ARIADNE for the second harmonic. The growth of co{2} correlations
with (pr) is greatly overestimated by the ARTADNE model.

10 Summary and outlook

Two-particle azimuthal correlations have been measured with the ZEUS detector at HERA
in neutral current deep inelastic ep scattering at /s = 318 GeV, using an integrated lumi-
nosity of 366 + 7pb~!. The kinematic region of the selected primary charged particles in
the laboratory frame is 0.1 < pr < 5GeV and —1.5 < n < 2. The DIS scattered electron
was constrained to have a polar angle greater than 1 radian relative to the proton beam
direction, with energy larger than 10 GeV, and Q2 > 5 GeV2. The events were required to
have £ — py > 47 GeV.

The correlations were measured for event multiplicities up to six times larger than
the average (Ng,) ~ 5. There is no indication of a near-side ridge in C(An, Ap). Strong
long-range anti-correlations are observed with ¢{2} as expected from global momentum
conservation. For pr > 0.5 GeV, the observed anti-correlations in c¢q{2} are stronger than
the correlations in co{2}, which indicates that they originate from hard processes and not
the collective effects that characterise RHIC and LHC data at high multiplicities.

Models of DIS, which are able to reproduce distributions of Q? and single-particle
spectra, are able to qualitatively describe two-particle correlations but do not describe all
distributions quantitatively. In particular, LEPTO provides a better description of co{2},
while ARIADNE describes c1{2} better.

The measurements demonstrate that the collective effects recently observed at RHIC
and LHC are not observed in inclusive NC DIS collisions. Future studies with photoproduc-
tion are expected to shed light on the evolution of the multi-particle production mechanism
from DIS to hadronic collisions, where the size of the interaction region changes from a
fraction of a femtometer to femtometers.
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Figure 1. Reconstructed distributions of (a) multiplicity and (b) Q? in data compared to LEPTO
and ARIADNE model predictions. The reconstructed Monte Carlo distributions are normalised to
the total number of reconstructed events in data. Generator-level distributions are also shown
using the same scale factors as for the reconstructed distributions. The normalisation procedure for
LEPTO follows that for ARIADNE. The statistical uncertainties are smaller than the marker size.
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Figure 2. Reconstructed distributions of (a) pr and (b) 7 in data compared to LEPTO and
ARIADNE. The reconstructed distributions are first normalised by their respective total number
of events, N.,. The generator-level predictions of ARTADNE are normalised to reconstructed
ARIADNE at (a) pr = 0.1 GeV and at (b) n = 0. The other model predictions have been normalised
by the same factor (1.3). The kink in the ARIADNE prediction near n = 8 arises from the
contribution of diffractive events where the incoming proton remains intact. The other details are
as in figure 1.
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Figure 3. Reconstructed c;{2} and c2{2} versus Ny... The (a) and (b) panels represent the kine-
matic intervals given by pr > 0.1GeV and no |An| cut. The (¢) and (d) panels are further
constrained by pr > 0.5GeV and |An| > 2. The predictions from ARIADNE, ARTADNE non-
diffractive, and LEPTO are shown. The ARIADNE non-diffractive prediction is often hidden by
the band of the full ARTADNE prediction. Statistical uncertainties are shown with vertical lines
for ZEUS data and with bands for the Monte Carlo predictions.

— 14 —



ZEUS

——

Al * e ZEUSNCDIS366pb' | O\ 0.1

":3'4 —— LEPTOrec "g"— :

o 0.1 —— ARIADNE rec o no |An| cut
: ---- ARIADNE non-diff rec

o (O]

p . S

——
._(}I_. s =318 GeV
D 2 2
Q Q°>5GeV
o 0.2- p,<5.0GeV
9 -1.5<n<20
15 < Nygo < 30

M
2

0‘”‘1””2”‘3‘ 0“”1‘” |
AN {p.) (GeV)
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Figure 6. Two-particle correlation C'(An, Ay) for (a) low and (b) high Ng,. The peaks near the
origin have been truncated for better visibility of the finer structures of the correlation. The plots
were symmetrised along Ar. No statistical or systematic uncertainties are shown.
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Figure 9. Correlations ¢;{2} and ca{2} as a function of (pr) for (a) low and (b) high Ng,. Low N,
correlations are down-scaled by a factor of (Nen),,,, / <NCh>high as explained in the text. The other
details are as in figure 7.

~19 —



Z

M

US

o~ [¢] ZEUS NC DIS 366 po”| @y’ Vs =318 GeV
iy — LEPTO gen i 0%>5GeV?
— ARIADNE gen © p <5.0GeV
--- ARIADNE non-diff gen o1 15<n<20
0.2 p,>0.1GeV : p,>0.1 GeV
no |An| cut no |An| cut
=!=|:!:F!=
(b)
—_— 0_77777777777777 7777777 1]
Al p,>05 GeV
~~ | |An| > 2
<
0.05r
0 77777777777777777777 #
F(d)
& 0.o] - ARIADNE non-diff gen
"g\. --- ARIADNE non-diff gen
p, > 0.5 GeV
|An| > 2
- 0.1
—0.2- —< 1 jet: LEPTO gen
—<1 jet: ARIADNE gen
=2 jets: LEPTO gen -t
| —=2jets: ARIADNE gen . .
0 10 20 30 30
Nch Nch
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B Tables

Ney 61{2} Ostat 5syst One 6IJ?CRIADNE 5%CEPTO
1525 | 40.35 | 2.6 x 1074 | #20<1070 1 198 % 1072 | +3.2x 1072 | +2.3 x 1072
u —4 | +1.4x1072 -2 -2 -2

2535 | 4029 | £1.6x 107 | F170 0, | +1.7x 1072 | 41.9x 1072 | 4+1.4 x 10
_ —4 | +7.2x1073 _3 _3 _3

3545 | 4024 | £1.2x 1074 | TT20 | 447 x 1073 | 44.1x 107 | +5.2 x 10
4555 | 4019 | £1.0x 1074 | #33X1070 1 1971074 | 41.3x 10% | +6.9 x 10~
5.56.5 | +0.15 | £9.2x 1075 | T42X1070 | 9351073 | —3.8x 1073 | —8.1 x 10~
6.5-7.5 | +0.12 | £8.7x 1075 | *33X1070 1 3651073 | 3.6 x 107% | —3.6 x 1073
7585 | 40.10 | £8.4 x 1075 | F29X1070 | 4651073 | —4.7x 1073 | —4.6 x 1073
8595 | +0.08 | £8.5x 1075 | *2TX10°0 1 4951073 | —4.7x 10* | —5.1 x 1073
9.510.5 | 40.07 | 8.7 x 1075 | F24<1070 1 4351073 | —4.0 x 1073 | —4.6 x 1073
10.5-11.5 | +0.06 | £9.2 x 1077 | #22X1070 1 3851073 | —34x 103 | —4.3 x 1073
11.5-12.5 | +0.05 | £9.9 x 1077 | T19X1070 | 3751072 | ~3.2x 1073 | —4.2 x 103
125135 | 40.05 | £1.1x 10~4 | #1:3x1070 1 3851073 | —33x107% | —4.3 x 102
13.5-14.5 | +0.04 | £1.2 x 104 | +10X1070 | 365 1078 | —32x 1073 | —4.0 x 1073
14.5-15.5 | +0.04 | £1.4x 107* | T941070 1 9851078 | ~2.6x 1073 | —3.0 x 1073
15.5-16.5 | +0.03 | £1.6 x 1074 | +11X1070 995103 | —2.0x 1073 | ~2.3 x 1073
16.5-17.5 | +0.03 | £1.8 x 104 | +10X1070 | 165 108 | —1.7x 1073 | —1.6 x 1073
17.5-18.5 | +0.03 | £2.1 x 104 | ¥¢1X1070 | 1451078 | ~1.6x 1073 | ~1.3 x 1073
18.5-19.5 | +0.03 | £2.5 x 107 | *T4X1070 1 9451074 | —1.2x 1073 | —6.5 x 104
19.5-20.5 | +0.02 | £3.0x 1074 | 3810701 449 x 1074 | +5.7x 107* | +4.1 x 10~
20.5-22.5 | +0.02 | £2.8x 1074 | *12X1070 1 1101073 | 47.5%x 107* | +1.2x 1073
22.5-24.5 | +0.02 | £4.2x 1074 | *13X1070 1 196 %1073 | 414 % 107° | +3.7x 1073
24.5-27.5 | +0.02 | £6.0 x 1074 | *15X1070 1 130 % 1073 | +1.4x 107% | +4.5x 1073
27.5-30.5 | +0.01 | £1.2 x 1073 | +S1A070 | 195501078 | 41.2% 1073 | +3.7x 1073

Table 1. ¢;{2} versus Ny, from figure 7 (a) and figure 10 (a), pr > 0.1 GeV, no |An| cut; dssat, Isyst
and d,,. denote the statistical, systematic and Monte Carlo non-closure uncertainties, respectively.
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Nch 61{2} 5stat 5syst 5nc 5£CRIADNE 5II;(I;EPTO
1525 | +0.023 | £1.4x 1073 | T49X1070 | 480 x 1073 | +8.6 x 1073 | +7.5 x 1073
2.5-3.5 | 40.017 | £6.9x 1074 | 2910701 15751073 | 45.7x 107% | +5.6 x 1073
3.54.5 | 4+0.009 | +4.5x 107 | T1AX1070 1 49751073 | 42.2x 1073 | +3.2x 1072
4555 | —0.000 | +£3.4x 1074 | 131070 41851073 | 41.8x 1073 | +1.7x 1073
. _ —4 | +1.4x1073 -3 -3 —4
55-6.5 | —0.009 | £2.9x 107 | T | 411 x107% | +1.2x 107% | +8.9 x 10
. _ —4 | 4+1.5x1073 -3 -3 -3
6.5-7.5 | —0.017 | £2.6 x 107* | T22%10 | +1.6x 107% | 421 x 107% | +1.2x 10
7585 | —0.027 | £2.5x 1074 | #21X1070 | 196 %1078 | +3.1x 1073 | +2.0 x 1073
_ — —4 | +2.6x107° _3 _3 _3
8.5-9.5 | —0.033 | £24x 1074 | F20<107 1 134 %1073 | +3.9x 107 | +2.9 x 10
_ _ —4 | +2.8x1073 _3 _3 _3
9.5-10.5 | —0.037 | £2.5x 10~* | 29X 0 | +3.7x 1073 | +4.1x 1073 | +3.3 x 10

