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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 /s = 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 < 1 < 2.0 and trans-
verse momentum 0.1 < pr < 5.0GeV and event multiplicities Ny up to six times
larger than the average (Nu,) ~ 5. The two-particle correlations have been measured
in terms of the angular observables ¢, {2} = ((cosnAyp)), 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 in-
dicate 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 re-
lativistic 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 systems
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 measurements
[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 description. 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 7 fm 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 1 fm, when
undisturbed, to a few fm [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* < Agcp ~ (200 MeV)?), which can fluctuate
into an extended hadronic object with a size of the order of 1/Aqep ~ 1 fm. 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 e*e™ collisions at
the Z pole [25].

In addition to the size of the interaction region, its spatial anisotropy also plays an import-
ant 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 gradi-
ents accelerate the fluid. This final-state asymmetry can be quantified with two-particle
azimuthal correlations [26-29], which coincide with the two-particle cumulants:

cnf2y = ((cosnAp)), (1)

where Ay = 1 — s 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 harmonics (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 interaction 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 c;{2}.

In this paper, measurements of ¢, {2} are presented for the first four harmonics as a function
of the number of charged particles, the laboratory pseudorapidity difference |An| = |n; —ns|,
and the mean transverse momentum (pr) = (pr1 + pr2)/2.



2 Experimental set-up

The NC DIS data sample used in this analysis was taken with the ZEUS detector at HERA
during 20032007 (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~'. 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 compon-
ents operated in a magnetic field of 1.43 T 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 resol-
ution of the MVD was 24 pm. The transverse distance of closest approach (DCA) to the
nominal vertex in X-Y 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 = 0.0029pr @ 0.0081 & 0.0012/pr, 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 resolutions, as

! 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.

2 The 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=—1In (tan g), where the polar angle, 6, is measured with respect to the Z axis. The azimuthal angle,
v, is measured with respect to the X axis.



measured under test-beam conditions, were o(E)/E = 0.18/+/E for electrons and o(E)/E =
0.35/+/E for hadrons, with E in GeV.

The luminosity was measured using the Bethe-Heitler reaction ep — eyp by a luminosity
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, V, was
required to be within 30 c¢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 (0. < 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 c¢cm and —15 < X < —9 cm
for Y < 0 em. 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 £ —py = > . E;(1 —
cos 0;) 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 ;. For a fully
contained NC DIS event, E — pz should be twice the beam-electron energy (55 GeV)
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 47 < E — pz; < 69 GeV.

These constraints on the scattered electron implicitly remove events with an inelasticity [24]
y=p(k—FK)/(pk) Z 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 contamination 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 < pp < 5.0GeV and —1.5 < n < 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) 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 extrac-
tion 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 handle had-
ronisation and decays. The initial hard scattering in ARIADNE is treated with PYTHIA
and JETSET. The LEPTO and ARIADNE generators differ chiefly in the treatment 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 gen-
erator treats the cascade within the colour dipole model (CDM) [58]. Initial-state radi-
ation (before the central hard scatter) and final-state radiation are treated independently 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 scatter-
ing 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 activity in the forward
direction. The pseudorapidity of the most-forward energy deposit in the CAL greater than
400 MeV is defined as nyax. A diffractive and a non-diffractive ARTADNE sample were com-
bined in this analysis using a weighting scheme chosen to reproduce the 7., distribution
in ZEUS data. The diffractive component was generated with SATRAP [62] which was in-
terfaced with ARIADNE and RAPGAP [63]. Purely non-diffractive ARIADNE 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 c¢m, which were produced directly or

from the decay of a particle with 7 < 1 ¢m. 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 ARIADNE and LEPTO, the data
are now compared to model predictions at reconstruction level. The distributions of N, and
Q? are shown in Fig. 1. In addition, Fig. 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 N, denotes the number of
selected generated tracks for either ARIADNE or LEPTO, and N,.. denotes the number of
selected reconstructed tracks in either data or Monte Carlo. Figure 1(b) shows the equivalent
distributions in Q2. The reconstructed N, and Q? distributions as predicted by ARIADNE
are compatible with the data to within about 10%, except for the high- N, region, where
the discrepancy is about 50%. The mean value of N, is about 5 and the mean value of *
is about 30 GeV2.

Reconstructed pr and 7 track distributions are shown in Fig. 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 n = 4.



The reconstructed two-particle correlations c;{2} and co{2} versus N, in data and Monte
Carlo are shown in Fig. 3. Figures 3(a) and (b) represent the kinematic intervals given by
pr > 0.1GeV and no |An| cut, while (¢) and (d) represent pr > 0.5GeV and |An| > 2.
From the comparison of the full ARIADNE 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 c¢;{2} better than LEPTO in panels (a)
and (c) while the opposite is true with cp{2} in panel (d) with a |An| and stronger pr cut.
For cof2}, in panel (b), which corresponds to the full kinematic interval, neither model fully
satisfactorily describes the data.

Reconstructed two-particle correlations ¢;{2} as a function of |An| and (pr) are shown in
Fig. 4. It is clear that ARIADNE describes the data much better than LEPTO in all of
the kinematic intervals shown. In contrast, co{2} as a function of |An| and (pr) is described
much better by LEPTO as shown in Fig. 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 ARITADNE to the corresponding
reconstructed numbers. The single-particle efficiencies were extracted differentially in pr, 7,
p, 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 Ap, |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 i, 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 pr 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, Ne.:

Nrec

Nch = Zwl (2>

In a second pass over the Monte Carlo events, the w; weights were applied to the recon-
structed particles and two-particle reconstruction efficiencies were calculated as a function of
Ayp. 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 |Ay| < 0.3 radians.

7 Analysis method

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

{2} = 2 Z wij cos [n(p; — %’)]] 3 [Z wz’j] ; (3)

e 1,J>1 e 1,J>1

where ¢; and ¢; are the azimuthal angles of the two particles. The first sum over e is
performed for all events, N.,, and the sums over ¢ and j run over all selected charged particles
in the event with multiplicity N,... The pair-correction factor for non-uniform acceptance
is given by w;; = w;wjwa,, which is normalized (See Eq. 3) in the determination of ¢, {2}.

Two-particle correlations are also reported in a two-dimensional form, which is defined as:

S(An, Ap)

C(An, Ap) = ma (4)

where S(An, Ap) = N32me¢(An, Ap) and B(An, Ap) = N2xd(An, Ap) 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. 3 to the reconstruc-
ted Monte Carlo data should recover the distributions of ¢,{2} at generator level. However,
residual differences persist. This is called Monte Carlo non-closure. Qualitatively, the Monte
Carlo non-closure was observed to be similar for ARTADNE and LEPTO. Quantitatively,
differences were observed, because the models predict different event configurations to which
the detector responds differently. For the results, the Monte Carlo non-closure values from
ARIADNE, §ARIADNE "and LEPTO, 6LEPTO | were averaged, dy., and are quoted as a signed
separate uncertainty. The typical values of this uncertainty on c,{2} versus N, without a
cut on |An| are < 15%.

Further systematic uncertainties were estimated by comparing the correlations obtained
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 c,{2} versus Ny,
without a cut on |An)|):

e secondary-particle contamination: The default analysis used DCAxy 7 < 2 cm, while
for the variation DCAxy,z < 1 cm was used. The uncertainty was symmetrised

(< 10%);

e cfficiency-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 Ny, (< 10%);

e consistency of ¢, {2} from events with different primary-vertex positions, Vz: The de-
fault 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%);

e 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%);
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e DIS event-selection criteria: The chosen E — p interval, the scattered-electron polar
angle, the neural-network identification probability, and the excluded entrance loca-
tions 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: Q2 > 5GeV?, E, > 10GeV,
E —py; > 47GeV, 6. > 1 radian, and primary charged particles with —1.5 <7 < 2.0 and
0.1 < pr < 5.0GeV. The kinematic intervals were chosen to avoid contributions from un-
wanted hard processes at very high pr and to provide good tracking efficiency.

Figure 6 shows C'(An, Ap) for low and high Ng, and for particles with 0.5 < pp < 5.0 GeV.
For both ranges in Ng,, a dominant near-side (Ayp ~ 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 Ny, ranges, at Ap ~ 7 (away-side), a broad ridge-like structure is observed. At
low Na,, 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, Ay) at low
Ng, 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 e*e™ shows no indication of a near-side
ridge [25].

Figure 7 shows the Ny, 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 pr > 0.1 and pr > 0.5GeV. Without a
rapidity separation, the c,{2} correlations are strongest and positive at low Ny, 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
cn{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

3 The values are given in Tables 1-26.
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four-particle cumulants ¢, {4}, which explicitly removes them. Owing to limited statistics,
they were not studied here.

All ¢, {2} correlations depend only weakly on Ny, for Ng, > 15. For |An| > 2, ¢1{2} and c3{2}
become negative, which is expected from the effects of global momentum conservation, e.g.
back-to-back dijet-like processes with large eta separation between jets. For pr > 0.5 GeV,
c1{2} (co2}) exhibit stronger negative (positive) correlations than for py > 0.1 GeV.

Similar conclusions can be drawn by comparing Fig. 6 to Fig. 7. For low Ny, and no |An|
cut, the peak in Fig. 6 is the dominant structure from which ¢i{2} = ({(cos Ag)) > 0 and
c2{2y = ({cos 2Ap)) > 0 are expected. For large values of Ny, |An| and pr, the away-side
ridge becomes the dominant structure, which leads to the pattern ({cos2Ay)) > 0 and
({cos Ap)) < 0. It can be seen that |ci{2}| is much larger than |cy{2}| at high Ny 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
magnitude of cof2} is much larger than the negative magnitude of ¢i{2} [68], which is an
expected signature of hydrodynamic collectivity.

Figure 8 shows the two-particle correlations as a function of rapidity separation |An|. Com-
pared 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-pr intervals are 0.6 and 1.0 GeV, respectively. The correlations cq{2} and c3{2} have
qualitatively similar dependence 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 cs{2}. Integrated for
pr > 0.1 GeV, cof2} approaches zero for |An| 2 2. Positive correlations observed in cy{2} for
pr > 0.5 GeV extend out to |An| ~ 3.

In Fig. 9, c1{2} and cof2} 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 Ny, were down-scaled by the
factor (Nen)ipy / (New)pign = 0-4, where (New)ypy ((Nen)pign) = 6.7 (16.8). Studies in heavy-
ion collisions suggest that correlations unrelated to hydrodynamic collectivity contribute to
cn{2y as 1/ Ny, [69,70]. Applying the scaling factor provides a better means to compare and
investigate the possible collective effects, which enter each multiplicity interval differently,
and investigate if there is an excess of the correlations at high multiplicities. For both ¢ {2}
and co{2}, the correlation strength grows with increasing (pr) up to a few GeV, which is uni-
versally observed in all collision systems [10-16]|. Despite the observed excess of correlation
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strength for co{2} at high compared to low multiplicity, an even stronger excess is observed
for ¢1{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 cp{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 (Fig. 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 cof2} 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 Fig. 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 c;{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 correl-
ations c1{2} and co{2} in Figs. 10-12. In Fig. 10, generated correlations are compared to c;{2}
and cy{2} versus Ny, (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 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 |caf2}|. The models
are able to reproduce the qualitative features of the data but do not give a quantitative de-
scription in certain regions. Both LEPTO and ARIADNE predict an increase of integrated
c9{2} at high Ng,, which the data do not show.

The correlations projected against |An| and (pr) in Figs. 11 and 12 confirm the observation
at reconstruction level (Section 5) that ARIADNE describes ¢1{2} better than LEPTO while
the opposite is true for cof2}. 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.
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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 luminosity
of 366 + 7pb~'. The kinematic region of the selected primary charged particles in the
laboratory frame is 0.1 < pr < 5.0GeV and —1.5 < n < 2.0. 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, Q% > 5GeV?. The events were required to have
E —py > 47GeV.

