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Abstract

A combination is presented of all inclusive deep inelastic cross sectionmpsey pub-
lished by the H1 and ZEUS collaborations at HERA for neutral and cldacgerente®™p
scattering for zero beam polarisation. The data were taken at protom &eergies of
920, 820, 575 and 460 GeV and an electron beam energy of 27.5 Ge\Wddta corre-
spond to an integrated luminosity of about 1¥and span six orders of magnitude in
negative four-momentum-transfer squar€f, and Bjorkenx. The correlations of the
systematic uncertainties were evaluated and taken into account for the etioinThe
combined cross sections were input to QCD analyses at leading orgetpreading or-
der and at next-to-next-to-leading order, providing a new set of patlitribution func-
tions, called HERAPDF2.0. In addition to the experimental uncertainties, naodepa-
rameterisation uncertainties were assessed for these parton distributtiorfan Vari-
ants of HERAPDF2.0 with an alternative gluon parameterisation, HERAPB&,.aGnd
using fixed-flavour-number schemes, HERAPDF2.0FF, are preseiiteel analysis was
extended by including HERA data on charm and jet production, resultingeinvani-
ant HERAPDF2.0Jets. The inclusion of jet-production cross sections mai@ulta-
neous determination of these parton distributions and the strong couplistaobmpos-
sible, resulting inas(Mg) = 0.1183+ 0.0009(exp)+ 0.0005(modelparameterisation}

0.0012(hadronisation§S%5]scale). An extraction okF}” and results on electroweak uni-
fication and scaling violations are also presented.
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1 Introduction

Deep inelastic scattering (DIS) of electrérmn protons at centre-of-mass energies of up to
v/s =~ 320 GeV at HERA has been central to the exploration of protarcstre and quark—
gluon dynamics as described by perturbative Quantum Chroynaiics (pQCD)]]. The two
collaborations, H1 and ZEUS, have explored a large phasespdjorkenx, xg;, and negative
four-momentum-transfer square@?. Cross sections for neutral current (NC) interactions have
been published for.045 < Q> < 50000 GeV and 6- 107" < xg < 0.65 at values of the
inelasticity,y = Q?/(sxg;), between @05 and M5. Cross sections for charged current (CC)
interactions have been published for 200Q? < 50000 GeV and 13- 102 < xg < 0.40 at

values ofy between 37 and 076.

HERA was operated in two phases: HERAI, from 1992 to 2000, anBAlE, from 2002
to 2007. From 1994 onwards, and for all data used here, HERAatgzk with an electron
beam energy oE. ~ 27.5 GeV. For most of HERA| and Il, the proton beam energy \Egs-
920 GeV, resulting in the highest centre-of-mass energy®# 320 GeV. During the HERA |
period, each experiment collected about 100t mif " p and 15 pb! of " pdata. These HERA |
data were the basis of a combination and pQCD analysis pebligteviously 2]. During the
HERA Il period, each experiment added about 150 €' p and 235 pb! of e p data. As a
result, the H1 and ZEUS collaborations collected totalgraged luminosities of approximately
500 pb! each, divided about equally betweep ande™ p scattering. The paper presented here
is based on the combination of all published B2]0] and ZEUS [L1-24] measurements from
both HERA and Il on inclusive DIS in NC and CC reactions. Thisludles data taken with
proton beam energies &, = 920, 820, 575 and 460 GeV correspondingyts~ 320, 300, 251
and 225 GeV. During the HERA Il period, the electron beam wagitodinally polarised. The
data considered in this paper are cross sections correcretd beam polarisation as published
by the collaborations.

The combination of the data and the pQCD analysis were peedmsing the packages
HERAverager 5] and HERAFitter P6,27]. The method3$,28] also allowed a model-independent
demonstration of the consistency of the data. The corgiatstematic uncertainties and global
normalisations were treated such that one coherent dateasatbtained. Since H1 and ZEUS
employed diferent experimental techniques, usinfietient detectors and methods of kinematic
reconstruction, the combination also led to a significargijuced systematic uncertainty.

Within the framework of pQCD, the proton is described in teofyarton density functions,
f(x), which provide the probability to find a parton, either gtuar quark, with a fractiorx of
the proton’s momentum. This probability is predicted to elegp on the scale at which the
proton is probed, called the factorisation scafe,which for inclusive DIS is usually taken as
Q?. These functions are usually presented as parton momernsiribgtions, xf(x), and are
called parton distribution functions (PDFs). The PDFs arsvoluted with the fundamental
point-like scattering cross sections for partons to caleutross sections. Perturbative QCD
provides the framework to evolve the PDFs to other scales tmey are provided at a starting
scale. However, pQCD does not predict the PDFs at the statelg. They must be determined
by fits to data using ad hoc parameterisations.

The name HERAPDF stands for a pQCD analysis within the DGL2@>33] formalism.
The Xg; andQ? dependences of the NC and CC DIS cross sections from both ta@tHZEUS

n this paper, the word “electron” refers to both electromg positrons, unless otherwise stated.
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collaborations are used to determine sets of quark and ghmmentum distributions in the
proton. The set of PDFs denoted as HERAPDF2]Onas based on the combination of all
inclusive DIS scattering cross sections obtained from HER&ta. A preliminary set of PDFs,
HERAPDFL1.5 B4], was obtained using HERA| and selected HERAl data, some a€hvh
were still preliminary. In this paper, a new set of PDFs, HER&R.O, is presented, based on
combined inclusive DIS cross sections from all of HERA | andRA81.

Several groups, JR3p], MSTW/MMHT [36,37], CTEQCT [38,39], ABM [40-42] and
NNPDF [43,44], provide PDF sets using HERA, fixed-target and hadron-detlidata. The
strength of the HERAPDF approach is that a single coherehtigcision data set containing
NC and CC cross sections is used as input. The new combinedstddor the HERAPDF2.0
analysis span four orders of magnitude@4 and xg;. The availability of precision NC and
CC cross sections over this large phase space allows HERAPO$etonlyep scattering data
and thus makes HERAPDF independent of any heavy nuclear (oeriigm) corrections. The
difference between the N€ p ande p cross sections at hig?, together with the higtG?
CC data, constrain the valence-quark distributions. TheeQ&€data especially constrain the
valence down-quark distribution in the proton without asBlwg strong isospin symmetry as
done in the analysis of deuterium data. The lo@8rNC data constrain the low-sea-quark
distributions and through their precisely measu@dvariations they also constrain the gluon
distribution. A further constraint on the gluon distritarticomes from the inclusion of NC data
at different beam energies such that the longitudinal structuretifun is probed through the
dependence of the cross sectiofs] |

The consistency of the input data allowed the determinaifdhe experimental uncertain-
ties of the HERAPDF2.0 parton distributions using rigorotagistical methods. The uncertain-
ties resulting from model assumptions and from the choidb@parameterisation of the PDFs
were considered separately.

Both H1 and ZEUS also published charm production cross sesteome of which were
combined and analysed previoustg], and jet production cross section&/f51]. These data
were included to obtain the variant HERAPDF2.0Jets. Theusich of jet cross sections al-
lowed for a simultaneous determination of the PDFs and tieagtcoupling constant.

The paper is structured as follows. Sectigives an introduction to the connection between
cross sections and the partonic structure of the protortidde®introduces the data used in the
analyses presented here. Sectatescribes the combination of data while Sectgoresents
the results of the combination. Secti6describes the pQCD analysis to extract PDFs from the
combined inclusive cross sections. The PDF set HERAPDF2itswwariants are presented in
Section?. In Section8, results on electroweak unification as well as scaling timtes and the
extraction ofogZ are presented. The paper closes with a summary.

2 Cross sections and parton distributions

The reduced NC deep inelasttp scattering cross sections are given by a linear combination
of generalised structure functions. For unpolarisgg scattering, reduced cross sections after
correction for QED radiativeftects may be expressed in terms of structure functions as

. dZO'Etg Q4XBj ~ Y. =~ yz ~
Orne = dedez ’ 2102y, =F27F Y_+XF3 - Y_+FL ) (1)
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where the fine-structure constant, which is defined at zero momentum transfer, the photon
propagator and a helicity factor are absorbed in the defimstofo . andY. = 1+(1-y)?. The
overall structure functionss,, Fi andxFs, are sums of structure functiorSx, F}* andFZ,
relating to photon exchange, phot@hinterference and exchange, respectively, and depend
on the electroweak parameters &ag|[

F, = Fp— kzle- ng + k52 +ad) - F5,
IEL = FL —kzve- FZZ + K%(Ug + aﬁ) -FZ,
XF3 = —kz8e- XFJ° + k% - 20e8e - XF5 2)

whereve anda, are the vector and axial-vector weak couplings of the edecto theZ boson,
andkz(Q%) = Q%/[(Q? + M2)(4sirf 6y cog 6w)]. In the analysis presented here, electroweak
effects were treated at leading order. The values Sfgjn= 0.23127 and\Vl; = 911876 GeV
were used for the electroweak mixing angle andZHsson massjZ].

Atlow @2, i.e. Q?> < M2, the contribution ofZ exchange is negligible and

y2
ofye=F2— =—F_. 3
r,NC 2 Y+ L ( )
The contribution of the term containing the longitudinalisture functior, is only significant
for values ofy larger than approximately 0.5.

In the analysis presented in this paper, the full formulap@E€D at the relevant order in
the strong couplinges, are used. However, to demonstrate the sensitivity of tha, dais
useful to discuss the simplified equations of the Quark Radvtodel (QPM), where gluons are
not present ané, = 0 [53]. In the QPM, the kinematic variabbes; is equal to the fractional
momentum of the struck quark, The structure functions in Eg.become

X

[(€, 26,04, 07 + 82)(XU + XU) + (€4, 26404, 07 + a3)(XD + xD)] ,
2[(€y8u, vy8,)(XU — XU) + (eya, vaag)(xD — xD)] , (4)

whereeg, andey denote the electric charge of up- and down-type quarksewfdlanda,y4 are

the vector and axial-vector weak couplings of the up- andrdxype quarks to th& boson. The
termsxU, xD, xU andxD denote the sums of parton distributions for up-type and dtype
guarks and anti-quarks, respectively. Below Ibhguark mass threshold, these sums are related
to the quark distributions as follows

(F2, F)%, F2)
(XF1%, xFZ)

X

xU=xu+xc, xU=xtu+xc, xD=xd+xs, XD =xd+ xS, (5)

wherexs andxc are the strange- and charm-quark distributions. Assunmyngreetry between
the quarks and anti-quarks in the sea, the valence-quarkditons can be expressed as

xu, = XU — XU, xd, = XD = xD. (6)

It follows from Eq. 1 that the structure functiorF3 can be determined from theftiirence
between thet p ande p reduced cross sections:

\&

XF3 =
T2V

(U'r_,NC - O':,Nc)- (7)



Equations2, 4 and6 demonstrate that in the QPMF; is directly related to the valence-
quark distributions. In the HERA kinematic range, its domin@ontribution is from the photon—
Z exchange interference and the simple relation

XFIZ ~ %((ZUU +d,) ®)

emerges. The measuremen'o«EfgZ therefore provides access to the lowdsehaviour of the
valence-quark distribution, under the assumption thatgseak and anti-quark distributions are
the same.

The reduced cross sections for inclusive unpolarisedscattering are defined as

. 27TXBJ'
Orcc = G2
F

M2, + er PolP o
M2, | dxgdQ* "

The values o5 = 1.16638x 10°° GeV? andMy, = 80.385 GeV p2] were used for the Fermi
constant andV-boson mass. In analogy to ELj.CC structure functions are defined such that
Y, Y y?

W . (20)
In the QPM, W7 = 0 andW;, XW; represent sums andffirences of quark and anti-quark
distributions, depending on the charge of the lepton beam:

Wi ~ xU + xD, XW; ~ xD - xU , W, ~ xU + xD, XW; ~ xU —xD. (11)
From these equations, it follows that
Tlee® (XU + (1-y)*xD), o7 cc~ (XU + (1-y)*xD). (12)

The combination of NC and CC measurements makes it possildetésmine both the com-
bined sea-quark distributionslJ andxD, and the valence-quark distributionsi, andxd,.

The relations within the QPM illustrate in a simple way whadta contribute which infor-
mation. However, the parton distributions are determined fit to thexs; andQ* dependence
of the new combined data using the linear DGLAP equati@¥33] at leading order (LO),
next-to-leading order (NLO) and next-to-next-to-leadorgler (NNLO) in pQCD. These are
convoluted with cofficient functions (matrix elements) at the appropriate of8é)55]. Al-
ready at LO, the gluon PDF enters the equations giving ridegarithmic scaling violations
which make the parton distributions depend on the scaleegbtbcess. This factorisation scale,
u?, is taken a)? and the experimentally measured scaling violations deterthe gluon dis-
tributior?.

2The definition of what is meant by LO canfldir; it can be taken to mea®(1) in as, or it can be taken to
mean the first non-zero order. For example, the longituditiatture functiorf_ is zero atO(1) such that its first
non-zero order i®)(as). This is what is meant by LO here unless otherwise stateghétiorders follow suit such
that at NLO,F, has coéicient functions calculated up ®(«s), wheread-| has coéicient functions calculated
up toO(a?).




3 Measurements

3.1 Detectors

The H1 p6-58] and ZEUS p9-62] detectors were both multi-purpose detectors with an almos
47 hermetic coverage They were built following similar physics consideratidng the collab-
orations opted for dierent technical solutions resulting in slightlyfférent capabilitiesd3].
The discussion here focuses on general ideas; details abtieruction and performance are
not discussed.

In both detectors, the calorimeters had an inner part to uneadectromagnetic energy and
identify electrons and an outer, less-segmented, part &sune hadronic energy and determine
missing energy. Both main calorimeters were divided intaddaand forward sections. The
H1 collaboration chose a liquid-argon calorimeter while ZEUS collaboration opted for a
uranium-scintillator device. These choices are somewhaptementary. The liquid-argon
technology allowed a finer segmentation and thus the ideatin of electrons down to lower
energies. The uranium-scintillator calorimeter was msically “compensating” making jet
studies easier. In the backward region, ZEUS also opted fmaaium-scintillator device.
The H1 collaboration chose a lead-scintillating fibre ocatled “spaghetti” calorimeter. The
backward region is particularly important to identify elens in events witlQ? < 100 Ge\~.

Both detectors were operated with a solenoidal magnetic fidld field strength was16 T
and 143 T within the tracking volumes of the H1 and ZEUS detectmgspectively. The main
tracking devices were in both cases cylindrical drift chamsbThe H1 device consisted of two
concentric drift chambers while ZEUS featured one largerdter. Both tracking systems were
augmented with special devices in the forward and backwegibn. Over time, both collabo-
rations upgraded their tracking systems by installingaili microvertex detectors to enhance
the capability to identify events with heavy-quark prodoct In the backward direction, the
vertex detectors were also important to identify the etewtrin low-Q? events.

During the HERA| running period, special devices to measug Wackward electrons
were operated and events with very |Q% were reconstructed. This became impossible after
the luminosity upgrade for HERA Il due to the placement of fiftlus magnets further inside
the detectors. This also required some significant changbesth main detectors. Detector
elements had to be retracted, and as a result the acceptamimeviQ? events in the main
detectors was reduced.

Both experiments measured the luminosity using the BethdleHegeactionep — eyp.
In HERAI, H1 and ZEUS both had photon taggers positioned abh00im down the electron
beam line. For the higher luminosity of the HERA Il period, oétl [8,64,65] and ZEUS p6—
68] had to upgrade their luminosity detectors and analysihods. The uncertainties on the
integrated luminosities were typically about 2 %.

3Both experiments used a right-handed Cartesian coordgyatem, with theZ axis pointing in the proton
beam direction, referred to as the “forward direction”, #melX axis pointing towards the centre of HERA. The
coordinate origins were at the nominal interaction poifitee polar angled, was measured with respect to the
proton beam direction.



3.2 Reconstruction of kinematics

The usage of dierent reconstruction techniques, due tfiadences in the strengths of the de-
tector components of the two experiments, contributesdaetduction of systematic uncertain-
ties when combining data sets. The choice of the most apptegtinematic reconstruction
method for a given phase-space region and experiment isl lmeseesolution, possible biases
of the measurements anéfexts due to initial- or final-state radiation. Thedfdrent methods
are described in the following.

The deep inelastiep scattering cross sections of the inclusive neutral andgethcurrent
reactions depend on the centre-of-mass eneygyand on the two kinematic variabl€¥ and
Xgj. The variablexg; is related toy, Q* and s through the relationshipg; = Q?/(sy). The
HERA collider experiments were able to determine the NC ekr@matics from the scattered
electron.g, or from the hadronic final stath, or from a combination of the two.

The “electron method” was applied to NC scattering eventsvtach the quantitiey and
Q? were calculated using only the variables measured for thiesed electron:

Ze , Pl Q2
Ye=1-=—, Q=7—", Xe=—, (13)
¢ 2E, ¢ 1-ye e
whereX, = E/(1 — cosbe), E, is the energy of the scattered electr@nis its angle with respect
to the proton beam, aré . is its transverse momentum.

The “hadron method” was applied to CC scattering events. Eleenstruction of the
hadronic final staté allowed the usage of similar relatior&d:

= Zh Q2: P'2|',h Xh:gﬁ
2E, ’ Ty syn

whereX, = (E-P2)n = X (Ei — pzi) is the hadroni&—P; variable with the sum extending over
the energiesk;, and the longitudinal components of the momentym, of the reconstructed
hadronic final-state particles, The quantityPrp = |Zi pT,i| is the total transverse momentum
of the hadronic final state witpr; being the transverse-momentum vector of the particke
hadronic scattering anglé,, was defined as

Yn (14)

6h Zh
tan— = —. 15
an- P (15)
In the framework of the QPMj, corresponds to the direction of the struck quark.
In the “sigma method”7(], the totalE — P, variable,
E - Pz = E((1-coste) + ) (Ei— pz;) = Ze + Zn, (16)
i

was introduced. For events without initial- or final-stad€éintion, the relatioe — P; = 2E,
holds. Thus, Egsl3and14 become

2 2
P e

2
= , Xy = .
& 1-ys - s

= 17
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An extension of the sigma metho@ 4] introduced the variables

R
2Ep(E — Pz)yz 2Ep2h '

Y = ys Q% =0Q . X (18)
This method allowed radiation at the lepton vertex to berakéo account by replacing the
electron beam energy in the calculationxgfin a way similar to its replacement in the calcula-
tion of ys.

In the hybrid “e—sigma method5[12,70], Q2 and x; are used to reconstruct the event
kinematics as

Q  2E
sxs, E-P

Yz = Z!/E, QgZ:Qg7 Xeg = X3 (19)

The “double-angle method7[L,72] is used to reconstru&? and xg; from the electron and
hadronic scattering angles as

 tan@/2) » o2 COLE/2) _ Qb
S a2+ a2’ T mn e N yon OO

YDA

This method is largely insensitive to hadronisatidfeets. To first order, it is also indepen-
dent of the detector energy scales. However, the hadrogie aexperimentally not as well
determined as the electron angle due to particle loss ingambipe.

In the “PT method” of reconstructiorv§], the well-measured electron variables are used
to obtain a good event-by-event estimate of the loss of macienergy by employinger =
Prn/Pre. This improves both the resolution and uncertainties orrésenstructed and Q2.
The PT method uses all measured variables to optimise tbkities over the entire kinematic
range measured. A variabdgr is introduced as

C(6h, Prp, 0p7) - Zh
Xe + C(6h, Prh, 6p7) - Zh

6 h)
tan P = =P ’
2 " Pre

where Xpr = 2E. (21)
The variablegpr is then substituted faf;, in the formulae for the double-angle method to deter-
mine Xg;, y andQ?. The detector-specific functiof, is calculated using Monte Carlo simula-
tions aXiyen/Zh, depending o, Pty anddpr.

3.3 Inclusive data samples

A summary of the 41 data sets used in the combination is preden Tablel. From 1994
onwards, HERA was operated with an electron beam enerdy, ot 27.5GeV. In the first
years, until 1997, the proton beam eneifgy, was set to 820 GeV. In 1998, it was increased to
920 GeV. In 2007, it was lowered to 575 GeV and 460 GeV. Theesfar the centre-of-mass
energies given in Tabl& are those for which the cross sections are quoted in theidthdil
publications. The two collaborations did not always chathgesame reference values fgfs

for the sameE,. The methods of reconstruction used by H1 and ZEUS for thigihubl data
sets are also given in the table. The integrated lumingditiea given period as provided by the
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collaborations can be fierent. One reason is the fact that H1 quotes luminositiethéodata
within the Z-vertex acceptance and ZEUS luminosities are given withaytacceptance cut.

The very lowQ? region is covered by data from both experiments taken duhiediERA |
period. The lowestQ)? > 0.045 GeVf, data come from measurements with the ZEUS detector
using special tagging devices. They are named ZEUS BPT ireTaRluring the course of this
analysis, it was discovered that in the HERA | analy&]syalues given foiF, were erroneously
treated as reduced cross sections. This was correctedef@nilysis presented in this paper.
All other individual data sets from HERA | were used in the nenbdination exactly as in the
previously published combinatio&]f

The Q? range from @ Ge\? to 1.5 Ge\? was covered using special HERA | runs, in which
the interaction vertex position was shifted forward, bmggbackward scattered electrons with
small scattering angles into the acceptance of the desef&dB,74]. The lowestQ? values for
these shifted-vertex data were reached using events irhvithécelectron energy was reduced
by initial-state radiationd].

The Q? > 1.5 Ge\? range was covered by HERA | and HERA |l data in various configura-
tions. The high-statistics HERA Il data sets increase theracy at highQ?, particularly for
€ p scattering, for which the integrated luminosity for HERA Iswzery limited.

The 2007 running periods with lowered proton energées(,24] were included in the com-
bination and provide data with reducefs andQ? up to 800 GeY. These data were originally
taken to measurg, .

3.4 Data on charm, beauty and jet production

The QCD analyses presented in Secttbalso used selected results on heavy-quark and jet
production.

The charm production cross sections were taken from a @ildic[46] in which data from
nine data sets published by H1 and ZEUS, covering both the HERAd Il periods, were
combined. The beauty production cross sections were takemtivo publications, one from
ZEUS [75] and one from H1T6]. The heavy-quark events form small subsets of the inatusiv
data. Correlations between the charm and the inclusive datsnaall and were not taken into
account.

The data on jet production cross sections were taken froectsel publications: ZEUS
inclusive-jet production data from HERA4Y], ZEUS dijet production data from HERA 14j],
H1 inclusive-jet production data at 10@? [49] and highQ? from HERA | [50] and HERA |1 [51].
The HERA Il H1 publication provides inclusive-jet, dijet atrget cross sections normalised to
the inclusive NC DIS cross sections in the respec@faange. This largely reduces the cor-
relations with the H1 inclusive DIS reduced cross sectioffse HERA | H1 highQ? jet data
are similarly normalised. The other ZEUS and H1 jet data astssmall subsamples of the
respective inclusive sample; correlations are small aadhars ignored.

For the heavy-quark and jet data sets used, the statistiwabrrelated systematic and cor-
related systematic uncertainties were used as published.
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4 Combination of the inclusive cross sections

In order to combine the published cross sections from theada sets listed in Tablg, they
were translated onto common grids and averaged.

4.1 Common vysvalues, common Xg;j, Q%) grids and translation of data

The data were taken with seveig] values and the doublefiigrential cross sections were pub-
lished by the two experiments forftérent reference/sand g;, Q?) grids. In order to average
a set of data points, the points had to be translated to comi®g, values and common
(Xgj grid» Qérid) grids. The following choices were made.

Three common centre-of-mass value&.omi, were chosen to combine data onto two com-
mon grids:

Ep = 920GeV— Vsom1 = 318GeV— grid 1 ,
Ep, =820GeV— VSom1 = 318GeV— grid 1 ,
Ep = 575GeV— Vsomz = 251 GeV— grid 2,
Ep, = 460 GeV— VSeomz = 225 GeV— grid 2 .

Exceptions were made for data wiy = 820 GeV and, > 0.35. These cross sections were not
translated toy/s.omz1, but were kept separately in grid 1 in order to retain thalependence.

The two grids have a fferent structure ig such that the corrections due to translation were
minimised. The grids are depicted in Figure For a given data point with/S;om1, the grid
point was in general chosen to be closesRfrand then inxg;. However, for some data points,
the grid point closest ip was chosen. This occurs for data sets marked #itin*#-° in Table1.
The markers indicate that it happens foriabr y > 0.5, respectively. For a given data point at
VSeomz OF VSom3, the grid point closest iQ? and then closest inwas always chosen.

In most of the phase space, separate measurements fronmbedsta set were not trans-
lated to the same grid point. Only 9 out of 1307 grid pointsuacaglated two and in one case
three points from the same data set. Up to 10 data sets walaldedor a given process. The
vast majority of grid points accumulated data from both Hd ZBUS measurements; the typi-
cal case is six measurements from siffetient data sets. However, 22 % of all grid points have
only one measurement, predominantly at IQ¢v For Q? above 3.5 Ge¥, only 13 % of the grid
points have only one measurement.

For the translation of the cross-section values, predistifor the ratios of the double-
differential cross section at theg(, Q%) and +/s where the measurements took place, and the
(Xgj,grid> Qgrid) to which they were translated, were needed. These preds;iTyq, were ob-
tained from the data themselves by performing fits to the datiag the HERAFitter 6,27]
tool. ForQ? > 3Ge\#, a next-to-leading-order QCD fit using the DGLAP formalismsvizer-
formed'. In addition, a fit using the fractal mod¢B,77] was performed fo)?> < 4.9 Ge\~. For

4As a cross check, predictions using HERAPDF1.0 were use€dds The induced changes were negligible.
®The ansatz of the fractal model is based on the self-similar properitiess; and Q? of the proton structure
function at lowxg;. They are represented by two continuous, variable andletgtefractal dimensions.
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Q? < 3Ge\A, thefit to the fractal model was used obtain factord gigem. ForQ? > 4.9 Ge\?,
the QCD fit was used to providByigocp- For 3< Q? < 4.9 Ge\?, the factors were averaged
asTgid = Tgriarm(1 — (Q% — 3)/1.9) + Tgriaocn(Q* — 3)/1.9 whereQ? is in Ge\2. The upper
edge of the application of the fractal fit was varied betwe@e8? and 5 GeV; the dfect was
negligible.

4.2 Averaging cross sections

The original double-dferential cross-section measurements were published kéthgtatisti-
cal and systematic uncertainties. The systematic unoé@gsiwere classified as either point-
to-point correlated or point-to-point uncorrelated. Facle data set, all uncorrelated systematic
uncertainties were added in quadrature before averagingel@ted systematic uncertainties
were kept separately. Some of the systematic uncertawges originally reported as asym-
metric. They were symmetrised by the collaborations bedotering the averaging procedure.

The averaging of the data points was performed using the HER®er 25| tool which
is based on g2 minimisation methodd]. This method imposes that there is one and only
one correct value for the cross section of each process atpesct of the phase space. These
values are estimated by optimising a vectorwhich is the result of the averaging for the cross
sections. Theg? definition used takes into account the correlated and ueleded systematic
uncertainties of the H1 and ZEUS cross-section measursmentallows for shifts of the data
to accommodate the correlated uncertainties. For a siragéestds, they? is defined as

[mi Y ,yij,dsmi b; _lui,ds]z

ds b
ngpds(m’b):Z+Z:Zéz i.ds

i.dsstatt’ (ml - Zj )/ij’dsmi bl) + (5i,d3,uncormi)

. +Zb.2, (22)
j

where"% is the measured value at the poirﬂndyij’ds, Ji.dsstat aNd di gsuncor are the relative
correlated systematic, relative statistical and relativeorrelated systematic uncertainties, re-
spectively. For the reduced cross-section measuremeiits= o+, i runs over all points
on the gjgrid- Qérid) plane for which a measurement existsdi® The componentb; of the
vectorb represent correlated shifts of the cross sections in uhggyma of the respective cor-
related systematic uncertainties; the summations pwxtend over all correlated systematic

uncertainties.

The leading systematic uncertainties on the cross-sesteasurements used for the com-
bination arose from the uncertainties on the acceptanceamns and luminosity determina-
tions. Thus, both the correlated and uncorrelated systematertainties are multiplicative
in nature, i.e. they increase proportionally to the centedlies. In Eq.22, the multiplica-
tive nature of these uncertainties is taken into account bitiplying the relative errors/'j’ds
and §; gsuncor DY the estimaten’. The denominator in the first right-hand-side term in EQ.
contains an estimate of the squared statistical unceytainthe cross-section measurement,

DT (1 yij’dsmi b;), which is assumédto scale with the expected number of events

6A cross check was performed using the colour dipole motglds implemented in HERAFitter. The results
did not change significantly.

’For the DIS cross-section measurements, the backgrourtdhbdions were small and thus it is justified to
take the square root of the number of events as the statisticartainty.
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in bin i, as calculated fronm!. Corrections due to the shifts to accommodate the correlated
systematic uncertainties are introduced through the Errﬂ’dsm‘ b;.

For several data sets, a tot&lfunction is defined as

b

ds
Y= 2,040, (23)

i j

with Z?’S and ZE’ as introduced for a single measurement in £2). The totaly? function in
Eg. 23 can be approximated by

. L .12
m -3 y'mbl —u'
PR S e 1 i Sl I P
TR 02gqett (M = 2 ¥im;) + (iumcor )™

wherey? . is the minimum ofy2;, Ny is the number of combined measurementsis the
average value at poimt andy'j, di.stat aNd &j uncor Are its relative correlated systematic, relative
statistical and relative uncorrelated systematic unceits, respectively. To determine the av-
erage of the data as defined in B4, an iterative procedure is used. For the first iteration, for
all terms in Eqs22 and 24 related to uncertainties or correlated shifts of the ddia,expec-
tation valuesm are replaced by"** and the term}; »,mb’ is set to zero for the calculation
of the statistical uncertainty The average valugs and systematic shift; are determined
analytically from a system of linear equatiofg2,/om = 0 anddy?2,/db; = 0. For the next
iterations, the average valugsfrom the previous iteration are used he procedure converges
after two iterations. The shifts;, also called nuisance parameters, are related to the afigin
shiftsb; through an orthogonal transformation which is also usedetermineyij [2].