_ _ —4 | 42.7x1073 -3 -3 -3
10.5-11.5 | —0.042 | £2.6 x 107* | T27%10 0 | +4.0x 1073 | +4.3 x 1073 | +3.7 x 10
11.5-12.5 | —0.047 | £2.8x 1074 | T31X1070 1 1491073 | +4.6 x 107% | +3.7 x 10°
12.5-13.5 | —0.049 | £3.1x 1074 | ¥38X1070 1 44551073 | +5.0 x 1073 | +4.0 x 1073
13.5-14.5 | —0.053 | £3.4x 1074 | ¥38X1070 1 15051073 | +5.4 x 1073 | +4.6 x 1077
145-15.5 | —0.054 | £3.9 x 1074 | 3010701 45551073 | 458 x 1078 | +5.1 x 103
15.5-16.5 | —0.056 | +£4.5x 1074 | ¥32X1070 1 15751073 | 461 x 1073 | +5.3 x 1072
16.5-17.5 | —0.057 | 453 x 1074 | #*24X1070 1 15951073 | 459 x 107% | +5.8 x 1073
17.5-18.5 | —0.059 | £6.3 x 1074 | *27X1070 1 45751073 | 450 x 1078 | +6.5 x 103
18.5-19.5 | —0.059 | £7.5x 107* | #23X1070 | 15151073 | 43.8x 1073 | 46.5 x 1073
19.5-20.5 | —0.061 | £9.0 x 10+ | T39X1070 1 148 x 1073 | +3.2x 107% | +6.5 x 102
20.5-22.5 | —0.058 | £8.7x 107* | *2TX1070 1 41451078 | 422x 1073 | +6.7 x 1073
22.5-24.5 | —0.057 | £1.3 x 1073 | F34<1070 1 413851078 | +1.7x 1073 | +6.0 x 107
24.5-27.5 | —0.052 | £2.0 x 1073 | *33XW0T0 1 14551073 | $1.0 x 107% | +8.0 x 1073
27.5-30.5 | —0.044 | £4.0x 1073 | TIII0T0 1 13951073 | 18.6 x 107* | +5.4 x 1077

Table 2. ¢i{2} versus Ng, from figure 7 (a), pr > 0.1 GeV, |An| > 2; dgtas, dsyst and dnc denote the

statistical, systematic and Monte Carlo non-closure uncertainties, respectively.
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Nch 61{2} 5stat 5syst 5nc 6[/1&CRIADNE (HngPTO
1525 | +0.02 | £33 %1073 | T2OA070 1 11351072 | +1.3x 1072 | +1.3x 1072
2535 | 40.00 | £1.7x 1073 | T8I0 1 19951073 | 49.5x 1073 | +1.0 x 1072
3.54.5 | —0.01 | £1.1x 1073 | #30X1070 1 415951078 | 44.9x 1073 | +7.0 x 1073
4555 | —0.03 | £8.6 x 1074 | ¥33X1070 1 4146 x 1073 | +4.5x 1078 | +4.7x 1073
5.5-6.5 | —0.05 | £7.3x 1074 | *3X1070 1 4391073 | £3.9x 1078 | +3.9x 1073
6.5-7.5 | —0.07 | £6.6x 107* | F22X1070 1 44551078 | +4.5x 1073 | +4.5 x 1073
7585 | —0.09 | £6.3x 1074 | T23X1070 1 151 %1078 | 44.9 x 107% | +5.3 x 1077
8595 | —0.10 | £6.2x 1074 | *23X1070 1 1491073 | +4.1x107® | +5.6 x 1073
9.5-10.5 | —0.11 | £6.4 x 104 | *20X1070 1 14451073 | +3.1x 1073 | +5.7x 1073

- _ —4 | +25x107° -3 -3 -3
10.5-11.5 | —=0.12 | £6.7 x 107* | T22%10 0 | 43.7x 1073 | 42.1x 1073 | +5.3 x 10
115125 | —0.13 | £7.2x 1074 | 3010701 434 %1073 | +1.6 x 1073 | +5.2 x 1073
12.5-13.5 | —0.13 | £7.9 x 107* | T40X1070 | 41301078 | +1.1x 1073 | +5.0 x 1073

_ _ —4 | +3.0x1073 _3 4 _3
13.5-14.5 | —0.14 | £8.8 x 107* | T30X10 o | +3.1x 1073 | 4$7.7x107* | +5.4 x 10

_ _ -3 | +3.3x1072 -3 -3 -3
14.5-15.5 | —=0.14 | £1.0x 1072 | T23%10 0 | 43.4x 1073 | +1.1x 1073 | +5.7x 10
15.5-16.5 | —0.14 | £1.1x 1073 | F30X1070 | 413851078 | 414 x 1073 | +6.2 x 1073

- — -3 | +3.2x1073 -3 -4 -3
16.5-17.5 | —0.15 | £1.3x 1072 | T32X10 | 428 x 1073 | +7.5 x 107 | +4.9 x 10

B . -3 | +3.1x1073 -3 | _ -3 -3
175-18.5 | —0.14 | £1.6 x 1073 | T31X20 | +1.6 x 10 1.4 x 1073 | 4+4.6 x 10
18.5-19.5 | —0.14 | £1.9 x 1073 | T45x1070 | 41951075 | ~25x 1073 | +2.7x 103
19.5-20.5 | —0.14 | £2.2x 1073 | T06X1070 | 66 107* | ~3.2x 1073 | +1.8 x 1073
20.5-22.5 | —0.14 | £22x 1073 | TT4<1070 1 _66x 107 | —2.6 x 1073 | +1.2x 1073
22.5-24.5 | —0.13 | £33 x 1073 | L1070 1 3451073 | —7.7x 1073 | +9.8x 1074
24.5-27.5 | —0.14 | £4.9x 1073 | 1010701 5351073 | ~1.0x 1072 | —4.8x 1074
27.5-30.5 | —0.09 | £9.7 x 1073 | TT6x1070 1 5351073 | —9.1x 1073 | ~1.4x 1072

Table 3. c;{2} versus Ny, from figure 7 (a) and figure 10 (c), pr > 0.5GeV, |An| > 2; dstat, dsyst
and &, denote the statistical, systematic and Monte Carlo non-closure uncertainties, respectively.
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Nch 62{2} 5stat 5syst 5nc 5£CRIADNE 5II;(I;EPTO
1525 | +0.146 | £2.7x 1074 | +101070 | 19751078 | +1.2x 1072 | +7.0 x 1073
2535 | +0.113 | £1.7x 107* | *92070 | 1521078 | +6.5% 1078 | +3.9 % 1073
3.54.5 | +0.090 | £1.2x 1074 | ¥43X1070 1 17751074 | 6.6 x 107* | +8.8 x 1074
4555 | +0.071 | £1.0 x 1074 | F31X1070 1 7651074 | —83x 107* | —6.8 x 10~
5565 | +0.058 | £9.2x 1075 | #25x10701 80 % 107* | —1.0 x 1073 | —5.6 x 10~*
6.5-7.5 | +0.051 | +8.6x 107> | T21X1070 1 1651073 | —1.9x 1073 | —1.3 x 1072
7585 | 40.048 | 483 x 1075 | *19X1070 1 961078 | —2.9x 107% | —2.3 x 1072
8.59.5 | +0.045 | 8.3 x 1077 | TLTX1070 1 3351073 | —3.6 x 1073 | —3.1 x 1073
9.5-10.5 | +0.042 | £8.6 x 1075 | *LOX1070 1 331078 | _3.7x 1073 | —2.9 x 1072

10.5-11.5 | +0.041 | £9.0x 1075 | ¥13X1070 1 3451073 | 3.9 x 1073 | —2.9 x 107*
11.5-12.5 | 40.041 | £9.7x 1075 | *1:3X1070 1 371078 | —4.2x10% | —3.1 x 103
125-13.5 | 40.042 | £1.1x 1074 | *LOX1070 1 41 %1073 | —4.7x 107% | 3.4 x 1073
13.5-14.5 | +0.042 | £1.2x 1074 | *LOXI0T0 14551073 | 5.2 x 1073 | ~3.7x 107°
145-15.5 | +0.043 | £1.4 x 1074 | *L8X1070 1 4451073 | =51 x 1078 | —3.7x 1073
15.5-16.5 | +0.043 | £1.6 x 1074 | *1:8X1070 1 441073 | =50 x 10~% | —3.7 x 1073
16.5-17.5 | 40.043 | £1.8 x 1074 | *LTX1070 1 451073 | —5.2x107% | 3.7 x 103
17.5-18.5 | +0.045 | £2.1x 1074 | *L9X1070 1 4851073 | 5.8 x 1073 | ~3.7x 107°
18.5-19.5 | +0.045 | +£2.5x 107* | F19X1070 | 4551073 | —54x 1073 | —3.5x 1073
19.5-20.5 | +0.045 | £3.0x 1074 | ¥20X10°0 1 3151073 | 3.5 x 1073 | ~2.8 x 107°
20.5-22.5 | +0.042 | £2.8 x 1074 | *L8X1070 1 1851073 | ~1.5x 107% | —2.1 x 103
22.5-24.5 | +0.046 | £4.2 x 107* | FLTXW0T01 4113501078 | $1.9x 1073 | +6.8 x 107+
24.5-27.5 | +0.043 | £5.9 x 1074 | *23X1070 1 19951073 | 44.1x107% | +1.8 x 1073
27.5-30.5 | +0.047 | £1.2x 1073 | T2 1991073 | 441 x 107% | +1.8 x 1077

Table 4. cy{2} versus Ngp from figure 7 (b) and figure 10 (b), pr > 0.1 GeV, no |An| cut; dstat, Osyst
and &, denote the statistical, systematic and Monte Carlo non-closure uncertainties, respectively.
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Nch 62{2} 6stat 5syst 6nc §£CRIADNE 51I1JEPTO
1525 | +0.0120 | £1.4x 1073 | 3710701 361073 | —4.0x 1073 | —3.2x 1073
2.5-3.5 | +0.0034 | £6.9 x 107* | F35X1070 | 1905107 | 425 x 1074 | +1.5x 107
3.5-4.5 | +0.0006 | £4.5x 107* | F15X1070 | 4555107 | 46.8x 1074 | +4.3 x 107