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 c;{2} as expected from global momentum
conservation. For pp > 0.5 GeV, the observed anti-correlations in c¢;{2} are stronger than
the correlations in c9{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 distri-
butions quantitatively. In particular, LEPTO provides a better description of co{2}, while
ARIADNE describes ¢;{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 photoproduction
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 maodel predictions. The reconstructed Monte Carlo distributions are
normalised to the total number of reconstructed events in data. Generator-level distributions
are also shouwn using the same scale factors as for the reconstructed distributions. The
normalisation procedure for LEPT O 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) 1 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 ARIADNE 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
1 = 8 arises from the contribution of diffractive events where the incoming proton remains
intact. The other details are as in Fig. 1.
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ARIADNE non-diffractive, and LEPTO are shoun. The ARIADNE non-diffractive predic-
tion is often hidden by the band of the full ARTADNE prediction. Statistical uncertainties
are shoum with vertical lines for ZEUS data and with bands for the Monte Carlo predictions.
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Figure 4: Reconstructed c;{2} versus |An| and (pr). The (a) and (b) panels represent the

kinematic intervals given by pr > 0.1 GeV and no |An| cut. The (c) and (d) panels are
further constrained to py > 0.5 GeV and |An| > 2, respectively. The other details are as in

Fig. 5.
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Figure 5: Reconstructed co{2} as a function of |An| and {py). The other details are as in
Fig. 4.
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05< pT{E_I] GeV

TN 15 < Ny <30

Figure 6: Two-particle correlation C'(An, Ay) for (a) low and (b) high N_. The peaks near
the origin have been truncated for better visibility of the finer structures of the correlation.
The plots were symmetrised along An. No statistical or systematic uncertainties are shoum.
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Figure T: Correlations c,{2} as a function of N for (a) n =1, (b)n =2, (c)n
(d) n = 4, with and without a rapidity separation, and for low- and high-pr intervals.
The statistical uncertainties are shown as thick vertical lines although they are typically
smaller than the marker size. Systematic uncertainties from the Monte Carlo non-closure
(see Section 8) are shown as bores. The other systematic uncertainties are shown as a thin

vertical capped line.
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Figure B: Correlations c,{2} for 15 < N < 30 as a function of |An| for (a) n =1, (b)

n=2, (c)n=3, (d) n =4. Two selections of transverse momentum intervals are shoun:
pr > 0.1 GeV and pr > 0.5 GeV. The other details are as in Fig. 7.
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Figure 9: Correlations e1{2} and ca2({2} as a function of (pr) for (a) low and (b) high Ng.
Low Ng, correlations are down-scaled by a factor of (New),,,, / (Nen) high 05 erplained in the
text. The other details are as in Fig. 7.
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Figure 10: Correlations c;{2} and co{2} with and without a rapidity separation as a function
of N, compared to the predictions from Monte Carlo event generators. Correlations meas-
ured in the full kinematic interval are shoun in (a) and (b), while (c) and (d) represent the
interval given by pr > 0.5 GeV and |An| > 2. Panels e) and f) separate out contributions
from events with < 1 jet and 2 jets. The correlation from a non-diffractive component in
ARIADNE is shoun with dashed lines. The other details are as in Fig. 7.
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Figure 11: Correlations ci{2} as a function of |An| and (pr) for 15 < Ng < 30. Also

shoun are generated correlations from Monte Carlo models. Correlations measured in the

full kinematic interval are shown in (a) and (b), while (c) and (d) are further constrained
by pr > 0.5 GeV and |An| > 2, respectively. The other details are as in Fig. 7.
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31



Nen {2} Ostat Osyst Onc Gpe APNE Gt 1O
1.5-25 | +0.35 | £2.6 x 107 | 201070} 4198 %1072 | 4+3.2x 1072 | +2.3 x 1072
2.5-3.5 | +0.20 | £1.6 x 1074 | FLI0TH 1 1171072 | 41,9 x 1072 | +1.4 x 1072
3.5-4.5 | 4024 | £1.2x 1074 | AT 147 %1073 | +4.1x 1073 | +5.2 x 1073
4555 | +0.19 | £1.0 x 1074 | #2070 197 %1071 | +1.3x 1073 | +6.9 x 10~
5.5-6.5 | +0.15 | £9.2x 1070 | 74210701 9351073 | —3.8x 1073 | —8.1x 1074
6.5-7.5 | +0.12 | £8.7x 1075 | F33X1070 1 361073 | —3.6x 1073 | ~3.6 x 1077
7585 | +0.10 | £8.4 x 1070 | 2910701 _46% 1073 | —4.7x 1073 | 4.6 x 1073
859.5 | +0.08 | £8.5x 1070 | F21¥I070 1 49 x 1073 | —47x 1073 | 5.1 x 1073
9.5-10.5 | +0.07 | £8.7x 1075 | T2 4351073 | —4.0x 1073 | —4.6 x 1073
10.5-11.5 | +0.06 | £9.2 x 1077 | #2070 381073 | 3.4 x 1073 | ~4.3 x 1073
11.5-12.5 | +0.05 | £9.9 x 1077 | TLO10701 37501073 | —3.2x 1073 | —4.2x 1073
125-13.5 | +0.05 | £1.1x 107 | 71210701 3851073 | 3.3 x 1073 | ~4.3 x 1073
13.5-14.5 | +0.04 | £1.2 x 107 | FLOA070 1 3651073 | —3.2x 1073 | —4.0 x 1073
14.5-15.5 | +0.04 | £1.4 x 1074 | F90A070 1 9851073 | ~2.6 x 1073 | 3.0 x 107
15.5-16.5 | +0.03 | £1.6 x 107* | *L1X10701 9951073 | 2.0 x 1073 | —2.3 x 1073
16.5-17.5 | +0.03 | £1.8 x 107* | FLO1070 1 1651073 | ~1.7x 1073 | —1.6 x 103
17.5-18.5 | +0.03 | £2.1 x 107 | F9110701 1451073 | ~1.6 x 1073 | ~1.3 x 103
18.5-19.5 | +0.03 | £2.5 x 1074 | FTA070 1 94 %1071 | ~1.2x 1073 | —6.5 x 10~
10.5-20.5 | +0.02 | £3.0 x 1074 | #3307 149 %1071 | 457 x 107 | +4.1 x 107

20.5-22.5 | +0.02 | £2.8 x 107 | 121070 41051073 | +7.5x 1074 | +1.2 x 1073
22.5-24.5 | +0.02 | £4.2 x 107 | 7121070 49651078 | +1.4x 1073 | +3.7 x 1073
24.5-27.5 | +0.02 | £6.0 x 107* | T12X1070 ) 43051073 | +1.4 x 1073 | +4.5 x 1073
27.5-30.5 | +0.01 | £1.2 x 1073 | ¥31<I070 | 49551073 | +1.2x 1073 | +3.7 x 1072

Table 1: c¢i{2} versus N, from Fig

respectively.

.7 (a) and Fig. 10 (a), pr > 0.1 GeV, no |An| cut; dstar,
Osyst and 0. denote the statistical, systematic and Monte Carlo non-closure uncertainties,
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Nen c1{2} Ostat Osyst Onc Gpe APNE Gt 1O
1525 | +0.023 | £1.4x 1073 | FE9I0701 180 % 1073 | +8.6 x 1073 | +7.5 x 1073
2.5-3.5 | +0.017 | £6.9 x 107 | 291070} 45751073 | +5.7x 1073 | +5.6 x 1073
3.5-4.5 | +0.009 | £4.5x 1074 | TN 41971073 | 422 x 107% | +3.2x 1077
4555 | —0.000 | £3.4x 107 | F13¥I070 1 1181073 | +1.8 x 1078 | +1.7x 107?
5.5-6.5 | —0.009 | £2.9 x 107 | TEEA0TH) 49151078 | +1.2x 1073 | +8.9 x 10~
6.5-7.5 | —0.017 | £2.6 x 1074 | F12¥I070 1 41,6 x 1073 | +2.1x 107% | +1.2x 1072
7585 | —0.027 | £2.5x 1074 | #2170} 4196 % 1073 | 43.1% 1078 | +2.0 x 1073
8.5-9.5 | —0.033 | £2.4 x 107 | F201070 1 13451073 | +3.9 x 1078 | +2.9 x 1073
9.5-10.5 | —0.037 | £2.5 x 107* | 2810701 437501073 | 44.1x 1073 | +3.3 x 1073
10.5-11.5 | —0.042 | £2.6 x 107 | T200070 1 140 % 107 | +4.3 x 1072 | +3.7 x 1073
11.5-12.5 | —0.047 | £2.8 x 1074 | F3DI070 1 149 1073 | +4.6 x 1073 | +3.7 x 1072
12.5-13.5 | —0.049 | £3.1x 1074 | 3810701 1451073 | 5.0 x 1073 | +4.0 x 107°
13.5-14.5 | —0.053 | £3.4 x 1074 | F38<1070 1 150 % 1073 | +5.4 x 1073 | +4.6 x 107°
14.5-15.5 | —0.054 | £3.9 x 1074 | F30<1070 1 155 % 1073 | +5.8 x 1073 | +5.1 x 1072
15.5-16.5 | —0.056 | £4.5 x 1074 | 3210701 15701073 | +6.1x 107% | +5.3 x 107°
16.5-17.5 | —0.057 | £5.3 x 1074 | 210701 150951073 | 459 x 1073 | +5.8 x 1073
17.5-18.5 | —0.059 | £6.3 x 1074 | F27<1070 1 157 x 1073 | 5.0 x 107% | +6.5 x 107°
18.5-19.5 | —0.059 | £7.5x 1074 | F25X1070 1 151 % 1073 | +3.8 x 107% | +6.5 x 107°
19.5-20.5 | —0.061 | £9.0 x 1074 | 3010701 148 % 1073 | +3.2x 1073 | +6.5 x 1072

20.5-22.5 | —0.058 | £8.7x 1074 | ¥21X1070 1 145 %1073 | +2.2x 1073 | +6.7 x 1073
22.5-24.5 | —0.057 | £1.3 x 1073 | #3070 138 %1073 | +1.7x 1073 | +6.0 x 1073
24.5-27.5 | —0.052 | £2.0 x 1073 | #5070 145 %1073 | +1.0 x 1073 | +8.0 x 1073
27.5-30.5 | —0.044 | £4.0 x 1073 | F1EA0TH] 13951073 | 48.6 x 107 | +5.4 x 1073

Table 2: ¢;{2}
the statistical,

versus N, from Fig. 7 (a), pr > 0.1 GeV, |An| > 2; 041, Osyst and d,,. denote

systematic and Monte Carlo non-closure uncertainties, respectively.
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Nen {2} Ostat Osyst Onc Gpe APNE Gt 1O
1.5-25 | +0.02 | £3.3 x 1073 | FROXI00) 11351072 | +1.3 % 1072 | +1.3 x 1072
2.5-3.5 | +0.00 | £1.7 x 1073 | *61I070 1 19,9 % 1073 | +0.5 x 1073 | +1.0 x 1072
3.54.5 | —0.01 | £1.1x1073 | F3010701 1509 % 1073 | +4.9x 1073 | +7.0 x 1073
4555 | —0.03 | £8.6 x 1074 | #3207 146 %1073 | +4.5x 1073 | +4.7 x 1073
5.5-6.5 | —0.05 | £7.3x 1074 | F3I0T0 1 139 %1073 | +3.9 x 107% | +3.9 x 107°
6.5-7.5 | —0.07 | £6.6 x 107* | F22X1070 1 145 %1073 | +4.5x 1073 | +4.5 x 1072
7585 | —0.09 | £6.3x 1074 | ¥23<I070 1 151 % 1073 | $4.9 x 107% | +5.3 x 107°
8595 | —0.10 | £6.2x 1074 | #230701 149 % 1073 | +4.1x 1073 | +5.6 x 1073
9.5-10.5 | —0.11 | £6.4 x 107 | T20070 1 14451073 | +3.1 x 1078 | +5.7 x 1073
10.5-11.5 | —0.12 | £6.7 x 1074 | #2210701 13751073 | 421 %1073 | +5.3 x 1073
11.5-12.5 | —0.13 | £7.2x 1074 | #3007} 134 %1073 | +1.6 x 1073 | +5.2 x 1073