The ratio ofy2. and the number of degrees of freedop, /d.of., is a measure of the
consistency of the data sets. The numberfdis the diference between the total number of
measurements and the number of averaged pbigts

Some systematic uncertaint'rg‘rs which were treated as having point-to-point correlatjons
may be common for several data sets. A full table of the catigrs of the systematic uncer-
tainties across the data sets can be found elsewigfeThe systematic uncertainties were in
general treated as independent between H1 and ZEUS. Hqveeveverall normalisation un-
certainty of 05%, due to uncertainties on higher-order corrections tBitie—Heitler cross-
section calculations, was assumed for all data sets which n@malised with data from the
luminosity monitors.

All the NC and CC cross-section data from H1 and ZEUS are coeabin one simulta-
neous minimisation. Therefore, the resulting shifts of ¢berelated systematic uncertainties
propagate coherently to both NC and CC data. Even in case®\liee are data only from a
single data set, the procedure can still produce shifts repect to the original measurement
due to the correlation of systematic uncertainties.

8For the first iteration, terms are modified a’;“Sm’ N y‘j’dsu‘*ds, SidsuncorM = Sidsuncori" and

024 stac" S (M = X v miby) — (81 asstarts %), respectively. |
9For subsequent iterations, terms are modifiedyff§m‘ - y'j’dslu', SidsuncorM = Gidsuncork and

o g o ar _
82 45 gt (m' - %y %m bj) — 2 4 gkt (,u' - X% bj), respectively.
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4.3 Combination procedure

The combination procedure is iterative. Each iterationthassteps:

1. the data are translated to the commgs,m values andXg; gria, Qgrid) grids as described
in Sectiord.1;

2. the data are averaged as described in Sedtidn

In the first iteration, the fits to provide the predictions aee for the translation were per-
formed on the uncombined data. Starting with the secondtiter, the fits were performed on
combined data. The process was stopped after the thirdigiera\n investigation showed that
further iterations did not induce significant changes inrdsailting averaged cross sections.

4.4 Consistency of the data

The 2927 published cross sections were combined to beco@é d@nbined cross-section
measurements. For the resulting 1620 degrees of freeda), & 1687 was obtained. For
data points contributing to point on the g gria, Q%,), pulls p* were defined as

ik _ Pl =g (1 -2 yij’kb])

e

whereA;x andA; are the statistical and uncorrelated systematic uncégaiadded in quadra-
ture for the pointk and the average, respectively. The pull distribution far different data
sets is shown Fig2. The RMS values of these distributions are close to unitycatthg good
consistency of all data.

p ; (25)

4.5 Procedural uncertainties

Procedural uncertainties are introduced by the choiceerfaadhe combination. Three kinds
of such uncertainties were considered.

4.5.1 Multiplicative versus additive treatment of systemat uncertainties

The y? definition from Eq.22 treats all systematic uncertainties as multiplicative, their size

is expected to be proportional to the “true” values While this is a good assumption for
normalisation uncertainties, this might not be the casefioer uncertainties. Therefore an al-
ternative combination was performed, in which only the nalisation uncertainties were taken
as multiplicative, while all other uncertainties were tezhas additive. The fierences between
this alternative combination and the nominal combinati@mendefined as correlated procedu-
ral uncertaintie®,e. This is a conservative approach but still yields quite $matertainties.
The typical values 0 for the v/scom1 = 318 GeV (VSomz/3) COmbination were below 0.5 %
(1 %) for medium@? data, increasing to a few percent for low- and highelata.
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4.5.2 Correlations between systematic uncertainties onfilerent data sets

Similar methods were often used to calibratéfedent data sets obtained by one or by both
collaborations. In addition, the same Monte Carlo simulapackages were used to analyse
different data sets. These similar approaches might have lexirelations between data sets
from one or both collaborations. This was investigated jotkdéor the combination of HERA |
data P]. The important correlations for this period were found &rblated to the background
from photoproduction and the hadronic energy scales. Thelations for the HERA| period
were taken into account as befof. [

The correlations between the experiments for the HERA llquewere considered much
less important, because both experiments develop@ereint methods to address calibration
and normalisation. In the case of H1, some potential cdrogis between the data from the
HERA1 and HERAII periods were identified. In the case of ZEUSsooh correlations were
found; this is due to significant changes in the detector artkde data processing.

The diferences between the nominal combination and the combisatio which system-
atic sources for the photoproduction background and hacleergy scale were taken as cor-
related across data sets, were defined as additional sigoegldural uncertainties,, andona.
Typical values ob,, anddonag are below 1% (0.5%) for NC (CC) scattering. For the data at low
Q?, they can reach a few percent.

4.5.3 Pull distribution of correlated systematic uncertanties

There are in total 162 sources of correlated systematicrtaioty including global normali-
sations characterising the separate data sets. In thedun@capplied, all these sources were
assumed to be fully point-to-point correlated. None of ¢hesurces was shifted by more than
2.40 from its nominal value in the combination procedure. Thd palany such sourcgis
defined as p=bj/(1- A} )1/2 whereAy is the uncertainty on the sourgafter the averaging.

The distribution of pis shown in Fig 3 Some large values fdp;| are observed. They are
connected to small relative uncertainties, below 1 %, foictithere is only a small reduction
in the uncertainty. Such cases are, for example, expectiee foint-to-point correlation within
a data set is not 100 % as was assumed.

The distribution of pulls shown in Fi@ is not Gaussian; it has a root-mean-square value
of 1.34. Out of the 162 point-to-point correlated uncetias) 40 were identified with jp>
1.3. This might indicate that these uncertainties were ettinelerestimated or do not fulfil the
implicit assumptions of the linear procedure applied. fBgahese 40 uncertainties by a factor
of two would reduce the root-mean-square value to 1.03 amgh of the combination would
be reduced from 1687 to 1614 for the 1620 degrees of freedom.

Each of these 40 uncertainties could give rise to an indaligwocedural uncertainty if
scaled. However, an extensive study revealed cross ctoredabetween them. These cross
correlations were used to form four groups related to

1. very low-Q? data from HERA | (14 uncertainties);

2. low-Q? data from HERA Il with lowered proton beam energies (10 uraeties);
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3. medium- and higl®y? data from HERA | and Il (11 uncertainties);

4. normalisation issues from HERA | and Il (5 uncertainties).

The normalisation related uncertainties were also foundet@orrelated to some of the
uncertainties in the other groups but they were kept sepa&igned procedural uncertainties
d(1.234) Were assigned to the four groups by scaling the uncertaimtithin each group by a
factor of two and taking the tference between the result of this combination and that of the
nominal combination as the uncertainty. Such cross cdivek as observed here between
different systematic uncertainties are not unexpected, evegtidiferent methods were used
for different regions of phase space by twfiatient experiments. Both experiments contribute
about equally to the 40 sources discussed.

Since H1 and ZEUS used, as described for example in Segthdifferent reconstruction
methods, similar systematic sources influence the measupsd section dlierently as a func-
tion of xg; and@?. Therefore, requiring the cross sections to agree agalnd Q? constrains
the systematicsficiently. In addition, for certain regions of the phase space of the two
experiments has superior precision compared to the otlwerthEse regions, the less precise
measurement is fitted to the more precise measurement, withudtaneous reduction of the
correlated systematic uncertainty. This reduction pragegyto the other points, including those
which are based solely on the measurement from the lessspregperiment. However, over
most of the phase space, the precision of the H1 and ZEUS mepasnts is very similar and
the systematic uncertainties are reduced uniformly.

5 Combined inclusivee* p cross sections

The combined reduced cross sections for NC ané@€kattering together with their statistical,
uncorrelated and total correlated systematic unceréanéis well as procedural uncertainties as
defined in Sectiom, are listed in AppendixC1°. The new values supersede those published
previously P].

The total uncertainties are below 1.5% over P&range of 3< Q? < 500 GeV and
below 3 % up taQ? = 3000 Ge\f. Cross sections are provided for values@BfbetweenQ? =
0.045 GeV* and Q* = 50000 GeV and values okg; betweenxg; = 6 x 107 andxg; = 0.65.
The events have a minimum invariant mass of the hadroniesysV, of 15 GeV.

In Fig. 4, the individual and the combined reduced cross sectiond@e* p DIS scattering
are shown as a function 6J° for selected values ofg;. The improvement due to combination
is clearly visible. In Fig5, a comparison between the new combination and the combimeti
HERA | data alone is shown. The improvement is especiallyiioggmt at highQ?. The results
for NC e p scattering are depicted in Figgand7. As the integrated luminosity fa p scat-
tering was very limited for the HERA | period, the improvengdue to the new combination
are even more substantial than &p scattering.

The results of the combination of the data with lower protearh energies are shown in
Figs.8 and9 as a function ofxg; in selected bins of)?. These data augment the data with
standard proton energy to provide increased sensitivitigga@luon density in the proton.

10The full information about correlations between crossisaaneasurements is available elsewh&@.[
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The combined N@* p data for very lonQ? with proton beam energies of 920 and 820 GeV
are shown in FigslOand11l These data were taken during the HERA | period, but due to the
systematic shifts introduced by the combination with HER@dta, the numbers are not always
the same as in the old HERA | combination.

The combined CC cross sections are shown in Figsl5, together with the input data
from H1 and ZEUS and the comparison to the HERA | combinaticulte fore*p ande p
scattering. As for the NC data, the power of combination &edrproved precision due to the
high statistics data from HERA Il are demonstrated.

The high-precision DIS cross sections provided here foroh&ent set spanning six orders
of magnitude, both i1Q? andxg;. They are a major legacy of HERA.

6 QCD analysis

In this section, the pQCD analysis of the combined data riegut the PDF set HERAPDF2.0
and its released variants is presented. The framework|ss$tat for HERAPDF1.073] was
followed in this analysis. A breakdown of pQCD is expected@rapproaching 1 Ge¥ To
safely remain in the kinematic region where pQCD is expeatebet applicable, only cross
sections forQ? starting fromQ?. = 3.5Ge\# were used in the analysis. In this kinematic
region, target-mass corrections are expected to be nigigligbince the centre-of-mass energy
at theyp vertexW is above 15 GeV for all the data, largg higher-twist corrections are also
expected to be negligible. Th@? range of the cross sections entering the fit.5 8 Q? <

50000 GeY. The correspondingg; range is 651x 10 < xg; < 0.65.

In addition to experimental uncertainties, model and pa&tensation uncertainties were
also considered. The latter were evaluated by variatiotlseo¥alues of various input settings
at the starting scale and the form of the parameterisation.

6.1 Theoretical formalism and settings

Predictions from pQCD are fitted to data. These predictionsevebtained by solving the
DGLAP evolution equation®2p-33] at LO, NLO and NNLO in theV'S scheme§0]. This was
done using the programme QCDNUMJ] within the HERAFitter framework6,27] and an
independent programme, which was already used to analgseotnbined HERA | data?].
The results obtained by the two programmes were in excelgr@ement, well within fit uncer-
tainties. The numbers on fit quality and resulting paransegesen in this paper were obtained
using HERAFitter.

The DGLAP equations yield the PDFs at all scalgandx, if they are provided as functions
of xat some starting scalgg . In variable-flavour schemes, this scale has to be belowrtherc
guark mass parameteavl., squared. It was chosen to P% = 1.9 GeV as for HERAPDF1.0.
The renormalisation and factorisation scales were chasbeg? = 17 = Q. The predictions
for the structure functionsl] which appear in the calculation of the cross sections, spd E
were obtained by convoluting the parton distribution fumres with codficient functions ap-
propriate to the order of the calculation. The light-quaokfficient functions were calculated
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using QCDNUM. The heavy-quark cfieient functions were calculated in the general-mass
variable-flavour-number scheme called RTOBZ84] for the NC structure functions. For the
CC structure functions, the zero-mass approximation wag, ssece all HERA CC data have
Q? > MZ, whereM, is the beauty-quark mass parameter in the calculation.

The value ofM. was chosen after performing’ scans of NLO and NNLO pQCD fits to
the combined inclusive data from the analysis presentesl dred the HERA combined charm
data §6]. The procedure is described in detail in the context of thralgination of the reduced
charm cross-section measuremedty.[ All correlations of the inclusive and of the charm data
were considered in the fits. Figut€ shows the\y? = xy? - x4, wherey?Z . is the minimumy?
obtained, of these fits versi¥. at NLO and NNLO. As a result, the value bf; was chosen as
M = 1.47 GeV at NLO andV; = 1.43 GeV at NNLO. The settings for LO were chosen as for
NLO unless otherwise stated.

The value of the beauty-quark mass parambtgwas chosen after performing scans of
NLO and NNLO pQCD fits using the combined inclusive data ana dat beauty production
from ZEUS [75] and H1 [76]. The y? scans are shown in Fi@7. The value ofVl, was chosen
to beM, = 4.5GeV at LO, NLO and NNLO. The value of the top-quark mass patamwvas
chosen to be 173 Ge\bf] at all orders.

The value of the strong coupling constant was chosen tesfd2) = 0.118 [52] at both
NLO and NNLO andrs(M2) = 0.130 [3§] for the LO fit.

6.2 Parameterisation

In the appoach of HERAPDF, the PDFs of the proteh, are generically parameterised at the
starting scalg as

xf(x) = AxB(1 - X)°(1 + Dx+ EX?) , (26)
wherex is the fraction of the proton’s momentum taken by the struakgm in the infinite
momentum frame. The PDFs parameterised are the gluonbdistm, xg, the valence-quark

distributions xu,, xd,, and theu-type andd-type anti-quark distributionU, xD. The relations
xU = xuandxD = xd + xSare assumed at the starting sqale

The central parameterisation is

Xg(x) = AXP(L-x)% — A X%(1 - %)%, (27)
XUy(X) = Ay XxP(1—x)w (1 + Euvxz), (28)
xd,(X) = AgxB4(1—x)C%, (29)
xU(x) = AGxP(1-x)°0 (1+Dgx), (30)
XD(X) = Apx®(1-x)o, (31)

The gluon distributionyg, is an exception from E®6, for which an additional term of the
form A/ x% (1-x)%is subtractet}. This additional term was added to make the parameterisatio
more flexible at lowx, such that it is not controlled by the single powir as x approaches

"n the analysis presented he, is fixed toC; = 25 [36]. The fits are not sensitive to the exact valuexf
onceC; > C,, such that the term does not contribute at laxge
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zero [36]. This requires that the powet;, andB] are diferent. Therefore a restriction was
placed orB, such thaB; values in the range.85 < B /B, < 1.05 were excluded for all PDFs
released. The terdy x%(1-X)% was subtracted at NLO and NNLO, but not at LO, since such a
term could lead tog(x) becoming negative which is not physical at LO, because egluon
distribution function at lowk is directly related to the observable longitudinal streetiunction

FL [49].

The normalisation parameter, , Aq,, A, are constrained by the quark-number sum rules
and the momentum sum rule. TBeparameter8; and By were set as equaB; = Bp, such
that there is a singl® parameter for the sea distributions. The strange-quatkilmision is
expressed as axindependent fractionfs, of thed-type seaxs = fsxD at 'ufzo' The valuefs =
0.4 was chosen as a compromise between the determination ppaessed strange sea from
neutrino-induced di-muon productio8§,85 and a recent determination of an unsuppressed
strange sea, published by the ATLAS collaboratiBf][ A further constraint was applied by
settingAg = Ag(1 - fs). This, together with the requiremeBg = B, ensures thatu — xd as
X — 0.

The parameters appearing in EGS-31 were selected by first fitting with alD and E
parameters anék, set to zero. This left 10 free parameters. The other parametere then
included in the f|t one at a time. The improvement of jffeof the fits was monitored and
the procedure was ended when no further improvement iwas observed. This led to a
15-parameter fit at NLO and a 14-parameter fit at NNLO. A commparameterisation with
14-parameters was chosen as “central”, both at NLO and at®JMuch that any dierences
between these fits reflect only the change in order. The ddigaatisfy the criterion that
all the PDFs are positive in the measured region. The 15apetex NLO fit was used as a
parameterisation variation, see Secttoh

6.3 Definition of y?

The pQCD predictions were fit to the data usingamethod similar to that described in Sec-
tion 4.2. The definition ofy? is

m — 2 les Im""((sluncorn’i)
2 _ [ I 7] | |statu
ool = 2 7 i+ (m)z ’ Z L e P

L,uncor I stat L,uncor

where the notation is equivalent to that in 2g; heresis used to denote systematic shifts. The
additional logarithmic term in E2 compared to EqR2was introduced to minimise biased.

Correlated systematic uncertainties were treated as focdh®ination of data, see Sec-
tion 4.2 For the combined inclusive data, the correlated systematertainties are smaller or
comparable to the statistical and uncorrelated uncerainiNevertheless, the remaining corre-
lations are significant and thus the 162 systematic unceieaipresent for the H1 and ZEUS
data sets plus the seven sources of procedural uncertamt wesulted from the combination
procedure, see Sectidnb, were all individually treated as correlated uncertasitie
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6.4 Experimental uncertainties

Experimental uncertainties were determined using theiliessethod with the criteriony? =
1. The use of a consistent input data set with common coisakjustifies this approach.

A cross check was performed using the Monte Carlo met&d@§). Itis based on analysing
a large number of pseudo data sets called replicas. Forrihgs check, 1000 replicas were
created by taking the combined data and fluctuating the sadfiehe reduced cross sections
randomly within their given statistical and systematic entainties taking into account correla-
tions. All uncertainties were assumed to follow Gaussiatrithutions. The PDF central values
and uncertainties were estimated using the mean and RMSsvahee the replicas.

The uncertainties obtained by the Monte Carlo method and éssien method were consis-
tent within the kinematic reach of HERA. This is demonstratedig. 18 where experimental
uncertainties obtained for HERAPDF2.0 NNLO by the HessiathMinte Carlo methods are
compared for the valence, the gluon and the total sea-qustribdtions. The RMS values taken
as Monte Carlo uncertainties tend to be slightly larger tih@nstandard deviations obtained in
the Hessian approach.

6.5 Model and parameterisation uncertainties

For the NLO and NNLO PDFs, the uncertainties on HERAPDF2.0tduke choice of model
settings and the form of the parameterisation were evaluayevarying the assumptions. A
summary of the variations on model parameters is given iteTabThe variations oM, and

M, were chosen in accordance with fprescans related to the heavy-quark mass parameters as
shown in Figsl6and17. The data on heavy-quark production from HERAI led to a coesi

ably reduced uncertainty on the heavy-quark mass parasnaterpared to the HERAPDF1.0
and HERAPDF1.5 analyses, see Appemlix

The variation offs was chosen to span the ranges between a suppressed strafRf&&e
and an unsuppressed strange $&h [In addition to this, two more variations of the assumpsion
about the strange sea were made. Instead of assuming thgttahge contribution is a fixed
fraction of thed-type sea, arx-dependent shapes = f{0.5tanh20(x — 0.07))xD, was
used in which highx strangeness is highly suppressed. This was suggested lsyraseents
published by the HERMES collaboratioB8990]. The normalisation off; was also varied
betweenf; = 0.3 andf; = 0.5.

In addition to these model variation®? . was varied as for the HERAPDF1.0 and HERA-
PDF1.5 analyses, see Appendix The diferences between the central fit and the fits corre-
sponding to the variations 6§, , fs, Mc andM,, are added in quadrature, separately for positive
and negative deviations, and represent the model uncert#ithe HERAPDF2.0 sets.

Two kinds of parameterisation uncertainties were constlethe variation ini; and the
addition of parameter® and E, see Eq26. The variation in,ufz0 mostly increased the PDF
uncertainties of the sea and gluon at smxallThe parameter® andE were added separately
for each PDF. The only significantfterence from the 14-parameter central fit came from the
15-parameter fit, for whic,, was non zero. Thisfected the shape of thé-type sea as well
as the shape af,. The final parameterisation uncertainty for a given quangittaken as the
largest of the uncertainties. This uncertainty is validiax-range covered by the QCD fits to

HERA data.
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6.6 Total uncertainties

The total PDF uncertainty is obtained by adding in quadeathe experimental, the model
and the parameterisation uncertainties described in@edii4 and6.5. Differences arising
from using alternative values ef(M2), alternative forms of parameterisationsfelient heavy-
flavour schemes or a veryftirentQ?2. are not included in these uncertainties. Such changes
result in the diferent variants of the PDFs to be discussed in the subsecgEitrss.

6.7 Alternative values Ofas(Mi)

The HERAPDF2.0 NLO and NNLO standard fits were additionallylmfor a series afs(M2)
values fromas(M2) = 0.110 toas(M2) = 0.130 in steps of @O1. These variants are also
released. They can be used to assess the uncertainty oneahigt@d cross section due to the
choice ofas(M2) and foras(M2) determinations using independent data.

6.8 Alternative forms of parameterisation

An “alternative gluon parameterisation”, AG, was consadeat NNLO and NLO. The value of
A, in Eg.27was set to zero and a polynominal term fg(x) as in Eq26 was substituted. This
potentially resulted in a efierent 14-parameter fit. However, in practice a 13-paranfiét@ith

a non-zerdD, was stficient for the AG parameterisation, since there was no imgr@nt in
x? for anon-zercE,. Note that AG was the only parameterisation considered at LO

The standard parameterisation fits the HERA data better; vewespecially at NNLO,
it produces a negative gluon distribution for very lowi.e. x < 1074 This is outside the
kinematic region of the fit, but may cause problems if the PBifésused at very low within
the conventional formalism. Therefore, a variant HERAPDRE using the alternative gluon
parameterisation is provided for predictions of crossigastat very lowx, such as very high-
energy neutrino cross sections.

HERAPDF has a certaiansatz for the parameterisation of the PDFs, see Sedi@nDif-
ferent ways of using the polynomial form, such as paransteyixg, xu,, xd,, xd + xu and
xd — xu or xg, XU, xD, xU and xD were investigated. The resulting PDFs agreed with the
standard PDFs within uncertainties and no improvement qtifility resulted. Therefore, these
alternative parameterisations were not pursued further.

6.9 Alternative heavy-flavour schemes
The standard choice of heavy-flavour scheme for HERAPDF2lteisariable-flavour-number
scheme RTOPTH4]. Investigations using other heavy-flavour schemes wes@ @rried out.

Two other variable-flavour-number schemes, FONBIL,$2] and ACOT P3], were con-
sidered, as implemented in HERAFitter at the time of the aslyThe FONLL scheme is
implemented via an interface to the APFEL prograi] [and was used at NLO and NNLO.
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The ACOT scheme is implemented usikdactors for the NLO corrections. The three heavy-
flavour schemes fter in the order at whicl, is evaluated. At NLO, the massless contribution
to F_ is evaluated tad(a?) for RTOPT and taO(as) for FONNL-B and ACOT. At NNLO,
the massless contribution g is evaluated t@(e?) for RTOPT and tad(e2) for FONNL-C.
Fixed-flavour-number schemes were also investigated. dn schemes, the number of (mass-
less) light flavours in the PDFs remains fixed across “flavhrggholds” and (massive) heavy
flavours only occur in the matrix elements.

For some calculations, e.g. charm production at HERA, thigedorlity of fixed-flavour vari-
ants of the PDFs is useful or even mandatory. Many PDF groupsde either fixed-flavour
fits only, or variable-flavour fits only, with a fixed-flavournant calculated from the variable-
flavour parton distributions at the starting scale usingtheFor HERAPDF2.0, fixed-flavour
variants are provided which were actually fitted to the data.

Two schemes with three active flavours in the PDFs, FF3A ardBF#were considered:

e scheme FF3A:

— Three-flavour running aof;
— F| calculated tad(a?);
— pole masses for charmg®®, and beautynf"®;
e scheme FF3B:
— Variable-flavour running ofs [95]. This is sometimes called the “mixed scheme”
[81];
— massless (light flavour) part of thg contribution calculated t0(as);
— MS [80] running masses for charmm(m), and beautyn,(m,).

The input parameters to the fits are given in Teble

The fits providing the variants HERAPDF2.0FF3A and HERAPDFE®B were obtained
using the OPENQCDRAD9Y6] package as implemented in HERAFitter, partially intertho
QCDNUM. This was proven to be consistent with the standal@rsion of OPENQCDRAD
and, in the case of the A variant, with the FFNS definition usgdhe ABM [40-47] fitting
group. The HERAFitter implementation allows an externa¢siey of the order o5 in F|, as
listed in Table3.

6.10 Adding data on charm production to the HERAPDF2.0 fit

The data on charm production described in SecB@hwere used to find the optimal value of
M. for the HERAPDF2.0 fits as described in Secttfh

The impact of adding charm data to inclusive data as inputlt® NQCD fits has been
extensively discussed in a previous publicatidf][ This previous analysis was based on the
HERA| combined inclusive data and combined charm data. Itestablished that the main
impact of the charm data on the PDF fits is a reduction of theuamty onM.. It was also
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established that the optimal value Bf. can difer according to the particular general-mass
variable-flavour-number scheme chosen for the fit. The fitallcschemes considered were of
similar quality.

For the HERAPDF2.0 analysis, a total of 47 data points on chaoduction B6] with Q?
larger thanQ2, = 3.5 Ge\? were added as input to the NLO fits. The 42 sources of corklate
systematic uncertainty from the H1 and ZEUS data sets omcherduction and two additional
sources due to the combination procedure were taken intiuatc The correlations between
the normalisation of the inclusive data and the normabsatif the charm data was not taken
into account in the PDF fits but it was verified that this hasgligible effect.

The inclusion of the charm data had little influence on thelltesf the fit. This was not
unexpected, since the maiffect of the charm data, i.e. to constréify, was already used for
the fit to the inclusive data. The charm data were proven todmsistent with the inclusive
data, but only a marginal reduction in the uncertainty onl¢lwe x gluon PDF was obtained.
The situation is similar at NNLO. Therefore no HERAPDF2.0iaats with only the addition
of data on charm production are released.

6.11 Adding data on jet production to the HERAPDF2.0 fit

In pQCD fits to inclusive DIS data only, the gluon PDF is deteredi via the DGLAP equations
using the observed scaling violations. This results in@nstrcorrelation between the shape of
the gluon distribution and the value af(M2). In most PDF fits, the value afs(M2) is not
fitted but taken from external informatio®Z]. The uncertainty on the gluon distribution is
reduced for fits with fixedrs(M2) compared to fits with frees(M3). Data on jet production
cross sections provide an independent measurement oiitve distribution. They are sensitive
to as(M2) and already at LO to the gluon distribution at lon@f and to the valence-quark
distribution at highe?. Therefore the inclusion of jet data not only reduces thesttamty on
the highx gluon distribution in fits with fixedrs(M2) but also allows the accurate simultaneous
determination ofrs(M2) and the gluon distribution.

The jet data were included in the fits at NLO by calculatingdptons for the jet cross
sections with NLOjet+ [97,98], which was interfaced to FastNLO$-101] in order to achieve
the speed necessary for iterative PDF fits. The predicticare wultiplied by corrections for
hadronisation and® exchange before they were used to fit the dafa$1]. A running electro-
magnetiar as implemented in the 2012 version of the programme ERPRE fvas used for the
treatment of jet cross sections when they were includedarPF fits. The factorisation scale
was chosen g’ = Q?, while the renormalisation scale was linked to the trarsvenomenta,
pr, of the jets byu? = (Q* + p2)/2. Jet data could not be included at NNLO for the analysis
presented here, because the matrix elements were notidgailahe time of writing.

The normalisations of the ZEUS jet dat7[48] and the H1 low&? jet data 9] are cor-
related with the inclusive samples but because of the caatibim procedure these correlations
cannot be recovered. Thus they are treated conservatigelyneorrelated. However, cross
checks performed by using the uncombined H1 and ZEUS indwdata have shown that this
does not have a significant impact on the result. In the catieedfil highQ? jet data p0,51],
the correlations due to the uncertainty on the integratedrlasity are accounted for by the
normalisation of the jet cross sections to the inclusiveggections. The statistical correlations
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present between the jet data and the inclusive data wereated| with no significant impact
on the result.

Fits including these jet data and including the combinedrohdata were performed with
as(M2) = 0.118 fixed and withes(M2) as a free parameter in the fit. The resulting HERAPDF
variant with freews(M2) is called HERAPDF2.0Jets. A full uncertainty analysis wesf@rmed
for the HERAPDF2.0Jets variant, including model and paranszition uncertainties and addi-
tional hadronisation uncertainties on the jet data as at@iufor the original publicationg J—
51].

6.12 They? values of the HERAPDF2.0 fits and alternativeQ?

The y?/d.o.f. of the fits for HERAPDF2.0 and its variants are listed in TahleThese values
are somewhat large, typically around 1.2. The dependengé ofi Q2. was investigated in
detail. Figurel9 shows they?/d.o.f. values for the LO, NLO and NNLO fits vers@,.. The
x?/d.o.f. drop steadily untiQ?. ~ 10 Ge\2. Also shown arg? values obtained for an NLO fit
to HERA | data only. These values are substantially closent but they show the same trend
as seen for HERAPDF2.0.