- _ —4 | +1.0x1073 _3 _3 _3
4555 | —0.0007 | £3.4 x 1074 | T3O07 | 411 x 1072 | +1.2x 107% | +1.0 x 10
_ _ —4 | +1.3x1073 -3 -3 -3
55-6.5 | —0.0004 | £2.9x 107 | T30 | 41.6 x 1073 | +1.6 x 1073 | +1.6 x 10
_ _ —4 | +1.5x1073 -3 -3 -3
6.5-7.5 | —0.0004 | £2.6 x 10~ | F17X10 | +1.7x 1073 | +1.7x 1073 | +1.8 x 10
7.58.5 | +0.0007 | £2.5x 107* | F18X1070 1 4161078 | +1.6 x 1073 | +1.6 x 1073
8595 | +0.0014 | £2.4x 104 | F1EA0T0 1 41451073 | +1.5x 1073 | +1.3 x 1073
9.5-10.5 | +0.0016 | £2.5 x 1074 | *L3X1070 | 11951073 | $1.2x 1078 | +1.2x 1073
10.5-11.5 | +0.0027 | £2.6 x 1074 | *L2X1070 | 411951073 | $1.2x 1073 | +1.1x 1073
11.5-12.5 | +0.0031 | £2.8 x 1074 | #13<1070 | 199 107 | 4+1.1x 107% | +8.8 x 10~
125-13.5 | +0.0036 | £3.1x 10~* | T11<1070 1 1955107 | +1.0x 1073 | +8.9 x 1074
13.5-14.5 | +0.0037 | £3.4 % 10~% | T1L9070 1 4655 107 | +5.1x 1074 | +7.9x 1074
14.5-15.5 | +0.0043 | £3.9 x 1074 | F88<1070 | 182 107 | 47.6x 107* | +8.7 x 10~
15.5-16.5 | +0.0038 | +4.5 x 10~* | T10<1070 1 1785107 | 49.0 x 104 | 6.6 x 104
16.5-17.5 | +0.0047 | £5.3 x 107* | T19<1070 1 1675 107 | 493 x 1074 | +4.1x 1074
17.5-18.5 | +0.0044 | £6.3 x 1074 | F1T<1070 1 450 % 107* | +4.6 x 107* | +5.4 x 10~
18.5-19.5 | +0.0041 | £7.5x 1074 | F2T¥1070 | 197107 | +1.4x 104 | +4.1 x 10~
19.5-20.5 | +0.0043 | £9.0 x 10~% | £27<1070 1 1975107 | 47.7x 1074 | +1.2x 1072
20.5-22.5 | +0.0024 | £8.7x 1074 | +43X1070 1 17051074 | £6.3 x 107* | +7.6 x 1074
22.5-24.5 | +0.0077 | £1.3x 1078 | *T9X1070 1 11951078 | $1.9x 1073 | +1.9 x 1079
24.5-27.5 | +0.0052 | £2.0 x 1073 | *TOXI0T0 1 11951073 | $1.2x 1073 | +1.1x 1073
27.5-30.5 | +0.0077 | £4.0 x 1073 | #5070 11961078 | $1.2x 107% | +1.1x 1072

Table 5. cy{2} versus Ny from figure 7 (b), pr > 0.1 GeV, |An| > 2; dstat, dsyst and d,c denote the

statistical, systematic and Monte Carlo non-closure uncertainties, respectively.
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Nch 62{2} 5stat 5syst 5nc 5£CRIADNE 5II;(I;EPTO
1525 | +0.013 | £33 x 1073 | 581070 | 9851078 | ~1.8x 1073 | —3.8 x 1073
2535 | 40.005 | +£1.7x 1073 | F34X1070 1 1645 107% | —5.2x 104 | +6.4 x 1074
3.54.5 | +0.003 | +1.1x 1073 | T18x10701 43951074 | 41.8 x 1074 | +5.9 x 1074

_ —4 | 4+9.2x107* -3 4 _3

4.5-55 | +0.005 | £8.6 x 1074 | *92<07 | +1.1x 1072 | +8.9x 107* | +1.3 x 10
- —4 | +1.4x1073 _3 _3 _3
55-6.5 | +0.005 | £7.3x 107 | T10 | 418 x 1078 | +1.9x 107% | +1.8 x 10
6.5-7.5 | +0.008 | +6.6 x 10~ | T1EX1070 1 19951073 | 42.2x 1073 | 42,1 x 1072
7585 | +0.011 | £6.3x 104 | #18x1070 | 11951078 | 4+2.3x 1073 | +1.6 x 1073
8.59.5 | +0.015 | £6.2x 1074 | H1E8I070 1 11851073 | 42.1x 1078 | +1.5x 1073
9.5-10.5 | +0.017 | £6.4 x 10~4 | F1<1070 1 11751078 | 4+2.0x 1073 | +1.4 x 1073
10.5-11.5 | +0.018 | 46.7x 1074 | *12X10°0 1 19151073 | 42,5 x 1073 | +1.8 x 1072
11.5-12.5 | +0.021 | £7.2x 1074 | *L1X1070 1 19351073 | 42,5 x 1073 | +2.0 x 1072
12.5-13.5 | +0.023 | £7.9x 1074 | *LTXI070 1 196% 1073 | 429 x 1073 | +2.3 x 1077
13.5-14.5 | +0.023 | 8.8 x 1074 | *LTXI070 1 19451073 | 42,6 x 1073 | +2.2x 1077
14.5-15.5 | 40.025 | £1.0 x 1073 | *12X1070 1 13451073 | 44.2x 1078 | +2.6 x 103
15.5-16.5 | +0.024 | +1.2x 1073 | +1:6x107° | 137 90=3 | 155 %1073 | +1.8 x 10~3
1.5><1073

16.5-17.5 | +0.024 | £1.3x 1073 | T20%10 . | +3.9x 1073 | +6.2x 1073 | +1.6 x 1073
17.5-18.5 | +0.023 | £1.6 x 1073 | ¥29X1070 1 44551073 | +6.8 x 1073 | +2.1x 1073
18.5-19.5 | +0.019 | +£1.9 x 1073 | #29X1070 | 15551073 | 47.3%x 1073 | 43.8 x 1073
19.5-20.5 | +0.018 | £2.3x 1073 | T02X1070 1 17961073 | +1.0 x 107% | +4.3 x 1072
20.5-22.5 | +0.016 | £2.2x 1073 | TE8X1070 1 169 % 1073 | 49.4 x 107% | +3.1 x 1077
22.5-24.5 | +0.023 | £3.3 x 1073 | *LIXIW0T0 1 11151072 | 41.6 x 1072 | +6.7 x 103
24.5-27.5 | +0.021 | £4.9 x 1073 | *LIXW0T 1 18751073 | $1.2x 1072 | +5.8 x 1073
27.5-30.5 | —0.005 | £9.9 x 1073 | FLIX070 1 474501078 | 49.3x 1073 | 5.5 x 1073

Table 6. cy{2} versus N, from figure 7 (b) and figure 10 (d), pr > 0.5 GeV, |An| > 2; dstat, Osyst
and &, denote the statistical, systematic and Monte Carlo non-closure uncertainties, respectively.
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Nen c3{2} Jstat Jsyst Ine Gpe APNE S HO
1525 | +0.061 | £2.7 x 107* | T25x1070 | 4139 % 1073 | +4.4x 1073 | +3.4 x 1073
2.5-3.5 | +0.046 | £1.7x 107* | tEOXI0T0 | 191 51078 | 423 %1078 | +1.8x 1073
3.5-45 | 40.037 | £1.2x 107* | ¥22X1070 | 199501074 | $1.2x 1074 | +3.1 % 10~
4555 | 40.029 | £1.0x 1074 | FLOI0T 1051073 | 1.2 x 1073 | —8.2x 107
5.56.5 | +0.024 | £9.2x107° | T12¥1070 1 935107 | ~1.1x 1073 | 7.7 x 1074
6.57.5 | +0.021 | £8.6 x 1077 | *¢H0T0 | 1951078 | ~14%x 1078 | ~1.1x 1073
7585 | 40.019 | 483 x 1075 | ¥E1X1070 1 16108 | —1.7x 103 | —1.4 x 10~2
8595 | +0.017 | £8.3x 1075 | ¥05x1070 1 1751073 | —1.9x 1073 | —1.6 x 1073
9.5-10.5 | +0.015 | £8.6 x 107° | T49X1070 | 151073 | ~1.7x 1073 | ~1.4x 1073

10.5-11.5 | +0.014 | £9.0 x 1077 | F38X1070 1 141073 | ~1.5x 107% | 1.3 x 10~°
11.5-12.5 | 40.013 | £9.7x 1075 | #4710 1 141073 | —1.5x 10~% | —1.3 x 1073
125-13.5 | 40.013 | £1.1x 1074 | #0317 1 1451073 | ~1.5x 10~% | —1.4 x 103
13.5-14.5 | +0.013 | £1.2x 1074 | ¥39X1070 1 14 %1073 | ~1.5x 1073 | ~1.3x 10~°
14.5-15.5 | +0.012 | +1.4x 1074 | ¥48X1070 1 1951073 | ~1.3x 1073 | ~1.1 x 107®
155-16.5 | +0.012 | +£1.5x 1074 | *30x1070 1 99 104 | —1.0 x 10~% | —9.5 x 10~
16.5-17.5 | 40.012 | £1.8 x 1074 | #6317 1 935104 | ~1.0x 1073 | —8.5 x 10~
17.5-18.5 | +0.012 | £2.1x 107* | ¥$¢1X1070 1 9751074 | 9.9 x 1074 | —9.4 x 10~
18.5-19.5 | 40.012 | 2.5 x 1074 | #33X1070 1 8851074 | 9.6 x 104 | —8.1 x 10~*
19.5-20.5 | 40.012 | 43.0 x 1074 | #48X1070 1 641074 | —6.2x 10~* | —6.6 x 10~
20.5-22.5 | +0.011 | £2.8 x 1074 | +49X1070 | 61 %1074 | —44 % 107* | —7.7 x 10~
22.5-24.5 | +0.012 | £4.2 x 1074 | #3770 | 196 %1074 | —7.6 x 107° | +6.0 x 10~
24.5-27.5 | +0.011 | £5.9 x 107* | #48X1070 1 49651074 | —5.7x 1075 | +5.8 x 10~
27.5-30.5 | +0.012 | £1.2 x 1073 | ¥38X1070 1 19651074 | —5.7x 10~° | +5.8 x 10~

Table 7. c3{2} versus Ng, from figure 7 (c), pr > 0.1 GeV, no |An| cut; dstat, dsyst and dye denote
the statistical, systematic and Monte Carlo non-closure uncertainties, respectively.
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Nch 63{2} 6stat 5syst 6nc §£CRIADNE 51I1JEPTO
1525 | +0.0024 | £1.4x 1073 | *BTXA0T0 45751075 | 49.6 x 107° | +1.8 x 1077

_ _ —4 | +5.8x107* -5 -4 | _ -6
2.5-3.5 | —0.0003 | £6.9 x 10~* | 220 | +5.7x 107° | +1.2 x 10 3.2 x 10
3.5-4.5 | +0.0005 | £4.5x 107 | TTO<1070 | 476 107° | +1.2x 1074 | +3.0 x 107

- _ —4 | +8.8x107* —5 _6 _4
4555 | —0.0010 | £3.4 x 107* | *580° | +6.9x 107° | +8.4x 107¢ | +1.3 x 10
5.5-6.5 | —0.0007 | £2.9 x 107* | *83X1070 | 4995 107* | +1.5x 1074 | +3.0 x 10~*

5-6. : : LRSI . : :

_ _ —4 | +3.8x107% —4 —4 —4
6.5-7.5 | —0.0005 | £2.6 x 10~* | T3LX10 . | +3.1x107* | +2.4x 107" | +3.8 x 10
7585 | —0.0011 | £2.5x 104 | ¥30x1070 | 1395 1074 | 444 x 107" | +3.3 x 10~

5-8. : : o . : :

- _ —4 | +45x107* —4 _4 4
8.59.5 | —0.0015 | £2.4x 107* | T30 | 439 x 107 | +4.5x 107% | +3.2 x 10
9.5-10.5 | —0.0020 | £2.5 x 107* | #3307 1 4495 107* | 458 x 1074 | +4.0 x 10~