12.5-13.5 | —0.13 | £7.9 x 1074 | FEA071 130 %1073 | +1.1x 1073 | +5.0 x 1073
13.5-14.5 | —0.14 | 8.8 x 1074 | #3007} 131 %1073 | +7.7x 107 | +5.4 x 1073
14.5-15.5 | —0.14 | £1.0 x 1073 | 3300701 134 %1073 | +1.1x 1073 | 45.7x 1073
15.5-16.5 | —0.14 | £1.1x 1073 | F3010701 13851073 | +1.4x 1073 | +6.2 x 1073
16.5-17.5 | —0.15 | £1.3 x 1073 | #3200 198 %1073 | +7.5x 107 | +4.9 x 1073
17.5-185 | —0.14 | £1.6 x 1073 | F3I0701 116 % 1073 | ~1.4 x 1073 | +4.6 x 1073
18.5-19.5 | —0.14 | £1.9 x 1073 | FEI0701 19551075 | —2.5x 1073 | +2.7 x 1073
19.5-20.5 | —0.14 | £2.2 x 1073 | F6010701 66 107 | 3.2 x 1073 | +1.8 x 1073
20.5-22.5 | —0.14 | £2.2x 1073 | FTX1070) 6.6 1071 | 2.6 x 1073 | +1.2 x 1073
22.5-24.5 | —0.13 | £3.3 x 1073 | TLI0T0 ) 3451073 | ~7.7x 1073 | +9.8 x 10~
24.5-27.5 | —0.14 | £4.9 x 1073 | FLOXI070 ) 5351073 | ~1.0x 1072 | —4.8 x 107
27.5-30.5 | —0.09 | £9.7 x 1073 | #0107} 5351073 | —9.1x 107% | ~1.4 x 1073

Table 3: c¢i{2} versus N, from Fig. 7 (a) and Fig. 10 (c), pr > 0.5 GeV, |An| > 2; dsas,
Osyst and 0. denote the statistical, systematic and Monte Carlo non-closure uncertainties,

respectively.
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Neh 62{2} 5stat 5syst 5nc 53CRIADNE 5%(};EPTO
1525 | +0.146 | £2.7x 1074 | FLI9701 19751073 | +1.2x 1072 | +7.0 x 107
2.5-35 | +0.113 | £1.7x 1074 | ¥52<1070 | 45251073 | +6.5x 1073 | +3.9 x 1072
3.5-4.5 | +0.000 | £1.2 x 1074 | 4510701 7.7 107 | 6.6 x 1071 | +8.8 x 107
4555 | 40071 | £1.0x 1074 | #3070 76% 1071 | 8.3 % 107 | —6.8 x 107
5.5-6.5 | +0.058 | £9.2 x 1075 | #2207} g0 %1071 | ~1.0x 107% | ~5.6 x 10~
6.5-7.5 | +0.051 | £8.6 x 107° | F21XI070 1651073 | ~1.9x 1073 | ~1.3 x 1073
7.5-85 | +0.048 | £8.3 x 1075 | +LI0T0 ) 9651073 | —2.9 % 107% | ~2.3 x 1073
8.59.5 | +0.045 | £8.3x 1075 | FLTXI070 ) 3351073 | —3.6x 107% | —3.1 x 1073
9.5-10.5 | +0.042 | £8.6 x 1075 | +LOI070 ) 3351073 | —3.7% 1078 | —2.9 x 1073
10.5-11.5 | +0.041 | £9.0 x 1075 | F1X1070 1 3.4 1073 | —3.9 x 1073 | ~2.9 x 107?
11.5-12.5 | +0.041 | £9.7 x 1070 | T15X1070 1 3751073 | —42x 1073 | 3.1 x 107?
12.5-13.5 | +0.042 | £1.1x 1074 | FOA0T0 141 % 1073 | —4.7x 107% | ~3.4x 107?
13.5-14.5 | +0.042 | £1.2x 107* | TEOI0T0 14551073 | —52x 1073 | 3.7 x 107?
14.5-15.5 | +0.043 | £1.4 x 10~* | 1810701 4451073 | —51x 1073 | 3.7 x 1072
15.5-16.5 | +0.043 | £1.6 x 1074 | 1810701 4451073 | —50x 1073 | 3.7 x 1073
16.5-17.5 | +0.043 | £1.8 x 1074 | T80 4551073 | —52x 1073 | 3.7 x 1073
17.5-18.5 | +0.045 | £2.1x 1074 | 71910701 481073 | —58 x 1073 | 3.7 x 1073
18.5-19.5 | +0.045 | £2.5 x 1074 | F1O<I070 1 451073 | 5.4 x 107% | ~3.5 x 107°
19.5-20.5 | +0.045 | £3.0 x 1074 | F20<1070 1 31 % 1073 | —3.5x 107% | ~2.8 x 107?

20.5-22.5 | +0.042 | £2.8 x 1074 | FLE8I0T01 18501073 | ~1.5x 1073 | 2.1 x 1073
22.5-24.5 | +0.046 | £4.2 107 | FLPA0T0 1 11351073 | +1.9x 1073 | +6.8 x 107
24.5-27.5 | +0.043 | £5.9 > 107 | #220070 1 129 % 1073 | +4.1 %1073 | +1.8 x 1073
27.5-30.5 | +0.047 | £1.2x 1073 | F2DA070) 1995 1073 | 4+4.1x 1073 | +1.8 x 1073

Table 4: cy{2y versus Ny, from Fig. 7 (b) and Fig. 10 (b), pr > 0.1 GeV, no |An| cut; dga,
Osyst and On. denote the statistical, systematic and Monte Carlo non-closure uncertainties,

respectively.
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Nech 02{2} Ostat 5syst One 5QCRIADNE 5%(}:EPTO
1525 | +0.0120 | £1.4 x 1073 | F27<1070 1 36 % 1073 | 4.0 x 107% | ~3.2x 107°
2.5-35 | +0.0034 | £6.9 x 1074 | +32U0° 01 190107 | +2.5x 107 | +1.5 x 1074
3.5-4.5 | +0.0006 | £4.5x 1074 | #1207 15551071 | +6.8 x 107 | +4.3 x 107
455.5 | —0.0007 | £3.4x 107 | LU0 11151073 | +1.2x 1073 | +1.0 x 1073
5.5-6.5 | —0.0004 | £2.9x 1074 | F1PA0T 116% 107 | +1.6 x 1073 | +1.6 x 1073
6.5-7.5 | —0.0004 | £2.6x 107 | F120T0 1 11751073 | +1.7x 1073 | +1.8 x 1073
7.5-8.5 | 40.0007 | £2.5x 107* | FII070 1 11651078 | +1.6 x 1073 | +1.6 x 1072
8.5-9.5 | +0.0014 | £2.4x 1074 | FIEXI0T0T 11 451073 | 415 % 1073 | +1.3 x 1073
9.5-10.5 | +0.0016 | £2.5x 10~ | 1210701 119 %1073 | 41.2x 1073 | +1.2x 1073
10.5-11.5 | +0.0027 | £2.6 x 1074 | ¥-2<1070 | 41251073 | +1.2x 1073 | +1.1 x 1072
11.5-12.5 | +0.0031 | £2.8 x 107 | 713x1070 | 419,95 1074 | 4+1.1x 107 | +8.8 x 1074
12.5-13.5 | +0.0036 | £3.1 x 107 | FL<I070 | 49551071 | +1.0 x 1078 | +8.9 x 1074
13.5-14.5 | +0.0037 | £3.4 x 107 | FLLA0T0 | 465 1071 | 45.1x 1074 | +7.9 x 1074
14.5-15.5 | +0.0043 | £3.9 x 107 | F38x1070 | 489 5107 | 4+7.6 x 107* | +8.7x 1074
15.5-16.5 | +0.0038 | £4.5x 104 | FLOX1070 ) 47851074 | 49.0 x 107* | +6.6 x 10~
16.5-17.5 | +0.0047 | £5.3 x 1074 | #1107} 4671074 | 49.3 % 107* | +4.1 x 1074
17.5-18.5 | +0.0044 | £6.3 x 107 | F2IXI0°0 | 450 % 1074 | 4+4.6 x 1074 | +5.4 % 1074
18.5-19.5 | +0.0041 | £7.5 x 1074 | *11I00 ) 4975107 | +1.4% 1074 | +4.1 x 1074
19.5-20.5 | +0.0043 | £0.0 x 107 | T27X1070) 49751074 | +7.7x 1074 | +1.2 x 1073

20.5-22.5 | +0.0024 | £8.7 x 1074 | F43X1070 1 47,0 1071 | 4+6.3 x 1074 | +7.6 x 1074
22.5-24.5 | +0.0077 | £1.3 x 1073 | TTO070 1 11,9 % 1073 | +1.9 x 1073 | +1.9 x 107?
24.5-27.5 | +0.0052 | £2.0 x 1073 | TT0A070 1 1121073 | +1.2x 1072 | +1.1x 1073
27.5-30.5 | +0.0077 | £4.0 x 1073 | T3PA070 1 11951073 | +1.2x 1078 | +1.1x 1073

Table 5: cy{2}

versus Ny, from Fig. 7 (b), pr > 0.1 GeV, |An| > 2; 041, Osyst and d,,. denote

the statistical, systematic and Monte Carlo non-closure uncertainties, respectively.
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Nen c2{2} Ostat Osyst Onc Gpe APNE Gt 1O
1.5-25 | +0.013 | £3.3x 1073 | £381070 1 _98x 1073 | ~1.8x 1073 | ~3.8 x 107
2.5-3.5 | +0.005 | £1.7x 1073 | 341070 46451070 | ~52x 1074 | +6.4 x 1074
3.5-4.5 | +0.003 | £1.1x 1073 | F15x1070 1 4139 107 | +1.8 x 107 | +5.9 x 107*
4555 | +0.005 | £8.6 x 107 | F92x¥1070 1 4111 % 1073 | +8.9 x 107 | +1.3 x 107?
5.5-6.5 | +0.005 | £7.3 x 107 | T1I0T0 ) 41851078 | +1.9%x 1073 | +1.8 x 1073
6.5-7.5 | +0.008 | £6.6 x 10~* | F11070 1 19251078 | +2.2x 107% | +2.1 x 1073
7.5-85 | +0.011 | £6.3 x 1074 | +L8X1070 ) 1191073 | 423 % 1078 | +1.6 x 1073
8.59.5 | +0.015 | £6.2x 1074 | F13¥1070 1 1181073 | 421 x 1078 | +1.5x 107°
9.5-10.5 | +0.017 | £6.4 x 1074 | T14I070 1 417501073 | 420 x 1073 | +1.4 x 1073
10.5-11.5 | +0.018 | £6.7 x 1074 | F12<1070 1 191 % 1073 | 42,5 x 1073 | +1.8 x 107°
11.5-12.5 | +0.021 | £7.2 x 1074 | TLDA070 1 19351073 | 42,5 x 1078 | 42.0 x 1072
12.5-13.5 | 4+0.023 | £7.9 x 1074 | T1P<I070 1 19,6 % 1073 | +2.9 x 1073 | +2.3 x 1072
13.5-14.5 | +0.023 | £8.8 x 1074 | F1¥I070 1 194 % 1073 | 42,6 x 1073 | +2.2x 1072
14.5-15.5 | +0.025 | £1.0 x 1073 | T123070 1 134107 | +4.2x 107% | +2.6 x 1073
15.5-16.5 | +0.024 | £1.2 x 1073 | L0701 13751073 | 455 x 1078 | +1.8 x 1073
16.5-17.5 | +0.024 | £1.3 x 1073 | T231070 1 13951073 | +6.2 x 107% | +1.6 x 1073
17.5-18.5 | 4+0.023 | £1.6 x 1073 | F29<1070 1 14521073 | +6.8 x 1073 | +2.1 x 107°
18.5-19.5 | +0.019 | £1.9 x 1073 | T291070 1 1551073 | +7.3 x 1072 | +3.8 x 1073
19.5-20.5 | +0.018 | £2.3 x 1073 | 6210701 179 1073 | +1.0 x 1072 | +4.3 x 107°