The y?/d.o.f. values rise again fo@?. > 15Ge\~. If only data withQ* betweenQ? =
15 GeV? andQ? = 150 GeV were used, thg?/d.o.f. became close to unity. The addition of
either data with lower or highe®? increased tha?/d.o.f.. The lower- and middl&y* data
clearly show tension. The high€? data generally cannot be fitted very well. It was not
possible to attribute this to any particular regiorxy or a particular NC or CC process. For
the standard valu®?. = 3.5Ge\?, the data betwee@? = 35GeV? and Q* = 15Ge\?
create about one third of the exceggd.o.f. while two thirds originate from the data with
Q? > 150 Ge\A.

The influence of the choice of heavy-flavour scheme, and tterat which the massless
contribution toF_ is evaluated, on thg?/d.o.f. behaviour was also investigated. Scans at NLO
and NNLO of they?/d.of. versusQ?, . for fits done with the heavy-flavour schemes described
in Section6.9 are illustrated in Fig20. The decrease of thg?/d.o.f. with increasingQ?. .
is observed for every scheme. At NLO and Iy, , all fits using schemes for which the
FL contributions are calculated using matrix elements of tideoof as result in slightly lower
x?/d.o.f. than fits for schemes using matrix elements of the ordef of he increase of?/d.o.f.
for lower Q2. is also less pronounced for fits using th@&s)-schemes”. However, at NNLO,
the trend reverses and RTOPT, which uses matrix elementslef®; in the calculation of |,
results in lowern?/d.o.f. than the FONNL scheme, for which matrix elements of okefeare

used. The?/d.o.f. values for fits with the RTOPT scheme are quite similar at Nn@BNLO.

The two fixed-flavour-number schemes considered, see 8écfialso difer in using light-
flavour matrix elements of orders (FF3B) anda? (FF3A). The FF3A fit variant results in
y?/d.o.f. values very similar to the values from the standard fit usii@RT while the values
for the FF3B variant closely follow the results for fits usiing FONNL scheme. This suggests
that the determining factor for the of the fits is the order afs of the matrix elements used to
calculate the massle$s contribution. Other dferences between FF3A and FF3B as well as
differences103 between diferent variable-flavour-number schemes, artedénces between
fixed-flavour-number and variable-flavour-number schesesmn to have less influence ph
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At HERA, the low-Q? data are also dominantly at law;. Some of the pogy? values in this
kinematic region could be due to lowg; physics not accounted for in the current framewdrk [
104). This could mean that the inclusion of loxg, low-Q? data into the fits introduces bias.
To study this, NLO and NNLO fits witlQ2. = 10 Ge\? were also fully evaluated. This variant
is called HERAPDF2.0HIQ2. As part of the evaluation, theisg were reexamined. No
significant changes for the optimal parameterisation otiferoptimal value oM. or M, were
observed. Model and parameterisation variations werepdgormed in order to better assess
possible bias. For the NLO fits, thé/d.o.f. of 1156/1002 for theQ?, = 10 Ge\* fit can be
compared to the 1357131 for theQ?. = 3.5Ge\# fit. This is a significant improvement, but
still larger than observed for HERAPDF1.0. The values arelaimt NNLO, see Tabld. In
particular, the NNLO fit does not fit the low&)? data better than the NLO fit, see Fitf, just

as, at NLO, the higher-order evaluationfgf does not fit these data better, see Rig.

Fits were also performed with the alternative gluon parandtion andQ?. = 10 Ge\2.

min

They?/d.o.f. was always worse than for the standard parameterisatie,sdse4.

They?/d.o.f. values obtained for HERAPDF2.0Jets, both for fixed and far frgM2) are
better than the value for the standard HERAPDF2.0 NLO fit, sd®eB. The partialy? for
the jet data is 161 for 162 data points, while it is 41 for 47adatints for the charm data. The
partial y for the inclusive data remains practically the same as foRAEDF2.0 NLO. This
demonstrates the compatibility of the data on charm andgetyztion with the inclusive data.

/7 HERAPDF2.0

The analysis described in Secti6nesulted in a set of PDFs called HERAPDF2.0. The HERA-
PDF2.0 analysis has the following notable features:

e the data include four dierent processes, NC and CC f1p and e p scattering, such
that there is sficient information to extract thed,, xu,, XU andxD PDFs, and the gluon
PDF from the scaling violations;

e the NCe'p data include data at centre-of-mass energié¢scgently different to access
different values of at the samesg; and Q?; this makes the data sensitivefp and thus
gives further information on the low-gluon distribution;

e itis based on a consistent data set with small correlatadsydic uncertainties;
¢ the experimental uncertainties are Hessian uncertajnties

¢ the uncertainties introduced both by model assumptionsbgnaissumptions about the
form of the parameterisation are provided;

¢ no heavy-target corrections were needed as all data aep scattering; the assumption
Of uheu[ron: dproton WaS nOt needed.

An overview about HERAPDF2.0 and its variants as releasenéngn AppendixB.
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7.1 HERAPDF2.0 NLO, NNLO and 2.0AG

A summary of HERAPDF2.0 NLO is shown in Figl at the scalg:? = 10 Ge\%. The exper-
imental, model and parameterisation uncertainties, seeofe6.4 and6.5, are shown sepa-
rately. The model and parameterisation uncertaintiesan@etric. The uncertainties arising
from the variation ofu} = 1.9 GeV* andQ?,, = 3.5GeV affect predominantly the lowcre-
gion of the sea and gluon distributions. The parameteoisatncertainty from adding th@,,
parameter is important for the valence distributions foxal

The gluon distribution of HERAPDF2.0 NLO does not become tiegavithin the fitted
kinematic region. The distributions of HERAPDF2.0AG witle talternative gluon parameteri-
sation as described in Sectiér? and discussed in Sectid@n8 are shown superimposed on the
standard PDFs.

The flavour breakdown of the sea inta, xd, xc and xs for HERAPDF2.0 NLO at the
scaley? = 10Ge\# is shown in Fig.22. The fractional uncertainties are also shown. The
model uncertainties from the variation &f and M. affect thexs and xc distributions. Thexc
uncertainties also derive from the uncertainty on the ghlistribution, since charm is generated
from g — cc splitting. The variation oM, also dfects thexu distribution since the suppression
(enhancement) ofc results in an enhancement (suppressionuih the u-type sea. Similarly
the strangeness variations alsteatxd, since the suppressed strangeness must be compensated
by enhancedd in thed-type sea. However, sinoel is fixed toxu at low x, this mostly &fects
the highx uncertainty onxd. The central fit givesxd — xu negative atx ~ 0.1. However,
the uncertainty is very large because HERA data are not versitse to this diterence. The
uncertainty onxu has a significant contribution from the parameterisatioceutainties. The
values of the parameters of HERAPDF2.0 NLO are given in Table

A summary of HERAPDF2.0 NNLO is shown in Fig3 at the scaleZ = 10 Ge\?. At
NNLO, the gluon distribution of HERAPDF2.0 ceases to riseoat X. Consequentlyxg from
HERAPDF2.0AG NNLO deviates significantly. As at NLO, the urtagties arising from the
variation of,ufz0 and Q2. affect predominantly the low-region of the sea and gluon distribu-
tions. The parameterisation uncertainty from adding Iheparameter is not important for
the NNLO fit, since there was no significant improvementirfrom the addition of the 15th

parameter. The parameters of the NNLO fit are listed in Téble

The flavour breakdown of the sea into, xd, xc andxs for HERAPDF2.0 NNLO is shown
in Fig. 24. The uncertainties are also shown as fractional unceigainfThey are dominated
by model uncertainties and derive from the same sourcesreadgl described at NLO. The
parameterisation uncertainties are less important at NNia@ at NLO.

A comparison between HERAPDF2.0 NNLO and NLO is shown in Etgwith total uncer-
tainties, using both linear and logarithmiscales. The main fference is the dlierent shapes
of the gluon distributions as expected from th&eting evolution at NLO and NNLO.

At leading order, HERAPDF2.0 is only available as HERAPDFZ30LO with the alter-
native gluon parameterisation. It has thus to be comparétERAPDF2.0AG NLO. HERA-
PDF2.0AG LO was determined with experimental uncertasntiely, because its main purpose
is to be used in LO Monte Carlo programmes. A comparison betwee distributions of
HERAPDF2.0AG LO and HERAPDF2.0AG NLO is shown in F&6. The gluon distribu-
tion at LO rises much faster than at NLO, as expected from ifierdnt evolution. Thew,
distribution is softer at LO than at NLO.
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7.1.1 Comparisons to inclusive HERA data

The data with the proton beam energy of 920 GeYs(= 318 GeV) are the most precise data
due to the large integrated luminosity, see Tabl&llERAPDF2.0 predictions are compared at
NNLO, NLO and LO to these high-precision data.

The predictions of HERAPDF2.0 NNLO, NLO and AG LO are compa@the highQ?
NC e*p data in Figs27, 28and29. The data are well described by the predictions at all orders
Figure 30 shows the cross sections already shown in Bigpgether with the predictions of
HERAPDF2.0 NNLO and NLO. The predictions at NNLO and NLO argn@milar.

The predictions of HERAPDF2.0 NNLO, NLO and AG LO are compa@the NCe p
data in Figs31, 32and33. The description of the™ p data is as good as for tleep data.

For e*p scattering, data at lo? are available. Figure34, 35, and36 show comparisons
between the predictions of HERAPDF2.0 NNLO, NLO and AG LO ahese lowg? data.
The description of the data is generally good and for theiptieds at NNLO and NLO, it
remains so even fo@? below the fitted kinematic region. However, at loy and lowQ?, the
turnover in the cross sections relatedriois not well described, and HERAPDF2.0 NNLO does
not describe these data better than HERAPDF2.0 NLO. The HERRRRIAG LO predictions
show a clear turnover, but the prediction is significantly igh at allxg; for the lowestQ?.

The predictions of the NNLO and NLO fits are compared to theeCEdata with /s =
318 GeV in Figs.37 and 38 and to CCe p data in Figs.39 and40. The precise predictions
describe the CC cross sections well. The CC data are in gerssgptecise than the NC data.

The predictions of HERAPDF2.0 NLO compared to I@%-and highQ? NC e p data for
v/s = 300 GeV are shown in Figg.l and42. Equivalent comparisons fot/s = 251 GeV and
\/s = 225 GeV are shown in Figd.3 and44, and Figs45 and46, respectively. The data with
reduced proton beam energy are also reasonably well dedcrib

7.1.2 Comparisons to HERAPDF1.0 and 1.5

Comparisons of HERAPDF2.0 NLO to HERAPDF1.0 NLO and HERAPDFIL®Nre shown

in Figs.47 and48, respectively. Whereas HERAPDFL1.5 already had a somewhdiesma-
certainty than HERAPDF1.0, the use of all HERA Il data for HERARID has led to a much
larger reduction of the uncertainties on all PDFs. The shajpehe PDFs have also changed
somewhat. The shape of the valence distributions have beeditile harder. This was caused
by the additional data with higks; which were not yet available for HERAPDF1.5. The HERA-
PDF2.0 highx gluon distribution is also slightly harder than HERAPDF1 bile the sea dis-
tribution of HERAPDF2.0 at higlx is considerably softer.

A comparison between HERAPDF2.0 NNLO and HERAPDF1.5 NNLO viged in
Fig. 49. As in the case of the NLO PDFs, a reduction of the uncertaantyigh x has been
achieved by including further higks; data. There is also a reduction of uncertainties at low
x. This is mostly due to the better stability of the fit under viagiation of Q2. , which is part
of the model uncertainties. The shapes of the HERAPDFL1.5 &WAPDF2.0 at NNLO are
rather similar, but the gluon distribution at higthas moved to the lower end of its previous

uncertainty band.
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7.1.3 Comparisons to other sets of PDFs

The PDFs of HERAPDF2.0 NLO and NNLO can be directly comparati¢d®DFs of MMHT
2014 B7], for which the same heavy-flavour scheme, i.e. RTOPT, wad.uSomparisons are
also made to the PDFs of CT189,105, for which a heavy-flavour-scheme based on ACOT
was used, and NNPDF3.84], for which the FONLL scheme was used. The results are shown
in Figs.50and51 for NLO and NNLO, respectively. For the PDFs themselvesuytieertainties
are only shown for HERAPDF2.0. All uncertainties are showrewlthe ratios of the other
PDFs with respect to HERAPDF2.0 are illustrated. Taking thkeuncertainties into account,
all PDFs are compatible. The largest relative discrepanc®.bo) is found in the shape of
the xu, distribution atx ~ 0.4 for both NLO and NNLO PDFs. In addition, at NLO, the gluon
distribution of HERAPDF2.0 at highk is softer than that of the other PDFs, whereas at NNLO
it is close to their 68% uncertainty bands.

7.2 HERAPDF2.0HIQ2

Figures52 and 53 show summaries for HERAPDF2.0 NLO and NNLO as already shown in
Figs.21 and23together with the equivalent plots for HERAPDF2.0HiQ2. Tinyalifference
is that HERAPDF2.0 ha®?. = = 3.5 Ge\# while HERAPDF2.0HIQ2 ha®?, = 10 Ge\~. At
NLO, the gluon distributions of HERAPDF2.0 and HERAPDF2.0Ri&e compatible within
uncertainties. At NNLO, the two gluon distributiondter significantly. Using the highe®?2.
at NNLO causes the gluon distribution to turn over signiftbaat low x. The distributions of
HERAPDF2.0AG are also shown in Figs2 and53. They are not very dierent for the two
2. values. At NNLO, this causes the gluon distribution of HERARIDAG to be completely

different than that of the standard parameterisationx for1 03,

7.2.1 Comparison of HERADPF2.0HiQ2 to HERAPDF2.0

A comparison of the NLO PDFs of HERAPDF2.0 to HERAPDF2.0HiQ2het scaleu? =

10 Ge\2 is shown in Fig54. The diferent shapes of the gluon distribution at Is\are compat-
ible within uncertainties. In Sectio.12 the question arose whether including data from the
kinematic region of lowxg; and lowQ?, i.e. below 10 Ge¥, in the PDF fits would introduce a
bias on predictions for highs; and highQ?. Figure55 demonstrates that at the high scale of
u? = 10000 GeV, the PDFs resulting from the two fits are very similar. Thisfamns that the
value of Q2. = 3.5 Ge\ is a safe value for pQCD fits to HERA data and no bias is introduced
for applications at higher scales like cross-section otexhs for LHC.

A comparison of the NNLO PDFs of HERAPDF2.0 to those of HERAPDF2Q?2 at the
scale,uf2 = 10Ge\? is shown in Fig.56. The diferences in the gluon distributions are pro-
nounced. The gluon distribution of HERAPDF2.0HiQ2 NNLO tsiover forx < 1073, The
valence distributions at NNLO alsoftkr between HERAPDF2.0HiQ2 and HERAPDF2.0, but
they are compatible within uncertainties. At the high sadlg? = 10000 Ge, the PDFs re-
sulting from the two fits are, as at NLO, very similar, see Big. This demonstrates that again
no bias is introduced at higher scales when byvand low-Q? data are included in the fit at
NNLO .
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7.2.2 Comparison of HERAPDF2.0HIQ2 to data

Figures58 and59 show the predictions of HERAPDF2.0HiQ2 NNLO and NLO compateed
the data, which were already presented and compared to HER2ABINNLO and NLO in
Figs. 34 and 35. In the region < Q? < 10Ge\?, the standard HERAPDF2.0 NLO fit
compromises between describing the I&yy{high-y) turnover, for which itis too high, and the
data at slightly highexg;, for which it is too low. In the corresponding HERAPDF2.0HiQ2
fit, these data are not fitted. The resulting fit, when extratgol to the excluded region, is
systematically lower than the data at lowgy and lowerQ?, but then is significantly above the
data at very lowxg;, where the contribution frorft. becomes important. This implies that the
pPQCD fit evolves more strongly towards lowss; and Q? than does the data. The situation
Is not improved at NNLO where the fit evolves even more styangdlhis suggests that the
conventional DGLAP resummation may not be fully adequates dbservation was also made
during investigations of the HERA | data(4.

7.3 HERAPDF2.0FF

Summaries of HERAPDF2.0FF3A and HERAPDF2.0FF3B as intradluceSection6.9 are
shown in Fig.60. The experimental, model and parameterisation unceigaintere evaluated
as for the standard HERAPDF2.0 NLO, see Sectidsand6.5, and are shown separately.

A comparison of the PDFs of HERAPDF2.0FF3A and HERAPDF2.0FttBe standard
HERAPDF2.0 NLO using the RTOPT heavy-flavour scheme is showfig. 61. This com-
parison is presented at the starting sqale because a meaningful comparison can only be
done at scales below the charm mass. There dfereinces in the valence and in the gluon
distributions. The latter originate mainly from theffdrentO(«s) at which the massless con-
tribution to F|_ is calculated and on thes evolution scheme. A comparison of the predictions
from HERAPDF2.0FF3B and HERAPDF2.0 NLO to selected data aadir used for Fig30
is shown in Fig.62. The predictions are very similar. However, at loy and low Q?, the
Q? dependence predicted from HERAPDF2.0FF3B is a bit less shegpthe prediction from
HERAPDF2.0 NLO. The predictions of HERAPDF2.0FF3A are alsgysimilar. TheQ? de-
pendence predicted from HERAPDF2.0FF3A is however sligsitheper than the prediction
from HERAPDF2.0 NLO at lowkg; and lowQ?.

A comparison of the PDFs of HERAPDF2.0FF3A to the PDFs of ABME142] is shown
in Fig. 63. These two sets of PDFs can be directly compared as they essathe order for
the description of-| and the samey evolution. The largest ffierence is observed for thel,
distribution. However, overall the two sets of PDFs aregsitilar.

A comparison of the PDFs of HERAPDF2.0FF3B to the PDFs of NNBDFF(3N) (4] is
shown in Fig.64. These two sets of PDFs can be directly compared at thergfatale due to
their equivalent treatment of tHg_ contribution and of thers evolution!? The gluon distribu-
tions are quite similar. Someftikrences are observed in th& andxd, valence distributions.

12 The NNPDF3.0FF(3N) is based on a fixed number of flavoursz3\JFevolution, but it is calculated from
the FONLL-B fit, which is based on a variable NF evolutidd,[LO€. Thus, close to the starting scale, the PDFs
of NNPDF3.0FF(3N) can be directly compared to the PDFs of HERF2.0FF3B, which are also based on a
variable NF evolution.
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7.4 HERAPDF2.0Jets

Data on jet production were included in the analysis as destin Sectior6.11 This inclusion
was first used to validate the choice ®{M3) = 0.118 for HERAPDF by investigating the
dependence of the?s of the HERAPDF pQCD fits oas(M3). Threey? scans vs. the value of
as(M2) were performed at NLO for three values(oi]in. The result is depicted in the top panel
of Fig. 65. A distinct minimum atxs(M32) ~ 0.118 is observed, which is basically independent
of Q2. This validates the choice afy(M2) = 0.118 for HERAPDF2.0 NLO. Scans at NLO
and NNLO were also performed for fits to inclusive data onlize Tniddle and bottom panels
of Fig. 65 show that these scans yielded similar shalidwlependences and the minima were
strongly dependent on t1@?.. . This demonstrates that the inclusive data alone cannstreon

as(M2) reasonably.

7.4.1 PDFs and measurement afs(M?)

The PDFs resulting from a fit with frees(M2), HERAPDF2.0Jets, and from a fit with fixed
as(M2) = 0.118 are shown in Fig66. A full uncertainty analysis was performed in both
cases, including model and parameterisation uncertaiagewvell as additional hadronisation
uncertainties on the jet data. The PDFs are very similagimzthe HERAPDF2.0Jets fit with
free as(M2) yields a value which is very close to the value used for theifit fixed as(M2).
The jet data determine the value @f(M3) very well in the HERAPDF2.0Jets fit. Thus, the
uncertainty onas(M3) in this fit does not significantly increase the uncertaintytioe gluon
PDF with respect to the fit withis(M2) fixed. The diference in thers(M2) free fit is mostly
due to extra uncertainty coming from the hadronisationestions.

The PDFs from the HERAPDF2.0Jets fit with(M3) = 0.118 fixed are also very similar
to the standard PDFs from HERAPDF2.0 NLO. This is demongtratéig. 67. This is again
the result of the choice afs(M2) = 0.118 for HERAPDF2.0 which is also the preferred value
for HERAPDF2.0Jets. Consequently, there is only a small tésluof the uncertainty on the
gluon distribution observed for HERAPDF2.0Jets.

The y? of the HERAPDF2.0Jets fit with frees(M2) is the same as for the fit with fixed
as(M3?) = 0.118, see Tablé. This is again due the fact that the valuengfM2) obtained from
the fit is very close to the value previously fixed. The stroogpding constant obtained is

as(M2) = 0.1183+ 0.0009(exp)+ 0.0005(modelparameterisation)
+ 0.0012(hadronisation) o3 {(scale) .

The uncertainty orrs(M2) due to scale uncertainties was evaluated by varying thermes-
isation and factorisation scales by a factor of two, bothassely and simultaneously, and
taking the maximal positive and negative deviations. Theeuainties were assumed to be
50% correlated and 50 % uncorrelated between bins and data™as resulted in an asym-
metric uncertainty 0f0.0037 and-0.0030. The result ons(M2) is compatible with the world
average$2] and it is competitive with other determinations at NLO.
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7.4.2 Comparison of HERAPDF2.0Jets to data

The predictions of HERAPDF2.0Jets with fregMZ) are shown together with the charm input
data f6] in Fig. 68. The description of the data is excellent.

Comparisons of the predictions of HERAPDF2.0Jets to the dajatgroduction used as
input are shown in Fig®k9, 70and71—73. All analyses were performed using the assumption
of massless jets, i.e. the transverse endggy,and the transverse momentum of a jgt, are
equivalent. For inclusive jet analyses, each jet is entsega@rately with itgr. For dijet and
trijet analyses, the average of the transverse moment&dsasgpy. These diferent definitions
of pr were also used to set the the renormalisation scalé te (Q* + p2)/2 for calculating
predictions. The factorisation scale was chosepfas= Q. Scale uncertainties were not
considered for the comparisons to data.

Data from H1 on dferential cross sectionsgddpy, at low Q? [49] and highQ? [50] are
presented in Figs9 together with the predictions of HERAPDF2.0Jets. The Higtdata are
normalised to the inclusive NC cross sections. Each evarsgesaas many entries as there are
jets. Data from ZEUS on fierential cross-sectionsgddpy, at highQ? for inclusive 7] and
dijet [48] production are shown in Fi¢/0 together with the predictions of HERAPDF2.0Jets.
Finally, H1 inclusive-jet, dijet and trijet cross sectiomgrmalised to inclusive NC cross sec-
tions [51] are presented in Figg.l— 73. The description of all the data on jet production by
HERAPDF2.0Jets NLO is excellent.

8 Electroweak dfects and scaling violations

The precise data and the predictions from HERAPDF2.0 werrtossxamine both electroweak
effects and scaling violations.

8.1 Electroweak unification

The combined reduced cross sections were integrated tondbtadiferential cross sections
do/dQ?. The integration ovekg; of the double-dierential cross-sections@/dQ?dxg; was
performed in the region & y < 0.9, using the shapes as predicted HERAPDF2.0 NLO. All
correlated and uncorrelated uncertainties were takeraictount. The cross-sections Q?
are shown in Fig74 for NC and CCe p and e p scattering together with predictions from
HERAPDF2.0 NLO. Whereas the NC cross sections are three ooflensgnitude larger at
low Q%> ~ 100 GeV?, where they are dominated by virtual photon exchange, theahtCCC
cross sections become similar in magnitud®at: 10000 GeV, i.e. at around the mass-scale
squared of the electroweak bosons, demonstrating the ssio€electroweak unification in the
Standard Model with impressive precision. The data alsarli@lemonstrate that the N€ p
and NCe"p cross sections are the same when photon exchange is dorburtathiey start to
differ atQ? ~ 10000 GeV wheny—Z interference becomes important.
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8.2 The structure function ngz

Figures75and76 show the reduced cross sections for besth ande™ p inclusive NC scattering
and predictions from HERAPDF2.0 at NLO and NNLO as a functib@bfor selected values
of xgj. The diferences in the cross sections at higfhare clearly visible and well described by
HERAPDF2.0, both at NLO and at NNLO. The predictions at NNL®éhalightly lower un-
certainties than at NLO. As described in Sectithe structure functionF}” can be extracted
by subtracting the N@*p from the NCe p cross sections. This directly probes the valence
structure of the proton. Equatio2sand7 were used to obtaiNFgZ for Q> > 1000 Ge\. The
result is shown in Fig77 in bins of Q? together with the predictions of HERAPDF2.0 NLO.
The values are listed in Table The subtraction yields precise results ab@7eof 3000 Ge\f.

The valence-quark distributions and hen(Fé;Z depend only minimally on the scale, i.e.
only small corrections are needed to translate all valueg it to a common scale of 1000 G&V
This was done using HERAPDF2.0 NLO. The translation factasevelose to unity for most
points. The largest factors of up to 1.6 were obtained fonisat the highesp? andxg; where
xFJ% is very small.

The translated(FgZ values were averaged using the method described in Settiarfull
covariance matrix was built using the information on thavitial sources of uncertainty. The
averaging of the<F§Z values has a?/d.o.f. = 58.8/57 demonstrating the consistency of the
data for diferent values of)>. The result is presented in Fig8 together with the prediction
of HERAPDF2.0 NLO. The values are listed in Talgle The data are well described by the
HERAPDF2.0 NLO prediction.

An integration ongz was performed using the averaged cross-section valuesedebr
bin, the shape prediction of HERAPDF2.0 NLO was used. Theetated and uncorrelated
uncertainties were taken into account. Two intervals, ID16< xg; < 0.725and 12 : O< xg; <
1, were considered. An integration of the prediction of HERA&R.0 NLO was also performed.
The integration was performed in bins equidistant in Jgg( The integral boundaries for 11
were derived from the maximugnand kinematic boundaries. The results are:

11: HERAPDF20 :116535s2 Data :1314+ 0.057(staty 0.057(syst) (33)
12 : HERAPDF20 :158872%78  Data :1790+ 0.078(stat) 0.078(syst) (34)

The values from HERAPDF2.0 and data agree within uncerésintror 12, they are also close
to the QPM prediction of B from the integration of EB.

8.3 Helicity effects in CC interactions

Figures79 and80 present the reduced cross sections for CC inclusiyeande™ p scattering.
Thee' p cross sections ardfacted strongly by the helicity factor {Iy)?, see EdL2. Therefore,
the contribution of the valence quarks is supressed at fighich translates to higl®? for
fixed xg;. Thee p cross section is almost uffiacted, because the helicity factor applies to the
anti-quarks which as part of the sea are already supresseghatg;.
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8.4 Scaling violations

Scaling violations, i.e. the dependence of the structunetfans onQ? at fixedxg;, are a conse-
guence of the strong interactions between the partons indbleon. The larger the kinematic
range, the more clearly these violations are demonstrdieey have been used to extract the
gluon content of the proton.

Figures81 and82 show the inclusive N@" p ande™ p HERA data together with fixed-target
data [L07,108 and the predictions of HERAPDF2.0 NLO and NNLO, respecyivdlhe data
presented span more than four orders of magnitude, bdf andxg;. The scaling violations
are clearly visible and are well described by HERAPDF2.0hkait NLO and NNLO. The
scaling violations were also already clearly visible in.F3@ in which a close-up for a particular
kinematic range was presented.

The structure functioti,, see Eql, can be  displayed as a functionxy at fixed Q?. For
the part of the phase space where bdéh andF, are small, the simple expression

lf predicted
= 2
F» rNC —_— = O'FNC (1+Cp) (35)

+ predicted
r,NC

can be used to extract the valuesof Selected values and HERAPDF2.0 NLO predictions for
F,, for which the correctiofCg| < 0.1, are shown in Fig33.

The functionF, rises toward lovkg; at fixedQ?. The scaling violations manifest themselves
by the rise becoming steeper @3 increases. In the conventional framework of pQCD, this
implies an increasing gluon density. The predictions of HER#2.0 NLO describe the data
well.

9 Summary and Conclusions

The H1 and ZEUS collaborations measured inclugi¥e scattering cross sections at HERA
from 1994 to 2007, collecting a total integrated luminositybout 1 fo!. The data were taken
in two different beam configurations, called HERA | and HERA I, at fodfedent centre-of-
mass energies and with twofiirent detectors changing and improving over time. All istle
data were combined to create one consistent set of NC and G€-seation measurements for
unpolarised* p scattering, spanning six orders of magnitude in both neg&bur-momentum-
transfer squared)?, and Bjorkerx. The data from many measurements made independently by
the two collaborations proved to be consistent wit per degree of freedom being 1.04 for the
combination. Combined cross sections are provided for gadfi®? betweerQ? = 0.045 Ge\
andQ? = 50000 GeV and values ofkg; betweenxg; = 6 x 10" andxg; = 0.65. They are
the most precise measurements ever publishe@ggacattering over such a large kinematic
range and have been used to illustrate scaling violatior.pracision of the data has also been
exploited to illustrate electroweak unification and extnede]” aboveQ? = 1000 Ge\f.

The inclusive cross sections were used as input to a QCD asahthin the DGLAP for-
malism. In order to constrain the heavy-quark mass parasjeddditional information from
data on charm and beauty production at HERA was used. Theingspharton distribution
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functions are denoted HERAPDF2.0 and are available at LO, Bih@NNLO. They were cal-
culated for a series of fixed values@f(M2) around the central value of 0.118. HERAPDF2.0
has small experimental uncertainties due to the high pogcand coherence of the input data.
Parameterisation and model uncertainties have also b&eratg=d. HERAPDF2.0 makes pre-
cise predictions which describe the input data well.

The heavy-flavour scheme used for HERAPDF2.0 is RTOPT, ahlariéavour number
scheme. Two variants HERAPDF2.0 FF3A and FF3B, using fixeddlamumber schemes, are
also available at NLO.