10.5-11.5 | —0.0018 | £2.6 x 1074 | #28<1070 | 158 % 107 | +6.6 x 107* | +5.0 x 10~
11.5-12.5 | —0.0024 | £2.8 x 1074 | #31<1070 | 1435107 | 45.1x 107% | +3.4 x 1074
12.5-13.5 | —0.0028 | £3.1x 107 | *0L<1070 | 198 % 1074 | 43.6 x 107* | +2.0 x 10~
13.5-14.5 | —0.0019 | £3.4 x 1074 | F83X1070 | 1971074 | 42.0x 10~* | +3.3 x 10~
14.5-15.5 | —0.0024 | £3.9 x 1074 | *101070 | 14051074 | 42.7x 1074 | +5.3 x 1074
15.5-16.5 | —0.0028 | £4.5 x 1074 | *10A070 | 454501074 | 44.8x 1074 | +6.0 x 1074
16.5-17.5 | —0.0020 | £5.3 x 1074 | F1T<1070 | 1431074 | 45.2x 107* | +3.5 x 10~
17.5-185 | —0.0018 | +6.3 x 104 | £15<1070 1 41475 107% | +7.2x 107* | +2.2 x 10~*
18.5-19.5 | —0.0035 | £7.5x 1074 | F1O1070 | 196 % 107 | +4.1x 107% | +1.2 x 10~
19.5-20.5 | —0.0008 | £9.0 x 10~* | F16x1070 1 1175107 | 42.7x 107 | +6.6 x 10~
20.5-22.5 | —0.0037 | 48.7x 1074 | *18X1070 1 41491074 | 485 x 1074 | +1.3x 10~
22.5-24.5 | —0.0029 | £1.3x 1073 | *LOI0T0 1 14951074 | 18.5x 107 | +1.3x 1074
24.5-27.5 | +0.0009 | £2.0 x 1073 | 3310701 14951074 | +8.5x 107 | +1.3x 1074
27.5-30.5 | +0.0012 | +£4.0 x 1073 | #28X10°0 1 031076 | 0.3 x 106 | 0.3 x 10~°

Table 8. c3{2} versus Ny, from figure 7 (c), pr > 0.1 GeV, |An| > 2; Ogtat, Osyst and dnec denote the

statistical, systematic and Monte Carlo non-closure uncertainties, respectively.

— 30 —




Nch 63{2} 6stat 5syst 6nc §£CRIADNE 51I1JEPTO
1525 | +0.0045 | 43.3 x 1078 | T48X1070 | 190 %1074 | 47.0x 1074 | —3.1x 10~
2.5-3.5 | +0.0001 | £1.7x 1073 | #33X1070 | 19851075 | 43.5x 1074 | —1.5 x 10~
3.54.5 | —0.0006 | £1.1x 1073 | +14x1070 | 11751074 | 422x 107 | +1.2 x 1074
4555 | —0.0004 | £8.6x 1074 | *OL<I070 | 499% 1074 | 43.2x 107 | +1.1x 107

—1.0x10-3 . : :
. _ —4 | +5.4x107* —4 —4 —4
55-6.5 | —0.0029 | £7.3x 107* | T30 | +5.0x 107* | +3.0 x 107* | +6.9 x 10
_ _ —4 | +7.3x107% —4 —4 —4
6.5-7.5 | —0.0027 | £6.6 x 10~* | TEox10 . | +3.8x 107* | +1.6 x 107* | +6.0 x 10
. . —4 | +9.6x107* —4 —4 —4
7.5-8.5 | —0.0034 | £6.3 x 107 | T9OI0T | 452 x 1071 | +4.2x 107* | +6.3 x 10
- _ —4 | +1.2x107° —4 _4 4
8.59.5 | —0.0039 | £6.2x 107 | T12X10° | 435 x107* | +4.4 x 107% | +2.6 x 10
9.5-10.5 | —0.0050 | £6.4 x 107* | FLOXI0T0 1 4545 107% | 454 x 1074 | +5.4 x 107
10.5-11.5 | —0.0057 | £6.7 x 107% | *&2X1070 | 416251074 | +2.3x 1074 | +1.0 x 1073
11.5-125 | —0.0070 | £7.2 x 1074 | *121070 | 45151074 | 424 % 1074 | +7.9 x 10~
125-13.5 | —0.0082 | £7.9 x 10~* | £24<1070 1 1975107 | 450 x 1075 | +4.8 x 104
13.5-14.5 | —0.0074 | £8.8 x 1074 | F20<1070 | 144 %107 | 4+2.2x 10~* | +6.7 x 10~
14.5-15.5 | —0.0087 | £1.0 x 1073 | 381070 | 45451074 | ~12x 1074 | +1.2x 1073
15.5-16.5 | —0.0095 | £1.2 x 1073 | #37<1070 | 154107 | ~1.6x 107* | +1.2x 1073
16.5-17.5 | —0.0083 | £1.3x 1073 | T04<1070 1 196 107° | —3.8 x 1074 | +5.7x 104
17.5-18.5 | —0.0067 | +1.6 x 1073 | #48<1070 1 965 107° | —2.9 x 10~* | +1.0 x 10~*
18.5-19.5 | —0.0096 | £1.9 x 1073 | T37<1070 1 435107 | —42x 1074 | ~4.3x 104
19.5-20.5 | —0.0054 | £2.3x 1073 | £34<1070 1 375107 | —3.7x 1074 | 3.7 x 1074
20.5-22.5 | —0.0035 | £2.2x 1073 | #3307 1141074 | 43.0x 1074 | ~2.8 x 107°
22.5-24.5 | —0.0058 | £3.3 x 1073 | *2TXI070 1 1141074 | +3.3%x 1074 | ~5.4x 1077
24.5-27.5 | —0.0021 | £5.0 x 1073 | *LI0T0 161 %1074 | 43.7x 107 | +8.4x 1074
27.5-30.5 | —0.0163 | £9.8 x 1073 | *14X100 1 41471074 | 423 x 1074 | 47.0 x 10~

Table 9. c3{2} versus Ny, from figure 7 (c), pr > 0.5 GeV, |An| > 2; Ogtat, Osyst and dnec denote the

statistical, systematic and Monte Carlo non-closure uncertainties, respectively.
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Nch 64{2} 5stat 5syst 5nc 5£CRIADNE 5II;(I;EPTO
1525 | +0.025 | £2.7 x 107* | T33x¥1070 | 41921073 | 420 x 1073 | +2.4 x 1073
= —4 | 42.4x1078 -3 -3 -3
25-35 | 40.018 | £1.7x 1074 | F20X10 0 | 413 x 1073 | 41.2x 1073 | 1.4 x 10
3.54.5 | +0.015 | £1.2x 1074 | H14X1070 1 1485 1074 | 444 x 107* | +5.2 x 1074
- —4 | +9.7x107% —4 —4 —4
4555 | +0.012 | £1.0 x 1074 | P27 | 42,6 x 107 | +2.2x 107* | +2.9 x 10
- —5 | +7.0x107* —4 —4 _4
55-6.5 | +0.010 | £9.1x 107° | TT9<0 | 42,6 x 107* | 423 x 107* | 4+2.9 x 10
6.5-7.5 | +0.009 | £8.6 x 1075 | 34X1070 | 1185 1074 | 41.8x 107* | +1.8 x 10~
7585 | 40.009 | £8.3x 1075 | +49x1070 1 79104 | —1.1x10% | —3.3 x 1074
8595 | +0.008 | £8.3 x 1075 | #42x1070 1 _10x 1073 | —1.1x 1073 | —1.0 x 103
9.5-10.5 | +0.008 | £8.6 x 1075 | *29X1070 | 945 107* | —9.7x 1074 | —9.1 x 1074
105115 | 40.007 | 4£9.0 x 1075 | #24x1070 1 85104 | —9.1x 10~* | —8.0 x 10~
11.5-125 | 40.007 | 9.7 x 1072 | F21X1070 | 8751074 | —9.6x 104 | —7.8 x 10~
125-13.5 | 40.007 | £1.1x 1074 | #2107 1 101073 | ~1.2x 1073 | 9.0 x 10~
13.5-14.5 | +0.008 | £1.2x 107% | #3307 1151078 | ~1.3x 1073 | —8.9 x 10~
14.5-15.5 | 40.008 | 1.3 x 10-4 | #43x1070 1 93104 | —1.1x 10~% | —7.9 x 10~
15.5-16.5 | +0.007 | £1.5x 1074 | *47X1070 1 7451074 | —9.1x 10~* | —5.7 x 10~
16.5-17.5 | 40.007 | £1.8 x 1074 | +20X1070 1 745104 | —8.6x 1074 | 6.2 x 10~
17.5-18.5 | 40.008 | 2.1 x 10~* | #31X1070 | 835104 | —9.8x 1074 | —6.8 x 1074
18.5-19.5 | 40.009 | +2.5 x 10-4 | #33X10°0 1 63104 | 6.0 x 104 | —6.5 x 10~
19.5-20.5 | +0.008 | £3.0 x 1074 | 241070 1 19151076 | 429 x 1074 | ~2.7 x 104
20.5-22.5 | +0.008 | £2.8 x 107* | F24X1070 1 46,0 x 1077 | 421x 1074 | —9.1 x 107
22.5-24.5 | +0.008 | £4.2x 107* | F32X1070 1 491 107* | 44.8x 1074 | —6.5x 107
24.5-27.5 | +0.009 | £5.9 x 107* | FT8X10°0 1 49,05 107% | 44.2x 1074 | 1.7 x 107
27.5-30.5 | +0.011 | £1.2x 1073 | *05X1070 1 4155 107* | 435 x 1074 | —5.3 x 1077

Table 10. c¢4{2} versus Ng, from figure 7 (d), pr > 0.1 GeV, no |An| cut; dstas, dsyst and onc denote
the statistical, systematic and Monte Carlo non-closure uncertainties, respectively.
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Nch 64{2} 6stat 5syst 6nc 61A’1ACRIADNE 5II1J(?PTO
1525 | +0.0022 | £1.3x 1073 | #2207 1 151074 | -5.7x 1075 | —2.4 x 10
2.5-3.5 | +0.0003 | £6.9 x 107* | FT2X1070 | 419 107* | 49.3x 1075 | +2.8 x 10~
3.5-4.5 | +0.0005 | £4.5x 107* | FO8X1070 | 4985 107* | 42.0 x 1074 | +3.6 x 10~
4555 | —0.0009 | £3.4x 1074 | #3070 13651074 | 429 x 107 | +4.2 x 1074