20.5-22.5 | +0.016 | £2.2x 1073 | ¥810701 169 %1073 | +9.4x 1073 | +3.1 x 1073
22.5-24.5 | +0.023 | £3.3x 1073 | FLDA0T 111 %1072 | +1.6 x 1072 | +6.7 x 1073
24.5-27.5 | +0.021 | £4.9 % 1073 | #1071 18751073 | +1.2x 1072 | +5.8 x 1073
27.5-30.5 | —0.005 | £9.9 x 1073 | FLDA0T 174 %1073 | 49.3x 1073 | +5.5 x 1073

Table 6: cy{2} versus N, from Fig. 7 (b) and Fig. 10 (d), pr > 0.5 GeV, |An| > 2; dgas,
Osyst and 0. denote the statistical, systematic and Monte Carlo non-closure uncertainties,

respectively.
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Nen 03{2} Ostat 5syst One 5£CRIADNE 5II;CE PTO
1.5-25 | +0.061 | £2.7x 1074 | F22X10701 139 % 1073 | 44.4x 1073 | +3.4 x 1073
2.5-35 | +0.046 | £1.7 x 1074 | ¥A01070 | 491 %1073 | +2.3x 1073 | +1.8 x 107?
3.5-4.5 | +0.037 | £1.2 x 107 | F25X1070) 4995107 | +1.2x 107 | +3.1x 1074
4555 | 40029 | £1.0x 1074 | TLEXI0T0 1 10 % 1073 | ~1.2x 1073 | —8.2x 1074
5.5-6.5 | +0.024 | £9.2x 1075 | FL2A0T0 9351071 | ~1.1%107% | ~7.7 x 107
6.5-7.5 | +0.021 | £8.6 x 1075 | ¥4I} 19 %1073 | ~1.4 % 107% | ~1.1 x 1073
7585 | +0.019 | £8.3 x 1075 | *1A0T01 1651073 | ~1.7x 1073 | ~1.4 x 1073
8.59.5 | +0.017 | £8.3 x 1075 | #2107} 171073 | ~1.9%x 1073 | ~1.6 x 1073
9.5-10.5 | +0.015 | £8.6 x 107° | TH9X1070 1 1551073 | ~1.7x 1073 | ~1.4 x 1073
10.5-11.5 | +0.014 | £9.0 x 107% | F331070 1 1451073 | ~1.5x 1073 | ~1.3 x 1073
11.5-12.5 | +0.013 | £9.7 x 1075 | T47<1070 1 1.4 %1073 | ~1.5x 1073 | ~1.3 x 107°
12.5-13.5 | +0.013 | £1.1x 1074 | 6310701 1.4 1073 | ~1.5x 1073 | ~1.4 x 107°
13.5-14.5 | +0.013 | £1.2x 1074 | #2907 1 1.4 %1073 | ~1.5x 107% | ~1.3 x 107°
14.5-15.5 | +0.012 | £1.4 x 10~* | T481070 1 1951073 | ~1.3x 1073 | ~1.1x 107°
15.5-16.5 | +0.012 | £1.5 x 1074 | T26X10701 995 1074 | ~1.0x 1073 | 9.5 x 1074
16.5-17.5 | +0.012 | £1.8 x 1074 | T03X1070 1 935104 | ~1.0x 1073 | ~8.5x 1074
17.5-18.5 | +0.012 | £2.1 x 1074 | T8I0 9751074 | —9.9x 107 | 9.4 x 1074
18.5-19.5 | +0.012 | £2.5 x 1074 | 231070 | g8 107 | —9.6 x 107* | 8.1 x 107*
10.5-20.5 | +0.012 | £3.0 x 1074 | #3107 | 645107 | —6.2x 107" | —6.6 x 107*

20.5-22.5 | +0.011 | £2.8 x 1074 | ¥E91070 1 61 x 1071 | 4.4 x 107" | ~7.7 x 107
22.5-24.5 | +0.012 | £4.2x 107 | F3DA070 1 196 % 1071 | ~7.6 x 1075 | +6.0 x 107
24.5-27.5 | +0.011 | £5.9 x 1074 | ¥481070 1 196 x 1074 | —5.7x 1075 | +5.8 x 10~
27.5-30.5 | +0.012 | £1.2x 1073 | #381070 1 196 % 104 | 5.7 x 1077 | +5.8 x 10~

Table 7: c3{2y versus N, from Fig. 7 (¢), pr > 0.1 GeV, no |An| cut; Ssiar, Osyst and pe
denote the statistical, systematic and Monte Carlo non-closure uncertainties, respectively.
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Nen 63{2} 5stat 5syst 5nc 5£CRIADNE 5II;CE PTO
15-2.5 | +0.0024 | £1.4 x 1073 | *2TXI070 1 45751075 | +9.6 x 1077 | +1.8 x 1077
2.5-35 | —0.0003 | £6.9 x 104 | 28001 157 %1070 | +1.2x 107 | —3.2x 107
3.5-4.5 | +0.0005 | £4.5x 1074 | 70T 17651075 | +1.2x 1071 | +3.0 x 1075
4555 | —0.0010 | £3.4x 1074 | #2201 169 %1075 | +8.4x 1076 | +1.3 x 107
5.5-6.5 | —0.0007 | £2.9 x 1074 | #0701 19951071 | +1.5x 107 | +3.0 x 107
6.5-7.5 | —0.0005 | 2.6 10~* | #3071 1371 %1071 | 424 x 107 | +3.8 x 107
7.5-85 | —0.0011 | £2.5x 107* | F3010701 13951074 | 444 x 107 | +3.3x 1074
8.59.5 | —0.0015 | £2.4x 1074 | FAA0701 1309 % 1074 | +4.5x 107 | +3.2 x 10~
9.5-10.5 | —0.0020 | £2.5x 104 | #3207 1 149 %1074 | 458 x 107 | +4.0 x 10~
10.5-11.5 | —0.0018 | £2.6 x 107 | T28X1070 | 45851074 | +6.6 x 1074 | +5.0 x 10~
11.5-12.5 | —0.0024 | £2.8 x 107 | 21070 | 443501074 | +5.1x 1074 | +3.4 x 10~
12.5-13.5 | —0.0028 | £3.1 x 107 | T8I0 | 49851074 | +3.6 x 1074 | +2.0 x 10~
13.5-14.5 | —0.0019 | £3.4 x 107 | 831070 | 497501074 | +2.0 x 1074 | +3.3 x 10~
14.5-15.5 | —0.0024 | £3.9 x 107 | TLOA0T0 1 44051074 | +2.7x 1074 | +5.3 x 10~
15.5-16.5 | —0.0028 | £4.5x 10~ | 11070 4545 1074 | +4.8 x 1074 | +6.0 x 10~
16.5-17.5 | —0.0029 | £5.3 x 104 | FLTXI070 ) 414351074 | 452% 107* | +3.5 x 10~
17.5-18.5 | —0.0018 | £6.3 x 107* | 1210701 447501074 | 47.2x 1074 | +2.2 x 1074
18.5-19.5 | —0.0035 | £7.5 x 107 | TLOI070 1 49651074 | +4.1x 1074 | +1.2 x 1074
19.5-20.5 | —0.0008 | £0.0 x 107 | TLOXI0T) 477501074 | 42.7 x 1074 | +6.6 x 1075

20.5-22.5 | —0.0037 | £8.7 x 1074 | T1EI0T0 1 149 107 | 4+8.5x 1071 | +1.3 x 107
22.5-24.5 | —0.0029 | £1.3 x 1073 | TO0T0 1 149 % 1071 | 8.5 x 1074 | +1.3 x 107
24.5-27.5 | +0.0009 | £2.0 x 1073 | 3310701 149 % 107 | +8.5x 107* | +1.3 x 107
27.5-30.5 | +0.0012 | £4.0 x 1078 | F28x1070 1 3% 1076 | —0.3x 1076 | ~0.3 x 1076

Table 8: c3{2}

versus Ny, from Fig. 7 (c), pr > 0.1 GeV, |An| > 2; da1, Osyst and 9, denote

the statistical, systematic and Monte Carlo non-closure uncertainties, respectively.
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Nen 03{2} Ostat 5syst One 53CRIADNE 5%(};EPTO
1525 | +0.0045 | £3.3 x 1073 | T48<1070 1 19,0 1074 | +7.0x 1074 | ~3.1x 1074
2.5-35 | +0.0001 | +£1.7x 1073 | F33A0701 198 % 1070 | +3.5x 107 | ~1.5 x 10~
3.5-4.5 | —0.0006 | £1.1x 1073 | FLHA0T0 11751071 | 422 x 107 | +1.2 x 107
4555 | —0.0004 | £8.6 x 107 | 9071 19951071 | 43.2x 1074 | +1.1 x 107
5.5-6.5 | —0.0020 | £7.3x 1074 | ¥ 150 %1071 | +3.0 x 107 | +6.9 x 107
6.5-7.5 | —0.0027 | £6.6 x 107 | FT3<1070 1 1385107 | +1.6 x 107* | +6.0 x 107
7585 | —0.0034 | £6.3 x 1074 | ¥901070 1 159 %107 | +4.2x 107 | +6.3 x 107
8.59.5 | —0.0039 | £6.2 x 107 | *12X1070 1 135501074 | 444 x 1074 | +2.6 x 107
9.5-10.5 | —0.0050 | +£6.4 x 107* | +-OU0T | 15451071 | +54x 107 | +5.4 x 1074
10.5-11.5 | —0.0057 | £6.7 x 1074 | ¥63<1070 | 462 % 1074 | +2.3 x 107* | +1.0 x 1072
11.5-12.5 | —0.0070 | £7.2 x 107 | F13x1070 | 4571 51071 | 424 x 107 | +7.9 x 1074
12.5-13.5 | —0.0082 | £7.9 x 107 | F24x1070 | 4975107 | 5.0 x 1070 | +4.8 x 1074
13.5-14.5 | —0.0074 | £8.8 x 107 | 201070 | 4445107 | 422 107 | +6.7 x 1074
14.5-15.5 | —0.0087 | £1.0 x 1073 | #3307} 454 %1074 | ~1.2x 107* | +1.2x 1073
15.5-16.5 | —0.0095 | £1.2 x 1073 | #3TX1070 | 45451074 | ~1.6 x 107* | +1.2 x 1073
16.5-17.5 | —0.0083 | £1.3 x 1073 | #0107} 4196 1075 | 3.8 x 107* | +5.7 x 10~
17.5-18.5 | —0.0067 | £1.6 x 1073 | #8107} 9.6 1075 | —2.9 % 107* | +1.0 x 10~
18.5-19.5 | —0.0096 | £1.9 x 1073 | ¥3<1070 ) 435107 | —42x 1074 | ~4.3 x 1074
19.5-20.5 | —0.0054 | £2.3 x 1073 | F34x1070 | 3750107 | ~3.7x 107 | ~3.7x 1074