The perturbative QCD fits yielding HERAPDF2.0 are based onwliheQ? above 3.5 GeV.

Their y?/d.o.f. values are around 1.2. An extensive investigation incluitedvith different

2., below which data were excluded. FQf, = 10 Ge\?, a full set of PDFs named HERA-
PDF2.0HiQ?2 is also released. These fits have an imprgvgdio.f. of about 1.15. However,
the resulting PDFs do not describe the data in the excludedJYoregion well. HERAPDF2.0
shows tensions between data and fit, independent of the {ilearoyir scheme used, at lo@?,
i.e. belowQ? = 15 Ge\?, and at highQ?, i.e. aboveQ? = 150 Ge\*. Comparisons between the
behaviour of the fits with dierentQ? . values indicate that the NLO theory evolves faster than
the data towards loweD? andx. Fits at NNLO do not improve the agreement. HERAPDF2.0
NNLO and NLO have a similar fit quality.

A measurement ofrs(M2) was made using a perturbative QCD fit for which the inclu-
sive cross sections were augmented with selected jet- amneproduction cross sections as
measured by both the H1 and ZEUS collaborations. The valtaérsl isas(M2) = 0.1183+
0.0009(exp):0.0005(modelparameterisation)0.0012(hadronisationyodsyscale). This value
is in excellent agreement with the value of the world averag®?) = 0.1185 [L09. The set
of PDFs obtained from the analysis with fregM?) is released as HERAPDF2.0Jets.

The precision data on inclusivep scattering presented in this paper are one of the main
legacies of HERA.
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Data Set xgj Grid Q%[GeV?] Grid L et /e Vs xgj,Q? from | Ref.
from to from to | pb? GeV equations

HERA | Ep = 820 GeV andEp = 920 GeV data sets
H1 svx-mb[2] 95-00| 0.000005 002 0.2 12 21 e'p 301, 319 1317,18 [3]
H1 low Q?[2] 96-00 | 0.0002 o1 12 150 | 22 e'p | 301,319| 131718 [4
H1NC 94-97 | 0.0032 065 150 30000| 356 e'p 301 19 [5]
H1CC 94-97 | 0.013 Q40 300 15000| 356 etp 301 14 [5]
H1NC 98-99 | 0.0032 065 150 30000| 164 ep 319 19 [6]
H1CC 98-99 | 0.013 Q40 300 15000| 164 ep 319 14 [6]
H1 NCHY 98-99 | 0.0013 001 100 800 | 164 ep 319 13 [7]
H1NC 99-00 | 0.0013 065 100 30000| 652 e'p 319 19 [7
H1CC 99-00 | 0.013 Q40 300 15000| 652 e'p 319 14 [7]
ZEUS BPC 95| 0.000002 000006 0.11 065 | 1.65 e'p 300 13 [19
ZEUS BPT 97 | 0.0000006 @01 0.045 Q65 39 e'p 300 13,19 [12]
ZEUS SVX 95 | 0.000012 00019 0.6 17 0.2 e'p 300 13 [13
ZEUS NC[2] highlow Q2 96-97 | 0.00006 065 2.7 30000| 300 | e'p 300 21 [14
ZEUS CC 94-97| 0.015 042 280 17000| 47.7 e'p 300 14 [15
ZEUS NC 98-99| 0.005 Q65 200 30000| 159 ep 318 20 [16]
ZEUS CC 98-99| 0.015 042 280 30000| 164 ep 318 14 [17
ZEUS NC 99-00 | 0.005 065 200 30000| 632 e'p 318 20 [18]
ZEUS CC 99-00| 0.008 Q42 280 17000| 609 e'p 318 14 [19]
HERAIl Ep = 920 GeV data sets
H1 NC 15p 03-07 | 0.0008 065 60 30000| 182 ep 319 13,19 [8*
H1 CC 15p 03-07 | 0.008 Q40 300 15000| 182 e'p 319 14 (81t
H1 NC 15p 03-07 | 0.0008 065 60 50000| 1517 | ep 319 13,19 (8t
H1CC 15p 03-07 | 0.008 Q40 300 30000| 1517 | e p 319 14 (8
H1 NC medQ? *5 03-07 | 0.0000986 (05 85 90 | 976 | e'p 319 13 [10]
H1 NC low Q? *5 03-07 | 0.000029 000032 25 12 59 e'p 319 13 [10]
ZEUS NC 06-07 | 0.005 065 200 30000| 1355 etp 318 1314,20 [22]
ZEUS CC 15p 06-07 | 0.0078 042 280 30000| 132 e'p 318 14 [23]
ZEUS NC 15 05-06 | 0.005 Q65 200 30000| 1699 ep 318 20 [20]
ZEUS CC1® 04-06 | 0.015 Q65 280 30000| 175 ep 318 14 [21]
ZEUS NC nominal* 06-07 | 0.000092 0008343 7 110 | 445 e'p 318 13 [24
ZEUS NC satellite™ 06-07 | 0.000071 0008343 5 110 | 445 e'p 318 13 [24]
HERA Il E, = 575 GeV data sets
H1 NC highQ? 07 | 0.00065 065 35 800 | 54 ep 252 1319 9
H1 NC low Q2 07 | 0.0000279 (148 15 90 | 59 etp 252 13 [10]
ZEUS NC nominal 07| 0.000147 0013349 7 110 7.1 e'p 251 13 [24]
ZEUS NC satellite 07| 0.000125 0013349 5 110 7.1 e'p 251 13 [24]
HERA Il Ep = 460 GeV data sets
H1 NC highQ? 07 | 0.00081 065 35 800 | 118 | e'p 225 13,19 9
H1 NC low Q2 07 | 0.0000348 (@148 15 90 | 122 e'p 225 13 [10]
ZEUS NC nominal 07| 0.000184 0016686 7 110 | 139 e'p 225 13 [24]
ZEUS NC satellite 07| 0.000143 0016686 5 110 | 139 e'p 225 13 [24]

Table 1: The 41 data sets from H1 and ZEUS used for the comdmat he marker [2] in

the column “Data Set” indicates that the data are treatedv@aslita sets in the analysis. The
markers->? and*® in the column “Data Set” indicate that the data were alreadyfor HERA-
PDF1.5, see AppendiA. The p in °? denotes that the cross-sections measurements were
preliminary at that time. The markers® and* in the column “Data Set” are explained in
Section4.1 The market for [8] indicates that published cross section were scaled bytarfac

of 1.018 p5]. Integrated luminosities are quoted as given by the collations. The equations
used for the reconstruction ai; andQ? are given in SectioB.2
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Variation Standard Value Lower Limit | Upper Limit
2. [GeVvd] 35 25 5.0
2. [GeV?] HiQ2 100 7.5 125
Mc(NLO) [GeV] 1.47 1.41 1.53
M. (NNLO) [GeV] 1.43 1.37 1.49
My [GeV] 4.5 4.25 4.75
fs 04 0.3 0.5
as(M2) 0.118 - -
U, [GeV] 1.9 1.6 2.2

Table 2: Input parameters for HERAPDF2.0 fits and the vamatmonsidered to evaluate model
and parameterisatiop {) uncertainties.

scheme| as(M2) = m [GeV] m, [GeV]
FF3A | ay"=>=0106375| O(a?) | m°° =144 | m™ =45
FF3B | a)F™=0.118 O(es) | me(my) = 1.26 | my(my) = 4.07

Table 3: Input parameters for HERAPDF2.0FF fits. All othergpagters were set as for the
standard HERAPDF2.0 NLO fit.

HERAPDF Q. [GeV?] | x* |d.of. | y¥d.of
2.0 NLO 3.5 | 1357| 1131 | 1.200
2.0HIQ2 NLO 10.0 | 1156 1002 | 1.154
2.0 NNLO 3.5 | 1363| 1131 | 1.205
2.0HIQ2 NNLO 10.0 | 1146 1002 | 1.144
2.0 AG NLO 3.5 | 1359| 1132| 1.201
2.0HiQ2 AG NLO 10.0 | 1161 | 1003 | 1.158
2.0 AG NNLO 3.5 | 1385| 1132 | 1.223
2.0HiQ2 AG NNLO 10.0 | 1175| 1003| 1.171
2.0 NLO FF3A 3.5 | 1351| 1131 | 1.195
2.0 NLO FF3B 3.5 | 1315| 1131 | 1.163
2.0Jet81/s(M§) fixed 3.5 | 1568| 1340| 1.170
2.0Jetsys(M2) free 3.5 | 1568| 1339 | 1.171

Table 4: The values of? per degree of freedom for HERAPDF2.0 and its variants.
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A B C D E A B
xg | 4.34 | —0.015| 9.11 1.048| —0.167
xu, | 4.07 | 0.714| 4.84 13.4
xd, | 3.15 | 0.806| 4.08
xU | 0.105| —0.172| 8.06 | 11.9
xD | 0.176| —0.172| 4.88

Table 5: Central values of the HERAPDF2.0 parameters at NLO.

A B C D E A B’
Xg | 2.27 | -0.062| 5.56 0.167| -0.383
XU, | 5.55 0.811| 4.82 9.92

xd, | 6.29 | 1.03 | 4.85
xU | 0.161| —0.127| 7.09 | 1.58
xD | 0.269| —0.127| 9.58

Table 6: Central values of the HERAPDF2.0 parameters at NNLO.
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Q2 XBj XF%’Z 5stat 5syst 5tot
GeV*

1000 0.013 0.293 0.227 0.144 0.269
1000 0.020 0.378 0.254 0.141 0.290
1000 0.032 0.619 0.357 0.214 0.416
1000 0.050 -0.472 -0.500 -0.341 -0.606
1000 0.080 -0.342 -0.760 -0.396 -0.857
1000 0.130 0.567 1.256 0.650 1.415
1000 0.180 3.669 1.622 0.903 1.853
1000 0.250 4.189 2.044 1.265 2.404
1000 0.400 0.657 2.477 1886 3.113
1200 0.014 0.497 0.142 0.107 0.178
1200 0.020 0.362 0.137 0.087 0.162
1200 0.032 0.089 0.178 0.107 0.208
1200 0.050 0.826 0.227 0.139 0.266
1200 0.080 0.763 0.329 0.192 0.382
1200 0.130 0.919 0.509 0.261 0.573
1200 0.180 -0.709 -1.288 -0.618 -1.429
1200 0.250 -0.574 -0.763 -0.377 -0.851
1200 0.400 -1.128 -0.996 -0.767 -1.258
1500 0.020 0.511 0.121 0.081 0.146
1500 0.032 0.487 0.149 0.070 0.164
1500 0.050 0.009 0.193 0.100 0.218
1500 0.080 0.852 0.268 0.135 0.300
1500 0.130 0.897 0.443 0.187 0.481
1500 0.180 -0.001 -1.013 -0.407 -1.092
1500 0.250 0.855 0.725 0.300 0.785
1500 0.400 0.444 0.871 0.583 1.048
1500 0.650 0.042 0.456 0.267 0.528
2000 0.022 0.630 0.234 0.103 0.255
2000 0.032 0.340 0.103 0.055 0.116
2000 0.050 0.426 0.134 0.055 0.145
2000 0.080 0.211 0.180 0.078 0.196
2000 0.130 0.181 0.296 0.110 0.315
2000 0.180 0.335 0.374 0.142 0.400
2000 0.250 0.316 0.483 0.179 0.515
2000 0.400 -0.371 -0.542 -0.236 -0.591
2000 0.650 -0.739 -0.296 -0.166 -0.340

Table 7: Structure functiongZ for different values o€)?> and Xgj; Ostay Osyst ANy represent
the statistical, systematic and total uncertainties,eetyely.
4



Q2 XBj XF%/Z 6stat 5syst 6tot
GeV?

3000 0.032 0.347 0.096 0.049 0.108
3000 0.050 0.303 0.068 0.033 0.075
3000 0.080 0.463 0.095 0.041 0.104
3000 0.130 0.440 0.150 0.059 0.161
3000 0.180 0.279 0.194 0.073 0.208
3000 0.250 0.723 0.241 0.102 0.262
3000 0.400 0.227 0.268 0.128 0.297
3000 0.650 -0.022 -0.106 -0.053 -0.118
5000 0.055 0.320 0.078 0.033 0.084
5000 0.080 0.333 0.041 0.019 0.045
5000 0.130 0.548 0.072 0.027 0.077
5000 0.180 0.500 0.087 0.030 0.092
5000 0.250 0.207 0.115 0.035 0.120
5000 0.400 0.132 0.124 0.046 0.132
5000 0.650 0.096 0.055 0.027 0.062
8000 0.087 0.425 0.084 0.029 0.089
8000 0.130 0.493 0.043 0.016 0.046
8000 0.180 0.415 0.056 0.018 0.059
8000 0.250 0.321 0.070 0.022 0.074
8000 0.400 0.120 0.072 0.025 0.077
8000 0.650 -0.004 -0.031 -0.013 -0.034
12000 0.130 0.637 0.125 0.038 0.131
12000 0.180 0.385 0.040 0.013 0.042
12000 0.250 0.379 0.049 0.013 0.050
12000 0.400 0.272 0.056 0.019 0.059
12000 0.650 -0.012 -0.027 -0.009 -0.028
20000 0.250 0.388 0.040 0.013 0.042
20000 0.400 0.218 0.040 0.012 0.041
20000 0.650 0.016 0.019 0.009 0.021
30000 0.400 0.178 0.036 0.008 0.037
30000 0.650 0.060 0.025 0.009 0.026

Table 7: Continued.
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Q2 XBj XF;):,/Z 0 stat 0 syst 0 tot

GeV?

1000 0.014 0.422 0.120 0.082 0.146
1000 0.020 0.443 0.080 0.051 0.094
1000 0.032 0.334 0.058 0.034 0.067
1000 0.050 0.312 0.045 0.023 0.050
1000 0.080 0.365 0.033 0.016 0.037
1000 0.130 0.523 0.035 0.014 0.038
1000 0.180 0.423 0.032 0.011 0.034
1000 0.250 0.407 0.031 0.011 0.032
1000 0.400 0.245 0.028 0.009 0.029
1000 0.650 0.026 0.017 0.007 0.018

Table 8: Structure functiomFgZ averaged ove®? > 1000 GeV at the scale 1000 G&Y§s;as
Jdsyst aNdoior represent the statistical, systematic and total unceieainmespectively.
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Figure 1: The points of the two grids used for the combinati®rid 1 (open circles) was used

for data with v/Som1

Or VSeoms

318 GeV. Grid 2 (dots) was used for data witfs,om2 = 251 GeV

225 GeV. The latter grid has a finer binningxg in accordance with its special

structure iny.
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Figure 2: Distributions of pulls p for: a) N€ p for Q> < 3.5Ge\?; b) NCe*pfor 3.5 < Q? <
100 GeV%; ¢) NCefp for 100 < Q? < 50000 GeV; d) NC e p for 60 < Q? < 50000 GeV; e)
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Figure 4. The combined HERA data for the inclusive M(p reduced cross sections as a
function of Q? for six selected values of; compared to the individual H1 and ZEUS data. The
individual measurements are displaced horizontally fételoeisibility. Error bars represent the
total uncertainties. The two labelled entriexgt= 0.008 and 008 come from data which were
taken aty/s = 300 GeV and; < 0.35 and were translated t¢'s = 318 GeV, see Sectioh L
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total uncertainties.
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Figure 7: The combined HERA data for the inclusive Bl reduced cross section as a function
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Figure 8: The combined HERA data for the inclusive §® reduced cross sections gfs =
251 GeV as a function ofg; for five selected values @’ compared to the individual H1 and
ZEUS data. The individual measurements are displaceddraslty for better visibility. The
ZEUS points at the same; andQ@? values are from two dlierent data sets. Error bars represent

the total uncertainties.
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Figure 9: The combined HERA data for the inclusive §® reduced cross sections gfs =
225 GeV as a function ofg; for five selected values @’ compared to the individual H1 and
ZEUS data. The individual measurements are displaceddraslty for better visibility. The
ZEUS points at the same; andQ@? values are from two dlierent data sets. Error bars represent
the total uncertainties.
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data. The individual measurements are displaced horiltpiita better visibility. Error bars
represent the total uncertainties.
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Figure 16: TheAy? = x? — x2. versus the charm mass parameirfor NLO and NNLO fits
based on the combined data on charm production in addititretoombined inclusive data.
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Figure 18: Comparison of the PDF uncertainties as deterniyeithe Hessian and Monte
Carlo (MC) methods at NNLO for the valence distributions and xd,, the gluon distribution
xg and the sea distributioxS = 2x(U + D), at the scal@? = 10 Ge\?.
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Figure 20: The dependenceydf/d.o.f.onQ2. for HERAPDF2.0 fits using a) the RTOP#4],
FONNL-B [91], ACOT [11q and fixed-flavour (FF) schemes at NLO and b) the RTOPT and
FONNL-B/C [92] schemes at NLO and NNLO. THg_ contributions are calculated using ma-
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Q2. =25Ge\’.
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Figure 21: The parton distribution functiors,, xd,, XS = 2x(U + D) andxg of HERAPDF2.0
NLO atu? = 10 Ge\:. The gluon and sea distributions are scaled down by a fat@®.0The
experimental, model and parameterisation uncertainteestzown. The dotted lines represent
HERAPDF2.0AG NLO with the alternative gluon parametersatisee Sectiof.8.
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Figure 22: The flavour breakdown of the sea distribution ofRAPDF2.0 NLO atu? =
10 Ge\2. Shown are the distributionsr, xd, X c andxstogether with their experimental, model
and parameterisation uncertainties. The fractional uargies are also shown.
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Figure 23: The parton distribution functioms,, xd,, xS = 2x(U + D) andxg of HERAPDF2.0
NNLO atu? = 10 Ge\?. The gluon and sea distributions are scaled down by a faétof Be
experimental, model and parameterisation uncertainteestzown. The dotted lines represent
HERAPDF2.0AG NNLO with the alternative gluon parameter@atsee Sectioh.8.
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Figure 24: The flavour breakdown of the sea distribution ofRAPDF2.0 NNLO atu? =
10 Ge\2. Shown are the distributionsr, xd, X c andxstogether with their experimental, model
and parameterisation uncertainties. The fractional uargies are also shown.
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Figure 25: The parton distribution functioms,, xd,, XS = 2x(U + D) andxg of HERAPDF2.0
NLO atu? = 10 Ge\* compared to those of HERAPDF2.0 NNLO on logarithmic (top) and
linear (bottom) scales. The bands represent the total taicges.
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Figure 26: The parton distribution functioms,, xd,, XS = 2x(U + D) and xg of HERA-
PDF2.0AG LO at,uf2 = 10 Ge\? compared to those of HERAPDF2.0AG NLO. The bands
represent the experimental uncertainties only.
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Figure 27: The combined higf? HERA inclusive NCe"p reduced cross sections gfs =
318 GeV with overlaid predictions from HERAPDF2.0 NNLO. Thanlds represent the total
uncertainties on the predictions.
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Figure 28: The combined higf? HERA inclusive NCe"p reduced cross sections gfs =
318 GeV with overlaid predictions of the HERAPDF2.0 NLO. Thenls represent the total
uncertainties on the predictions.
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Figure 29: The combined higf? HERA inclusive NCe"p reduced cross sections gfs =
318 GeV with overlaid predictions of the HERAPDF2.0AG LO. Tdands represent the exper-
imental uncertainties on the predictions.
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Figure 30: The combined hig? HERA inclusive NCe' p reduced cross sections as partially
shown already in Figh with overlaid predictions of HERAPDF2.0 NLO and NNLO. The two
differently shaded bands represent the total uncertaintidsedmwb predictions.
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Figure 31: The combined HERA inclusive N&Cp reduced cross sections gfs = 318 GeV
with overlaid predictions from HERAPDF2.0 NNLO. The bandpresent the total uncertain-
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Figure 32: The combined HERA inclusive N&Cp reduced cross sections gfs = 318 GeV
with overlaid predictions from HERAPDF2.0 NLO. The bandsresent the total uncertainties
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Figure 33: The combined HERA inclusive N&Cp reduced cross sections gfs = 318 GeV
with overlaid predictions from HERAPDF2.0AG LO. The bandpresent the experimental
uncertainties on the predictions.
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Figure 34: The combined loW@? HERA inclusive NCe*p reduced cross sections afs =
318 GeV with overlaid predictions from HERAPDF2.0 NNLO. Thanlds represent the total
uncertainties on the predictions. Dotted lines indicateagolation into kinematic regions not
included in the fit.
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Figure 35: The combined loW@? HERA inclusive NCe*p reduced cross sections afs =
318 GeV with overlaid predictions from HERAPDF2.0 NLO. Thenta represent the total
uncertainties on the predictions. Dotted lines indicatesgolation into kinematic regions not
included in the fit.
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Figure 36: The combined lo\@? HERA inclusive NCe*p reduced cross sections afs =
318 GeV with overlaid predictions from HERAPDF2.0AG LO. Thanks represent the ex-
perimental uncertainties on the predictions. Dotted linegcate extrapolation into kinematic
regions not included in the fit.
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Figure 37: The combined HERA inclusive Gp reduced cross sections &fs = 318 GeV
with overlaid predictions from HERAPDF2.0 NNLO. The bandpresent the total uncertain-
ties on the predictions.
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Figure 38: The combined HERA inclusive G€p reduced cross sections afs = 318 GeV
with overlaid predictions from HERAPDF2.0 NLO. The bandsresent the total uncertainties
on the predictions.
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Figure 39: The combined HERA inclusive GCp reduced cross sections afs = 318 GeV
with overlaid predictions from HERAPDF2.0 NNLO. The bandpresent the total uncertain-
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Figure 40: The combined HERA inclusive GECp reduced cross sections &fs = 318 GeV
with overlaid predictions of the HERAPDF2.0 NLO. The bandsresent the total uncertainties
on the predictions.
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Figure 41: The combined loW@? HERA inclusive NCe*p reduced cross sections afs =
300 GeV with overlaid predictions of HERAPDF2.0 NLO. The bamdpresent the total un-
certainties on the predictions. Dotted lines indicate apdiation into kinematic regions not
included in the fit.
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Figure 42: The combined higf? HERA inclusive NCe"p reduced cross sections gfs =
300 GeV with overlaid predictions of HERAPDF2.0 NLO. The banelpresent the total uncer-
tainties on the predictions.
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Figure 43: The combined loW@? HERA inclusive NCe*p reduced cross sections afs =
251 GeV with overlaid predictions from HERAPDF2.0 NLO. Thenta represent the total
uncertainties on the predictions. Dotted lines indicatesgolation into kinematic regions not
included in the fit.
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Figure 44: The combined higf? HERA inclusive NCe"p reduced cross sections gfs =
251 GeV with overlaid predictions from HERAPDF2.0 NLO. Thenta represent the total
uncertainties on the predictions.
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Figure 45: The combined loW@? HERA inclusive NCe*p reduced cross sections afs =
225 GeV with overlaid predictions from HERAPDF2.0 NLO. Thenta represent the total
uncertainties on the predictions. Dotted lines indicateagrolation into kinematic regions not

included in the fit.
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Figure 46: The combined higf? HERA inclusive NCe"p reduced cross sections gfs =
225 GeV with overlaid predictions from HERAPDF2.0 NLO. Thenta represent the total
uncertainties on the predictions.
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Figure 48: The parton distribution functioms,, xd,, XS = 2x(U + D) andxg of HERAPDF2.0
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Figure 49: The parton distribution functioms,, xd,, XS = 2x(U + D) andxg of HERAPDF2.0
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Figure 50: The parton distribution functiors,, xd,, Xg andxS = 2x(U + D) of HERAPDF2.0
NLO atu? = 10 GeV* compared to those of MMHT20147], CT10 [39] and NNPDF3.044].
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Figure 51: The parton distribution functioms,, xd,, Xg andxS = 2x(U + D) of HERA-
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Figure 52: The parton distribution functiors,, xd,, XS = 2x(U + D) andxg of HERAPDF2.0
NLO at p? = 10GeV with Q2. = 3.5Ge\* (top) and of HERAPDF2.0HiQ2 NLO with
2= 10Ge\# (bottom). The gluon and sea distributions are scaled dowa Egctor of
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Figure 53: The parton distribution functiors,, xd,, XS = 2x(J+ 5) andxg of HERAPDF2.0
NNLO aty? = 10 GeV* with Q2. = 3.5Ge\* (top) and of HERAPDF2.0HiQ2 NNLO with
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Figure 54: The parton distribution functioms,, xd,, XS = 2x(U + D) andxg of HERAPDF2.0
NLO atu? = 10 GeV* compared to those of HERAPDF2.0HiQ2 NLO on logarithmic (tapl

F— HERAPDF20NLO
E= HERAPDF2.0HIQ2 NLO

X

linear (bottom) scales. The bands represent the total taicees.

101



H1 and ZEUS

I xS (x 0.05)

2 = 10000 GeV
f

B HERAPDF2.0 NLO
HERAPDF2.0HIQ2 NLO

Xg (x 0.05)

H1 and ZEUS

25
Y
> I
2 |
15N
l =
05}
10*
1
Y
>< L

p2 = 10000 GeV
f

F— HERAPDF20NLO

HERAPDF2.0HiQ2 NLO
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Figure 57: The parton distribution functioms,, xd,, XS = 2x(U + D) andxg of HERAPDF2.0
NNLO aty? = 10000 GeV compared to those of HERAPDF2.0HiQ2 NNLO on logarithmic
(top) and linear (bottom) scales. The bands represent takeuiacertainties.

104



H1 and ZEUS

S | Q=206eV | Q=27GeV | : Q’=35GeV | : Q’=45GeV
+ .- - F
1+ -3 g — g
b 7*"“"& [ ;.".'0. [ ; .""‘o, [ é !"'

: om,-..,“‘_____”“'."‘ : .'""“r----- - : ‘- “ : ‘, )

0 7\ \HHH‘ L \HHH‘ L \HHH‘ L \HHH‘ L H\“\‘N.i\ \HHH‘ L \HHH‘ L \HHH‘ L HHH\‘ L \H"W‘l-ui\ \HHH‘ L HHH\‘ L \HHH‘ L \HHH‘ L H;‘\‘Wﬁ\ \HHH‘ L \HHH‘ L \HHH‘ L \HHH‘ L Hﬁw
L Q*=65GeV | Q°=85GeV | Q’=10GeV |  Q*=12GeV

. Y - o

0 7\ \HHH‘ L \HHH‘ L \HHH‘ L \HHH‘ HH 7\ \HHH‘ L \HHH‘ L \HHH‘ L HHH\‘ L \'\'}Nﬂi\ \HHH‘ L HHH\‘ L \HHH‘ L \HHH‘ LLLE 7\ \HHH‘ L \HHH‘ L \HHH‘ L \HHH‘ LLLL
- Q*=15GeV | Q?=18GeV | Q?=22GeV | Q%*=27GeV

1 ; L ;

0 7\\\\\\”‘ HHHH‘ HHHH‘ HHHH‘ LU 7\\\\\\\\‘ HHHH‘ HHHH‘ HHHH‘ L 7\\\\\\\\‘ HHHH‘ HHHH‘ HHHH‘ L1l 7\\\\\\”‘ HHHH‘ HHHH‘ HHHH‘ L
L Q*=35GeV | 0Q%°=45GeV | Q°=60GeV | Q*=70GeV

1 L ; L ;

0 7\ \HHH‘ L \HHH‘ L \HHH‘ L \HHH‘ LLL 7\ \HHH‘ L \HHH‘ L \HHH‘ L HHH\‘ LLL 7\ \HHH‘ L HHH\‘ L \HHH‘ L \HHH‘ LLL 7\ \HHH‘ L \HHH‘ L \HHH‘ L \HHH‘ LLL
- Q?=90Ge? [ Q*=120GeV 10° 10" 10° 100
L L X
i i B

L[ i ® HERANCep05f5t
i i Vs =318 GeV

0 7\\\\\\”‘ HHHH‘ HHHH‘ HHHH‘ L1l 7\\\\\\\\‘ HHHH‘ HHHH‘ HHHH‘ L1l = HERAPDFZ'OHIQZ NNLO

10° 10t 10° 10t

Figure 58: The combined lo\@? HERA data on inclusive N@* p reduced cross sections at
v/s = 318 GeV with overlaid predictions from HERAPDF2.0HIQ2 NNL®& bands repre-

sent the total uncertainty on the predictions. Dotted lindgate extrapolation into kinematic
regions not included in the fit.
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Figure 59: The combined lo\@? HERA data on inclusive N@* p reduced cross sections at
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Figure 60: The parton distribution functioms,, xd,, xS = 2x(U + D) andxg of of HERA-
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Figure 61: The parton distribution functioms,, xd,, Xg andxS = 2x(U + D) of HERA-
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Figure 64: The parton distribution functioms,, xd,, xg andxS = 2x(U + D) of HERA-
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Figure 65: Ay? = x? — x2.. Vs. as(M2) for pQCD fits with diferentQZ. using data on (a)

inclusive, charm and jet production at NLO, (b) inclusee scattering only at NLO and (c)
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Figure 66: The parton distribution functioms,, xd,, XS = 2x(U + D) and xg of HERA-
PDF2.0Jets NLO at? = 10 Ge\? with fixed ag(M2) = 0.118 (top) and freexs(M2) (bottom).
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Figure 67: The parton distribution functions,, xd,, XS = 2x(U + D) and xg of HERA-
PDF2.0Jets NLO gt? = 10 Ge\? compared to those of HERAPDF2.0 NLO on logarithmic
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represent the total uncertainties.
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Figure 68: The HERA reduced cross sections for charm prasluetith overlaid predictions

of the HERAPDF2.0Jets NLO fit. The bands represent the to@ainty on the predictions
excluding scale uncertainties. Dotted lines indicateapdfation into kinematic regions not
included in the fit.
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sections, &/dpr, in bins of Q% between 5 and 100 Gé\as measured by H1. Also shown are
predictions from HERAPDF2.0Jets. The bands represent takuncertainties on the predic-
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Figure 70: a) Dfferential jet cross sections,cddpr, in bins of Q> between 125 and

10000 GeV as measured by ZEUS. b) fiérential dijet cross sectiondg-/d(pr)», in bins of
Q? between 125 and 20000 Gé¥s measured by ZEUS. The variabpg ), denotes the average
pr of the two jets. Also shown are predictions from HERAPDF29J&he bands represent

the total uncertainty on the predictions excluding scaleeutainties.