: —5.2x10—4 : : :
- _ —4 | +3.2x107* -4 4 4
55-6.5 | —0.0006 | £2.9 x 107 | 3210 | 422 x 107 | +1.9x 107 | 42,6 x 10
_ _ —4 | +1.5x107% —4 —4 —4
6.5-7.5 | —0.0007 | £2.6 x 10=* | F12X10 | | 421 x 107 | +2.0x 107 | +2.2x 10
. . —4 | +3.6x107* —4 —4 —4
7.5-85 | —0.0013 | £2.5x 107* | P3O0 1 420 x 1071 | +1.7 x 1071 | +2.2 x 10
- _ —4 | +4.9x107* —4 _4 4
8.59.5 | —0.0009 | £2.4x 107 | T390 | 42,0 x107* | +2.8 x 107* | +1.2 x 10
9.5-10.5 | —0.0004 | £2.5 x 107* | #2070 1 413501074 | $1.6 x 1074 | +1.0 x 10~
10.5-11.5 | —0.0005 | £2.6 x 107% | *32X1070 | 41951074 | 42.5x 1074 | +1.4 x 1074
11.5-12.5 | —0.0009 | £2.8 x 1074 | *20070 | 41451074 | $1.3x 1074 | +1.5 x 1074
12.5-13.5 | —0.0001 | £3.1x 1074 | *T01070 | 118107 | 4+2.2x 107* | +1.4 x 10~
13.5-14.5 | —0.0010 | £3.4 x 104 | *101070 1 159 %1075 | 46.9x 107° | +4.8 x 1077
14.5-15.5 | —0.0001 | £3.9 x 1074 | *42X1070 | 45951075 | +1.0x 107 | +14 x 107
15.5-16.5 | —0.0007 | 4.5 x 10~% | F21¥1070 1 10,0 % 1076 | =52 107° | +5.2 x 10~
16.5-17.5 | +0.0002 | £5.3 x 10~% | F27<1070 1 10,0 % 1076 | —52x 107° | +5.2 x 1075
17.5-18.5 | +0.0002 | £6.3 x 10~* | T42¥1070 | 755 107% | ~1.5x 1074 | 3.5 x 1076
18.5-19.5 | +0.0002 | £7.5 x 1074 | F1IXI070 1 765 107% | —85x 107" | —6.7 x 107
19.5-20.5 | —0.0010 | £9.0 x 10~* | T11X1070 1 7,65 107% | —8.5x 107° | —6.7 x 107
20.5-22.5 | +0.0009 | +8.7 x 10~* | F14X1070 | 0351076 | —0.3x 107 | —0.3 x 10~
22.5-24.5 | +0.0006 | £1.3 x 1073 | *22X1070 1 13751074 | 154 x 107* | +2.0 x 104
24.5-27.5 | +0.0024 | £2.0 x 1073 | 3310701 43751074 | 154 x 107 | +2.0 x 1074
27.5-30.5 | +0.0039 | +£4.0 x 1073 | *2TX10°0 1 4371074 | 454 x 1074 | 42.0 x 10~

Table 11. c4{2} versus Ng, from figure 7 (d), pr > 0.1 GeV, |An| > 2; dgtat, Osyst and dne denote
the statistical, systematic and Monte Carlo non-closure uncertainties, respectively.
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Nch 64{2} 6stat 5syst 6nc §£CRIADNE 51I1JEPTO
1525 | +0.0012 | £3.3x 1073 | *33X10701 190 %1074 | —5.1x 107* | +9.1x 1074
2.5-3.5 | —0.0002 | £1.7x 1073 | #2070 4905107 | ~1.0x 1074 | +5.1 x 10~
3545 | —0.0015 | £1.1x 1073 | ¥T8X1070 | 14451074 | 45.0 x 107* | +3.7 x 10~

- _ —4 | +8.8x107* 4 4 _4
4555 | —0.0025 | £8.6 x 107% | 15807 | 472 %107 | +7.7x 107 | +6.7 x 10
. _ —4 | +8.0x107* —4 —4 -3
55-6.5 | —0.0012 | £7.3x 10~* | T30 | +9.0x 107* | +7.6 x 107* | +1.0 x 10
_ _ —4 | +5.8x107% —4 —4 —4
6.5-7.5 | —0.0026 | £6.6 x 10~* | T2EX10 | +8.7x 107* | +9.3x 107* | +8.1 x 10
7585 | —0.0026 | £6.3 x 104 | ¥33x1070 | 1985 1074 | 41.2x 1073 | +7.5 x 1074
8.59.5 | —0.0020 | £6.2x 107* | F41X0T0 1 41151078 | $1.3x 1073 | +9.1 x 10~
9.5-10.5 | —0.0012 | £6.4 x 107* | HA9X1070 1 41051078 | +1.0 x 1073 | +1.0 x 107°
10.5-11.5 | —0.0011 | £6.7 x 1074 | F11X1070 | 1971074 | +1.0x 107% | 49.3 x 1074
11.5-12.5 | —0.0017 | £7.2 x 1074 | #13<1070 | 11,0 1073 | +1.1x 107% | 9.4 x 10~
12.5-13.5 | +0.0018 | £7.9 x 1074 | *20<1070 | 111 x 1073 | +1.1x 107% | +1.1x 107
13.5-14.5 | —0.0023 | £8.8 x 104 | *15X1070 1 191 % 1074 | +6.9x 107* | +1.1x 1073
14.5-15.5 | —0.0010 | +1.0 x 10~3 | T15X1070 1 1655 107 | 4+6.7x 104 | +6.3 x 1074
15.5-16.5 | —0.0029 | £1.2 x 1073 | *92X1070 | 414451074 | +3.3x 104 | +5.5 x 1074
16.5-17.5 | —0.0018 | £1.3 x 1073 | *21<1070 | 1971074 | 42.5%x 1074 | +2.9 x 10~
17.5-18.5 | +0.0013 | £1.6 x 1073 | *25<1070 | 191 % 107 | 4+9.1x 107 | +3.3 x 10~
18.5-19.5 | +0.0020 | £1.9 x 1078 | F22x1070 1 1135 107% | 432x 107* | 7.0 x 107
19.5-20.5 | +0.0005 | £2.3 x 1073 | F10<1070 | 1741074 | +1.6x 107% | —1.3 x 10~
20.5-22.5 | +0.0009 | £2.2x 1073 | *L2XI070 1 161 %1074 | £1.5x 1073 | 2.6 x 104
22.5-24.5 | +0.0025 | £3.3 x 1073 | #2100 1 1141073 | 42.7x 1073 | 42.0 x 10
24.5-27.5 | —0.0042 | £5.0 x 1073 | *E2XI070 1 18351074 | $1.2x 1073 | +4.6 x 1074
27.5-30.5 | +0.0070 | +£9.8 x 1073 | *69X1070 1 1835 1074 | £1.2x 1073 | +4.6 x 104

Table 12. c4{2} versus Ng, from figure 7 (d), pr > 0.5 GeV, |An| > 2; dgtat, Osyst and dne denote
the statistical, systematic and Monte Carlo non-closure uncertainties, respectively.
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|A77| 01{2} 5stat 6syst 5nc 6:?CRIADNE 5]1;5]PTO
002 | +0.14 | £1.9x107* | 310701 11 %1072 | 1.1 x 1072 | 1.1 x 1072
0.2-0.4 | +0.10 | £2.0 x 1074 | #2070 | 721073 | ~7.0x 107% | ~7.3x 1073
0.4-0.6 | +0.07 | £2.1x 104 | F14x1070 | 99 10-% | —2.7x 1073 | —3.1 x 103
0.6-0.8 | +0.04 | £2.2x 104 | #L1¥1070 | 1705 107% | 48.4 x 107 | +5.5 x 10~

- —4 | +1.6x1073 —4 -3 —4
0.8-1 | 40.01 | £24x 1074 | T10107 1 19.0x 107* | +1.2x 1073 | +5.7 x 10
112 | =001 | £2.5x 1074 | #241070 1 11751078 | 42.0x 1073 | +1.3 x 1073
1.2-1.4 | —0.02 | £2.7x 107* | F27X1070 | 19351073 | 42,6 x 1073 | 42.0 x 1073
1.4-1.6 | —0.04 | £2.9x 1074 | ¥29X1070 1 13751073 | £3.9x 1073 | +3.6 x 1072
1.6-1.8 | —0.05 | £3.1x 107* | #32X1070 1 446 x 1078 | +4.7x 1073 | +4.6 x 1073
182 | —0.05 | £3.4x 107* | T33¥1070 | 4150 % 1073 | +5.0 x 1073 | +5.1 x 1073
222 | —0.06 | £3.8x 1074 | #3207 | 15951078 | +4.9x 1073 | +5.4 x 1073
2224 | —0.06 | £4.3 x 107* | *301070 | 45951073 | 449 x 1073 | +5.5 x 1073
2.42.6 | —0.06 | £4.9 x 107* | T29X1070 | 41531073 | +5.0 x 1073 | +5.5 x 1073
2.6-2.8 | —0.06 | £5.9 x 107* | T28<1070 | 41551073 | +54x 1073 | +5.6 x 1073
283 | —0.06 | £7.3x 107 | *23X1070 1 1561073 | 45.5x 1073 | 45.7 x 1073
332 | —0.05 | £9.8x 1074 | F18X1070 | 1 56% 1078 | +5.4 x 1073 | 45.7 x 1073
3.2-35 | —0.05 | £1.5x 1073 | $12X1070 | 13651078 | +3.5x 1073 | +3.7 x 1073
2-3. : . TLaae, : : .

Table 13. c¢;{2} versus |An| from figure 8 (a) and figure 11 (a), pr > 0.1 GeV; Ogtat, dsyst and dnc

denote the statistical, systematic and Monte Carlo non-closure uncertainties, respectively.
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Anl | e{2} | ar Doyt Buc el I Tl
0-0.2 | +0.28 | £4.3x 1074 | F25X1070 1 111 x 1072 | +1.0 x 107% | +1.2 x 1072
0.2-04 | +0.21 | £4.6 x 107 | #33x1070 1 1111072 | 49.7x 1073 | +1.2 x 1072
0.4-0.6 | +0.12 | £5.0 x 1074 | 391070 | 1971073 | 48.2x 107% | +1.1 x 1072
0.6-0.8 | +0.04 | £5.4 x 104 | #40x1070 | 190 % 1078 | +6.8 x 1073 | +1.1 x 102
0.81 | —0.03 | £5.8x 107 | T8I0 1 17961073 | +4.6 x 107° | +9.9 x 1072
112 | —0.08 | £6.2x 107* | T39X1070 | 4158 x 1073 | +2.9x 103 | +8.8 x 1073
1214 | —0.11 | £6.6 x 107* | F3T1070 1 4391078 | 48.1x 104 | +7.0 x 1073
1416 | —0.13 | £7.0x 1074 | #3100} 44551073 | +1.3x 1073 | +7.7x 107°
1.6-1.8 | —0.14 | £7.6 x 107* | *341070 1 413851078 | 484 x 107* | +6.7 x 1073
182 | —0.15 | £8.4x 107* | T28x1070 | 1991073 | ~1.1x 104 | +6.0 x 1073
222 | —0.15 | £9.3x 107 | *21X1070 1 11351073 | —1.8x 1073 | +4.4 x 1073
2224 | —0.15 | £1.1 x 1073 | T11070 | 1795107 | ~1.8x 1073 | +3.4 x 1073
2426 | —0.14 | £1.2x 1073 | T12X1070 | 4153 107* | ~1.0x 1073 | +2.1 x 1073
2.6-2.8 | —0.13 | £1.5x 1073 | TLOXI070 | 112 % 107* | ~5.0x 1074 | +7.5 x 10~
283 | —0.13 | £1.9x 1073 | *LIX1070 1 13851074 | 427 x 1074 | 45.0 x 1074
332 | —0.12 | £2.6 x 1073 | F18<1070 | 15351074 | 44.6x 107* | +5.9 x 1074
3.2-35 | —0.10 | £4.0 x 1078 | $LOX1070 | 15351074 | +6.4 x 107* | +4.1 x 1074