20.5-22.5 | —0.0035 | £2.2 x 1073 | 3310701 114 % 107 | +3.0 x 107" | ~2.8 x 1070
22.5-24.5 | —0.0058 | £3.3 x 1073 | *2<I070 1 114 % 107 | +3.3 x 107" | ~5.4 x 1070
24.5-27.5 | —0.0021 | £5.0 x 1073 | 1A 161 51074 | +3.7 x 1074 | +8.4 x 107
27.5-30.5 | —0.0163 | £9.8 x 1078 | 1410701 14751074 | 423 x 107 | +7.0 x 1074

Table 9: c3{2}

versus Ny, from Fig. 7 (c), pr > 0.5 GeV, |An| > 2; 0541, Osyst and d,,. denote

the statistical, systematic and Monte Carlo non-closure uncertainties, respectively.
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Neh 64{2} 5stat 5syst 5nc 53CRIADNE 5%(};EPTO
15-2.5 | 40.025 [ £2.7x 1074 | 3310701 199 % 1073 | 4+2.0 x 1073 | 2.4 x 1073
2.5-3.5 | +0.018 | £1.7x 107 | 21070} 41351073 | +1.2x 1073 | +1.4 x 1073
3.5-4.5 | +0.015 | £1.2x 1074 | F1I070 1 148 5 1071 | 444 x 1071 | 452 x 107
4555 | +0.012 | £1.0x 1074 | F2TXI070 1 19,6 % 1071 | +2.2x 1074 | 2.9 x 107*
5.5-6.5 | +0.010 | £0.1 x 1077 | 701070 | 49,65 1074 | +2.3 x 1074 | +2.9 x 10~
6.5-7.5 | +0.009 | £8.6 x 1075 | F2A0T | 118 %1071 | +1.8 x 107* | +1.8 x 1074
7.5-85 | +0.009 | £8.3 x 1075 | +LI0T ) 79 51074 | ~1.1x107% | ~3.3 x 1074
8.59.5 | +0.008 | £8.3 x 1075 | FA2XI0T | _10% 1073 | ~1.1x 107% | 1.0 x 1073
9.5-10.5 | +0.008 | £8.6 x 1075 | ¥291070 | 94104 | —9.7x 107* | —9.1 x 10~
10.5-11.5 | +0.007 | £9.0 x 1075 | #2107 1 g5 107 | —9.1 x 107* | ~8.0 x 1074
11.5-12.5 | +0.007 | £9.7 x 1075 | 210701 8751074 | —9.6x 1074 | ~7.8 x 1074
125-13.5 | +0.007 | £1.1x 1074 | 210701 10 % 1073 | ~1.2x 1073 | 9.0 x 1074
13.5-14.5 | +0.008 | £1.2x 1074 | 3310701 11 % 1073 | ~1.3x 107% | ~8.9 x 107*
14.5-15.5 | +0.008 | £1.3 x 10~* | T43x1070 1 9351074 | ~1.1x 1073 | 7.9 x 107*
15.5-16.5 | +0.007 | £1.5x 1074 | T4TX1070 1 7451074 | —9.1x 107 | —5.7x 1074
16.5-17.5 | +0.007 | £1.8 x 1074 | T10X1070 1 7451074 | —8.6x 1074 | 6.2 x 1074
17.5-18.5 | +0.008 | £2.1x 1074 | 3110701 8351074 | 9.8 x 107 | 6.8 x 104
18.5-19.5 | +0.009 | £2.5 x 1074 | 3310701 6.3 107 | —6.0 x 107* | ~6.5 x 107*
19.5-20.5 | +0.008 | £3.0 x 1074 | F21<1070 1 191 % 1076 | 42,9 x 107 | ~2.7 x 107*

20.5-22.5 | +0.008 | £2.8 x 1074 | #2001 16,0 x 1075 | 421 x 1071 | —9.1 x 1075
22.5-24.5 | +0.008 | £4.2 1074 | #3201 191 %1071 | +4.8x 1071 | —6.5 x 107
24.5-27.5 | +0.009 | £5.9 5 107 | T2 190 %107 | +4.2x 1074 | 1.7 x 107
27.5-30.5 | +0.011 | £1.2x 1078 | #6207 11551074 | 435 x 1074 | —5.3 x 107

Table 10: c4{2} versus N, from Fig. 7 (d), pr > 0.1 GeV, no |An| cut; Ostar, Osyst and 6y,
denote the statistical, systematic and Monte Carlo non-closure uncertainties, respectively.
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Neh 04{2} 5stat 5syst 5nc 53CRIADNE 5%(};EPTO
1525 | +0.0022 | £1.3 x 1073 | F22<1070 1 15107 | -5.7x 1070 | ~2.4x 1074
2.5-35 | +0.0003 | £6.9 x 1074 | FT2I070 1 11,9 1074 | +9.3 x 1075 | +2.8 x 10~
3.5-4.5 | +0.0005 | £4.5x 1074 | FEA0TH 19851071 | +2.0 x 107 | +3.6 x 107
4555 | —0.0009 | £3.4 x 107 | 210701 13651071 | 429 x 1071 | +4.2 x 1074
5.5-6.5 | —0.0006 | £2.9 x 1074 | #3070 19951071 | +1.9 x 107 | +2.6 x 107
6.5-7.5 | —0.0007 | £2.6 x 104 | F12A0T0 ] 191 % 1074 | +2.0 x 107 | +2.2 x 10~
7585 | —0.0013 | £2.5x 1074 | #300070 1 190 % 1074 | 417 x 107 | +2.2 x 107
8.59.5 | —0.0009 | £2.4x 1074 | #E2A0701 190 x 1074 | 428 x 107 | +1.2 x 107
9.5-10.5 | —0.0004 | £2.5x 1074 | 20T 11356107 | +1.6 x 107 | +1.0 x 10~
10.5-11.5 | —0.0005 | £2.6 x 104 | T22X1070 | 419 % 1074 | +2.5x 1074 | +1.4 x 10~
11.5-12.5 | —0.0009 | £2.8 x 107 | 74410701 47450107 | 413 x 1074 | +1.5x 1074
12.5-13.5 | —0.0001 | £3.1 x 107 | FTOXI070 | 471851074 | 422 107 | +1.4x 1074
13.5-14.5 | —0.0010 | £3.4 x 107 | 7201070 ) 45051075 | +6.9 x 107 | +4.8 x 107
14.5-15.5 | —0.0001 | £3.9 x 107 | 7421070} 4595107 | +1.0x 107 | +1.4 x 1075
15.5-16.5 | —0.0007 | £4.5 x 104 | #2107 10,0 % 1076 | —5.2%x 107° | +5.2 x 107
16.5-17.5 | +0.0002 | £5.3 x 104 | #2710 | 10,0 x 1076 | —5.2% 107° | +5.2 x 107
17.5-18.5 | +0.0002 | £6.3 x 104 | TA2X107 | 751075 | ~1.5% 107* | —3.5 x 1076
18.5-19.5 | +0.0002 | £7.5 x 107 | THXI070) 7651075 | —85x 107 | —6.7 x 107
19.5-20.5 | —0.0010 | £0.0 x 10~ | THIXI070 ) 7651075 | —85x 107 | —6.7 x 107

20.5-22.5 | +0.0009 | £8.7 x 1074 | T1A<I070 1 0.3 x 1076 | —0.3 x 1076 | ~0.3 x 107°
22.5-24.5 | +0.0006 | £1.3 x 1073 | F22<1070 1 137 % 1071 | 454 x 107 | +2.0 x 1074
24.5-27.5 | +0.0024 | £2.0 x 1073 | F33XI070 1 137 107 | 454 x 107* | +2.0 x 1074
27.5-30.5 | +0.0039 | £4.0 x 1078 | F2TX1070 1 13751074 | 454 x 107 | +2.0 x 1074

Table 11: cy4{2y versus Ng, from Fig. 7 (d), pr > 0.1 GeV, |An| > 2; dgat, Osyst and e
denote the statistical, systematic and Monte Carlo non-closure uncertainties, respectively.
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Nen 64{2} Ostat 5syst One 5£CRIADNE 511;5 PTo
1.5-25 | +0.0012 | £3.3 x 1073 | 3310701 190 107* | —5.1x 107* | +9.1 x 1074
2.5-3.5 | —0.0002 | £1.7x 1073 | #2070 190 %1071 | ~1.0x 107 | +5.1 x 107
3.5-4.5 | —0.0015 | £1.1x 1073 | FTHA0T0 1 144 %1071 | +5.0 x 107 | +3.7 x 107
4555 | —0.0025 | 8.6 x 1074 | FEHA0TH 17951071 | 47.7x 107 | +6.7 x 107
5.5-6.5 | —0.0012 | £7.3x 1074 | #0701 190 %1071 | +7.6 x 107 | +1.0 x 1073
6.5-7.5 | —0.0026 | £6.6 x 107 | F2EI07 11 1875107 | 49.3x 1074 | +8.1 x 107
7.5-8.5 | —0.0026 | £6.3 x 107* [ 2310701 19851074 | 41.2x 1073 | +7.5x 1074
8.59.5 | —0.0020 | £6.2x 1074 | FEDA0T 111 %1073 | +1.3x 1073 | +9.1 x 10~
9.5-10.5 | —0.0012 | £6.4 x 10~ | TEI0T0 1 11,0 1073 | +1.0 x 1078 | +1.0 x 1073
10.5-11.5 | —0.0011 | £6.7 x 107 | T1X1070 1 497501074 | +1.0 x 1073 | 9.3 x 10~
11.5-12.5 | —0.0017 | £7.2 x 107 | 71310701 49051073 | +1.1x 1073 | +9.4 x 10~
12.5-13.5 | +0.0018 | £7.9 x 107 | T20<107 01 41151073 | +1.1x 1073 | +1.1 x 1073
13.5-14.5 | —0.0023 | £8.8 x 107 | 71210701 491 51074 | +6.9 x 1074 | +1.1 x 1073
14.5-15.5 | —0.0010 | £1.0 x 1073 | #1217} 465 1071 | +6.7x 107* | +6.3 x 107
15.5-16.5 | —0.0029 | £1.2 x 1073 | ¥92<1070 | 444 %107 | +3.3 % 107 | +5.5 x 107
16.5-17.5 | —0.0018 | £1.3 x 1073 | T21X1070 1 497501074 | 425 x 1074 | +2.9 x 10~
17.5-18.5 | +0.0013 | £1.6 x 1073 | *22X1070 | 491 %107 | +9.1x 1075 | +3.3 x 107*
18.5-19.5 | +0.0029 | £1.9 x 1073 | T22X1070) 41351074 | 4+32x 107 | ~7.0 x 107
19.5-20.5 | +0.0005 | £2.3 x 1073 | TLOA0T0 1 474501074 | +1.6 x 1073 | ~1.3 x 10~

20.5-22.5 | +0.0009 | £2.2 x 1073 | T12I070 1 161 % 107 | +1.5x 1078 | ~2.6 x 107
22.5-24.5 | +0.0025 | £3.3 x 1073 | F25XI070 1 114 % 1073 | 427 x 107% | 42.0 x 107
24.5-27.5 | —0.0042 | £5.0 x 1073 | FE2U070 1 183 % 107 | +1.2x 1073 | +4.6 x 10~
27.5-30.5 | +0.0070 | £9.8 x 1078 | T00XI070 1 18351074 | 41.2x 1073 | +4.6 x 1074