117



H1 and ZEUS

10 ¢ 3 °

%
%

10 - L .
E [::f:; c::&:;

107 £ 150< Q" < 200 GeVf £ 200< Q<270 GeVf £ 270< Q% <400 GeVf - 400< Q< 700 GeV}

- ‘ — ‘ 10 ‘ 0 10 ‘ a0

F—e— [ — pT [ GeV

10 | 3 —_—

. ; t e H1 normalised inclusive jets
== HERAPDF2.0Jets NLO

-2 kS
10 E 2 E 2
[ 700< Q%< 5000 GeV [ 5000< Q%< 15000 GeV

L . -
10 40 10 40

p; / GeV

Figure 71: Diferential jet cross sectionsgddpr. All cross sections are normalised to NC in-
clusive cross sections. Also shown are predictions from HEBR2.0Jets. The bands represent
the total uncertainties on the predictions excluding suoakertainties.
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Figure 72: Diferential dijet cross sectionsgdd(pr),, in bins of Q> between 150 and

15000 GeV as measured by H1. The varialile; ), denotes the averagg of the two jets.All
cross sections are normalised to NC inclusive cross sectidiso shown are predictions from
HERAPDF2.0Jets. The bands represent the total uncersiotighe predictions excluding
scale uncertainties.
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Figure 73: Diterential trijet cross sections,odd(pr)s, in bins of Q> between 150 and
15000 GeV as measured by H1. The varial[& ); denotes the average of the three jets. All
cross sections are normalised to NC inclusive cross sectidiso shown are predictions from
HERAPDF2.0Jets. The bands represent the total uncersgiotighe predictions excluding
scale uncertainties.
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Figure 75: The combined HERA data for the inclusive B ande™ p reduced cross sections
as a function ofQ? for selected values ofg; at v/s = 318 GeV with overlaid predictions of
HERAPDF2.0 NLO. The bands represent the total uncertainfid®e predictions.
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Figure 76: The combined HERA data for the inclusive B ande™ p reduced cross sections
as a function ofQ? for selected values ofg; at v/s = 318 GeV with overlaid predictions of
HERAPDF2.0 NNLO. The bands represent the total uncertaiati¢he predictions.
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Figure 78: The structure functiorF}* averaged ovef? > 1000 GeV at the scaleQ® =
1000 GeV together with the prediction from HERAPDF2.0 NLO. The bangresents the
total uncertainty on the prediction.
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Figure 79: The combined HERA data for inclusive €3 ande™ p reduced cross sections at
v/s = 318 GeV with overlaid predictions of HERAPDF2.0 NLO. The bamepresent the total
uncertainties on the predictions.
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Figure 80: The combined HERA data for inclusive €3 ande™ p reduced cross sections at
v/s = 318 GeV with overlaid predictions of HERAPDF2.0 NNLO. The bamepresent the total
uncertainty on the predictions.
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Figure 81: The combined HERA data for the inclusive B ande™ p reduced cross sections
together with fixed-target datad(7,108 and the predictions of HERAPDF2.0 NLO. The bands
represent the total uncertainties on the predictions. &ddines indicate extrapolation into
kinematic regions not included in the fit.
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Figure 82: The combined HERA data for the inclusive B ande™ p reduced cross sections
together with fixed-target datd (/7,108 and the predictions of HERAPDF2.0 NNLO. The
bands represent the total uncertainties on the predictiDashed lines indicate extrapolation
into kinematic regions not included in the fit.
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total uncertainty on the predictions.
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Appendix A — HERAPDF1.5

HERAPDF1.5 NLO and NNLO were released in 2013 They were obtained from all
HERA| data sets and the selected HERA Il data sets marked ire Talfbome cross-section
measurements were preliminary at the time; this is also etank Tablel. All these data sets
were combined as described in SectibnHowever, only the three procedural uncertainties
described in Section$.5.1and4.5.2were considered. Tabieprovides a comparison between

the main settings for HERAPDF2.0 and 1.5.

HERAPDF2.0 HERAPDF1.5
NNLO NLO NNLO NLO

Data as in Tablé combination preliminary combination
Uncertainties:
Experimental Hessian Hessian
Procedural 7 3
Parameterisation as in Equation27to 31 as in Equation27to 31
Number of Parameters 14 14 14+ 10*

— Variations 15 [D,] 15 [Dy,] none 11 [D,], 12 [Dg]
,ufzo [GeV?] 1.9 1.9 1.9 1.9

— Variations 1.6,2.2 | 1.6,2.2 15,25 1.5, 2.5
M. [GeV] 1.43 1.47 1.4 1.4

— Variations 1.37,1.49| 1.41,1.53| 1.35,1.65 1.35, 1.65
My [GeV] 4.5 4.5 4.75 4.75

— Variations 4.25,4.75| 4.25,4.75| 4.30, 5.00 4.30, 5.00
fs [GeV] 0.40 0.40 0.31 0.31

— Variations 0.30,0.50| 0.30,0.50| 0.23,0.38 0.23,0.38

2. [GeV?] of Data 3.5 3.5 3.5 3.5

— Variations 2.5,5.0 2.5,5.0 2.5,5.0 2.5,5.0
Fixedas 0.118 0.118 0.1176 0.1176

Table 9: Settings for HERAPDF2.0 and HERAPDFL1.5.
*: Setting was chosen exactly as for HERAPDFL1.0.
**: Parameter number 14 w&g, and notDj.

a o o o

@

—h

: M = 149 GeV to assurgf < MZ
: M., =153GeVto assurﬁefzO < M2
M. = 1.6 GeV to assur,&zfz0 < M2

: FOI‘,ufZO = 1.5Ge\?, alsoA) andB; were introduced (as for HERAPDF1.0 NLO).
L = 1.6 GeVF to assure:; < M2
L = 1.8GeVFto assurer? < MZ
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Appendix B — PDFs released

The following sets of PDFs are releas&@][and available on LHAPDF:
(httpsy/lhapdf.hepforge.orgdfsets.html).

e HERAPDF2.0

— based on the combination of all inclusive data from the H1ZBdS collaborations;
— with Q2. = 35GeV?;

— at NLO and NNLO;

— using the RTOPT variable-flavour-number scheme;

— with a5(M2) = 0.118;

— 14 eigenvector pairs give the Hessian experimental unn&gs;

— for the NLO and NNLO fits, grids of 13 variations are releaseddscribe the model
and parameterisation uncertainties;

— grids with alternative values af(M2) are released fars(M2) = 0.110 toas(M3) =
0.130 in steps of 0.001;
¢ HERAPDF2.0HIQ2

— as HERAPDF2.0, but witlQ2. = 10.0 Ge\#;
— only atas(M3) = 0.118;

e HERAPDF2.0AG

based on the combination of all inclusive data from the H1ZEdS collaborations;
— with Q2. = 35GeV;

at LO, NLO and NNLO;

using the alternative gluon parameterisation as define@i@&6.8;

with as(M2) = 0.130 for LO andas(M2) = 0.118 for NLO and NNLO;

experimental uncertainties provided at LO;

no uncertainties provided at NLO and NNLO;
¢ HERAPDF2.0FF3A and FF3B

— based on the combination of all inclusive data from the H1ZEdS collaborations;
— with Q2. = 35GeV?;

— at NLO;

— using the fixed-flavour-number schemes as decribed in Bable

— with as(M2)N=3 = 0.106375, equivalent tags(M2)N-=> = 0.118 for FF3A, and with
g(M2) = 0.118 for FF3B;

— 14 eigenvector pairs give the Hessian experimental uringds;
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— grids of 13 variations are released to describe the modeparameterisation un-
certainties;

e HERAPDF2.0Jets
— based on the combination of all inclusive data from the H1ZBJS collaborations
and selected data on charm and jet production;
— with Q2. = 35GeV?;
— atNLO;
with free as(M3);

15 eigenvector pairs give Hessian experimental unceaimcluding the uncer-
tainty onas(M2);

— grids of 15 variations are released to describe the modelnpeterisation and hadro-
nisation uncertainties.
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Appendix C — Data tables

Tables10-16 summarise the combined cross section measurements andaumoes. The full
information about correlations between cross-sectiorsoreanents is available elsewheré]|
The new values supersede those published previogEly [
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Q2 XBj O—:,NC Ostat Suncor Scor Orel 5yp Ohad 01 62 03 04 Stot
GeV? % % % % % % % % % % %
0.15 0502x 10°  0.185 3.79 150 3.62 1.39 0.35-0.21 -0.17 -0.01 0.00 0.01 5.65
0.2 0669x 10°°  0.227 1.65 0.78 1.70 0.86 0.57 0.00 0.00 0.00 0.00 0.01 2.70
0.2 0849x 10°°  0.223 1.61 0.61 219 1.06 0.55-0.26 -0.06 0.00 0.00 0.00 3.04
0.2 0110x 104  0.208 2.79 150 2.83 1.01 0.34 -0.08 -0.18 0.00 0.00 0.01 4.38
0.2 0398x 104 0.211 1493 11.96 5.18 0.33 4.70 2.93 1.57-0.03 -0.02 0.15 20.64
0.2 0251x 102 0.180 13.49 6.17 3.00 0.32 1.39-1.67 1.19 0.01 0.02 0.02 1534
0.25 0836x10°  0.265 1.46 0.73 192 1.17 0.63 -0.23 0.45 0.00 0.00 0.01 2.89
0.25 0106x 10*  0.260 1.29 0.66 184 1.11 0.63 -0.10 0.32 0.00 0.00 0.01 2.69
0.25 0138x 10*  0.249 1.27 0.72 1.85 1.24 0.61 -0.22 0.08 0.00 0.00 0.00 2.74
0.25 0230x 10*  0.243 1.41 1.50 2.37 2.23 0.38 -0.60 0.43 0.00 -0.02 0.01 3.94
0.25 0398x 10*  0.236 3.32 154 279 0.50 1.03 0.29 0.21 0.00 0.01 0.02 4.76
0.25 0110x 102  0.199 3.96 150 2.50 0.77 0.32 0.06-0.58 0.00 0.00 0.01 5.02
0.25 0251x 102  0.196 3.75 1.44 3.26 -0.23 0.35 051 -0.21 0.01 0.02 0.02 5.22
0.25 0394x10°  0.194 4.16 150 3.61 1.65 0.46 -0.29 -0.20 0.00 0.00 0.02 5.97
0.25 0158x 102 0.198 11.00 529 241 0.29 0.01-1.76 1.08 0.01 0.03 0.02 1261
0.35 0512x10° 0.436 22.08 12.79 1.83 0.22 1.82-0.44 1.33 -0.03 0.00 0.03 25.68
0.35 0100x 10*  0.345 1.63 0.80 1.80 111 0.60 -0.38 0.12 0.00 0.00 0.01 2.87
0.35 0127x10* 0.324 1.44 0.79 1.86 1.16 0.58 -0.16 -0.03 0.00 0.00 0.01 2.81
0.35 0165x 10*  0.313 1.21 0.63 1.88 1.19 0.63 0.06 0.52 0.00 0.00 0.01 2.74
0.35 0320x10*  0.296 1.14 0.72 254 2.55 0.72 -0.77 1.05 -0.01 -0.02 0.01 4.12
0.35 0662x 10*  0.282 2.62 1.50 1.72 0.42 0.42 -0.06 1.19 0.00 0.01 0.01 3.72
0.35 0130x 10°  0.257 2.53 1.43 1.54 0.81 0.59 -0.11 0.70 0.00 0.00 0.02 3.50
0.35 0220x10°  0.240 2.67 1.50 2.01 1.13 0.53-0.31 0.14 0.00 0.00 0.01 3.88
0.35 0500x 103 0.240 2.52 142 181 1.49 0.44 -0.46 0.28 0.00 0.00 0.01 3.79
0.35 0251x 102 0.201 10.00 455 154 0.55 -0.32 -0.44 0.34 0.00 0.02 0.04 1112
0.4 0133x 104 0.355 1.97 0.88 2.04 1.36 0.67 -0.31 0.64 0.00 0.00 0.01 3.42
0.4 Q0170x 104 0.354 1.66 0.83 1.87 1.15 0.61 -0.05 0.29 0.00 0.01 o0.01 2.96
0.4 0220x 104 0.334 1.45 0.78 1.86 1.28 0.64 -0.34 0.38 0.00 0.00 0.01 291
0.4 0368x 10*  0.330 1.26 0.77 252 2.58 0.65 -0.84 1.12 -0.01 -0.02 0.01 4.19
0.4 0883x 1074  0.320 2.72 150 1.57 1.03 0.48 -0.23 0.41 0.00 0.00 0.01 3.69
0.4 Q176x10°%  0.287 2.79 1.50 1.76 0.68 0.49 -0.16 0.22 0.00 0.01 0.01 3.73
0.4 0294x 102 0.277 2.75 1.50 1.66 1.03 0.47 -0.30 0.74 0.00 0.00 0.01 3.81
0.4 0631x10°%  0.260 2.74 150 2.06 1.33 0.43 -0.32 0.54 0.00 0.00 0.01 4.04
0.5 0732x10°° 0.428 5.55 574 416 -0.02 4.04 0.31 190 -0.05 -0.01 0.05 10.05
0.5 0158x 1074  0.426 3.53 1.48 2.38 1.22 0.46 -0.20 0.70 0.00 0.00 0.00 4.75
0.5 0212x10°%  0.390 2.06 0.80 201 1.07 0.58 0.21 0.33 0.00 0.00 0.01 3.25
0.5 0276x 10%  0.377 1.71 0.76 2.00 1.38 0.64 -0.18 0.31 0.00 0.00 0.01 3.15
0.5 0398x 104 0.364 1.48 0.81 2.60 2.64 0.85 -0.97 1.03 -0.01 -0.01 0.01 4.40
0.5 Q100x 1073  0.348 1.74 1.45 1.57 0.65 0.54 -0.07 0.73 0.00 0.01 0.01 2.98
0.5 0251x10°%  0.308 1.87 1.43 1.62 0.36 0.38 0.01 0.02 0.00 0.01 o0.01 291
0.5 0368x10°%  0.300 2.03 150 1.68 0.83 0.43 -0.12 0.35 0.00 0.00 0.01 3.19
0.5 Q800x 1073  0.287 2.05 1.38 1.54 0.98 0.37 -0.27 0.09 0.00 0.00 0.01 3.11
0.5 0320x 1072 0.182 11.38 6.39 130 0.38 -0.40 -0.77 -0.48 -0.01 0.01 0.08 13.16
0.65 0952x 10°  0.464 4.02 290 257 0.22 2.36 -0.10 152 -0.04 0.00 0.04 6.25
0.65 0158x 10*  0.462 3.10 544 156 0.40 0.34 -0.41 0.15 -0.02 0.01 0.05 6.48
0.65 0398x 10*  0.472 2.73 0.68 2.37 1.26 0.55 0.15 0.46 0.00 0.00 0.00 3.96
0.65 0598x 10*  0.416 1.99 0.74 3.16 2.93 0.60 -0.67 1.56 0.00 -0.01 0.01 5.13
0.65 0100x 102 0.409 2.09 1.47 2.04 0.93 0.66 -0.19 1.59 0.00 0.00 0.01 3.81
0.65 0251x10°  0.361 2.14 1.39 1.69 0.88 0.32 -0.32 1.13 0.00 0.00 0.01 3.41
0.65 0478x10°  0.332 2.29 1.50 1.93 0.88 0.43 -0.36 0.94 0.00 0.00 0.01 3.63
0.65 0800x 10°  0.318 2.14 135 1.64 0.71 0.23 -0.39 0.56 0.00 0.01 0.08 3.18
0.65 0320x 102 0.224 5.82 3.18 1.27 0.39 -0.10 -0.56 0.54 0.00 0.02 0.06 6.81

Table 10: HERA combined reduced cross sectiorig. for NC e"p scattering atv/s =
318 GeV;dstan duncor aNd d¢or represent the statistical, uncorrelated systematic anelated
systematic uncertainties, respectivedys, d,p, ohad aNd 1 — 64 are the correlated sources of
uncertainties arising from the combination procedure. ftal uncertaintyé is calculated
by addingdstas duncon dcor @aNd the procedural uncertainties in quadrature. The waioéds are
quoted in percent relative e/ ..
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Qz Xgj J:NC Ostat  Ouncor Scor Orel 6yp Shad 01 02 03 0a Stot
Ge\2 % % % % % % % % % % %
0.85 0124x10* 0.552 2.57 252 221 0.27 1.92 0.02 1.03-0.04 0.00 0.04 4.76
0.85 0200x10% 0.611 1.96 536 1.63 049 -0.13 -0.40 -0.04 -0.02 0.01 0.05 5.97
0.85 0398x10“* 0.558 2.03 186 1.77 0.44 -045 -0.39 -1.05 -0.01 0.00 0.03 3.51
0.85 0500x104 0.541 293 452 236 0.62 -0.28 -0.09 -0.25 0.00 0.01 0.06 5.93
0.85 0100x10° 0.503 2.65 3.78 3.73 043 -1.31 049 -055 -0.05 0.00 0.03 6.14
0.85 0251x10° 0.397 6.01 298 2.33 0.38 -0.76 -0.54 0.96 -0.02 0.02 0.04 7.23
0.85 0800x107° 0.349 4.61 2.67 1.46 055 -041 -0.28 -0.85 -0.01 0.02 0.07 5.64
0.85 0320x1072 0.308 4.54 283 1.04 0.39 -0.21 -0.15 -0.67 0.00 0.02 0.08 551

1.2 Q176x 104 0.592 2.56 216 2.53 0.31 1.55 0.01 0.67-0.07 -0.01 0.03 4.54

1.2 0200x 10% 0.667 2.63 251 1.36 0.37 0.49 -0.41 0.47 -0.02 0.01 0.04 3.98

1.2 0320x 10% 0.685 1.67 273 1.33 0.44 0.03 -0.36 0.18 -0.02 0.01 0.05 3.52

1.2 0631x 104 0.649 1.39 147 1.43 0.61 -0.47 -0.33 0.26 0.00 0.00 0.05 2.63

1.2 0800x 10* 0.595 2.05 136 1.88 0.61 -0.38 -0.15 -0.47 0.00 0.01 0.06 3.21

1.2 0130x10° 0543 243 497 161 0.37 -0.38 0.22 -0.27 -0.01 0.01 0.04 5.79

1.2 0158x10% 0.533 1.54 135 143 0.68 -0.55 -0.29 -0.96 -0.02 0.01 0.07 2.83

1.2 0398x10° 0.493 2.12 336 138 0.38 -0.59 -0.44 0.77 0.00 0.01 0.03 4.36

1.2 Q130x 102 0.372 355 267 141 0.58 -0.36 -0.14 -0.34 0.00 0.02 0.08 4.72

1.2 0500x 102 0.298 4.51 261 155 0.30 -0.61 0.01 -0.79 0.00 0.01 0.09 5.53

15 0185x 10% 0.619 3.14 3.48 5.44 0.82 -749 -0.06 -581 -030 -0.04 -0.04 11.92

15 0220x 10% 0.696 1.94 178 1.62 043 -0.29 -0.06 -0.29 -0.06 0.00 0.03 3.16

15 0320x10* 0.753 1.73 215 1.20 0.38 0.07 -0.24 0.13 -0.02 0.00 0.05 3.05

15 0500x 10% 0.760 1.05 198 1.15 0.54 -0.63 -0.40 0.10 0.00 0.00 0.03 2.68

15 0800x 10* 0.699 1.26 215 1.37 055 -0.33 -0.37 -0.08 -0.01 0.01 0.05 2.94

15 0130x10° 0.646 1.46 243 1.55 0.53 -0.48 -0.48 -0.47 -0.01 0.01 0.05 3.38

15 0200x 102 0.612 2.08 286 1.65 0.57 -0.47 0.22 0.39 0.00 0.01 0.04 4.00

15 0320x10°% 0577 1.49 226 161 0.43 -0.68 -0.67 0.23 -0.01 0.01 0.04 3.33

15 0500x 103  0.547 2.52 7.05 1.89 0.37 -0.29 -0.15 -041 0.00 0.01 0.04 7.74

15 0800x 103  0.490 2.36 247 1.37 0.57 -0.54 -0.04 0.36 0.00 0.01 0.05 3.78

15 0100x 102 0.462 5.22 3.74 137 0.55 -0.04 -0.66 -0.04 0.00 0.03 0.08 6.63

15 0320x 102 0410 231 204 141 0.61 -0.28 0.16 -0.67 0.00 0.01 0.10 3.53

15 0130x 10! 0.324 4.01 250 4.84 -0.07 -1.12 0.53 1.69 -0.01 -0.03 0.06 7.08

2 0247x10% 0.781 2.31 270 411 0.85 -5.29 0.14 -343 -0.22 -0.03 -0.02 8.37

2 0293x10% 0.788 1.49 165 1.47 0.44 -0.34 0.02 -0.46 -0.06 0.00 0.03 2.76

2 0500x 104 0.823 152 193 1.00 042 -0.18 -0.18 0.13 -0.01 0.01 0.05 271

2 0.800x 104 0.762 0.97 134 0.98 0.53 -0.20 -0.38 0.27 0.00 0.00 0.05 2.06

2 0130x10° 0.723 1.11 1.30 1.07 0.50 -0.20 -0.26 0.36 0.00 0.00 0.05 213

2 0200x10% 0679 1.12 132 1.18 0.56 -0.36 0.28 0.18 0.00 0.01 0.06 2.22

2 0320x10°% 0.627 1.01 165 131 0.45 -0.33 -0.10 0.58 0.00 0.01 0.06 2.47

2 0500x 10 0575 1.17 204 138 0.44 0.02 0.07 0.22 0.00 0.02 0.03 2.77

2 0100x 102 0510 0.99 179 1.10 0.45 -0.15 0.24 -0.33 0.00 0.01 0.05 241

2 0320x 1072 0.426 1.07 189 1.47 0.57 -0.25 0.48 -0.90 0.00 0.01 0.10 2.89

2 0130x10' 0.358 2.39 2.14 3.99 0.07 -0.92 0.53 1.87 -0.01 -0.02 0.07 5.55

2.7 0309x 10% 0.845 2.28 230 2.40 0.80 -3.17 -0.36 -2.05 -0.37 0.00 -0.04 5.60

2.7 0366x 10% 0.866 1.99 188 1.27 057 -1.32 -0.16 -0.97 -0.28 0.01 -0.04 3.50

2.7 0409x 10* 0.937 6.84 476 2.44 1.50 -0.37 0.17 -0.08 -1.68 0.00 0.14 8.98

2.7 0500x 104 0.883 1.51 165 0.98 0.43 -0.17 -0.04 -0.04 -0.02 0.01 0.04 2.48

2.7 0800x 10* 0.889 0.72 1.03 0.85 0.47 -0.30 -0.31 0.26 0.00 0.00 0.04 1.67

2.7 0130x 10 0.805 0.62 0.87 0.82 0.46 0.02 -0.26 0.18 0.00 0.01 0.05 1.46

2.7 0200x 102 0.781 0.76 161 0.94 0.46 -0.31 0.02 0.19 0.00 0.01 0.06 2.10

2.7 0320x10° 0.700 0.84 127 0.96 0.55 -0.27 -0.02 0.82 0.00 0.02 0.05 2.07

2.7 0500x 102 0.645 0.69 135 1.05 0.46 -0.21 -0.11 0.40 0.00 0.02 0.04 1.96

2.7 0800x 10 0.594 0.88 184 0.92 0.42 -0.17 0.00 0.04 0.00 0.02 0.06 2.28

2.7 0130x 102 0.567 0.69 163 1.00 0.46 -0.10 0.28 -0.20 0.00 0.02 0.07 212

2.7 0200x 102 0481 0.91 274 0.99 0.43 -0.27 -0.41 0.04 0.01 0.00 0.14 3.12

2.7 0500x 102 0.453 0.74 182 1.43 0.53 -0.32 0.43 -0.84 0.01 0.01 0.12 2.69

2.7 0200x 101 0.345 254 245 7.41 -030 -1.28 0.77 3.85 -0.01 -0.04 0.08 9.20

Table 10: Continued.
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Q2 Xj U';r_NC Ostat  Ouncor Scor Orel 6yp Shad 01 02 03 0a Stot
GeV2 % % % % % % % % % % %

3.5 0406x 10*  0.806 6.14 417 118 1.09 -0.25 -046 -0.04 -0.75 -0.01 -0.15 7.65
35 0432x 104 0.881 3.08 2.83 331 0.70 -4.07 056 -2.62 -0.18 -0.01 -0.05 7.26
3.5 0460x 104 0.965 3.05 299 110 035 -021 -041 -0.05 -0.15 -0.01 -0.22 4.45
35 0512x 1074 0.940 2.16 225 153 052 -161 0.05 -1.16 -0.07 0.01 0.01 4.04
35 0531x 104 0.880 3.10 264 091 048 -020 -030 -0.03 -0.01 -0.01 -0.21 4.22
3.5 0800x 104  0.952 1.25 155 0.88 043 -0.26 -0.09 -0.08 -0.09 0.01 0.03 2.24
35 Q0130x 1073 0.918 0.66 0.86 080 0.45 -0.13 -0.28 0.18 0.00 0.02 0.06 1.46
35 Q200x 1073 0.854 0.68 0.83 0.81 044 0.09 -0.22 0.26 0.00 0.01 0.08 1.46
3.5 0320x10°% 0.791 0.72 0.88 0.86 0.50 -0.21 -0.01 0.11 0.00 0.01 0.07 1.53
35 Q500x 1073 0.749 0.76 117 0.89 0.37 -0.23 -0.26 0.30 0.00 0.03 0.05 1.75
3.5 Q800x 1073 0.659 0.67 1.16 091 0.37 0.15-0.17 0.20 0.00 0.03 0.05 1.69
3.5 0130x 102  0.623 0.87 1.38 097 042 -0.27 0.00 0.12 0.00 0.02 0.07 1.96
35 Q200x 102 0.568 0.51 0.87 085 044 -0.11 -0.16 -0.02 0.01 0.02 0.11 1.41
3.5 Q800x 1072  0.462 0.59 1.12 111 045 -0.15 -0.36 -0.48 0.01 -0.02 0.21 1.86
4.5 0522x 10%  0.916 6.40 413 120 115 -029 -048 -0.05 -1.15 -0.01 -0.11 7.90
4.5 0592x 104 0.971 2.84 287 101 056 -0.23 -046 -0.05 -043 -0.01 -0.19 4.26
4.5 0618x 1074  0.970 2.97 273 294 100 -3.82 -0.90 -259 -0.18 0.00 0.03 6.93
4.5 0683x 104 1.080 1.67 223 098 070 -023 -033 -0.05 -0.33 -0.01 -0.17 3.08
4.5 Q0732x 104  1.019 1.60 221 110 0.43 -0.80 0.04 -0.67 -0.04 0.01 0.01 3.15
4.5 0818x 104 1.080 10.38 11.67 1.17 0.69 -0.20 -0.20 -0.03 -0.08 0.02 -0.09 15.69
4.5 Q130x 10°%  1.020 1.20 091 081 055-032 -0.19 -0.02 -0.10 0.04 -0.02 1.84
4.5 0200x 10°%  0.961 0.74 091 083 051 0.00 -0.30 0.32 0.01 0.01 0.05 1.58
4.5 0320x 10°%  0.893 0.80 096 079 0.35-0.01 -0.23 0.03 0.00 0.02 0.08 154
4.5 Q500x 10°%  0.797 0.83 089 086 056 -0.01 -0.27 0.06 0.00 0.02 0.08 1.61
4.5 Q800x 1073 0.720 0.82 129 088 0.33 0.04 -0.14 0.30 0.00 0.03 0.05 1.82
4.5 Q130x 102  0.665 0.85 131 097 0.38 -0.07 0.02 0.42 0.00 0.03 0.06 1.93
4.5 Q200x 102 0.615 0.88 1.31 091 0.35 0.31 -0.24 0.18 0.00 0.03 0.04 1.90
4.5 Q320x 102  0.572 0.67 123 097 041 -017 -0.33 -0.09 0.00 0.03 0.08 1.79
4.5 Q130x 101 0.430 0.71 186 152 040 -036 -1.30 -0.96 0.00 0.01 0.10 3.03
6.5 Q0754x 1074 1.117 6.27 415 114 0.64 -0.18 -0.42 -0.02 0.04 -0.02 -0.27 7.65
6.5 0803x 104  1.085 3.10 264 225 056 -284 -0.01 -1.89 -0.11 0.00 0.03 5.80
6.5 0855x 1074 1.097 2.29 261 116 178 -0.28 -045 -0.05 -0.69 -0.01 0.05 4.17
6.5 Q951x 104  1.084 2.62 228 137 0091 -147 -0.04 -1.12 0.08 0.01 0.02 4.26
6.5 Q986x 104 1.177 1.94 219 091 099 -022 -032 -0.03 -0.22 -0.01 -0.18 3.25
6.5 Q130x 10°%  1.113 1.08 1.37 080 049 -0.17 -0.12 -0.08 0.01 0.00 -0.11 2.00
6.5 0200x 1073 1.112 0.93 0.63 0.79 0.42 -0.29 -0.15 0.04 0.02 0.04 -0.02 1.48
6.5 0320x 10°%  1.001 0.75 0.66 0.79 0.42 0.13 -0.17 0.06 0.02 0.01 0.07 1.36
6.5 0500x 10°%  0.933 0.75 1.16 0.85 0.38 -0.17 -0.15 0.12 0.00 0.02 0.07 1.68
6.5 Q800x 1073 0.849 0.79 0.85 085 052 -0.06 -0.31 0.15 -0.01 0.04 0.06 1.57
6.5 Q130x 102  0.758 0.80 1.08 0.84 0.28 -0.05 -0.19 0.07 0.00 0.03 0.13 1.63
6.5 0200x 1072 0.695 0.76 0.87 081 0.28 -0.02 -0.23 0.08 -0.01 0.04 0.07 1.46
6.5 0320x 1072 0.641 0.67 121 094 037 -0.14 -0.02 -0.10 0.00 0.03 0.07 1.72
6.5 0500x 102  0.579 0.94 0.85 097 0.32 -0.14 -0.31 -0.04 0.00 0.04 0.23 1.68
6.5 Q130x 107t 0.483 0.68 182 132 039 -0.27 -1.34 -0.95 0.00 0.01 0.09 291
6.5 Q200x 1071 0.498 1.14 1.89 160 045 0.07 -0.66 -0.17 0.03 -0.07 0.46 2.89
8.5 0986x 104  1.161 231 299 093 0.71 -0.23 -0.44 -0.04 -047 -0.01 -0.18 4.02
8.5 Q105x 1073 1.183 3.72 280 201 052 -247 -062 -2.14 -0.09 0.00 0.06 6.08
8.5 Q112x 10°%  1.180 1.94 248 111 221 -0.27 -0.35 -0.05 -0.14 0.00 0.07 4.03
8.5 0124x 1073 1.259 1.57 195 093 121 -052 -0.06 -0.40 0.23 0.01 0.07 3.01
8.5 Q129x 1073 1.232 1.40 192 091 114 -024 -0.26 -0.04 -0.15 -0.01 -0.11 2.82
8.5 0139x10°%  1.257 3.23 477 112 144 -0.24 -0.15 -0.02 0.87 0.00 -0.20 6.11
8.5 0200x 1073 1.195 0.91 129 077 056 -0.13 -0.09 -0.02 0.07 0.01 -0.12 1.86
8.5 Q320x 10°%  1.107 0.71 0.75 0.75 0.52 0.04 -0.16 0.09 0.05 0.02 -0.02 1.40
8.5 Q500x 1073 1.014 0.81 093 0.79 0.37 0.17 -0.18 0.13 -0.01 0.05 -0.01 154
8.5 Q800x 1073 0.931 0.88 0.80 081 031 0.02 -0.15 0.12 0.00 0.03 0.14 1.49
8.5 Q130x 102 0.839 0.91 0.83 081 0.37 -0.09 -0.26 0.09 0.00 0.05 0.07 155
8.5 Q200x 1072 0.769 0.99 132 088 0.31-0.03 -0.12 0.09 0.00 0.03 0.05 1.90
8.5 Q320x 102  0.661 1.03 133 094 0.30 0.18 -0.28 -0.05 0.00 0.03 0.04 1.98
8.5 0500x 102  0.632 0.76 125 092 037 -0.09 -047 -0.21 0.00 0.03 0.07 1.85
8.5 0200x 1071 0.456 0.83 185 164 029 -042 -091 -0.94 0.00 0.01 0.07 2.96