Table 14. c¢;{2} versus |A7n| from figure 8 (a) and figure 11 (c), pr > 0.5 GeV; Ogtat, dsyst and dnc

denote the statistical, systematic and Monte Carlo non-closure uncertainties, respectively.
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‘A?ﬂ 02{2} 5stat 5syst 5nc 5$CRIADNE Jr%PPTO
0-02 | +0.101 | £1.9 x 1074 | *40XW070 1 _10% 1072 | ~1.0x 1072 | —9.8 x 103
0.2-0.4 | +0.076 | £2.0 x 1074 | *32X1070 1 6751073 | ~7.1x107% | —6.4 x 1073
0.4-0.6 | +0.057 | +£2.1x 10-4 | ¥22X1070 1 331078 | —3.7x 10~% | —2.9 x 103
0.6-0.8 | +0.043 | £2.2x 1074 | *1LOX1070 1 951073 | —2.9x 10~% | —2.0 x 103
0.8 1 | +0.031 | £2.3 x 1074 | *LOXIW0TH 1 9151073 | —25x 1078 | —1.7 x 103
112 | +0.024 | £2.5x 1074 | ¥62XI070 1 16% 1078 | ~21x 1073 | ~1.1x 107°
1214 | +0.019 | £2.7x 107* | T32¥1070 1 13% 1073 | 1.8 x 1073 | 8.7 x 1074
1416 | +0.015 | 429 x 10~* | £31<1070 1 7351074 | —1.1x 1073 | —3.5x 1074
1.6-1.8 | +0.012 | £3.1x 1074 | 6831070 1 198 % 1075 | —2.0 x 107* | +2.6 x 104
182 | +0.010 | £3.4x 1074 | ¥$7X1070 1 198% 1075 | 6.3 x 1077 | +1.2x 1074
_ —4 | +1.1x1073 4 4 _4
222 | 40.008 | £38x 107* | F1 X100 | 413 x107* | 1.3 x 107% | +1.4 x 10
2.2-2.4 | +0.006 | £4.3 x 107* | FLIXIW0T0 435501074 | 44.7x 1074 | +2.3 x 107
2.4-2.6 | +0.002 | £4.9 x 107* | FLIXW0T0 473501074 | 47.2x 1074 | +7.4x 107
- —4 | +1.5x1073 -3 -3 _4
2.6-2.8 | +0.003 | £5.9x 107* | T12X10 . | +1.0x 1073 | +1.1x 1073 | 49.9 x 10
= —4 | +1.5x1073 -3 _3 _3
2.8-3 | 40.001 | £7.3x 107% | F1oX10 0 | 415 x 1073 | 41.4x 1073 | 1.6 x 10
332 | —0.002 | £9.8 x 107* | T19X1070 1 1181073 | +2.0x 1073 | +1.6 x 1073
- _ -3 | +1.2x1073 -3 -3 -3
3.2-3.5 | —0.006 | £1.5x 1073 | T12¥07 | 414 x 1072 | +1.5x 1073 | +1.2 x 10

Table 15. cp{2} versus |An| from figure 8 (b) and figure 12 (a), pr > 0.1 GeV; Ogtat, dsyst and dnc

denote the statistical, systematic and Monte Carlo non-closure uncertainties, respectively.
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‘A?ﬂ 02{2} 5stat 5syst 5nc 5$CRIADNE Jr%PPTO
0-0.2 | +0.273 | £3.9 x 107* | T23x1070 | 11.0x 1072 | +1.2x 1072 | +8.5 x 107
0.2-0.4 | +0.228 | £4.2x 1074 | *L8X1070 1 19951073 | 41.1x 1072 | +7.4 x 1073
0.4-0.6 | +0.175 | £4.6 x 1074 | TLAX1070 1 176 %1073 | 49.4 x 1073 | +5.8 x 1072
- —4 | +1.2x1073 -3 _3 _3
0.6-0.8 | +0.128 | £5.1x 10~ | T12107 | 4+6.7x 1072 | +8.4 x 107 | +5.0 x 10
- —4 | +8.6x107* 3 _3 _3
0.8-1 | +0.092 | £5.5x 107* | F8EX10 | +6.0 x 1073 | +7.7 x 1073 | +4.3 x 10
_ —4 | +6.4x107* -3 3 _3
1-1.2 | 40.071 | £6.0 x 107% | F2-0%10 | 45.7x 1073 | 7.4 x 1073 | 4+3.9 x 10
1214 | +0.056 | £6.5x 1074 | *T2X1070 | 150 %1073 | +6.8 x 1073 | +3.1x 1073
1416 | +0.046 | £7.0 x 1074 | #29X1070 | 1491073 | 6.6 x 107% | +3.2x 1073
1.6-1.8 | +0.041 | £7.6 x 1074 | *101070 | 148 %1073 | +6.4x 107% | +3.3x 1073
182 | +0.035 | £8.4x 1074 | +LIXI0T0 1 45051073 | +6.5x 1073 | +3.4x 107°
222 | +0.031 | £0.4x 107 | TT5X1070 | 451 %1073 | +7.1x 107 | +3.1 x 1073
. —3 | +7.5x107% _3 _3 _3
2.2-24 | 40.026 | £1.1x 1073 | TT2X107 1 450 % 1073 | +7.3 x 1073 | +2.7 x 10
2.4-2.6 | +0.017 | £1.3x 1073 | T89X1070 1 149 %1073 | 46.5x 107% | +1.9 x 107°
= -3 | +9.4x10™* -3 -3 -3
2.6-2.8 | +0.019 | £1.5x 1073 | T80 | 44,0 x 1073 | 46.1x 1073 | +1.9 x 10
283 | +0.014 | £1.9 x 1073 | TT4<1070 1 4136 % 1073 | +52x 107 | +2.0 x 1073
3-3.2 | +0.007 | £2.6 x 1073 | *11I0T0 1 43451073 | 44.3x 1073 | +2.6 x 1073
3.2-3.5 | —0.000 | +£4.0 x 1073 | *LIXI070 1 11851078 | 41.9x 1078 | +1.6 x 1073

Table 16. cy{2} versus |An| from figure 8 (b) and figure 12 (c), pr > 0.5 GeV; Ogtat, dsyst and dnc

denote the statistical, systematic and Monte Carlo non-closure uncertainties, respectively.

— 38 —




|A77‘ 03{2} 5stat 5syst 6nc 5IJ?CRIADNE 5r%CEPTO
0-0.2 | +0.0477 | £1.9x 107* | T21X1070 1 5351073 | —5.4x 1073 | =52 x 1073
0.2-0.4 | +0.0269 | £2.0 x 104 | *13X1070 1 9751073 | —2.7x 1073 | ~2.6 x 1073
0.4-0.6 | +0.0155 | £2.1 x 10~* jg;}gg:i —7.2x107% | =89 x 1079 | —1.3x 1074
0.6-0.8 | +0.0071 | £2.2 x 107* | ¥23X1070 | 1121075 | +1.2x 1074 | —9.4x 107
B —4 | +3.3x107% —4 —4 -5
0.8-1 | +0.0015 | £2.3 x 10 a0 | +1.2x 10 +2.1x 10 +3.6 x 10
1-1.2 | —0.0009 | £2.5 x 10=4 | T37X1070 1 1985104 | +3.3 x 10~ | +2.2 x 104
: : : —5.8x10—4 : . :
_ _ —4 | +5.9x107* —4 —4 —4
1.2-1.4 | —0.0025 | £2.7 x 10 i o-e | +3.8x10 +4.1 x 10 +3.4x 10
B . —4 | +5.3x107% —4 —4 —4
1.4-1.6 | —0.0029 | £2.9 x 10 a0 | +35x 10 +2.9x 10 +4.2x 10
1.6-1.8 | —0.0020 | £3.1x 107* | *233x1070 | 4955 107* | +1.6 x 1074 | +3.4 x 10~
. _ —4 | +41x107* 4 _6 4
1.8-2 0.0026 | +£3.4 x 10 e | 424 %10 +8.8 x 10 +4.7 x 10
_ _ —4 | +3.3x107% -4 | _ -5 —4
2-2.2 0.0027 | £3.8 x 10 s | F2.1x 10 5.6 x 10 +4.7 x 10
2.2-2.4 | —0.0029 | £4.3x 1074 | #32X1070 | 116 1074 | +7.5x 1076 | +3.2 x 1074
— — —4 | +4.2x107* —4 _4 4
2.4-2.6 | —0.0024 | £4.9 x 10 0 | +25x 10 +2.2x 10 +2.8 x 10
u . —4 | +5.3x107% —4 —4 —4
2.6-2.8 | —0.0032 | £5.9 x 10 o o | #1.9x 10 +2.5 x 10 +1.3x 10
» _ —4 | +6.2x107* —4 —4 —4
2.8-3 0.0011 | £7.3 x 10 s | 2.5 x 10 +3.6 x 10 +1.3x 10
B . —4 | +6.3x107% -4 —4 -5
3-3.2 0.0023 | +£9.8 x 10 OB L | +4.6 x 10 +8.3x 10 +8.8 x 10
3.2-3.5 | —0.0003 | £1.5 x 10~3 | T53X1070 | 44651074 | +8.3x 1074 | +8.8 x 105
2-3. . . e, . ) .