Table 12: c4{2y versus Ny, from Fig. 7 (d), pr > 0.5 GeV, |An| > 2; Ssat, Osyst and 6y,
denote the statistical, systematic and Monte Carlo non-closure uncertainties, respectively.
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[An| | a{2} Ostat Osyst Onc Gpe APNE Fye 1O
0-0.2 | +0.14 | £1.9 x 1074 | F30A070 1 1151072 | ~1.1x 1072 | ~1.1 x 102
0.2-0.4 | +0.10 | £2.0 x 1074 | F223070 | 791073 | ~7.0x 1073 | ~7.3 x 1073
0.4-0.6 | +0.07 | £2.1x 1074 | FLI0701 991073 | 2.7 x 1073 | =3.1x 1073
0.6-0.8 | +0.04 | £2.2x 107 | T1XI070 1 47051074 | 484 x 1074 | +5.5 x 1074
0.8-1 | +0.01 | £2.4 x 107 | F199070 | 49,0 % 1074 | +1.2x 1072 | +5.7 x 10~
1-1.2 | —0.01 | £2.5x 1074 | #2407 11751073 | 420 x 1073 | +1.3 x 1073
1214 | —0.02 | £2.7x 1074 | #2D<1070 1 1931073 | 4+2.6 x 1073 | +2.0 x 1072
14-1.6 | —0.04 | £2.9x 1074 | #29<1070 1 1371073 | +3.9 x 1073 | +3.6 x 10°
1.6-1.8 | —0.05 | £3.1x 1074 | F32<1070 1 14,6 x 1073 | +4.7 x 1073 | +4.6 x 10?
182 | —0.05 | £3.4x 1074 | F3310°0 ) 450 %1073 | +5.0 x 1073 | +5.1 x 1072
222 | —0.06 | £3.8 x 107 | 3210701 45951078 | +4.9x 107 | +5.4 x 1073
2.2-24 | —0.06 | £4.3x 1074 | #3007 15951073 | +4.9x 1073 | +5.5 x 1073
2.4-2.6 | —0.06 | £4.9x 1074 | #2207 15351073 | +5.0 x 1073 | +5.5 x 1073
2.6-2.8 | —0.06 | 5.9 107 | #2307 15551073 | +5.4x 1073 | +5.6 x 1073
283 | —0.06 | £7.3 x 1074 | ¥231070 1 4561073 | +5.5x 1073 | +5.7 x 1073
332 | —0.05 | £0.8 x 107* | 181070 45651078 | 454 % 1073 | +5.7 x 1073
3.2-3.5 | —0.05 | £1.5x 1073 | 121070 1 43651073 | +3.5x 1073 | +3.7 x 1073

Table 13: ¢ {2} versus |An| from Fig. 8 (a) and Fig. 11 (a), pr > 0.1 GeV; Ostat, Osyst and e
denote the statistical, systematic and Monte Carlo non-closure uncertainties, respectively.
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| A77| c {2} Ostat 5syst Sne é}ﬁRIADNE 5%(}:EJPTO
0-0.2 | +0.28 | £4.3x 107 | #2107 11151072 | +1.0x 1072 | +1.2 x 1072
0.2-0.4 | +0.21 | £4.6 x 107 | 3310701 11151072 | 49.7x 1073 | +1.2 x 1072
0.4-0.6 | +0.12 | £5.0 x 107 | T39X1070 1 19751073 | 48.2x 1073 | +1.1 x 1072
0.6-0.8 | +0.04 | £5.4 x 1074 | 4010701 19051073 | +6.8 x 1073 | +1.1 x 1072
0.8-1 | —0.03 | £5.8 x 107 | 381070 | 179 %1073 | +4.6 x 107% | +9.9 x 1072
1-1.2 | —0.08 | £6.2x 1074 | #3207 158 %1073 | +2.9x 1073 | +8.8 x 1073
1214 | —0.11 | £6.6 x 1074 | 3710701 139 % 1073 | +8.1x 107 | +7.0 x 1073
14-1.6 | —0.13 | £7.0 x 1074 | 30701 1451073 | +1.3x 1073 | 7.7 x 1073
1.6-1.8 | —0.14 | £7.6 x 1074 | 380701 138 % 1073 | 484 x 107 | +6.7 x 1073
1.8-2 | —0.15 | £8.4x 1074 | #2800 199 % 1073 | ~1.1x 107 | +6.0 x 107°
222 | —0.15 | £9.3 x 1074 | ¥21070 1 11351073 | ~1.8 x 1073 | +4.4 x 1073
2.2-24 | —0.15 | £1.1x 1073 | T1XI0701 179501074 | ~1.8 x 1073 | +3.4 x 1073
2426 | —0.14 | £1.2x 1073 | T12I070 1 45351071 | ~1.0x 1073 | +2.1 x 1073
2.6-2.8 | —0.13 | £1.5x 1073 | FL0070 1 11950107 | 5.0 x 107 | +7.5 x 107
283 | —0.13 | £1.9 x 1073 | *LDA0T0 1 13850107 | 427 x 1074 | +5.0 x 10~
332 | —0.12 | £2.6 x 1073 | FI3<I0T0 | 45351074 | 44.6x 1074 | 45.9 x 1074
3.2-3.5 | —0.10 | 4.0 x 1073 | TLOA0T 15350107 | 46,4 x 1074 | +4.1 x 107

Table 14: ¢ {2} versus |An| from Fig. 8 (a) and Fig. 11 (c), pr > 0.5 GeV; Ostat, Osyst and 6y,
denote the statistical, systematic and Monte Carlo non-closure uncertainties, respectively.
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| A77| o {2} Ostat 5syst One 5r11%CRIADNE 5%(}:EJPTO
0-0.2 | +0.101 | £1.9 x 1074 | A0 10% 1072 | ~1.0x 1072 | 9.8 x 1073
0.2-0.4 | +0.076 | 2.0 x 1074 | 3210701 671073 | ~7.1 x 1073 | 6.4 x 1073
0.4-0.6 | +0.057 | £2.1x 1074 | 72210701 3351073 | —3.7x 1073 | —2.9 x 107?
0.6-0.8 | +0.043 | £2.2x 107* | FEEXI0T0 1 9551078 | —2.9x 1073 | 2.0 x 1077
0.8-1 | +0.031 | £2.3 x 107 | FLOI0TH1 9151078 | 2.5 x 1073 | ~1.7 x 107?
1-1.2 | +0.024 | £2.5x 1074 | £02X1070 1 161073 | ~2.1x 107% | ~1.1 x 1073
1214 | +0.019 | £2.7 x 107 | 3210701 13501078 | ~1.8x 1078 | ~8.7x 1074
1416 | +0.015 | £2.9 x 1074 | #1107 7351074 | ~1.1x 107% | —3.5 x 10~
1.6-1.8 | +0.012 | £3.1 x 1074 | FE8x1070 1 419851075 | —2.0 x 1074 | +2.6 x 1074
1.8-2 | +0.010 | £3.4 x 107 | T9TI070 1 19851075 | 6.3 x 1070 | +1.2 x 10~
2-2.2 | +0.008 | £3.8 x 1074 | +LDA0T0 11351071 | +1.3 x 107 | +1.4 x 107
2.2-2.4 | +0.006 | £4.3 x 1074 | FEDA0T0 135 %1071 | 44.7 x 107 | +2.3 x 107
2.4-2.6 | +0.002 | £4.9 x 1074 | HLDI0T0 17351071 | +7.2x 107 | +7.4 x 107
2.6-2.8 | +0.003 | £5.9 x 1074 | 1210701 11,0 x 1073 | +1.1 x 1073 | +9.9 x 10~
2.8-3 | +0.001 | £7.3 % 107* | F12<I070 1 11551078 | 414 x 1073 | +1.6 x 1072
332 | —0.002 | £9.8 x 1074 | L0701 11851073 | 420 x 1073 | +1.6 x 1073
3.2-3.5 | —0.006 | £1.5x 1073 | F12<1070 1 11,4 %1073 | +1.5x 1073 | +1.2 x 107°

Table 15: co{2} versus |An| from Fig. 8 (b) and Fig. 12 (a), pr > 0.1 GeV; Osat, Osyst and e
denote the statistical, systematic and Monte Carlo non-closure uncertainties, respectively.

46



|An

62{2}

5stat

5syst

5110

&MHADNE
nc

LEPTO
O

0-0.2
0.2-0.4
0.4-0.6
0.6-0.8

0.8-1

1-1.2
1.2-14
1.4-1.6
1.6-1.8

1.8-2

2-2.2
2.2-24
2.4-2.6
2.6-2.8

2.8-3

3-3.2
3.2-3.5

+0.273
+0.228
+0.175
+0.128
+0.092
+0.071
+0.056
+0.046
+0.041
+0.035
+0.031
+0.026
+0.017
+0.019
+0.014
-+0.007
—0.000

+3.9 x 1074
+4.2 x 10~*
+4.6 x 10~*
+5.1 x 1074
+5.5 x 1074
+6.0 x 1074
+6.5 x 1074
+7.0 x 1074
+7.6 x 1074
+8.4 x 1074
+9.4 x 1074
+1.1 x 1073
+1.3 x 1073
+1.5 x 1073
+1.9 x 1073
+2.6 x 1073
+4.0 x 1073

+2.3%x1073
—2.3%x10—3
+1.8x1073
—2.1x10-3
+1.4%x1073
—1.7x10-3
+1.2x1073
—1.2x10-3
+8.6x10~%
—6.2x10—4
+6.4x10~%
—3.0x10—4
+7.2x107%
—4.5x10—4
+9.9x10~%
—7.9x10—4
+1.0x1073
—9.3x10—4
+1.1x1073
—1.0x10-3
+7.5%x10~%
—6.9x10—4
+7.5x10~%
—8.6x10—4
+8.9x10~4
—1.4x10-3
+9.4x10~%
—2.0x10-3
+7.4%x107%
—1.6x10-3
+1.1x10~2
—1.0x10—2
+1.1x10~2
—1.0x10—2

+1.0 x 1072
+9.2 x 1073
+7.6 x 1073
+6.7 x 1073
+6.0 x 1073
+5.7 x 1073
+5.0 x 1073
+4.9 x 1073
+4.8 x 1073
+5.0 x 1073
+5.1 x 1073
+5.0 x 1073
+4.2 x 1073
+4.0 x 1073
+3.6 x 1073
+3.4x 1073
+1.8 x 1073

+1.2 x 1072
+1.1 x 1072
+9.4 x 1073
+84 x 1073
+7.7 %1073
+7.4 %1073
+6.8 x 1073
+6.6 x 1073
+6.4 x 1073
+6.5 x 1073
+7.1x1073
+7.3 %1073
+6.5 x 1073
+6.1 x 1073
+5.2 x 1073
+4.3 x 1073
+1.9 x 1073

+8.5x 1073
+7.4 %1073
+5.8 x 1073
+5.0 x 1073
+4.3 x 1073
+3.9 x 1073
+3.1x1073
+3.2x 1073
+3.3x 1073
+3.4x 1073
+3.1x 1073
+2.7x 1073
+1.9x 1073
+1.9 x 1073
+2.0 x 1073
+2.6 x 1073
+1.6 x 1073