Table 10: Continued.
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Q2 Xgj O-:,NC Ostat  Ouncor Scor Orel 6yp Ohad 01 02 03 0a Stot
Ge\2 % % % % % % % % % % %
10 0320x 103 1.138 1.92 112 092 0.6 -0.06 -0.04 -0.02 -0.01 0.01 -0.07 2.0
10 0500x 10°% 1.058 1.78 119 086 0.34 0.09 0.16 0.03-0.01 0.06 0.05 234
10 0800x 10°% 0.977 1.84 131 0.84 0.30 0.07 0.05 0.02-0.02 0.09 0.15 2.44
10 0130x 102 0.888 2.13 121 1.01 0.11 -0.16 0.01 0.02 -0.06 0.22 -0.02 2.66
10 0200x 102 0.802 2.04 177 089 042 -0.14 -042 0.05 -0.04 0.13 0.02 291
10 0500x 102 0.628 1.12 0.77 091 041 -0.11 -0.48 -0.02 -0.03 0.10 0.10 1.76
10 0200x 10t 0.513 1.05 127 132 058 -0.04 -054 -0.13 0.00 0.04 022 227
12 0139x10° 1.281 1.78 291 092 073 -023 -036 -0.04 -044 -001 -0.17 3.67
12 0161x 103 1.340 0.91 142 102 135-0.26 -0.34 -0.05 0.02 0.00 -0.04 2.42
12 0182x10°% 1.295 1.31 168 090 140 -024 -0.26 -0.03 040 -0.01 -0.11 276
12 0200x 10 1.294 0.82 070 122 1.08 -0.90 -0.19 -0.03 025 -0.02 -0.19 219
12 0320x 103 1.223 0.76 0,57 0.78 057 -0.28 -0.21 -0.01 0.07 0.07 -0.11 141
12 0500x 10°° 1.145 0.53 0.65 0.76 0.47 -0.10 -0.13 -0.01 0.00 0.01 -0.10 124
12 0800x 10°% 1.045 0.67 056 075 044 -0.01 -0.17 0.05 -0.03 0.10 -0.09 1.25
12 0130x 102 0.935 1.03 083 0.78 0.33 0.01-0.18 -0.19 -0.01 0.06 0.04 159
12 0200x 102 0.851 1.03 094 079 0.23 -0.04 -0.17 -0.02 -0.01 0.06 0.07 163
12 0320x 102 0.754 1.13 136 0.87 0.30 0.10-0.33 -0.01 0.00 0.03 0.05 2.02
12 0500x 102 0.679 0.85 126 092 034 -014 -0.08 -0.20 0.00 0.03 0.07 1.83
12 0200x 101 0.490 0.90 18 135 0.30-0.38 -0.84 -0.95 0.00 0.01 0.08 281
15 0174x 103 1.340 1.37 371 093 0.75-022 -045 -0.04 -037 -0.01 -0.19 4.18
15 0200x 10 1.386 0.93 264 093 047 -019 -036 -0.03 0.06 -0.01 -0.25 3.02
15 0228x 103 1.330 1.81 233 092 044 -019 -0.38 -0.04 0.056 -0.02 -0.23 3.16
15 0320x10°% 1313 0.85 0.70 108 0.72 -0.68 -0.18 -0.02 0.14 -0.02 -0.18 1.85
15 0500x 10°%  1.207 0.47 0.65 076 051 -0.13 -0.16 0.00 0.02 0.04 -0.12 124
15 0800x 103 1.105 0.48 0.63 0.76 0.45 -0.06 -0.09 0.01 -0.01 0.02 -0.11 1.19
15 0130x 102 0.979 0.51 0.65 0.79 0.45 -0.07 -0.09 0.01 -0.03 0.09 -0.10 1.25
15 0200x 102 0.868 0.53 0.67 083 037 -0.11 -0.14 0.00 -0.05 043 -0.05 1.33
15 0320x 102 0.783 0.56 0.78 080 0.38 -0.09 -0.15 -0.01 -0.03 025 -0.09 134
15 0500x 102 0.713 0.59 0.62 0.77 0.36 -0.09 -0.19 0.00 -0.03 0.28 -0.01 1.26
15 0800x 102 0.632 0.51 0.73 078 0.38 -0.07 -0.13 -0.01 -0.02 0.18 -0.07 1.26
15 0200x 1071 0.529 0.69 093 115 0.47 -0.06 -054 -0.10 0.01 0.09 0.13 179
18 0209x 10 1370 1.52 373 091 0.72-021 -040 -0.04 -028 -0.01 -0.20 4.23
18 0237x10°% 1379 0.78 200 100 093 -023 -036 -0.05 -021 -0.01 -0.14 259
18 0268x 107 1372 0.65 118 0.89 1.08 -0.23 -0.28 -0.04 041 -0.01 -0.20 2.03
18 0328x10° 1.383 0.75 105 090 119 -021 -0.15 -0.02 0.66 0.00 -0.20 211
18 0500x 103 1.281 0.59 0.61 079 0.75-0.26 -0.17 -0.02 0.20 0.02 -0.14 1.44
18 0800x10°% 1155 0.45 058 0.75 048 -0.09 -0.14 -0.03 -0.03 -0.01 -0.13 117
18 0130x 102 1.038 0.45 0.62 0.76 0.47 -0.08 -0.09 0.01 -0.03 0.01 -0.13 1.19
18 0200x 1072 0.940 0.51 0.62 0.79 0.43 -0.08 -0.08 0.04 -0.03 0.07 -0.12 122
18 0320102 0.829 0.53 0.65 0.77 038 -0.10 -0.12 0.00 -0.03 0.28 -0.06 1.24
18 0500x 102 0.744 0.56 0.60 077 0.38 -0.07 -0.16 -0.01 -0.03 0.14 -0.04 1.20
18 0800x 102 0.664 0.45 0.66 081 0.37 -0.08 -0.17 -0.01 -0.02 038 -0.06 1.27
18 0200x 101 0.536 0.56 176 118 046 -0.05 -0.85 -0.04 0.02 0.80 -0.02 2.52
22 0290x 103 1.434 1.43 221 122 086 -0.23 -0.33 -0.06 0.00 0.01 -0.43 3.08
22 0320x 10 1431 1.26 281 096 0.80 -0.20 -0.26 -0.04 0.10 0.00 -0.38 3.36
22 0345x10°% 1.410 1.10 150 0.84 0.80 -0.18 -0.20 -0.03 0.38 0.00 -0.39 227
22 0388x10° 1.393 0.87 103 083 088 -0.19 -0.17 -0.02 0.63 0.00 -0.38 1.97
22 0500x 10 1.382 0.82 098 086 098 -0.19 -0.14 -0.01 0.50 0.00 -0.33 194
22 0592x10°%  1.327 0.80 089 088 1.03-0.19 -0.13 -0.01 0.54 0.00 -0.28 1.92
22 0800x10°° 1.229 0.64 0.76 0.84 093 -0.20 -0.11 0.00 0.22 0.00 -0.16 1.64
22 0130x 102 1.057 2.27 140 093 045 0.06 0.21 0.02-0.02 0.10 -0.08 2.87
22 0200x 102 0990 1.15 124 084 090 -0.16 -0.22 0.00 -0.37 0.06 -0.02 214
22 0320x 102 0.900 2.56 118 0.85 0.07 -0.14 0.07 0.06 -0.02 0.11 0.10 295
22 0500x 102 0.769  2.37 0.89 0.83 0.37 -0.09 -0.44 0.05 -0.03 0.12 0.14 274
22 0800x 102 0.656 2.43 0.93 086 055 -0.17 -0.54 0.04 -0.02 0.10 0.19 286
22 0130x 101 0586 1.94 183 113 037 -0.07 -0.18 -0.08 -0.01 0.08 0.08 2.93
22 0320x 10! 0519 1.81 161 142 0.75 0.00-0.87 -0.15 -0.01 0.04 0.21 3.04
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Q2 XBj OT.NC Ostat  Ouncor  Ocor Crel Syp Ohad 01 62 d3 04 Stot
GeV? % % % % % % % % % % %
27 0314x103 1.480 247 3.86 0.91 0.58 -0.22 -0.47 -0.04 -0.23 -0.01 -0.20 4.74
27 0355x 103 1.441 0.88 2.64 091 0.54 -0.19 -0.35 -0.03 0.07 -0.01 -0.24 3.01
27 0410x 10% 1.462 0.73 2.16 0.90 0.66 -0.20 -0.34 -0.02 -0.07 -0.01 -0.21 2.58
27 0500x 103 1.411 0.70 0.74 0.87 0.64 -0.43 -0.23 -0.02 0.04 -0.07 -0.16 1.57
27 0800x 103 1.289 0.44 0.67 0.74 0.49 -0.12 -0.16 -0.01 0.02 -0.02 -0.13 1.22
27 0130x102 1.154 0.47 0.65 0.76 0.48 -0.07 -0.12 0.00 -0.01 -0.03 -0.13 1.22
27 0200x 102 1.044 0.52 0.64 0.77 0.42 -0.08 -0.10 0.01 -0.03 0.06 -0.13 1.22
27 0320x102 0913 053 0.66 0.78 0.36 -0.10 -0.18 0.00 -0.04 0.22 -0.08 1.25
27 0500102 0.800 0.54 0.65 0.78 0.39 -0.10 -0.18 -0.01 -0.04 0.23 -0.07 1.26
27 0800x 102 0.707 0.58 0.66 0.78 0.39 -0.07 -0.11 -0.01 -0.01 0.09 -0.07 1.25
27 0130x10! 0635 0.55 0.67 0.82 0.36 -0.08 -0.15 -0.01 -0.02 0.42 -0.04 1.32
27 0200x 101 0576 0.85 0.77 094 0.38 -0.09 -0.37 0.00 -0.03 0.78 -0.09 1.76
27 0320x 101 0.527 0.62 1.78 1.39 0.51 -0.03 -0.85 -0.07 0.04 0.13 0.00 255
35 0460x 1073 1.427 1.01 199 0.94 0.53 -0.20 -0.39 -0.04 -0.02 0.00 -0.43 255
35 0500x 103 1.472 1.38 1.91 0.92 0.26 -0.16 -0.23 -0.03 -0.01 0.01 -0.59 2.63
35 0531x10% 1.440 0.78 1.24 0.80 0.46 -0.17 -0.28 -0.03 0.26 -0.01 -045 1.84
35 0616x 103 1.458 0.99 1.23 0.79 0.56 -0.16 -0.16 -0.01 0.48 0.01 -0.57 2.01
35 0657x 103 1.433 0.88 0.97 0.80 0.66 -0.16 -0.14 -0.01 0.57 0.00 -0.52 1.85
35 0800x 103 1.386 0.49 0.59 0.76 0.62 -0.19 -0.17 -0.01 0.14 -0.02 -0.24 1.30
35 0100x 102 1.312 0.70 0.75 0.84 0.83 -0.18 -0.12 -0.01 0.35 0.00 -0.37 1.66
35 0130x 102 1.222 0.42 0.48 0.74 0.55 -0.11 -0.06 0.00 0.04 -0.02 -0.20 1.14
35 0200102 1.099 0.52 0.55 0.74 0.47 -0.10 -0.05 0.00 -0.04 -0.01 -0.15 1.18
35 0320x 102 0.963 0.49 0.56 0.77 0.44 -0.08 -0.11 0.00 -0.14 0.07 -0.17 1.19
35 0500102 0.851 0.60 0.54 0.77 0.37 -0.09 -0.18 -0.01 -0.04 0.13 -0.09 1.21
35 0800x 102 0.746 0.60 0.58 0.78 0.36 -0.08 -0.22 -0.01 -0.04 0.21 -0.09 124
35 0130x 10! 0.661 0.66 0.62 0.79 0.37 -0.05 -0.15 -0.01 -0.01 0.11 -0.09 1.27
35 0200x 101 0591 0.65 0.63 0.87 0.30 -0.12 -0.15 -0.02 -0.05 0.66 -0.08 1.47
35 0320x 101 0517 0.80 093 1.25 0.59 -0.06 -0.52 -0.14 -0.02 -0.03 -0.03 1.93
35 0800x 1071 0.448 1.79 354 242 0.53 -0.04 -1.03 -0.07 0.01 1.96 0.00 5.18
45 0590x 1073 1.468 1.79 2.82 1.08 0.14 -0.16 -0.28 -0.04 0.09 0.01 -0.84 3.63
45 0634x 103 1.451 0.87 1.70 0.83 042 -0.19 -0.34 -0.03 -0.12 -0.01 -0.47 221
45 0700x 103 1.485 1.42 2.05 0.80 0.15 -0.13 -0.18 -0.01 0.34 0.01 -0.81 277
45 0800x 103 1.460 0.72 0.80 0.75 0.47 -0.21 -0.23 -0.02 0.06 -0.08 -0.34 1.47
45 0920x 102 1.388 0.98 122 077 0.35 -0.13 -0.13 -0.01 0.57 0.00 -0.70 2.00
45 0110x 102 1.371 0.84 1.17 0.77 0.43 -0.14 -0.12 -0.01 0.41 0.00 -0.62 1.85
45 0130x 102 1.294 0.48 053 0.74 0.50 -0.13 -0.13 -0.01 0.17 -0.01 -0.33 1.21
45 0200x 102 1.152 0.44 0.53 0.73 0.49 -0.10 -0.06 0.00 0.04 -0.01 -021 1.14
45 0320102 1.005 0.49 0.52 0.74 0.48 -0.09 -0.11 0.00 -0.18 0.00 -0.20 1.18
45 0500x 102 0.896 0.65 0.52 0.76 0.31 -0.05 -0.21 0.00 -0.04 0.07 -0.10 1.19
45 0800x 1072 0.780 0.67 0.53 0.76 0.29 -0.10 -0.09 0.00 -0.04 0.06 -0.10 1.19
45 0130x 101 0679 0.71 0.60 0.76 0.38 -0.06 -0.23 -0.01 -0.03 0.17 -0.05 1.29
45 0200x 101 0601 0.72 0.56 0.83 0.29 -0.08 -0.04 -0.02 -0.04 0.40 -0.04 1.34
45 0320101 0533 1.10 0.85 0.87 0.37 -0.09 -0.31 -0.02 -0.01 0.55 -0.05 1.79
45 0500x 101 0.485 0.92 1.82 1.49 0.47 -0.08 -0.48 -0.08 -0.02 -0.16 0.02 2.62
60 0800x 1073 1.470 0.82 1.66 0.88 0.03 -0.07 -0.15 -0.01 -0.14 0.14 0.05 2.07
60 0860x 103 1546 1.80 218 0.88 -0.12 -0.12 -0.20 -0.02 0.19 0.01 -0.85 3.10
60 0940x 103 1525 1.66 228 085 -0.12 -0.11 -0.19 -0.01 0.41 0.01 -0.92 3.12
60 0110x102 1.459 1.29 139 0.83 -0.21 -0.09 -0.16 -0.01 0.56 0.01 -1.04 2.40
60 0130x 102 1.391 0.66 0.73 0.73 0.36 -0.12 -0.19 -0.01 0.19 -0.04 -0.39 1.37
60 0150x 1072 1.317 0.99 136 0.76 0.17 -0.11 -0.13 0.00 0.21 0.01 -0.80 2.04
60 0200102 1.234 0.46 0.47 0.72 0.41 -0.11 -0.06 0.00 0.12 -0.02 -0.35 1.13
60 0320x 102 1.077 0.49 0.52 0.72 0.39 -0.09 -0.05 0.00 -0.03 -0.02 -0.23 1.12
60 05001072 0.932 0.5 0.52 0.74 0.30 -0.11 -0.09 0.01 -0.21 0.05 -0.25 1.16
60 0800x102 0.819 0.73 0.56 0.76 0.37 -0.11 -0.30 0.00 -0.04 0.16 -0.08 1.30
60 0130x 101 0.705 0.78 0.62 0.79 0.39 -0.10 -0.16 0.00 -0.04 0.06 -0.09 1.35
60 0200x 101 0.631 0.82 0.67 0.81 0.32 -0.11 -0.19 -0.02 -0.04 0.36 -0.07 1.43
60 0320x 101 0552 0.90 0.70 0.84 0.35 -0.10 0.00 -0.02 -0.03 0.46 -0.04 1.53
60 0500x 101  0.509 0.95 146 1.22 0.45 -0.04 -040 -0.11 -0.02 -0.31 0.07 2.24
60 0.130 0.395 2.95 3.88 2.09 0.44-0.04 -0.76 -0.07 0.01 1.99 0.05 5.73
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Q2 XBj (Tr+,NC Ostat Suncor dcor 6re| 5yp (5had o1 02 03 04 Stot
Ge\? % % % % % % % % % % %
70 0922x10° 1.385 2.57 5.67 1.10 0.12 -0.16 -0.29 -0.04 -0.29 0.01 -0.80 6.39
70 0100x 1072 1.434 2.18 255 086 -0.08 -0.11 -0.20 -0.02 0.08 0.01 -0.93 3.60
70 0110x 102 1.506 1.88 210 081 -0.08 -0.11 -0.17 -0.01 0.48 0.01 -0.97 3.14
70 0124x 1072 1.445 1.48 1.80 0.80 -0.15 -0.10 -0.16 -0.01 0.24 0.01 -0.95 2.66
70 0130x 102 1.414 1.32 132 0.82 -0.16 -0.08 -0.12 0.00 0.45 0.00 -1.09 2.37
70 0200x 1072 1.246 1.15 1.36 0.78 -0.03 -0.09 -0.12 0.00 0.22 0.01 -0.96 2.19
70 0250x 1072 1.190 0.96 097 0.77 0.03 -0.09 -0.12 0.00 0.13 0.01 -0.91 1.82
70 0320x 102 1.084 0.91 0.78 0.74 0.26 -0.10 0.00 0.01 -0.13 0.03 -0.52 1.53
70 0500x 102 0.958 0.83 0.74 0.75 0.23 -0.09 -0.09 -0.01 -0.49 0.05 -0.43 151
70 0800x 1072 0.819 1.62 0.48 0.77 0.26 -0.05 -0.11 0.01 -0.06 0.07 -0.05 1.88
70 0130x 10! 0.716 1.89 051 0.86 0.46 -0.07 -0.62 0.01 -0.06 0.05 -0.04 2.27
70 0200x 10! 0.637 1.77 0.67 0.80 0.37 -0.11 -0.46 -0.01 -0.06 0.07 -0.05 214
70 0320x 101 0.561 2.10 092 0.85 -0.02 -0.05 0.26 -0.04 -0.05 0.07 -0.08 2.46
70 0500x 10! 0512 1.61 090 1.19 0.35 -0.16 -0.37 -0.12 -0.03 0.00 0.02 227
90 0130x 1072 1.479 0.66 149 0.87 0.06 -0.04 -0.13 0.00 -0.05 0.15 0.24 187
90 0150x 102 1.418 1.12 1.03 1.33 1.02 -1.18 -0.21 0.01 -0.04 0.08 0.12 256
90 0200x 1072 1.328 0.79 0.95 0.76 0.53 -0.25 -0.01 -0.01 0.06 0.07 -0.10 1.57
90 0320x 102 1.165 0.66 0.63 0.75 0.45 -0.10 -0.08 0.00 0.08 -0.01 -0.20 1.29
90 0500x 102 1.023 0.71 058 0.74 0.46 -0.09 -0.06 0.00 0.04 -0.03 -0.13 1.27
90 0800x 1072 0.883 0.87 0.56 0.78 0.38 -0.07 -0.12 0.00 -0.07 0.06 -0.16 1.37
90 0130x 10! 0.754 0.91 0.69 0.80 0.33 -0.08 -0.22 -0.01 -0.05 -0.22 -0.09 147
90 0200x 10 0.649 0.95 0.62 0.81 0.36 -0.09 -0.19 0.00 -0.04 0.19 -0.08 1.47
90 0320x 10! 0.557 1.01 0.73 0.83 0.29 -0.09 0.00 -0.02 -0.04 0.25 -0.06 1.55
90 0500x 10! 0.488 1.27 0.71 1.00 0.12 -0.13 0.06 -0.06 -0.05 0.38 -0.01 1.82
90 0800x 107! 0.436 1.24 0.93 1.03 0.42 -0.11 -0.29 -0.06 -0.04 -0.17 0.03 194
90 0.180 0.343 3.06 3.04 184 1.53 0.29-1.38 -0.05 -0.05 0.04 0.09 5.13
120 Q160x 102 1.410 0.76 1.42 0.87 0.01 -0.04 -0.14 0.00 -0.04 0.13 0.19 1.85
120 Q172x 102 1.444 256 3.08 082 -0.12 -0.10 -0.18 -0.01 0.01 0.01 -0.94 4.20
120 Q188x 102 1.413 2.23 263 079 -0.17 -0.08 -0.14 -0.01 0.16 0.01 -1.01 3.69
120 Q200x 102 1.361 0.60 0.74 1.00 0.63 -0.71 -0.12 0.01 -0.04 0.12 0.17 1.69
120 Q212x 102 1.386 1.79 212 081 -0.12 -0.10 -0.17 -0.01 0.12 0.01 -0.98 3.06
120 Q270x 102 1.246 1.58 216 0.79 -0.14 -0.08 -0.14 0.00 0.24 0.01 -0.99 298
120 Q320x 102 1.208 0.58 0.63 0.75 0.02 -0.14 -0.10 0.00 -0.01 0.08 -0.37 1.21
120 Q500x 102 1.042 0.87 0.67 0.77 0.19 -0.08 -0.06 0.00 -0.11 0.01 -051 1.45
120 Q800x 102 0.893 0.75 0.62 0.74 0.20 -0.08 -0.13 0.00 -042 -0.01 -042 138
120 Q130x 101 0774 1.13 0.65 0.81 0.43 -0.08 -0.21 0.00 -0.07 0.09 -0.07 161
120 Q200x 101 0.666 1.10 0.66 0.85 0.34 -0.04 -056 -0.01 -0.05 -0.01 -0.07 1.67
120 Q320x 101 0574 1.25 0.74 0.85 0.25 -0.14 -0.13 0.00 -0.04 0.40 -0.03 1.76
120 Q500x 101 0.486 1.26 0.69 0.95 0.12 -0.14 -0.03 -0.05 -0.06 0.49 -0.06 1.80
120 Q800x 101 0.441 1.35 0.63 1.23 0.43 -0.08 -0.05 -0.09 -0.03 -0.70 0.03 211
120 0.180 0.332 2.38 269 144 0.42 0.08-0.27 0.06 -0.06 0.80 0.00 3.98
150 Q200x 102 1.381 0.88 151 0.86 -0.09 -0.02 -0.09 0.00 -0.05 0.16 0.23 1.98
150 0320x 102 1.235 0.50 0.75 0.84 0.36 -0.39 -0.08 0.00 -0.05 0.13 0.20 1.37
150 Q500x 102 1.078 0.61 0.71 0.76 0.19 -0.06 -0.05 0.01 -0.05 0.10 0.17 124
150 Q800x 102 0.927 0.91 0.90 0.77 0.08 -0.09 -0.31 0.00 -0.06 -0.03 0.07 153
150 Q130x 101 0797 1.42 0.94 0.92 0.48 -0.05 -0.24 -0.01 -0.06 0.03 -0.11 2.01
150 Q200x 101 0.687 1.68 0.68 0.94 0.39 -0.09 -0.65 -0.01 -0.08 0.10 -0.18 2.19
150 Q320x 10! 0583 1.88 0.80 1.02 0.19 0.05-0.67 -0.02 -0.05 0.06 -0.16 2.39
150 Q500x 101 0509 1.79 1.08 0.95 0.13 -0.15 -0.13 -0.03 -0.04 0.31 -0.12 233
150 Q800x 101 0.444 1.72 0.88 1.13 0.28 -0.09 -0.23 -0.09 -0.02 -0.19 -0.10 2.29
150 0.180 0.324 2.56 219 148 0.52 0.02-0.15 0.05 -0.07 0.38 -0.06 3.74
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Q2 XBj OT.NC Ostat  Ouncor  Ocor Crel Syp Ohad 01 62 d3 04 Stot
GeV? % % % % % % % % % % %
200 0260x 102 1.312 1.09 156 0.84 0.08 -0.03 -0.14 0.00 -0.05 0.11 0.24 210
200 0320x 102 1.248 0.92 0.72 0.92 0.52 -0.57 -0.16 0.01 -0.04 0.09 0.19 1.69
200 Q500x 102 1.110 0.54 0.55 0.79 0.17 -0.11 -0.08 0.00 -0.05 0.15 0.26 1.17
200 Q800x 102 0.948 0.50 0.42 0.76 0.11 -0.07 -0.09 0.01 -0.05 0.11 0.31 1.07
200 Q130x 101 0.809 0.49 0.35 0.75 0.05 -0.06 -0.17 0.00 -0.06 0.06 0.34 1.04
200 0200x 101  0.701  0.59 0.30 0.76 -0.03 -0.04 -0.20 0.00 -0.06 0.01 0.36 1.09
200 0320x 101 0582 0.66 0.33 0.78 0.03 -0.05 -0.25 0.00 -0.05 -0.13 0.33 1.16
200 Q500x 101  0.520 0.70 0.30 0.78 -0.01 -0.05 -0.20 0.00 -0.05 -0.08 0.32 1.16
200 0800x 101 0.438 0.64 0.21 0.82 0.02 -0.06 -0.21 0.00 -0.05 -0.15 031 1.14
200 0.130 0.362 1.29 1.84 0.94 0.11-0.03 -0.18 0.00 -0.04 -0.08 0.17 2.46
200 0.180 0.343 0.86 0.33 0.93 0.22-0.06 -0.10 0.01 -0.06 0.79 0.33 1.59
200 0.250 0.278 3.57 420 2.02 0.54 0.04-0.68 0.01 -0.03 -0.44 0.10 5.95
200 0.400 0.140 4.60 430 3.72 0.76 0.23 0.73 0.02 0.01 0.29.19 7.40
250 0330x 102 1.280 1.25 155 0.84 -0.04 -0.02 -0.05 0.00 -0.05 0.16 0.23 2.18
250 Q500%x 102 1127 0.75 0.69 0.81 0.23 -0.28 -0.09 0.00 -0.04 0.12 0.22 1.38
250 Q800x 102 0.952 0.56 0.42 0.77 0.16 -0.08 -0.07 0.00 -0.05 0.15 0.26 1.10
250 0130x 101 0.827 0.60 0.35 0.76 0.09 -0.07 -0.15 0.00 -0.06 0.02 0.35 1.11
250 0200x 101  0.707 0.65 0.48 0.75 0.12 -0.06 -0.14 0.00 -0.06 0.02 0.33 1.17
250 0320x 101 0.592 0.65 059 0.77 0.13 -0.05 -0.24 0.00 -0.05 -0.01 0.33 1.24
250 0500x 101  0.519 0.67 0.50 0.79 0.03 -0.05 -0.23 0.00 -0.06 -0.07 0.34 1.22
250 Q800x 101  0.440 0.63 0.33 0381 0.06 -0.05 -0.19 -0.01 -0.05 -0.14 0.36 1.17
250 0.130 0.367 0.98 145 0.82 0.32-0.05 -0.24 0.00 -0.05 -0.18 0.27 2.00
250 0.180 0.332 0.86 0.65 0.89 0.34-0.07 -0.19 0.02 -0.06 0.58 0.34 1.60
250 0.250 0.267 2.11 3.68 1.68 0.90 0.00-0.16 0.01 -0.03 -0.19 0.15 4.67
250 0.400 0.142 3.11 3.97 3.13 1.72 0.09 0.57 0.020.01 0.06 -0.01 6.21
300 0390x 102 1.218 1.40 155 0.82 -0.06 -0.02 -0.04 0.00 -0.06 0.19 0.24 2.26
300 0500x 102 1.142 1.26 0.81 0.86 0.26 -0.44 -0.16 0.00 -0.04 0.09 0.20 1.82
300 Q800x 102 0.969 0.69 0.42 0.78 0.20 -0.10 -0.09 0.00 -0.05 0.11 0.25 1.19
300 Q130x 10! 0.813 0.65 0.37 0.76 0.10 -0.06 -0.09 0.00 -0.05 0.09 0.30 1.12
300 0200x 101  0.703 0.72 0.42 0.76 0.15 -0.06 -0.14 0.00 -0.05 0.09 0.31 1.19
300 0320x 101 0598 0.75 0.67 0.76 0.12 -0.05 -0.24 0.00 -0.06 0.03 0.31 133
300 Q500x 101  0.507 0.77 0.55 0.77 0.14 -0.05 -0.16 0.00 -0.05 0.03 0.32 1.28
300 Q800x 101 0.433 0.74 0.46 0.81 0.12 -0.07 -0.20 0.00 -0.05 -0.09 0.31 1.26
300 0.130 0.371 1.06 159 0.84 0.40-0.06 -0.21 0.00 -0.05 -0.20 0.29 2.16
300 0.180 0.327 0.95 0.39 0.84 0.24-0.08 -0.19 0.00 -0.06 -0.19 0.33 142
300 0.250 0.268 2.10 445 1.77 1.44-0.04 -0.20 0.01 -0.04 -0.26 0.21 5.44
300 0.400 0.159 1.74 3.03 1.67 1.50-0.04 0.13 0.01 -0.04 -0.11 0.19 4.16
400 0530x 102 1.181 1.48 158 0.80 0.01 -0.02 -0.08 0.01 -0.05 0.16 0.25 2.33
400 0800x 102 1.018 0.85 0.59 0.80 0.23 -0.21 -0.09 0.00 -0.06 0.09 0.26 1.38
400 0130x 101 0.844 0.80 0.55 0.76 0.07 -0.06 -0.08 0.00 -0.05 0.11 0.30 1.28
400 0200x 101  0.714 0.85 0.54 0.76 0.10 -0.06 -0.09 0.00 -0.05 0.08 0.25 1.30
400 0320x 101  0.602 0.85 0.49 0.76 0.18 -0.05 -0.16 0.00 -0.05 -0.01 0.29 1.30
400 0500x 101  0.512 0.87 0.44 0.77 0.19 -0.06 -0.23 0.00 -0.05 -0.07 0.30 1.32
400 0800x 101 0.436 0.90 0.40 0.78 0.02 -0.06 -0.18 0.00 -0.05 -0.01 0.30 131
400 0.130 0.367 0.94 0.53 0.78 0.17-0.06 -0.19 0.00 -0.05 -0.08 0.30 1.39
400 0.180 0.320 1.82 2.40 1.20 0.62-0.04 -0.07 0.01 -0.05 -0.21 0.27 3.32
400 0.250 0.261 1.37 0.60 0.88 0.42-0.06 -0.13 0.02 -0.05 -0.25 0.28 1.83
400 0.400 0.160 1.96 245 1.75 1.26-0.02 0.12 0.02 -0.04 -0.09 0.17 381
500 0660x 102 1.052 1.67 1.55 0.80 -0.01 -0.02 -0.06 0.00 -0.05 0.17 0.26 2.43
500 Q800x 102 0.998 1.74 0.89 0.81 0.20 -0.31 -0.15 0.00 -0.05 0.09 0.22 2.16
500 0130x 10! 0.875 1.23 0.77 0.78 0.17 -0.07 -0.05 0.00 -0.05 0.15 0.25 1.68
500 0200x 101  0.741 1.16 0.90 0.78 0.02 -0.03 -0.09 0.00 -0.05 0.14 0.23 1.69
500 0320x 101  0.619 1.20 0.86 0.78 0.11 -0.04 -0.12 0.00 -0.05 0.10 0.28 1.71
500 0500x 101  0.533 1.25 0.98 0.81 0.28 -0.05 -0.08 0.00 -0.05 -0.08 0.30 1.83
500 0800x 101 0.443 1.34 0.88 0.82 0.03 -0.04 -0.22 0.00 -0.05 -0.01 0.30 1.84
500 0.130 0.377 1.54 1.14 0.85 0.09-0.06 -0.31 0.00 -0.05 -0.15 0.31 215
500 0.180 0.313 1.72 1.50 0.85 0.36-0.05 -0.22 0.00 -0.05 -0.20 0.30 2.50
500 0.250 0.261 2.08 216 1.36 0.98-0.03 0.06 0.01 -0.05 -0.11 0.23 345
500 0.400 0.172 5.01 5.86 3.24 2.88-0.09 0.03 0.02 -0.03 -0.39 0.19 8.85
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Q2 XBj O—:,NC Ostat Suncor dcor 6re| 5yp (5had o1 62 03 04 Otot
GeV? % % % % % % % % % % %
650 0850x 107°  1.000 1.91 1.67 0.78 -0.04 -0.01 -0.08 0.00 -0.05 0.16 0.25 2.68
650 Q130x 101 0.862 1.02 0.63 0.79 0.15 -0.12 -0.09 0.00 -0.05 0.10 0.27 1.48
650 Q200x 101 0.746 1.05 055 0.75 0.09 -0.07 -0.07 0.01 -0.05 0.08 0.30 1.45
650 Q320x 10 0.627 1.09 0.56 0.76 0.15 -0.06 -0.11 0.00 -0.05 0.05 0.26 1.48
650 Q500x 101 0.520 1.12 0.49 0.76 0.13 -0.04 -0.21 0.00 -0.06 0.02 0.33 1.50
650 Q800x 101 0.438 1.18 0.48 0.76 0.10 -0.07 -0.17 0.00 -0.06 -0.02 0.32 1.53
650 0.130 0.362 1.31 0.52 0.79 0.14-0.07 -0.22 0.00 -0.05 -0.14 0.28 1.67
650 0.180 0.334 1.92 1.47 0.85 0.42-0.06 -0.21 0.00 -0.05 -0.25 0.31 2.63
650 0.250 0.248 1.55 0.75 0.84 0.40-0.08 -0.15 0.00 -0.05 0.19 0.31 2.00
650 0.400 0.145 3.28 249 161 1.35 0.02 0.21 0.050.05 -0.20 0.27 4.64
650 0.650 0.023 13.74 7.80 4.08 2.37 0.12 1.43 0.02 0.00 0.4@.08 16.55
800 Q105x 1071 0.932 2.28 1.77 0.79 0.11 -0.03 -0.11 0.00 -0.05 0.15 0.27 3.01
800 Q130x 101 0.844 1.36 0.79 0.84 0.27 -0.18 -0.12 0.00 -0.05 0.07 0.26 1.83
800 0200x 101 0.733 1.28 0.67 0.76 -0.01 -0.06 -0.09 0.00 -0.05 0.08 0.32 1.67
800 Q320x 10 0.627 1.23 0.60 0.75 0.04 -0.06 -0.12 0.00 -0.05 0.11 0.30 1.60
800 Q500x 101 0.525 1.23 049 0.76 0.10 -0.04 -0.19 0.00 -0.05 0.01 0.29 1.57
800 Q800x 10 0.458 1.30 0.52 0.76 0.09 -0.05 -0.22 0.00 -0.06 -0.07 0.38 1.66
800 0.130 0.358 1.48 0.55 0.78 0.18-0.07 -0.18 0.01 -0.05 -0.11 0.29 1.81
800 0.180 0.331 2.22 145 0.81 0.29-0.05 -0.21 0.00 -0.05 -0.14 0.30 2.82
800 0.250 0.252 1.76 0.69 0.84 0.38-0.07 -0.18 0.00 -0.05 -0.16 0.25 2.13
800 0.400 0.132 3.68 270 1.59 1.06-0.04 0.11 0.05 -0.05 -0.23 0.28 4.96
800 0.650 0.021 11.93 7.21 381 2.83 0.03 0.58 0.020.01 -0.12 0.01 14.74
1000 0130x 10! 0.823 2.34 136 1.16 0.71 -0.97 -0.15 0.00 -0.04 0.08 0.15 3.20
1000 0200x 10! 0.736 1.93 0.89 0.79 0.16 -0.13 -0.02 0.00 -0.05 0.16 0.24 2.29
1000 0320x 10! 0.625 1.82 0.98 0.79 0.15 -0.04 -0.03 0.00 -0.05 0.15 0.25 2.24
1000 0500x 107!  0.532 1.89 1.26 0.78 0.07 -0.03 -0.05 0.00 -0.05 0.15 0.23 2.42
1000 0800x 101  0.447 2.03 1.01 0.78 0.03 -0.04 -0.18 0.00 -0.05 -0.11 0.29 2.43
1000 0.130 0.362 2.54 121 0.86 0.06-0.02 -0.09 0.00 -0.06 0.07 0.31 2.96
1000 0.180 0.313 2.60 1.30 0.79 0.14-0.04 -0.20 0.00 -0.05 -0.18 0.29 3.04
1000 0.250 0.255 2.87 1.74 091 0.47-0.05 -0.23 0.00 -0.05 -0.19 0.29 3.53
1000  0.400 0.134 4.59 311 151 1.26-0.05 0.04 0.01 -0.05 -0.33 0.27 5.90
1000 0.650 0.020 13.69 772 381 2.79-0.06 -0.28 0.02 -0.02 -0.63 0.10 16.42
1200 0140x 107! 0.832 1.96 122 1.42 0.75 -0.60 -0.11 0.00 -0.04 -0.09 0.06 2.88
1200 0200x 10! 0.755 1.54 0.79 0.80 0.18 -0.14 -0.09 0.00 -0.05 0.09 0.28 1.95
1200 0320x 10! 0.632 1.46 058 0.77 0.08 -0.05 -0.07 0.00 -0.06 0.05 0.33 1.78
1200 0500x 107! 0.519 1.31 0.46 0.76 0.11 -0.05 -0.16 0.00 -0.05 0.01 0.28 1.62
1200 0800x 10!  0.441 1.37 042 0.75 0.14 -0.06 -0.17 0.00 -0.06 -0.04 0.32 1.67
1200 0.130 0.361 151 0.41 0.76 0.11-0.04 -0.15 0.00 -0.06 -0.05 0.35 1.79
1200 0.180 0.328 3.01 129 0.81 0.13-0.05 -0.29 0.00 -0.05 -0.20 0.31 3.41
1200 0.250 0.252 1.72 0.50 0.77 0.16-0.07 -0.14 0.00 -0.06 -0.06 0.38 1.99
1200  0.400 0.131 2.61 1.07 0.93 0.65-0.07 -0.08 0.02 -0.05 0.35 0.34 3.08
1200 0.650 0.022 13.48 7.83 3.19 3.62-0.03 0.13 0.03 -0.03 -0.43 0.30 16.33
1500 0200x 10! 0.709 2.05 098 124 0.71 -0.43 -0.12 0.01 -0.04 0.05 -0.02 2.72
1500 0320x 10! 0.603 1.94 0.67 0.84 0.17 -0.07 -0.07 0.00 -0.05 0.06 0.21 2.23
1500 0500x 10!  0.544 1.59 053 0.75 -0.02 -0.04 -0.09 0.00 -0.06 0.08 0.36 1.88
1500 0800x 107 0.453 1.64 0.55 0.75 0.11 -0.04 -0.18 0.00 -0.06 -0.03 0.33 1.93
1500 0.130 0.355 2.04 0.59 0.77 0.04-0.06 -0.17 0.00 -0.06 -0.02 0.37 2.29
1500 0.180 0.313 2.08 055 0.77 0.17-0.05 -0.13 -0.01 -0.05 0.01 0.32 2.32
1500 0.250 0.248 2.40 0.88 0.79 0.29-0.07 -0.16 0.00 -0.05 -0.19 0.31 2.72
1500 0.400 0.126 3.38 1.35 1.05 0.51-0.06 -0.18 0.02 -0.06 -1.18 0.43 4.03
1500 0.650 0.016 9.00 525 252 2.11-0.11 0.29 -0.02 -0.03 -0.51 0.33 10.95
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QZ XBj U'Fr’Nc Ostat  Ouncor  Ocor Orel Oyp Shad 01 62 03 04 Otot
Ge\? % % % % % % % % % % %
2000 0219x10Y 0710 558 240 1.43 096 -1.31 -0.22 0.00 -0.04 0.03 015 6.45
2000 0320x10°! 0589 230 1.02 1.09 0.41 -0.15 -0.04 0.00 -0.04 007 0.08 278
2000 0500x 10! 0516 217 0.65 0.79 0.11 -0.05 -0.08 0.00 -0.05 -0.04 0.29 242
2000 0800x 10! 0449 194 054 075 001 -004 -0.15 0.00 -0.05 0.05 0.34 218
2000  0.130 0362 236 0.66 0.76 0.17-0.06 —-0.15 0.01 -0.06 -0.07 0.30 2.60
2000 0.180 0.300 250 0.64 0.77 0.07-0.06 —-0.12 0.01 -0.05 0.05 035 272
2000  0.250 0.244 277 090 0.80  0.26-0.08 -0.13 0.00 -0.06 -0.14 0.35 3.06
2000  0.400 0129 378 156 0.95 0.75-0.09 -0.11 0.02 -0.06 -0.44 031 431
2000  0.650 0.017 1010 6.04 274  256-0.05 -0.03 0.02 -0.06 -0.66 0.26 12.37
3000 0320x10' 0603 371 172 1.03 057 -0.74 -0.17 0.00 -0.05 0.07 020 4.33
3000 0500x10' 0518 221 0.86 078  0.13 -0.08 -0.03 0.00 -0.05 014 029 253
3000 0800x10°! 0433 226 071 076  0.11 -0.05 -0.07 0.00 -0.06 0.08 034 252
3000 0.130 0352 249 079 077 0.06-0.04 -0.18 0.00 -0.05 0.00 032 275
3000 0.180 0298 278 090 080 0.18-0.06 -0.14 0.01 -0.05 -0.07 033 3.06
3000 0.250 0231 296 096 0.79 0.11-0.05 -0.14 001 -0.06 -0.08 0.39 3.25
3000  0.400 0124 381 179 094  0.48-0.09 -0.15 0.01 -0.06 -0.24 035 4.37
3000  0.650 0.016 7.74  4.02 1.77 1.99-0.12 011  0.01 -0.05 -159 0.33 9.26
5000 0547x 10! 0477 504 201 115 077 -0.94 -0.20 0.00 -0.04 0.08 0.18 5.69
5000 0800x 10! 0415 237 0.82 085 0.28 -0.12 -0.06 0.00 -0.05 0.04 022 267
5000 0.130 0.343 295 0.88 0.77 0.08-0.05 -0.10 0.00 -0.06 0.04 036 3.19
5000 0.180 0.283 298 085 0.76-0.01 -0.05 -0.17 0.00 -0.05 0.01 036 321
5000  0.250 0.225 347 101 0.78 0.21-0.05 -0.14 0.00 -0.06 -0.05 0.35 3.72
5000  0.400 0.121 438 143 0.82 0.31-0.07 -0.07 0.01 -0.06 -0.22 0.35 4.71
5000  0.650 0.011 1294 580 1.87 1.55-0.08 -0.30 0.01 -0.07 -1.10 0.35 14.44
8000 0875x 10! 0.356 8.65 2.69 1.69 1.25 -1.65 -0.25 0.01 -0.04 0.03 010 9.45
8000  0.130 0.309 3.84 1.02 100  0.23-0.13 -0.11 0.00 -0.05 -0.07 0.28 4.12
8000  0.180 0.267 428 1.07 081 0.10-0.04 -0.08 0.00 -0.06 0.06 043 451
8000  0.250 0.217 503 138 0.84  0.14-0.03 -0.05 0.00 -0.06 0.06 041 5.30
8000  0.400 0.103 613 2.04 093 0.34-0.06 -0.07 -0.01 -0.06 -0.09 0.36 6.54
8000  0.650 0.016 1035 499 1.37 2.01-0.10 -0.09 0.02 -0.06 -0.83 0.35 11.78
12000 0.130 0.212 1986 503 1.33 0.86-1.16 -0.17 0.00 -0.04 0.12 011 20.59
12000 0.180 0229 6.07 121 1.05 0.22-0.23 -0.15 0.00 -0.05 -0.03 0.32 6.30
12000 0.250 0.155 7.64 144 101 0.00-0.05 -0.05 0.01 -0.06 0.08 042 7.85
12000  0.400 0.095 852 3.04 087 0.16-0.07 -0.06 0.00 -0.06 -0.02 0.34 9.10
12000 0.650 0.017 1758 6.81 1.49 0.95-0.08 -0.28 0.01 -0.06 -0.85 044 18.96
20000 0.250 0.126 1142 3.08 1.33 0.64-0.16 —0.06 0.01 -0.05 -0.10 0.19 11.92
20000  0.400 0.078 1535 555 1.22-0.22 0.03 -0.02 0.00 -0.06 0.10 049 16.38
20000 0.650 0.012 3250 13.66 2.15 1.84-0.03 0.09 0.01 -0.08 -0.17 059 35.37
30000 0.400 0.060 2446 234 4.42 0.34-0.16 -0.18 0.01 -0.06 0.16 043 2497
30000 0.650 0.009 69.03 987 171 0.02 0.04-0.16 0.01 -0.08 -0.17 047 69.75
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Q2 Xgj 0-r+,NC Ostat  Ouncor Scor Orel 5yp Shad 01 02 03 0a Stot
GeV? % % % % % % % % % % %
0.045 0621x10° 0.078 5.06 150 7.30 3.16 1.25-0.75 -7.46 0.00 -0.02 0.02 1220
0.065 0897x10°° 0.109 2.99 150 6.28 3.03 1.42-0.90 -7.40 0.00 -0.02 0.02 10.83
0.065 0102x10° 0.110 4.70 150 599 378 1.54-0.79 -423 -0.01 -0.02 0.01 9.77
0.085 0117x10° 0.133 2.96 150 555 286 1.49-0.83 -6.30 0.00 -0.02 0.01 9.62
0.085 0134x10° 0.128 228 150 4.03 202 1.20-0.53 -4.09 0.00 -0.02 0.01 6.79
0.085 0156x10° 0.125 4.79 150 455 108 114 0.07-1.47 0.00 0.00 0.02 7.11
0.11 0151x10° 0.161 3.49 150 549 346 1.60-0.83 -5.99 0.00 -0.02 0.01 9.79
0.11 0173x10° 0.162 1.82 099 3.28 246 1.44-0.71 -2.84 -0.01 -0.02 0.01 5.64
0.11 0202x10° 0.155 1.80 0.89 248 1.70 1.31-0.41 -1.07 0.00 -0.01 0.01 4.01
0.11 0243x10° 0.148 3.76 150 352 118 0.92-0.28 -0.37 0.00 0.00 0.01 5.59
0.15 0207x10° 0.220 4.37 150 459 268 1.68-0.91 -4.20 0.00 -0.02 0.01 8.42
0.15 0236x10° 0.194 2.02 1.02 3.08 188 1.39-0.44 -1.89 0.00 -0.02 0.01 4.88
0.15 0276x10° 0197 1.63 092 228 1.46 1.25-0.07 -0.78 0.00 -0.01 0.01 3.61
0.15 0331x10° 0.198 1.54 0.78 215 1.35 1.15-0.33 0.04 0.00 0.00 0.01 3.29
0.15 0414x10° 0.186 1.98 0.83 237 0.86 0.56 -0.12 -0.15 0.00 0.00 0.01 3.36
0.2 0315x10° 0.243 250 095 299 211 1.42-1.04 -1.82 0.00 -0.02 0.01 5.19
0.2 0368x 10°° 0.242 1.99 0.95 216 1.46 1.29-035 -0.74 0.00 0.00 0.01 3.74
0.2 0441x 10° 0.236 1.63 0.75 203 116 1.02-0.04 -0.20 0.00 0.00 0.01 3.12
0.2 0552x 10°  0.233  1.48 0.65 190 1.20 0.71-0.23 0.21 0.00 0.00 0.01 2.88
0.25 0394x10° 0.270 4.11 150 286 1.95 1.70-0.48 -0.07 0.00 -0.01 0.01 5.85
0.25 0460x10°° 0.274 210 093 262 167 1.19-030 -0.11 0.00 -0.01 0.01 4.05
0.25 0552x10° 0.278 1.79 0.93 193 1.27 1.06 -0.27 0.00 0.00 0.00 0.01 3.25
0.25 0690x10° 0.273 157 079 191 118 0.70 -0.26 0.12 0.00 0.00 0.01 2.95
035 0512x107° 0.332 343 150 336 202 1.64 -0.52 0.81 0.00 -0.01 0.01 5.74
0.35 0610x10° 0.358 5.74 11.03 473 1.00-1.88 -1.73 4.03 0.01 -0.07 0.01 14.17
0.35 0662x107° 0.327 207 092 194 124 1.01-032 -031 0.00 0.00 0.01 3.42
0.35 0828x10° 0.329 1.83 093 197 1.26 0.74 -0.23 0.07 0.00 0.00 0.01 3.21
0.4 0883x107° 0.346 3.87 150 261 130 1.02 -0.26 0.45 0.00 0.00 0.00 5.20
0.4 0110x 10% 0.367 2.19 0.89 225 149 0.66 -0.36 0.21 0.00 0.00 0.01 3.67
0.5 0860x 10°° 0.441 3.75 9.17 354 0.92 -1.56 -0.96 331 0.01 -0.05 0.02 1122
0.65 0112x10* 0.510 4.25 261 274 1.09 -1.44 -0.90 2.01 0.01 -0.05 0.03 6.36
0.65 0164x10* 0.507 3.02 7.28 237 0.69 -0.87 -0.33 1.22 0.00 -0.02 0.03 8.40
0.85 0138x10* 0.614 5.20 945 5.02 110 -2.04 -1.73 4.69 0.02 -0.08 0.01 1311
0.85 0200x10% 0.606 2.33 123 205 0.97 -0.97 -0.50 0.68 0.01 -0.04 0.03 3.71
12 Q200x 104  0.740 3.60 836 3.60 0.89 -1.55 -1.44 3.22 0.01 -0.05 0.02 10.56
1.2 Q320x 104 0.665 2.14 1.09 205 064 -1.07 -061 0.00 0.01 -0.05 0.03 3.45
15 0320x 10% 0.817 1.18 320 212 097 -433 -0.33 0.23 0.02 -0.12 -0.03 6.00
2 0327x10% 0.856 2.65 211 255 119 -236 -0.82 -0.04 0.02 -0.09 -0.02 5.06
2 0500x 104 0.854 1.31 164 122 068 -1.21 -0.45 0.49 0.01 -0.03 0.03 2.87
2.7 Q409x 104 0.961 1.54 6.21 194 095 -3.84 -0.81 -0.50 0.03 -0.13 -0.05 7.83
2.7 Q500x 104 0.886 1.06 127 131 081 -182 -057 0.50 0.02 -0.08 0.02 3.00
2.7 0800x 10% 0.905  3.27 100 165 0.71 -043 -0.85 -0.10 0.01 -0.03 0.01 3.98
3.5 0573x 104  1.008 1.94 335 262 098 -297 -090 -0.26 0.09 -0.39 -0.39 5.73
3.5 0800x 10% 0.980  0.99 105 106 0.68 -1.21 -0.58 -0.23 0.00 -0.03 0.00 2.34
4.5 0818x 10% 1.115 1.59 1.06 147 0.89 -1.80 -0.70 0.02 0.04 -0.16 0.03 3.22
4.5 Q130x10° 1.010 1.02 168 091 051 -045 -0.46 0.16 0.01 -0.01 0.03 2.32
6.5 0986x 104 1.165 2.41 099 279 0.88 -227 -0.64 -0.29 0.09 -0.39 -0.23 4.60
6.5 0130x 10% 1174 111 0.60 110 0.64 -1.27 -0.52 -0.04 0.02 -0.10 0.00 2.26
6.5 Q200x 10°° 1.111 1.15 141 089 050 -0.19 -0.52 0.53 0.00 0.00 0.04 2.22
8.5 0139x 10% 1177 159 125 231 121 -410 -065 -0.82 0.06 -0.28 -0.14 5.38
8.5 Q200x 10°% 1212 1.07 0.81 091 051 -076 -0.36 -0.20 -0.01 0.00 0.00 191
10 0130x10°% 1149 4.37 141 366 108 -2.30 -0.87 -0.50 0.11 -0.52 0.11 6.50
10 0200x 10° 1.245 2.10 133 139 068 -0.64 -054 -0.18 0.02 -0.09 0.12 3.06
12 0161x 103 1.226 4.12 3.78 100 055-0.11 -0.16 -0.01 -0.01 -0.46 -0.15 5.73
12 0200x 103 1.283 1.19 135 189 1.08 -141 -051 -0.19 0.02 -0.21 -0.12 3.21
12 0320x10°% 1.225 0.78 151 094 060 -041 -031 0.02 0.00 -0.16 -0.05 2.10