Table 17. c3{2} versus |An| from figure 8 (c), pr > 0.1 GeV; Jgat, dsyst and dn denote
statistical, systematic and Monte Carlo non-closure uncertainties, respectively.
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\AU| 03{2} 5stat 5syst 5nc 5;?CRIADNE Jr%PPTO
0-0.2 | +0.137 | £4.0 x 107* | TLT¥070 1 47,6 x 1073 | +7.6 x 1073 | +7.7 x 107
0.2-0.4 | +0.097 | £4.3 x 1074 | *12X1070 1 15851073 | 458 x 1078 | +5.9 x 1073
0.4-0.6 | +0.057 | £4.7x 107 | *T2<1070 | 1331073 | +3.1x 1073 | +3.6 x 10~°
- —4 | +7.0x107% -3 _3 _3
0.6-0.8 | +0.026 | £5.1x 107 | T70X107 | 417 x 1072 | +1.2 x 1073 | +2.2 x 10
_ —4 | 49.3x107% —4 —4 -3
0.8-1 | 40.006 | £5.6 x 107* | T93X10 | 483 x 107* | +1.2x 107* | +1.6 x 10
112 | —0.004 | £6.0x 10~% | *STXI070 1 464 % 1074 | ~1.5x 107 | +1.4x 1073
1.2-1.4 | —0.009 | £6.5x 107* | T39<107 1 1185107 | 44 x 1074 | +8.0x 104
1416 | —0.009 | £7.0 x 1074 | *20X1070 1 151 %1075 | —3.2x 107* | +4.2x 1074
1.6-1.8 | —0.011 | £7.6 x 1074 | *42X1070 1 100 x 1076 | —2.9x 107* | +2.9 x 104
182 | —0.010 | £8.4 x 104 | +40X1070 1 100 x 1076 | —3.4x 107* | +3.4x 1074
222 | —0.009 | £9.4x 107 | 310701 40.0x 1070 | ~3.9x 104 | +3.9 x 10~
2.2-2.4 | —0.010 | £1.1x 1078 | ¥64X1070 1 410051076 | 2.5 x 1074 | +2.5 x 10~
2.4-2.6 | —0.006 | £1.3x 1078 | +92X1070 1 10.0% 1070 | ~4.9x 107° | +4.9 x 107°
= _ -3 | +1.1x1073 _6 _6 _6
2.6-2.8 | —0.009 | £1.5x 1073 | T80 | +0.0x 1076 | +0.0 x 1076 | +0.0 x 10
2.8-3 | —0.005 | £1.9 x 1073 | *61XW0T01 100 %1076 | 450 x 1075 | 5.0 x 10~
332 | —0.008 | £2.6 x 1073 | F15X1070 1 10,0 1076 | 42.6 x 1074 | —2.6 x 10~
- —3 | +1.3x1073 -6 -4 | _ —4
3.2-3.5 | +0.000 | £4.1x 1073 | F1207 1 4+0.0 x 1070 | +2.6 x 10 2.6 x 10

Table 18. c3{2} versus |An| from figure 8 (c), pr > 0.5GeV; Jgat, dsyst and On denote

statistical, systematic and Monte Carlo non-closure uncertainties, respectively.
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‘A?ﬂ C4{2} 5stat 5syst 5nc 5;?CRIADNE Jr%PPTO
0-0.2 | +0.031 | £1.9x 10~* t}-_;ﬁg:i +24 %1074 | 42.0x107* | +2.8 x 1074
o —4 | +5.9x107* —4 —4 —4
0.2-04 | +0.014 | £2.0x 107* | 720107 | 447 x 107* | 44.0 x 107% | 45.3 x 10
0.4-0.6 | +0.008 | £2.1x 107* | #2107 4571 51074 | $4.8x 1074 | +5.4 x 10~
0.6-0.8 | +0.004 | £2.2x 107* | +13X1070 1 4199501074 | 431 x 1074 | +2.8 x 10~
_ —4 | +2.2x107* —4 —4 -5
0.8-1 | 40.002 | £23x 107* | 722X10° | +13x 107* | 42.1x 107% | 5.2 x 10
112 | 40.000 | £2.5x 1074 | F33X1070 1 41951074 | 421 x 1074 | 424 x 1075
1214 | +0.001 | £2.7x 104 | #23X1070 1 199 % 1075 | +1.8x 107* | +6.2x 10~
_ —4 | +2.8x107* -5 5| _ _5
1.4-1.6 | +0.000 | £2.9 x 10~* | T2307 | 4131 x107° | +7.6 x 10 1.5 x 10
1.6-1.8 | +0.000 | £3.1x 107* | T43X1070 1 031076 | ~1.3x 1075 | +1.2x 10~°
182 | +0.000 | £3.4x 1074 | +43X1070 1 100% 1070 | ~1.2x 107° | +1.2x 107°
222 | +0.001 | £3.8 x 1074 | *41XW0T0 1 100 %1070 | ~14 % 107° | +1.4 x 1077
2.2-2.4 | +0.000 | £4.3x 107* | ¥21X1070 1 19351076 | —4.5x 107" | +6.4 x 107°
2.4-2.6 | +0.001 | £4.9 x 107* | #2407 19351076 | —8.2x 1075 | +1.0 x 10~*
2.6-2.8 | —0.001 | £5.9x 107* | #3210 1 19351070 | ~7.7x 107° | +9.6 x 1077
2.83 | —0.002 | £7.3x 107* | F30X1070 | 0351076 | ~32x 1075 | 43.1 x 107
3-3.2 | —0.000 | £9.8 x 1074 | *T<1070 1 03% 1076 | +1.8x 107" | ~1.8 x 107"
3.2-35 | —0.004 | £1.5x 1078 | 291070 | 031076 | —0.3x 1076 | —0.3 x 10~

Table 19. c¢4{2} versus |An| from figure 8 (d), pr > 0.1 GeV; dstat, Osyst and dnc denote

statistical, systematic and Monte Carlo non-closure uncertainties, respectively.
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‘AT]| 64{2} 5stat 6syst 5nc 5II?CRIADNE JIITEPTO
0-0.2 | +0.083 | £4.0 x 10~* f;;gﬁgii +1.0x 1072 | +1.1x 1072 | +9.6 x 1073

o —4 | +7.8x107* -3 -3 -3
0.2-0.4 | +0.054 | £4.3 x 107* | T75%10 | +8.8 x 1073 | +9.6 x 1073 | +7.9 x 10
0.4-0.6 | +0.032 | +£4.7x 107* | +44X1070 1 16351078 | £7.2x 1073 | +5.5x 1072
0.6-0.8 | +0.015 | 45.1x 1074 | #30X1070 1 1431073 | 453 x107% | +3.3 x 1073

_ —4 | +3.8x107* -3 _3 _3
0.8-1 | +0.008 | £5.5x 107* | F38X107 | 431 x 1073 | +4.1 x 1073 | +2.1 x 10

_ —4 | +3.6x107* -3 -3 -3
1-1.2 | +0.002 | £6.0 x 10* | 35107 | 425 x 1073 | 4+3.6 x 1073 | +1.3 x 10

1214 | +0.002 | £6.5 x 107 | #3:3X1070 | 19951078 | 432107 | +1.2x 1073

_ _ —4 | +4.2x107* _3 _3 4
1.4-1.6 | —0.000 | £7.0 x 1074 | T22X107 | 41.9x 1073 | +2.8 x 1073 | +9.8 x 10

_ —4 | +5.4x107% _3 _3 _3
1.6-1.8 | +0.001 | £7.6 x 1074 | 22007 | 41.7x 1073 | +2.5x 1073 | +1.0 x 10

182 | —0.000 | £8.4x 1074 | ¥38X1070 1 11951073 | $1.8x 1073 | +6.3 x 1074
222 | —0.001 | £0.4x 107 | T¢2X1070 1 4675 107% | +1.0x 1073 | +3.2 x 10~
2.2-24 | +0.001 | £1.1x 1073 | *AO107 | 453104 | 4+7.8 x 1074 | +2.7x 107
2-2. : : T : : :

B . -3 | +4.1x107* —4 —4 —4
2.4-2.6 | —0.001 | £1.3x 1073 | T30 | 456 x 107% | +8.0 x 107* | +3.1 x 10
2.6-2.8 | —0.002 | £1.5x 1078 | *O2XW0T 1 45451074 | 49.2x 1074 | +1.6 x 10~*

283 | +0.003 | £1.9x 1073 | *T3XW0T0 1 11851074 | 444 % 107* | —8.2x 1077
332 | —0.003 | £2.6 x 1073 | F1TX1070 1 40,0 1076 | +1.7x 1074 | —1.7 x 10~
3.2-35 | —0.012 | £4.1x 1073 | *LX1070 1 10,0 % 1076 | 40.0 x 1076 | +0.0 x 107°
Table 20. c¢4{2} versus |An| from figure 8 (d), pr > 0.5GeV; stat, Osyst and dnc denote the

statistical, systematic and Monte Carlo non-closure uncertainties, respectively.

(pr) (GeV) | {2} Ostat Osyst One Jpe WADNE Ore 1O
0.1-02 | —0.01 | £8.6 x 107* | *23X1070 | 414% 1073 | +1.2x 1073 | +1.5x 1073
0204 | —0.02 | £3.6 x 107% | £22¥1070 1 194 %1073 | 42.5x 1073 | +2.4 x 1073
0.4-0.6 | —0.05 | £4.1x 1074 | T19I07 1 141 %1073 | +4.1x 1078 | +4.1x 1073
0.60.8 | —0.07 | £5.4x10~* | £18x1070 1 14751073 | 44.0x 1073 | +5.4 x 1073

0.8-1 —0.10 | £7.4 % 107% | £22¥1070 1 14451073 | 4+3.0x 1073 | +5.9 x 1073
1-1.2 —0.13 | 4£9.9 x 107* | F23¥1070 | 19551073 | 484 x 107 | 442 x 1073
1214 | —0.15 | £1.3x 1073 | T29X1070 | 4111 %1073 | —6.7x 1074 | +2.8 x 103
1416 | =017 | £1.7x 1078 | ¥21X1070 1 315104 | —2.8 x 107% | +2.2x 1073
1.6-1.8 | —0.18 | £2.2x 1073 | *L3XW070 | 1851073 | 5.0 x 107% | +1.3 x 1073
1.8-2 —0.20 | £2.7x 1078 | FLTXI070 1 3951073 | —7.7x 1073 | —5.8 x 1075
2-2.2 —0.22 | £34 %1078 | T12¥1070 1 5851073 | ~1.1x 1072 | ~1.9x 1074
2224 | —023 | £4.1x 1078 [ ¥231070 | 7751078 | —1.5x 1072 | —3.7 x 10~
2426 | —024 | £51x 1073 [ #3070 8551078 | ~1.7x 1072 | ~1.5x 10~

Table 21. ¢;{2} versus (pr) from figure 9 (a), 15 < Ng, < 30, pr > 0.1 GeV, |An| > 2; dstat, Osyst
and &, denote the statistical, systematic and Monte Carlo non-closure uncertainties, respectively.
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{pr) (GeV) | {2} Jstat Jsyst Jne Gpe APNE Sge 1O
0.1-0.2 | +0.001 | £2.1x 107* | #84x1070 1 355 107% | ~3.0x 104 | —3.9 x 10~
0.2-0.4 | +0.000 | £8.3 x 107° | ¥34X1070 1 41195107 | 421 x 1074 | +1.7 x 10~

- _ —5 | +5.1x107* 4 4 _4
0.4-0.6 0.004 | £9.1 x 1075 | #3107 | 46,5 x 107 | +7.2x 107* | +5.8 x 10
0.6-08 | —0.010 | £1.2x107* | T28x1070 1 1191073 | +1.3x 107% | +1.1 x 1072

0.8-1 | —0.018 | £1.7x 1074 | 610701 414 %1073 | 4+14x 1073 | +1.4 x 1073
B . —4 | +6.7x107% -3 —4 -3
1-1.2 0.027 | £2.3 x 1074 | *3710 | +1.1x 1073 | +9.5x 107* | +1.3 x 10
1214 | —0.034 | £3.1x 1074 | *OTXI070 1 45551074 | +3.6 x 107 | +7.3x 1074
1416 | —0.041 | £4.1x 1074 | #4807 1 11851074 | 4.3 x 107* | 47.9x 1074
1618 | —0.048 | £53x 1074 | F3IXI0T 186 %1074 | ~1.8x 1073 | 45.2x 1077
1.8-2 —0.055 | £6.8x 1074 | *60x1070 1 11 %1073 | —22x107% | —5.0 x 107
2-2.2 —0.060 | +8.5x 1074 | *T9X1070 | 141073 | —2.6 x 107% | —1.5 x 10~
2224 | —0.063 | £1.1x 1073 | *39X1070 1 181073 | ~34x107% | —1.6 x 10~
2426 | —0.070 | £1.3x 1073 | F30X1070 1 _20x 1078 | ~3.8x 107 | 1.7 x 10~*

Table 22. ¢q{2} versus (pr) from figure 9 (a), 5 < Ngy < 10, pr > 0.1 GeV, |An| > 2; dstat, Isyst

and d,. denote the statistical, systematic and Monte Carlo non-closure uncertainties, respectively.