Table 16: cy{2} versus |An| from Fig. 8 (b) and Fig. 12 (¢), pr > 0.5 GeV; dgat, Osyst and 6y,
denote the statistical, systematic and Monte Carlo non-closure uncertainties, respectively.
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| Am 3 {2} Ostat 5syst Sne 5111%CRIADNE 51114({€JPTO
0-0.2 | +0.0477 | £1.9 x 104 | 210701 5351073 | 54 x 1073 | —5.2x 1073
0.2-0.4 | +0.0269 | £2.0 x 107 | T13x10°0 ) 97501073 | ~2.7x 1073 | ~2.6 x 1073
0.4-0.6 | +0.0155 | £2.1 x 107 | 211070} 79501075 | ~8.9x 1076 | ~1.3 x 10~
0.6-0.8 | +0.0071 | £2.2 x 107 | F22X107 ) 4195107 | +1.2x 107* | 9.4 x 107
0.8-1 | +0.0015 | £2.3 x 1074 | ¥32¥1070 1 112 % 107 | +2.1 x 107" | +3.6 x 1077
1-1.2 | —0.0009 | +2.5 x 10~* | 201070 | 42851074 | +3.3 x 1074 | +2.2 x 10~
1.2-1.4 | —0.0025 | £2.7x 1074 | 2910701 138 % 107 | +4.1x 107 | +3.4 x 10~
1.4-1.6 | —0.0029 | £2.9 x 1074 | #23x1070 1 135 1071 | 429 x 107 | +4.2 x 1074
1.6-1.8 | —0.0029 | £3.1x 1074 | F33I070 1 195 % 1074 | +1.6 x 107 | +3.4 x 10~
1.8-2 | —0.0026 | £3.4 x 107 | 74001 494501074 | +8.8 x 1076 | +4.7 x 10~
2-2.2 | —0.0027 | £3.8 x 107 | 331070 491 % 1071 | ~5.6 x 1070 | +4.7 x 1074
2.2-2.4 | —0.0029 | £4.3 x 107 | 321070} 4165107 | +7.5x 1076 | +3.2 x 10~
2.4-2.6 | —0.0024 | £4.9 x 107 | 7221070} 49551071 | +22x 1071 | +2.8 x 107
2.6-2.8 | —0.0032 | £5.9 x 107 | 231070 | 4795107 | +25x107* | +1.3 x 10~
2.8-3 | —0.0011 | £7.3 x 1074 | #2107} 495104 | +3.6 x 107* | +1.3 x 10~
3-3.2 | —0.0023 | £9.8 x 107 | TE3A0TH 1 146 % 1071 | 483 x 107 | 48.8 x 1077
3.2-3.5 | —0.0003 | £1.5 x 1073 | #5307 | 41461074 | 483 x 1074 | +8.8 x 1077

Table 17: c3(2} versus |An| from Fig. 8 (c¢), pr > 0.1 GeV; Sstat, Osyst and 6, denote

statistical, systematic and Monte Carlo non-closure uncertainties, respectively.
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[Anl | es{2) Ostat Osyst Onc Gpe APNE Sy 1O
0-0.2 | +0.137 | £4.0 x 1074 | FLDA0T0H 1761073 | +7.6 x 1073 | +7.7 x 1073
0.2-0.4 | +0.007 | £4.3x 1074 | #1070 158 %1073 | 458 x 1073 | +5.9 x 1073
0.4-0.6 | +0.057 | £4.7x 1074 | FT20070 1 133 %1073 | +3.1x 1073 | +3.6 x 1073
0.6-0.8 | +0.026 | £5.1x 1074 | FTO1070 1 117 %1073 | +1.2x 1073 | +2.2 x 1073
0.8-1 | +0.006 | £5.6x 1074 | #4071 183 %1071 | +1.2x 1074 | +1.6 x 1073
1-1.2 | —0.004 | £6.0 x 1074 | FET<I070 1 16,4 x 107 | ~1.5x 107* | +1.4 x 1072
1214 | —0.009 | £6.5 x 107 | F29X1070) 411851074 | ~44x 107* | 48.0 x 1074
1.4-1.6 | —0.009 | £7.0 x 10~ | FA0<1070 | 451 51075 | ~3.2x 107* | +4.2 x 107
1.6-1.8 | —0.011 | £7.6 x 107* | T22x1070) 40,0 x 1076 | —2.9x 107* | +2.9 x 1074
1.8-2 | —0.010 | +8.4x 107 | THOI070 1 10,0 x 1076 | —3.4x 107" | +3.4 x 107
2-2.2 | —0.009 | £9.4x 107 | £330 10,0 1076 | 3.9 x 104 | +3.9 x 10~
2.2-24 | —0.010 | £1.1x 1073 | *64<1070 1 10,0 x 1076 | ~2.5 x 107 | +2.5 x 107
2.4-2.6 | —0.006 | £1.3 x 1073 | F52<1070 1 10,0 x 1076 | —4.9 x 107% | +4.9 x 1077
2.6-2.8 | —0.009 | £1.5x 1073 | T-1I070 1 10,0 x 1070 | +0.0 x 1076 | +0.0 x 10~°
2.83 | —0.005 | £1.9 x 1073 | F&DA0T0 1 100 % 1076 | +5.0 x 1075 | —5.0 x 1077
3-3.2 | —0.008 | £2.6 x 1078 | FL2XI0701 100 % 1076 | 426 x 1074 | —2.6 x 10~
3.2-3.5 | +0.000 | +4.1x 1073 | F13<1070 1 10,0 % 1076 | 2.6 x 1074 | 2.6 x 10~

Table 18: c3{2} versus |An| from Fig. 8 (c), pr > 0.5 GeV; Ostar, Osyst and 6, denote the

statistical, systematic and Monte Carlo non-closure uncertainties, respectively.
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| A77| 4 {2} Ostat 5syst One 5r11%CRIADNE 5%(}:EJPTO
0-0.2 | +0.031 | £1.9x 1074 | *1DI0 ) 194 %107 | 42.0x 1071 | +2.8 x 1074
0.2-0.4 | +0.014 | £2.0 x 1074 | +5907 1 14751074 | +4.0x 107 | +5.3 x 1074
0.4-0.6 | +0.008 | £2.1x 1074 | #2070 157 % 1071 | +4.8 x 107 | +5.4 x 107
0.6-0.8 | +0.004 | £2.2x 1074 | +131070 1 199 %1071 | +3.1 x 107 | +2.8 x 107
0.8-1 | +0.002 | £2.3x 107 | #2207 11351071 | 421 x 1071 | +5.2 x 107
1-1.2 | +0.000 | £2.5 x 10~ | 3070 1 1191074 | 421 x 107* | +2.4 x 107
1.2-1.4 | +0.001 | £2.7 x 1074 | #2207 1 49251075 | +1.8 x 1074 | +6.2 x 107°
1.4-1.6 | +0.000 | £2.9 x 10~* | #28<1070 1 4371 51075 | +7.6 x 1075 | —1.5 x 1077
1.6-1.8 | +0.000 | £3.1 x 1074 | #3107 031076 | ~1.3% 107° | +1.2 x 107
1.8-2 | +0.000 | £3.4x 107 | T4 100 %1076 | ~1.2x 107° | +1.2x 107
2-2.2 | +0.001 | £3.8 x 1074 | FEDI0T0 1 100 %1076 | ~1.4x 1075 | +1.4 x 107
2.2-2.4 | +0.000 | £4.3 x 1074 | *21<1070 1 193 1076 | —4.5 x 107% | +6.4 x 1077
2.4-2.6 | +0.001 | £4.9 x 1074 | #2107 193 %1076 | ~8.2x 1077 | +1.0 x 10~
2.6-2.8 | —0.001 | £5.9 x 1074 | ¥32¥1070 1 193 x 1076 | ~7.7 x 107° | +9.6 x 107
2.8-3 | —0.002 | £7.3x 107* | 3010701 _03% 1076 | —3.2x 1077 | +3.1 x 1077
3-3.2 | —0.000 | £9.8 x 1074 | FATXI07 |03 %1070 | +1.8x 1075 | ~1.8 x 107
3.2-3.5 | —0.004 | £1.5x 1078 | 72910701 _03% 1076 | 0.3 x 1076 | ~0.3 x 107©

Table 19: c¢4{2} versus |An| from Fig. 8 (d), pr > 0.1 GeV; Ssat, Osyst and 6, denote the

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

50




|An| | ca{2} Ostat Osyst Onc Gpe APNE Sy 1O
0-0.2 | +0.083 [ £4.0 x 1074 | T 110 % 1072 | +1.1x 1072 | +9.6 x 1073
0.2-0.4 | +0.054 | £4.3x 1074 | FT81070 1 188 %1073 | +9.6 x 1073 | +7.9 x 1073
0.4-0.6 | +0.032 | £4.7x 1074 | #4070 163 %1073 | +7.2x 1073 | +5.5 x 1073
0.6-0.8 | +0.015 | £5.1x 1074 | #301070 1 1431073 | 453 %1073 | +3.3 x 1073
0.8-1 | +0.008 | £5.5x 1074 | #8070 1371 %1073 | 441 %1073 | +2.1 x 1073
1-1.2 | +0.002 | £6.0 x 1074 | #3107 1 195 x 1073 | +3.6 x 1073 | +1.3 x 1072
1.2-1.4 | +0.002 | £6.5 x 1074 | #33<1070 | 419251073 | +3.2x 1073 | +1.2 x 1072
1.4-1.6 | —0.000 | £7.0 x 107 | #4207 | 41951073 | +2.8 x 1072 | +9.8 x 10~
1.6-1.8 | +0.001 | £7.6 x 107* | 241070 | 41751073 | 425 % 1073 | +1.0 x 1073
1.8-2 | —0.000 | +8.4x 1074 [ 23001 1191078 | +1.8 x 1073 | +6.3 x 10~
2-2.2 | —0.001 | £9.4x 107 | FE2I0T 1 167 %1071 | +1.0 x 1073 | +3.2 x 10~
2.2-24 | +0.001 | £1.1x 1073 | ¥AO1070 1 153 %1071 | +7.8 x 107 | +2.7 x 107
2.4-2.6 | —0.001 | £1.3 x 1073 | *A1I070 1 156 x 1071 | +8.0 x 107 | +3.1 x 107
2.6-2.8 | —0.002 | £1.5x 1073 | 0207 1 154 %1074 | +9.2 x 107 | +1.6 x 10~
2.8-3 | +0.003 | £1.9 x 1073 | FT3¥I070 1 11851074 | 444 x 1074 | 8.2 % 1077
332 | —0.003 | £2.6 x 1078 | FLTXI0701 100 x 1076 | 41.7x 1074 | 1.7 x 10~
3.2-3.5 | —0.012 | £4.1x 1073 | F1I070 1 10,0 % 1076 | 4+0.0 x 1076 | 0.0 x 1076

Table 20: c4{2y versus |An| from Fig. 8 (d), pr > 0.5 GeV; Ssiar, Osyst and 6, denote the

statistical, systematic and Monte Carlo non-closure uncertainties, respectively.
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(pr) (GeV) | e1{2} Ostat Osyst Onc G PRE Gpet 10
0.1-02 | —0.01 | #8.6x 1074 | 2310701 114 %1073 | +1.2x 1073 | +1.5 x 1073
0.2-04 | —0.02 | £3.6x 1074 | #2201 194 %1073 | 425 x 1073 | +2.4 x 1073
0.4-0.6 | —0.05 | £4.1x 107 | FLOA0T0 14151078 | 441 x 1073 | +4.1 x 1072
0.6-0.8 | —0.07 | £5.4x 1074 | FLA0T 14751073 | +4.0x 1073 | +5.4 x 1073

0.8-1 | —0.10 | £7.4x 107 | F22U0701 144 %1073 | +3.0 x 1073 | +5.9 x 1073
1-1.2 | =013 | £9.9x 1074 | *#22X1070 1 195 x 1073 | +8.4 x 107* | +4.2x 1072
1214 | —0.15 | £1.3x 1073 | ¥29<1070 1 111 1073 | 6.7 x 107* | +2.8 x 107?
1416 | =017 [ £1.7x 1073 | £2X1070 1 39 5104 | 2.8 x 1073 | +2.2x 1073
1.6-1.8 | —0.18 | £2.2x 1073 | F12X10°0 1 1851073 | —5.0x 1073 | +1.3 x 1073
182 | —0.20 | 2.7 x 1073 | T1PI0T0 1 391073 | ~7.7x 107% | —5.8 x 107
222 | —022 | £34x 1073 | FL2I070 5851073 | ~1.1x 1072 | ~1.9 x 10
2224 | —0.23 | £4.1x 1078 | 2210701 7751073 | ~1.5x 1072 | ~3.7x 1074
2426 | —0.24 | £5.1x 1078 | T30 8551078 | ~1.7x 1072 | ~1.5x 1074