Table 11: HERA combined reduced cross sectiorig. for NC e"p scattering atvy/s =
300 GeV. The uncertainties are quoted in percent relativg tg. Other details as for TabIED.
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Q2 Xgj O-:,NC Ostat  Ouncor Scor Orel 5yp Ohad 01 62 03 04 Stot
GeV? % % % % % % % % % % %
15 0200x 103  1.258 3.21 3.61 1.00 054 -0.11 -0.14 -0.01 -0.01 -0.48 -0.15 4.99
15 0246x 103  1.360 117 152 1.43 0.76 -1.11 -0.46 -0.13 0.01 -0.39 -0.10 2.82
15 0320x 10  1.290 0.94 1.36 1.00 0.68 -0.63 -0.22 -0.05 0.00 -0.19 -0.10 217
18 0268x 103 1.318 3.26 3.67 0.99 054 -0.11 -0.17 -0.01 -0.01 -0.46 -0.15 5.06
18 0328x10°%  1.362 1.25 1.67 1.09 0.62 -0.67 -0.47 0.06 0.00 -0.18 -0.08 2.58
18 0500x 10  1.266 0.93 1.01 0.95 0.71 -0.44 -0.29 -0.08 0.00 -0.14 -0.07 1.89
22 0500x 103 1.335 2.57 122 118 1.36 -0.85 -0.43 -0.08 0.02 -0.07 0.04 3.50
27 0335x10°  1.389 411 3.92 0.98 054 -0.12 -0.15 -0.01 -0.01 -045 -0.14 5.81
27 0410x 103  1.405 1.16 210 1.15 0.63 -0.70 -0.40 -0.04 -0.01 -0.08 -0.11 2.85
27 0500x 103 1.407 1.15 146 0.92 0.77 -0.59 -0.31 -0.02 0.00 -0.21 -0.07 2.32
27 0800x 10  1.286 2.46 0.83 0.87 0.77 -0.48 -0.28 0.02 -0.02 0.02 0.04 2.89
35 0574x 103  1.507 1.36 201 0.99 059 -047 -035 -0.03 -0.03 -0.19 -0.14 2.76
35 0800x 10°  1.399 0.95 0.81 0091 0.95 -0.60 -0.25 -0.01 -0.01 -0.15 -0.17 1.94
45 0800x 10°  1.486 181 145 1.44 0.80 -1.20 -0.53 -0.06 -0.07 0.08 -0.09 3.14
45 0130x 102  1.306 0.95 0.62 0.86 0.73 -0.03 0.05 0.00 -0.02 -0.07 -0.21 161
60 0130x 102 1.395 131 055 091 1.01 -0.42 -0.23 0.00 -0.04 -0.03 -0.27 2.04
70 0130x 102  1.443 177 0.60 1.03 1.09 -0.44 -041 -0.03 -0.06 0.01 -0.12 2.48
70 0200x 102 1.262 1.72 0.33 0.90 0.53 -0.22 0.06 0.02 -0.05 -0.04 -0.33 2.08
90 0200x 102  1.252 1.98 0.35 0.98 1.10 -0.32 -0.02 0.02 -0.03 -0.05 -0.24 2.53
120 0212x 102 1.323 2.22 0.77 122 1.26 -0.38 -0.33 -0.02 -0.05 0.04 0.20 2.99
120 0320x 102  1.178 1.93 0.73 0.88 0.91 -0.14 0.06 0.02 -0.03 -0.01 -0.15 243
150 0320x 102 1.203 1.82 0.89 1.04 0.88 -0.37 -0.24 -0.02 -0.06 0.05 0.14 2.49
200 0320x 102 1.170 3.80 200 1.32 1.49 -051 -0.25 0.00 -0.04 0.03 0.22 4.77
200 0500x 102 1.072 1.89 0.88 0.92 0.77 -0.20 0.13 0.02 -0.03 0.00 0.07 2.42
250 0500x 102 1.078 2.30 162 1.02 1.08 -0.34 -0.04 0.02 -0.02 -0.01 0.11 3.19
300 0500x 102 1.126 2.94 265 0.98 0.50 -0.54 -0.29 0.03 -0.04 -0.04 0.00 4.15
300 Q800x 102  0.977 2.29 112 095 0.66 -0.27 0.23 0.01 -0.05 0.07 0.05 2.83
400 0800x 102  0.956 2.63 1.78 0.86 0.58 -0.32 0.08 0.02 -0.04 0.03 -0.07 3.36
400 0130x 107!  0.855 2.96 0.57 0.83 0.53 -0.15 -0.02 0.02 -0.04 0.02 0.02 3.17
500 0800x 1072 1.021 4.21 5.00 1.06 0.13 -0.56 -0.35 0.01 -0.03 -0.12 0.14 6.66
500 Q130x 10!  0.885 3.34 500 0.99 0.35 -0.25 0.15 0.00 -0.04 0.16 0.21 6.12
650 0850x 102  0.921 4.63 182 1.35 1.40 -0.44 -0.33 -0.03 -0.06 0.09 0.21 5.38
650 Q130x 10! 0.843 2.65 113 084 0.35 -0.20 0.23 0.01 -0.04 0.06 0.03 3.04
650 0200x 107! 0.704 4.14 3.70 097 0.35 -0.19 0.02 0.00 -0.05 0.08 0.23 5.66
800 0130x 1071 0.890 3.45 149 0.92 0.82 -0.26 -0.01 0.01 -0.04 0.00 0.10 3.96
800 0200x 101 0.736 4.12 231 0.89 0.30 -0.19 0.26 0.02 -0.05 0.16 0.06 4.83
1000  0200x 10  0.740 5.45 3.70 103 0.25 -0.38 0.13 0.00 -0.04 0.16 0.15 6.69
1200  0140x 107! 0.872 5,51 105 131 1.43 -0.44 -0.03 0.00 -0.04 0.06 0.14 5.95
1200  0200x 10!  0.703 4.19 113 081 0.42 -0.33 0.20 0.04 -0.03 0.04 -0.01 4.45
1200  0320x 107! 0.589 3.96 151 0.79 -0.08 -0.15 -0.03 0.03 -0.05 0.10 0.03 4.32
1500  0200x 10!  0.734 5.99 3.87 093 -0.02 -0.38 -0.34 0.04 -0.04 -0.19 -0.05 7.21
1500  0320x 10!  0.556 6.45 229 0.85 0.22 -0.26 0.27 0.03 -0.04 0.18 0.06 6.92
2000 0320x 107! 0.596 6.11 245 0.83 0.16 -0.23 0.16 -0.01 -0.04 0.05 0.08 6.64
2000 0500x 101  0.496 5.68 1.70 0.80 0.26 -0.13 0.10 0.00 -0.05 0.17 0.13 6.00
3000 0500x 10t 0.522 5.63 220 0.85 0.18 -0.29 0.29 0.03 -0.04 0.14 0.02 6.12
3000 0800x 107! 0.444 5.78 198 0.80 -0.02 -0.07 0.01 0.02 -0.05 0.17 0.12 6.17
5000 0800x 101  0.362 6.86 222 0.85 0.38 -0.33 0.33 0.00 -0.03 0.14 0.06 7.29
5000 0.130 0.332 7.82 214 0.92 0.29-0.10 -0.33 0.01 -0.06 0.08 0.10 8.18
8000  0.130 0.257  10.93 3.07 0.79 0.30-0.26 0.05 0.01 -0.04 0.13 0.12 11.39
8000  0.180 0.278 10.93 344 094 0.59-0.15 -0.28 -0.04 -0.04 0.11 0.19 1152
8000  0.250 0.232 1177 3.15 1.30 0.29-0.20 0.03 0.11 -0.08 0.13 021 12.26
12000 0.180 0.209 17.34 243 092 0.85-0.32 -0.05 0.00 -0.04 -0.01 0.14 17.56
12000 0.250 0.150 20.21 346 0.81 0.24-0.17 0.04 -0.01 -0.04 0.17 0.11 20.52
20000 0.250 0.136  30.61 358 0.99 0.74-0.40 -0.34 0.01 -0.04 -0.15 0.17 30.85
20000 0.400 0.116 31.61 766 1.23 1.07-0.32 0.70 0.02 -0.03 0.42 0.19 3258
30000 0.400 0.111 65.50 527 1.39-041 -052 -0.07 -0.01 -0.03 -0.08 0.27 65.73