<pT> (GGV) 62{2} 6stat 6syst 5nc 6I/?CRIADNE 6I%EPTO
0.1-0.2 | —0.002 | 8.6 x 107* | ¥22X1070 1 41955 107* | —84x 1075 | +5.9 x 10~*
0.2-04 | —0.001 | £3.6x 1074 | TLTXI070 1 194 % 107* | +5.7 x 1075 | +4.1 x 1074
| —4 | +1.5x1073 —4 —4 _4
0.4-0.6 | +0.001 | £4.1x107* | F12X0 0 | +7.1x107* | +5.6 x 107* | +8.6 x 10
0.6-0.8 | +0.005 | £5.4 x 107 | *LIX1070 1 11351073 | +1.3x 1073 | +1.4x 1073
0.8-1 +0.010 | £7.4x 1074 | #85X1070 | 19951078 | 424 x 1073 | +2.0 x 1073
112 | 40.016 | £1.0x 1073 | T2X1070 1 139 %1073 | 444 x 107% | +2.0 x 1077
- —3 | +5.6x107* -3 -3 -3
1.2-14 | 40.025 | £1.3 x 1073 | £300 | 453 x 1073 | +7.1x 1073 | +3.6 x 10
_ -3 | +7.5x107* -3 3 _3
14-1.6 | 40.027 | £1.7x 1073 | FL3%0 | | +7.3x 1073 | 49.6 x 1073 | +4.9 x 10
_ —3 | +1.6x1073 _3 _9 _3
1.6-1.8 | 4+0.031 | £2.2x 1073 | #1007 1 484 x 1073 | +1.2x 1072 | +4.7 x 10
_ -3 | +2.3x1073 -3 -2 -3
1.8-2 +0.040 | £2.8 x 1073 | F230° 01 191 x 1073 | +1.4x 1072 | +4.0 x 10
. —3 | +2.7x1073 —2 —2 _3
2-2.2 +0.053 | +£3.5x 1073 | F30X00, | +1.1x 1072 | +1.7x 1072 | +5.8 x 10
. -3 | +2.3x1072 —2 _2 _3
22-24 | 40.054 | £4.2x 1073 | P3O0 0| +13x 1072 | +1.9x 1072 | +7.6 x 10
2426 | +0.062 | £5.2x 1073 | F20X1070 1 11551072 | 42.0x 1072 | +9.5 x 1073

Table 23. cp{2} versus (pr) from figure 9 (b), 15 < Ngi, < 30, pr > 0.1 GeV, |An| > 2; dstat, Isyst
and J,,. denote the statistical, systematic and Monte Carlo non-closure uncertainties, respectively.
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<pT> (GCV) 32{2} 5stat 5syst 5nc 511?CRIADNE §kCEPTO
0.1-0.2 | —0.001 | £2.1x 107* | #3707 1 456 107* | 459 x 1074 | +5.4 x 10~*
0.2-0.4 | —0.001 | £8.3 x 1075 | *E-3X1070 1 160 % 1074 | +6.2x 107* | +5.8 x 10~
_ _ -5 | +5.3x107* —4 —4 —4
0.4-0.6 0.001 | £9.1x 107% | F33007 | 46.5x 107* | +6.7 x 107* | +6.3 x 10
u . —4 | +5.4x107% —4 —4 —4
0.6-0.8 0.000 | £1.2x 107 | P20 1 170 x107* | +7.1 x 107 | +6.9 x 10
0.8-1 H0.001 | £1.9 x 1074 | #32X1070 1 1855 1074 | +8.6 x 107* | +8.4 x 10~
_ —4 | +6.2x107* —4 —4 —4
1-1.2 | 40.002 | £2.3 x 107* | T62X107 | 4192 x 1074 | +9.9 x 107* | +8.6 x 10
. —4 | +4.3x107* -3 3 _3
1.2-1.4 | +0.004 | £3.1x 1074 | 43107 | +1.2x 1073 | +1.3x 107 | +1.0 x 10
_ —4 | +3.1x107* -3 3 _3
14-1.6 | +0.006 | £4.1 x 107% | T3D307 1 413 %1072 | +1.7x 1073 | +1.0 x 10
- —4 | +3.0x107% _3 3 _3
1.6-1.8 | +0.007 | £5.3 x 10* | F30107 | 118 %1073 | 422 x 107 | +1.3 x 10
. —4 | +4.3x107* -3 —3 _3
1.8-2 | 40.011 | £6.8x 1074 | T32107 | 42.0x 1073 | +2.4x 107 | +1.6 x 10
. —4 | +6.7x107* -3 -3 _3
222 | 40.013 | £8.5x 1074 | TET0T | 423 %107 | +2.8x 1073 | +1.8 x 10
_ —3 | +7.8x107% _3 _3 _3
2.2-2.4 +0.016 | £1.1 x 10 Trai0-a | T2.6x10 +3.6 x 10 +1.6 x 10
_ -3 | +8.4x107* -3 -3 -3
2426 | 40.020 | £1.3x 1073 | TEDA0T 1 198 %1070 | +4.3 x 1073 | +1.3 x 10

Table 24. cy{2} versus (pr) from figure 9 (b), 5 < No, < 10, pr > 0.1 GeV, |An| > 2; Ogtat, Osyst
and &, denote the statistical, systematic and Monte Carlo non-closure uncertainties, respectively.

<pT> (GQV) 61{2} Ostat 5syst One 5I?CRIADNE 61£JEPTO
0.1-0.2 | +0.016 | £3.1x 104 | #1107 61 %1072 | —6.7x 1073 | —5.4 x 1073
0.2-0.4 | +0.024 | £1.3x 1074 | FT3x1070 | 481078 | —5.1x 1073 | —4.5 x 1073
0.4-0.6 | +0.035 | £14x 1074 | FSLI070 | 166 x107° | ~1.3x 107° | +1.4x 1073
0.6-0.8 | +0.038 | £1.9x 1074 | F¥5<1070 | 11251073 | 488 x 107* | +1.6 x 1073
0.8-1 +0.037 | £2.5x 1074 | FLOXI070 | 13451078 | 42.5x 1073 | +4.3 x 1073
1-1.2 +0.035 | £3.3x 1074 | FLIA0T0 | 16951078 | 444 x 1073 | 48.0 x 1073
- —4 | +1.7x1073 -3 _3 _9
1.2-14 | 40.032 | £4.3x107* | F10Xi0 0 | +8.8 x 107 | +6.0 x 1073 | +1.1 x 10
_ —4 | +1.5x107% _92 _3 _9
14-1.6 | +0.029 | £5.5 x 107* | 712510 . | +1.1x 1072 | +7.2x 1073 | +1.4x 10
1.6-1.8 | 40.027 | £6.9 x 1074 | *L9XI070 1 11951072 | 48.1x 107% | +1.6 x 1072
182 | +0.022 | £8.5x 107* | T15X1070 | 1131072 | +8.8x 1073 | +1.8 x 102
. -3 | +1.3x1073 —2 _3 _9
2-2.2 +0.018 | £1.0 x 1073 | F130 | 415 %x 1072 | +9.7x 1073 | 4+2.0 x 10
_ —3 | +8.0x107% _92 _9 _9
22-24 | 40.014 | £1.2x 1073 | TR0 | 417 x 1072 | +1.1x 1072 | 423 x 10
_ -3 | +5.8x107* -2 -2 2
24-2.6 | +0.011 | £1.5x 1073 | T39O0 | 418 %1072 | +1.2x 1072 | +2.4 x 10

Table 25. ci{2} versus (pr) from figure 11 (b), 15 < Ng, < 30, pr > 0.1GeV, no |An| cut;
Ostat, Osyst and On denote the statistical, systematic and Monte Carlo non-closure uncertainties,

respectively.
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(pr) (GeV) | c2{2} Ostat Jsyst One SARIADNE SLEPTO
0.1-0.2 | +0.012 | £3.1x 104 | F11x1070 | 80 %1078 | —8.7x 1073 | —7.4 x 1073
0204 | +0.006 | £1.2x 104 | #92x1070 | 595103 | —5.9x 1073 | —4.6 x 1073
0.4-0.6 | +0.022 | £1.4x 1074 | #941070 | _96x 1078 | —3.2x 1073 | —2.0 x 1073
0.6-0.8 | +0.049 | £1.8x 107+ | F12¥1070 | 971073 | ~3.3x107% | ~21x 1073

. —4 | +1.7x1078 —4 -4 —4
0.8-1 +0.079 | £2.4 x 1074 | F1I0 0 | 447 x 107 | 455 % 107* | +3.8 x 10
_ —4 | +2.0x1073 -3 3 _3
1-1.2 +0.107 | £3.2 x 1074 | 120307 | 423 %1072 | +2.6 x 107% | +1.9 x 10
B —4 | +2.0x1073 _3 -3 _3
1.2-14 | 40.132 | £4.1x107* | 2010 | 454 x 1073 | +5.9 x 1073 | +4.8 x 10
1416 | +0.154 | £5.1x 107* | #201070 1 419151078 | 49.9x 1073 | +8.3 x 1073
1.6-1.8 | +0.173 | £6.3 x 107* | #21X1070 1 11351072 | 414 x 1072 | +1.2 x 102
= —4 | 4+2.2x1073 -2 -2 -2
1.8-2 +0.192 | £7.8 x 1074 | *22X07 | 416 x 1072 | +1.7x 1072 | +1.5x 10
N —4 | 4+2.0x1073 -2 —2 -2
2-2.2 +0.208 | £9.4 x 1074 | P20 | 4191072 | +2.1x 1072 | +1.8 x 10
2224 | 40.221 | £1.1x 1073 | 201070 199 %1072 | 424 107% | 421 x 1072
2.4-2.6 | +0.235 | £1.3x 1073 | FL9XI070 | 194 %1072 | 42.5x 1072 | 42.2 x 1072

Table 26. co{2} versus (pr) from figure 12 (b), 15 < Ny, < 30, pr > 0.1GeV, no |An| cut;
Ostats Osyst and dne denote the statistical, systematic and Monte Carlo non-closure uncertainties,
respectively.
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