Table 21: c¢;{2} versus (pr) from Fig. 9 (a), 15 < N, < 30, pr > 0.1 GeV, |An| > 2; dstar,
Osyst and O, denote the statistical, systematic and Monte Carlo non-closure uncertainties,

respectively.
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(pr) (GeV) | {2} Ostat Osyst Onc G PRE Ope O
0.1-0.2 | +0.001 | £2.1 x 1074 | T84X1070 1 3551074 | —3.0x 107 | 3.9 x 1074
0.2-04 | +0.000 | £8.3 x 107° | FH1070 1 41951074 | +2.1 x 1074 | +1.7 x 107
0.4-0.6 | —0.004 | £9.1x 1075 | F2LI0T | 165 1071 | +7.2x 107 | +5.8 x 1074
0.6-0.8 | —0.010 | £1.2x 107* | F28<1070 1 119 %1073 | +1.3 x 1073 | +1.1 x 107°

0.8-1 | —0.018 | £1.7x 1074 | *EO0T0 1 114 %1073 | +1.4x 1073 | +1.4 x 1072
112 | —0.027 | £2.3 x 1074 | *E7A0T | 41151073 | +9.5x 1074 | +1.3 x 1072
12-1.4 | —0.034 | £3.1x 1074 | FET¥I070 | 455 %107 | 3.6 x 1071 | +7.3 x 1074
14-1.6 | —0.041 | £4.1x 1074 | T8I0 1 11 851071 | —4.3% 1071 | +7.9 x 107
1.6-1.8 | —0.048 | £5.3 x 1074 | T21X1070 18651074 | ~1.8x 1073 | +5.2x 107
182 | —0.055 | £6.8 x 1074 | ¥0<1070 | 1151073 | —2.2x 1073 | —5.0 x 1070
222 | —0.060 | £8.5x 107 | T 14 %1073 | —2.6x 1073 | ~1.5x 1074
2224 | —0.063 | £1.1x 1073 | 291070 18% 1073 | ~34x 1073 | ~1.6 x 1074
2426 | —0.070 | £1.3x 1073 | 20100 90 x 1073 | ~3.8x 1073 | ~1.7x 1074

Table 22: c¢;{2} versus (pr) from Fig. 9 (a), 5 < Ng, < 10, pr > 0.1 GeV, |An| > 2; Ostar,

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

respectively.
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{pr) (GeV) | 22} Ostat Osyst Onc Ope ONE Ope
0.1-0.2 | —0.002 | £8.6 x 1074 | T22X10°0 1 19551074 | —84x 107° | +5.9 x 1074
0.2-04 | —0.001 | £3.6 x 107 | F1TXI070 | 4945 1071 | 5.7 x 1070 | +4.1x 107
0.4-0.6 | +0.001 | £4.1 x 107 | F12¥I070 1 471 5 1071 | 45.6 x 107 | +8.6 x 107
0.6-0.8 | +0.005 | £5.4x 107* | F1DI0T0 1 4131073 | +1.3x 107 | +1.4 x 1072

0.8-1 | +0.010 | £7.4 x 1074 | ¥82X1070 1 199 %1073 | 424 x 1073 | +2.0 x 107
1-12 | +0.016 | £1.0 x 1073 | *20A07 | 43251073 | +4.4 %1073 | +2.0 x 1072
1214 | 40025 [ £1.3 x 1078 | 201070 | 153501073 | 47.1x 1073 | +3.6 x 1073
14-1.6 | +0.027 | £1.7x 1073 | FT2¥1070 | 1731073 | +9.6x 1073 | +4.9 x 1077
1.6-1.8 | +0.031 | £2.2x 1073 | F1OI070 ) 184 %1073 | +1.2x 1072 | +4.7 x 1077
182 | +0.040 | £2.8 x 1073 | 231070} 191 51073 | +1.4x 1072 | +4.0 x 1073
222 [ +0.053 | £3.5x 1073 | F2P<I070 1 4111 % 1072 | +1.7x 1072 | +5.8 x 107°
2224 | +0.054 | £4.2x 1073 | 2310701 41351072 | +1.9x 1072 | +7.6 x 107°
2426 | +0.062 | £5.2x 1073 | F2OI0TH 1 4151072 | +2.0 x 1072 | +9.5 x 107?

Table 23: cy{2} versus (pr) from Fig. 9 (b), 15 < N, < 30, pr > 0.1 GeV, |An| > 2; dstar,
Osyst and O, denote the statistical, systematic and Monte Carlo non-closure uncertainties,

respectively.
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(pr) (GeV)

62{2}

5stat

5syst

5110

&MHADNE
nc

LEPTO
O

0.1-0.2
0.2-0.4
0.4-0.6
0.6-0.8
0.8-1
1-1.2
1.2-14
1.4-1.6
1.6-1.8
1.8-2
2-2.2
2.2-24
2.4-2.6

—0.001
—0.001
—0.001
—0.000
+0.001
+0.002
+0.004
+0.006
+0.007
+0.011
+0.013
+0.016
+0.020

+2.1 x 1074
+8.3 x 107
+9.1 x 107°
+1.2 x 10~*
+1.9 x 10~*
+2.3 x 1074
+3.1 x 1074
+4.1 x 1074
+5.3 x 1074
+6.8 x 1074
+8.5 x 1074
+1.1 x 1073
+1.3 x 1073

+5.7x107%
—5.4x10—4
+6.3x10~%
—5.9x10—4
+5.3x10~4
—4.7x10—4
+5.4%x10~4
—5.1x10—4
+5.2x10~%
—5.1x10—4
+6.2x10~%
—6.2x10—4
+4.3x107%
—4.2x10—4
+3.1x107%
—2.2x10—4
+3.0x10~%
—2.1x10—4
+4.3x10~%
—3.8x10—4
+6.7x10~%
—6.5x10—4
+7.8x107%
—7.7x10—4
+8.4x10~%
—8.4x10—4

+5.6 x 1074
+6.0 x 1074
+6.5 x 1074
+7.0 x 1074
+8.5 x 1074
+9.2 x 1074
+1.2x 1073
+1.3x 1073
+1.8 x 1073
+2.0 x 1073
+2.3 %1073
+2.6 x 1073
+2.8 x 1073

+5.9 x 1074
+6.2 x 1074
+6.7 x 1074
+7.1x 1074
+8.6 x 1074
+9.9 x 1074
+1.3x 1073
+1.7x 1073
+2.2x 1073
+2.4 %1073
+2.8 x 1073
+3.6 x 1073
+4.3 x 1073

+5.4 x 1074
+5.8 x 1074
+6.3 x 1074
+6.9 x 1074
+84 x 1074
+8.6 x 1074
+1.0 x 1073
+1.0 x 1073
+1.3x 1073
+1.6 x 1073
+1.8 x 1073
+1.6 x 1073
+1.3x 1073

Table 24: cy{2} versus (pr) from Fig. 9 (b), 5 < N, < 10, pr > 0.1 GeV, |An| > 2; 0star,
Osyst and On. denote the statistical, systematic and Monte Carlo non-closure uncertainties,

respectively.
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{pr) (GeV) | ei{2} Ostat Osyst Onc Ope T ONE Ope
0.1-0.2 | +0.016 | £3.1x 107* | F3LI0701 6151073 | 6.7 x 1073 | —5.4 x 1073
0.2-04 | +0.024 | £1.3x 1074 | FT8070 1 48 % 1073 | 51 x 1073 | —4.5 x 1073
0.4-0.6 | +0.035 | £1.4x 1074 | #1071 166 %1075 | ~1.3x 1073 | +1.4 x 1073
0.6-0.8 | +0.038 | £1.9x 1074 | #3207 119% 1073 | +8.8x 107 | +1.6 x 1073

0.8-1 | +0.037 [ £2.5x 107 | T1OU070 1 13451073 | 425 %1073 | +4.3 x 1073
1-12 | +0.035 | £33 x 107 | T1DA0T0 1 162107 | +4.4 x 107% | +8.0 x 1073
1214 | +0.032 | £4.3 x 1074 | F1DI070 1 188 % 1073 | 4+6.0 x 1073 | +1.1 x 1072
14-1.6 | +0.020 | £5.5 x 1074 | FL20070 1 41151072 | +7.2x 1078 | +1.4 x 102
1.6-1.8 | +0.027 | £6.9 x 107 | F191070 1 41251072 | +8.1x 1073 | +1.6 x 102
182 | +0.022 | £85x 107 [ T12U070 1 1131072 | +8.8 x 1073 | +1.8 x 1072
222 | +0.018 | £1.0x 1078 | FLPAOT 11551072 | 49.7x 1073 | +2.0 x 1072
2224 | +0.014 | £1.2x 1073 | #2001 11751072 | +1.1x 1072 | +2.3 x 1072
2426 | +0.011 | £15x 1073 | F28A0T0 1 11851072 | +1.2x 1072 | +2.4 x 1072

Table 25: c{2} versus (pr) from Fig. 11 (b), 15 < N, < 30, pr > 0.1 GeV, no |An| cut;
Ostat, Osyst and 0p. denote the statistical, systematic and Monte Carlo non-closure uncertain-

ties, respectively.
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(pr) (GeV) | e2{2} Ostat Osyst Onc G PRE Gpe 1O
0.1-0.2 | +0.012 | £3.1x 107* | FLDI070 1 801073 | 8.7 x 1073 | —7.4 x 1073
0.2-04 | +0.006 | +1.2x 1074 | 9210701 591073 | ~5.9 x 1073 | —4.6 x 1073
0.4-0.6 | +0.022 | £1.4x 107 | F98I0701 961073 | —3.2x 1073 | —2.0 x 1073
0.6-0.8 | +0.049 | £1.8 x 107 | F12¥10701 971073 | 33 x 1073 | —2.1x 1073

0.8-1 | +0.079 | £2.4x 107 | 1A 44751074 | 455 x 1074 | +3.8 x 107
1-1.2 | 40107 | £3.2x 1074 | F20<1070 1 193 1073 | +2.6 x 107% | +1.9 x 1072
1214 | +0.182 | £4.1 x 1074 | #20<1070 | 45451073 | +5.9 x 1073 | +4.8 x 1072
1.4-1.6 | +0.154 | £5.1 x 1074 | ¥20<1070 | 419151073 | +9.9 x 1073 | +8.3 x 1072
1.6-1.8 | +0.173 | £6.3 x 107 | F2DI070 | 11301072 | 414 x 1072 | +1.2 x 1072
182 | +0.192 | £7.8 x 107 | 2240701 11,6 x 1072 | +1.7 x 1072 | +1.5 x 1072
222 | +0.208 | £9.4x 1074 | F2U0T 11951072 | 421 %1072 | +1.8 x 1072
2224 | +0.221 | £1.1x 1073 | ¥200070 1 199 %1072 | +24x 1072 | +2.1 x 102
2426 | +0.235 | £1.3x 1073 | FEPI0T0 1 124 %1072 | 425 x 1072 | +2.2 x 1072

Table 26: cof2} versus (pr) from Fig. 12 (b), 15 < Ny, < 30, pr > 0.1 GeV, no |An| cut;
Ostats Osyst and 0,. denote the statistical, systematic and Monte Carlo non-closure uncertain-

ties, respectively.
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