Table 11: Continued.
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Q2 XBj UT,NC Ostat  Ouncor Scor Orel 6yp Shad 01 62 03 0a Stot
Ge\2 % % % % % % % % % % %

15 0279x 104  0.702 9.08 493 352 222 -037 -041 -0.12 -843 0.08 0.80 14.00
2 0372x10*  0.796 6.22 433 291 191 -031 -076 -0.10 -7.05 0.07 0.66 10.97
2 0415x 10*  0.680 7.33 397 254 057 -019 -034 -0.08 -255 0.08 0.49 9.12
25 0465x 10%  0.865 531 412 276 211 -031 -039 -0.08 -6.40 0.07 0.70 9.94
25 0519x10%  0.852 3.81 3.10 159 144 -023 -050 -005 -239 0.06 0.50 5.92
2.5 0580x 104  0.771 4.97 3.14 133 0.80 -0.13 -0.18 -0.02 -0.48 0.06 0.40 6.12
3.5 0651x 10%  0.913 5.43 404 282 213 -034 -065 -0.10 -6.78 0.07 0.71 10.26
35 Q727x10*  0.894 3.47 292 172 146 -025 -037 -0.06 -253 0.07 057 5.70
3.5 0812x 10*  0.889 3.11 249 187 115 -024 -034 -0.07 -172 0.07 0.56 4.91
3.5 0921x 10*  0.944 3.35 266 148 058 -0.14 -0.42 -0.04 -0.18 0.07 0.37 4.61
3.5 0106x 10°  0.970 5.35 327 209 056 -020 -0.01 -0.06 -0.14 0.07 0.50 6.66
5 0931x 104 0.887 6.33 399 301 199 -029 -059 -008 -735 0.07 065 11.14
5 0104x10°°  0.896 3.49 284 151 110 -019 -042 -005 -193 0.06 0.46 5.28
5 0116x10°°  1.019 2.64 237 143 106 -0.20 -0.22 -0.04 -101 0.07 0.48 4.14
5 0132x10°  0.965 2.54 233 144 112 -020 -0.23 -0.05 -0.77 0.07 0.49 4.02
5 0152x107°  1.020 2.42 204 145 0.79 -0.18 -0.21 -0.04 -0.19 0.07 044 3.61
5 0201x 1073  0.949 2.57 206 159 0.1 -0.16 -020 -0.05 -0.10 0.07 042 3.74
6.5 0121x 10°  0.937 7.04 403 342 181-021 -042 -005 -7.69 006 056 11.85
6.5 0135x 10%  1.005 3.22 279 146 157 -022 -037 -0.05 -153 0.06 0.52 5.06
6.5 Q151x 10°  1.105 2.44 228 137 138 -020 -039 -0.05 -095 0.05 048 4.03
6.5 0163x10° 1.180 10.62 1201 1.81 0.95-0.15 -0.14 -0.02 0.71 007 050 16.19
6.5 Q171x10°°  1.057 2.29 232 145 073 -0.15 -024 -0.04 -0.29 0.07 043 3.69
6.5 Q183x10°° 1.184 9.84 1394 198 128 -0.18 -0.14 -0.02 0.81 005 030 17.25
6.5 0197x10°%  1.112 2.04 196 133 0.89 -0.16 -023 -0.03 -0.12 0.06 0.43 3.30
6.5 0228x 10°°  1.138 9.66 940 179 0.76 -0.12 -0.11 -0.01 -0.83 0.07 045 13.65
6.5 0262x 10°  1.010 1.37 181 138 083 -016 -0.09 -0.03 -0.05 0.07 045 2.83
8.5 0158x 10°  1.031 6.90 399 387 257 -032 -034 -0.09 -971 006 078 1342
8.5 Q177x10°°  1.058 3.18 281 146 125-0.17 -039 -0.03 -0.77 0.06 0.48 4.77
8.5 0197x 10°  1.112 2.46 224 136 137 -021 -032 -0.04 -0.76 0.06 0.56 3.98
8.5 0224x10°%  1.154 211 205 126 126 -0.16 -0.22 -0.03 0.00 0.05 0.46 3.48
8.5 Q240x 10°°  1.146 5.87 6.26 144 131 -0.17 -0.13 -0.03 0.43 0.06 0.63 8.84
8.5 0258x 10%  1.041 2.02 193 153 107 -0.19 -0.19 -0.03 -0.30 0.06 0.47 3.42
8.5 0299%x 10°°  1.217 6.86 6.25 168 1.13 -0.15 -0.10 -0.02 0.90 0.05 0.39 9.55
8.5 0342x 10°  1.091 1.19 176 131 0.79 -0.15 -0.08 -0.03 0.15 0.06 041 2.66
8.5 0433x 10%  1.092 6.83 745 178 0.79 -0.12 -0.08 -0.01 -0.14 0.06 038 10.31
8.5 0541x 10°°  1.022 1.30 1.80 1.27 0.80 -0.12 0.05 -0.01 0.37 0.07 0.39 2.74
8.5 0838x 10°  0.946 1.47 1.85 142 0.73 -0.14 0.06 -0.03 0.18 0.07 0.44 2.89
8.5 Q103x 102 0.678 1290 13.65 177 0.48-0.10 -0.10 -0.01 -0.47 0.07 0.32 18.88
8.5 0140x 102  0.823 2.57 207 141 0.85 -0.16 0.07 -0.03 0.06 0.07 0.46 3.72
12 0223x10°%  1.293 5.39 400 280 210-030 -061 -0.09 -655 0.07 0.69 10.06
12 0249x 10%  1.148 2.95 272 144 180 -022 -031 -0.05 -138 0.06 0.62 4.89
12 0278x10°  1.199 2.35 217 131 135-017 -030 -0.03 -0.26 0.05 049 3.77
12 0295x 10°%  1.176 3.77 3.74 143 178 -0.23 -0.20 -0.04 0.60 0.06 0.75 5.87
12 0316x10%  1.193 2.54 237 137 115-0.16 -0.27 -0.02 -041 0.06 042 3.97
12 0343x10°%  1.228 3.43 312 136 144 -020 -0.14 -0.02 0.78 0.05 0.68 5.15
12 0364x 103 1.176 212 196 135 0.90 -0.14 -0.26 -0.02 0.10 0.06 0.39 3.35
12 0423x10°%  1.226 4.09 332 137 139 -0.17 -0.10 -0.02 0.52 0.06 0.62 5.68
12 0483x10°% 1.124 1.18 171 126 092 -0.14 -0.04 -0.02 0.12 0.06 0.42 2.64
12 0592x 10%  1.145 5.23 472 164 0.89 -0.13 -0.08 -0.01 033 0.06 0.39 7.31
12 0764x 10  1.054 1.23 1.82 128 0.80 -0.12 0.06 -0.02 0.34 0.06 0.40 2.72
12 0910x 103  0.965 551 6.78 1.80 0.86 -0.13 -0.08 0.00 046 0.06 0.33 8.98
12 0118x 102 1.020 1.29 183 130 0.85-0.13 0.06 -0.01 0.25 0.07 0.42 2.77
12 0146x 102 0.828 5.42 v17 183 0.70 -0.12 -0.11 -0.01 -104 0.07 0.53 9.27
12 0197x 102  0.880 2.24 200 149 1.04 -0.18 0.07 -0.04 -0.22 0.07 0.50 3.56

Table 12: HERA combined reduced cross sectiofig. for NC e"p scattering at+/s
251 GeV. The uncertainties are quoted in percent relativef ta. Other details as for TablED.
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QZ XBj G'INC Ostat  Ouncor  Ocor Orel Oyp Shad 01 62 03 04 Stot
Ge\? % % % % % % % % % % %
15 0279x 103 1.147 6.20 4.04 244 1.78 -0.24 -0.46 -0.06 -5.39 0.07 0.60 9.67
15 0312x10°% 1.284 2.62 256 1.37 1.08 -0.19 -0.41 -0.05 -0.89 0.07 055 421
15 0348x10% 1.187 2.40 211 1.25 0.86 -0.16 -0.22 -0.03 -0.06 0.06 0.46 3.58
15 0394x10% 1.174 2.19 201 1.27 1.24 -0.17 -0.29 -0.03 -0.11 0.06 053 352
15 0422x10°% 1.242 261 213 1.32 1.33 -0.18 -0.14 -0.02 0.64 0.06 0.59 3.96
15 0455x 103 1.259 2.33 201 132 0.98 -0.15 -0.24 -0.02 -0.06 0.06 041 352
15 0529%x 103 1.204 2.72 1.94 1.32 1.25 -0.17 -0.12 -0.02 0.26 0.06 0.66 3.87
15 0604x10% 1.168 1.22 146 1.26 1.13 -0.16 -0.07 -0.02 0.07 0.05 0.48 2.60
15 0763x103% 1.145 3.30 260 1.36 1.27 -0.15 -0.08 -0.02 0.35 0.05 0.61 4.65
15 0955x 103 1.042 1.28 1.82 1.28 0.73 -0.12 0.05 -0.01 0.52 0.06 0.37 275
15 0114x102 1.093 3.78 331 144 1.05 -0.15 -0.09 -0.02 0.12 0.06 0.59 537
15 0148x 102 0.976 1.32 1.83 1.36 1.07 -0.14 0.07 -0.01 0.07 0.06 0.44 2.89
15 0182x 102 0.847 4.43 395 154 0.87 -0.14 -0.10 -0.01 -0.64 0.07 0.62 6.26
15 0247x102 0.861 2.16 1.98 1.48 1.25 -0.17 0.08 -0.02 -0.15 0.06 0.48 3.56
20 0372x10°% 1.332 6.47 425 221 1.82 -0.29 -0.38 -0.08 -4.26 0.08 0.66 9.33
20 0415x10°% 1.261 3.63 293 1.39 1.06 -0.18 -0.37 -0.04 -1.21 0.06 045 5.16
20 0464x 103 1.294 3.04 246 131 0.79 -0.12 -0.24 -0.02 -0.09 0.06 0.36 4.22
20 0526x 103 1.142 3.16 246 1.33 1.09 -0.17 -0.35 -0.03 -0.60 0.06 042 444
20 0607x10°% 1.226 2.57 2.06 153 1.17 -0.16 -0.25 -0.01 -0.07 0.05 041 3.85
20 0805x 103 1.211 1.41 1.84 1.31 091 -0.12 -0.10 -0.01 0.25 0.06 0.38 2.85
20 0127x102 1.091 1.39 1.84 1.33 0.93 -0.11 0.05 0.00 0.38 0.06 0.39 287
20 0197x102 0982 1.44 1.85 1.35 1.04 -0.14 0.06 -0.01 0.15 0.06 043 294
20 0329x102 0.858 2.38 2.03 140 1.09 -0.16 0.07 -0.02 -0.10 0.06 0.47 3.64
25 0493x10% 1.300 2.79 255 1.30 1.03 -0.17 -0.36 -0.04 -0.66 0.06 0.40 4.22
25 0570x 103 1.330 3.15 269 1.38 0.74 -0.15 -0.21 -0.04 -0.25 0.07 0.48 4.48
25 0616x 103 1.259 1.77 1.83 1.21 0.83 -0.15 -0.29 -0.03 -0.07 0.06 0.42 298
25 0700x 103 1.325 2.27 1.88 1.25 0.90 -0.14 -0.12 -0.02 0.18 0.07 045 3.37
25 0759%x 103 1.227 2.60 206 134 0.99 -0.17 -0.24 -0.02 -0.16 0.07 045 3.76
25 0880x 1073 1.248 2.16 1.62 1.28 1.03 -0.14 -0.10 -0.02 0.28 0.06 048 3.21
25 0101x102 1.231 1.25 1.23 1.21 0.99 -0.14 -0.07 -0.01 0.43 0.06 045 244
25 0127x 102 1120 2.00 1.70 1.32 1.09 -0.14 -0.08 -0.01 -0.03 0.06 056 3.18
25 0159x102 1.128 1.55 1.87 1.28 0.75 -0.11 0.05 -0.01 0.50 0.05 0.37 292
25 0184x 102 1.042 2.05 220 1.33 1.17 -0.14 -0.08 -0.01 0.04 0.06 0.58 354
25 0247x102 1.020 1.58 1.88 1.48 1.25 -0.16 0.08 -0.01 -0.10 0.06 0.46 3.16
25 0300x102 0.920 2.16 225 1.36 1.07 -0.15 -0.09 -0.01 -0.62 0.06 0.70 3.69
25 0411x 102 0.892 2.64 211 1.38 0.91 -0.10 0.05 0.00 0.49 0.06 0.36 3.81
35 0651x10°% 1.322 7.00 3.79 380 0.01 -0.05 -0.14 -0.02 -2.86 0.18 -0.11 9.28
35 0727x10% 1.302 3.89 342 164 -0.10 -0.09 -0.39 -0.04 -0.25 0.07 0.35 5.46
35 0812x 103 1.327 257 2.07 121 0.77 -0.16 -0.29 -0.03 -0.29 0.07 031 364
35 0921x10% 1.329 2.29 1.99 1.19 0.72 -0.14 -0.27 -0.02 0.25 0.06 0.29 3.38
35 0100x 102 1.217 2.64 220 1.23 0.60 -0.12 -0.14 -0.02 -0.12 0.07 035 3.72
35 0106x 102 1.319 2.72 211 1.32 1.05 -0.16 -0.18 -0.02 -0.14 0.06 0.42 3.87
35 0123x102 1.247 2.33 1.70 1.24 0.70 -0.12 -0.10 -0.01 0.40 0.06 0.31 3.26
35 0141x 102 1.241 1.25 1.30 1.18 0.80 -0.13 -0.08 -0.02 0.19 0.06 039 234
35 0180x102 1.120 1.83 1.34 1.27 0.88 -0.13 -0.08 0.00 0.13 0.06 045 2.79
35 0223x102 1.111 1.68 1.89 1.29 0.88 -0.12 0.05 -0.01 0.33 0.05 0.40 3.02
35 0270x 102 0.982 1.71 1.80 1.29 0.93 -0.13 -0.07 -0.01 -0.32 0.06 050 3.01
35 0345x 102 0.964 1.83 191 1.30 0.80 -0.10 0.05 0.00 0.53 0.06 0.36 3.13
35 0430x 102 0.862 1.64 1.39 1.32 0.96 -0.13 -0.08 -0.01 -0.67 0.06 0.62 285
35 0575x 102 0.861 2.99 220 1.65 1.39 -0.20 0.09 -0.03 -0.54 0.06 054 437

Table 12: Continued.
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Q2 Xgj (T:,NC Ostat  Ouncor Scor Orel 5yp Shad 01 02 03 0a Stot
Ge\2 % % % % % % % % % % %
45 0838x 103 1.432 5.99 337 3.16 -0.04 -0.04 -0.12 -0.01 -1.89 0.10 -0.08 7.80
45 0934x10°% 1320 4.31 322 169 0.20 -0.08 -0.17 -0.02 -0.48 0.07 -0.08 5.7
45 0104x 1072 1.349 3.41 234 116 0.27 -0.09 -0.19 -0.01 0.27 0.07 0.09 4.32
45 0118x 102 1.298 2.65 195 1.16 0.58 -0.12 -0.29 -0.02 0.21 0.06 0.22 3.57
45 0127x 102 1.286 2.87 218 120 0.28 -0.09 -0.12 -0.01 0.32 0.07 0.09 3.83
45 0137x 102 1.292 3.08 220 132 0.67 -0.12 -0.26 -0.02 0.28 0.06 036 4.10
45 0159x 102 1.192 2.62 244 1.20 0.41 -0.09 -0.10 -0.01 0.20 0.06 0.16 3.81
45 0181x 102 1.178 1.39 126 1.16 0.66 -0.11 -0.08 -0.01 0.36 0.06 0.28 235
45 0229x 102 1.114 1.91 147 1.23 0.58 -0.10 -0.08 0.00 -0.12 0.07 031 279
45 0286x 102 1.103 1.71 190 1.29 0.74 -0.10 0.05 0.00 0.55 0.06 0.36 3.04
45 0330x 102 1.006 1.68 174 1.24 0.67 -0.11 -0.07 0.00 -0.34 0.07 035 2.85
45 0444x 102 0.940 1.87 192 1.32 0.91 -0.11 0.05 0.00 0.41 0.06 0.38 3.18
45 0550x 102 0.890 1.50 163 1.27 0.72 -0.12 -0.09 -0.01 -0.74 0.07 048 280
45 0740x 102 0.828 3.14 223 163 143 -0.19 0.08 -0.02 -0.38 0.06 0.51 4.47
60 0112x 102 1.276 7.05 322 3.06 -0.03 -0.04 -0.11 -0.01 -153 0.09 -0.07 8.47
60 0125x 102 1419 4.10 243 188 -0.02 -0.06 -0.13 -0.01 -0.92 0.07 -002 521
60 0139x 102 1.358 4.17 238 159 0.09 -0.07v -0.13 -0.01 -0.44 0.07 -0.09 5.08
60 0158x 102 1.324 3.90 273 117 0.26 -0.09 -0.08 -0.02 -0.20 0.07 0.08 4.92
60 0171x 102 1.297 3.42 253 122 0.12 -0.07 -0.10 -0.01 0.66 0.06 -0.11 448
60 0182x 102 1.260 4.23 254 1.30 0.77 -0.11 -0.10 -0.02 0.37 0.06 0.35 5.19
60 0211x 102 1115 3.19 220 121 0.22 -0.06 -0.08 0.01 0.40 0.07 -0.04 4.08
60 0242x 102 1.169 1.59 138 1.16 0.48 -0.09 -0.07 -0.01 0.38 0.06 0.24 249
60 0305x 102 1.098 2.24 168 1.20 0.30 -0.08 -0.08 0.00 -0.16 0.06 0.13 3.07
60 0382x 102 1.015 1.98 194 1.28 0.75 -0.11 0.05 0.00 0.53 0.07 0.37 3.22
60 0460x 102 0.949 1.96 193 121 0.39 -0.09 -0.08 0.00 -0.41 0.07 022 3.07
60 0592x 102 0.994 1.97 196 1.30 0.91 -0.13 0.06 -0.01 0.25 0.06 041 3.24
60 0730x 102 0.817 1.74 146 1.26 0.41 -0.09 -0.08 -0.01 -1.11 0.07 0.33 2.88
60 0986x 102 0.773  3.39 230 1.38 0.83 -0.09 0.05 0.01 0.63 0.06 0.34 4.46
90 0167x102 1327 7.81 291 3.03 -0.04 -0.05 -0.11 -0.02 -149 0.06 -0.08 9.00
90 0187x 102 1.392 4.56 239 189 0.08 -0.06 -0.13 -0.01 -050 0.06 -0.06 551
90 0209x 102 1.299 4.15 210 1.83 0.00 -0.06 -0.13 -0.02 -0.31 0.06 -0.05 501
90 0237x102 1305 4.12 253 181 0.05 -0.06 -0.11 -0.01 0.05 0.06 -0.09 5.16
90 0250x 102 1.153 4.13 326 122 -0.04 -0.06 -0.11 0.00 -0.17 0.07 -0.14 541
90 0300x 102 1.159 3.56 280 123 -0.05 -0.05 -0.09 0.00 0.52 0.07 -0.21 4.73
90 0362x 102 1.124 2.13 163 1.15 0.34 -0.07 -0.07 0.00 0.22 0.06 0.15 2.96
90 0460x 102 1.018 2.62 196 1.20 0.10 -0.06 -0.08 0.00 -0.33 0.07v -0.05 350
90 0573x 102 0.922 2.37 201 129 0.72 -0.12 0.05 -0.02 0.41 0.06 0.39 3.49
90 0640x 102 0948 2.20 210 1.20 0.15 -0.06 -0.07 0.00 -0.64 0.07 0.04 3.34
90 0888x 102 0.871 2.31 202 130 0.91 -0.13 0.06 -0.01 0.23 0.06 042 3.49
90 0109x 101 0.758 2.02 165 1.22 0.17 -0.07 -0.08 0.00 -0.99 0.07 0.15 3.06
90 0148x 101 0.756 3.84 247 1.29 0.82 -0.13 0.06 -0.01 0.31 0.06 041 4.84
120 0220102 1.390 8.37 274 288 -0.04 -0.04 -010 -0.01 -122 0.09 -0.07 935
120 0250x 1072 1.184 7.69 205 276 -0.06 -0.03 -0.08 -0.01 -050 0.06 -0.06 8.44
120  Q270x102 1.081 7.61 588 123 -0.08 -0.06 -0.15 -0.01 -0.12 0.07 -0.05 9.70
120 0280x 102 1176 6.90 192 275 0.07 -0.04 -0.10 0.00 -0.21 0.03 -0.03 7.68
120 0300x 102 1.181 6.42 4.62 1.30 0.05 -0.06 -0.11 0.00 091 0.07 -0.25 8.07
120 0320x102 1.118 6.47 183 277 0.05 -0.04 -0.08 -0.01 0.09 0.05 -0.06 7.27
120 0340x 102 1.134 4.87 353 123 -0.07 -0.06 -0.12 -0.01 0.39 0.07 -0.10 6.15
120  0360x 102 1192 5.65 183 278 0.13 -0.06 -0.08 -0.01 0.20 0.07 -0.07 6.56
120 0420102 1139 4.34 296 121 -0.13 -0.04 -0.09 0.00 0.04 0.07 -0.15 539
120 0480x 1072  1.071 2.99 165 1.50 0.05 -0.05 -0.07 0.00 -0.19 0.07 -0.13 3.74
120  0590x 102 0.985 3.06 206 120 -0.14 -0.04 -0.08 0.00 -0.38 0.07 -0.14 3.90
120 0800x 102 0.869 2.66 190 1.21 -0.22 -0.03 -0.08 0.00 -0.76 0.07 -0.16 3.58
120 Q130x 107! 0722 237 2.04 123 -0.06 -0.04 -0.08 0.00 -1.17 0.07 0.02 3.56
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Q2 XBj 0-r+,NC Ostat  Ouncor  Ocor Crel Syp Ohad 01 62 03 04 Stot
Ge\V?2 % % % % % % % % % % %
150 0280x 102 1.313 10.23 260 3.06 -0.05 -0.03 -0.11 -0.01 -1.86 0.08 -0.08 11.14
150 0310x 102 1.184 9.42 204 279 0.02 -0.04 -0.09 -0.01 -0.69 0.08 -0.07 10.06
150 0350% 102 1.335 7.52 229 275 0.04 -0.04 -0.09 0.00 -0.09 0.06 -0.04 8.33
150 0390x 102  1.257 6.92 1.79 276 0.03 -0.04 -0.08 -0.01 0.12 0.05 -0.05 7.66
150 0450% 102 1.050 6.83 1.79 276 0.07 -0.05 -0.09 -0.01 0.13 0.06 -0.06 7.58
150 Q600x 102 1.025 3.61 141  2.77 0.05 -0.05 -0.08 0.00 0.26 0.06 -0.06 4.77
150 Q800x 102  0.973 3.93 1.15 2.78 0.14 -0.06 -0.08 -0.01 0.28 0.07 -0.07 4.97
150 0130x 101 0.863 5.20 1.84 279 0.04 -0.05 -0.02 -0.01 0.28 -0.10 -0.08 6.19
150 0200x 101 0.794 6.97 281 2.86 0.12 -0.07 0.01 -0.01 0.28 -0.15 -0.13 8.05
200 0370x 102 1.318 1281 259 315 -0.06 -0.04 -0.11 -0.01 -214 0.06 -0.08 13.62
200 0410x 102 1.311 11.44 211 285 0.08 -0.05 -0.11 -0.01 -0.86 0.05 -0.05 12.01
200 0460x 102 1.068 10.99 220 275 0.03 -0.03 -0.08 0.00 -0.08 0.03 -0.03 11.54
200 0520% 102  1.180 8.89 1.82 276 0.00 -0.04 -0.08 -0.01 0.24 0.06 -0.04 9.49
200 0610x 102 1.116 8.08 1.80 2.76 0.01 -0.04 -0.08 -0.01 0.21 0.05 -0.04 8.73
200 Q800x 102  0.969 4.60 1.26 2.77 0.10 -0.05 -0.08 -0.01 0.24 0.05 -0.06 5.52
200 0130x 101 0.876 4.42 1.26 2.78 0.10 -0.05 -0.07 -0.01 0.28 0.08 -0.08 5.38
200 0200x 101 0.765 4.91 090 2.78 0.12 -0.05 -0.11 -0.01 0.28 -0.09 -0.03 5.72
200 0320x 101 0.619 5.46 0.98 277 -0.01 -0.04 -0.07 -0.01 0.27 -0.06 -0.04 6.21
200 Q500x 101 0.507 6.34 1.17 278 0.07 -0.05 -0.06 -0.01 0.28 -0.11 -0.06 7.03
200 Q800x 101 0.419 7.37 1.70 280 -0.09 -0.05 -0.07 -0.01 0.27 -0.09 -0.05 8.07
200 0.130 0.384 7.16 1.89 2.82 0.11-0.07 -0.09 -0.01 0.28 -0.21 -0.07 7.94
200 0.180 0.311 9.17 263 294 0.44-0.05 0.04 0.00 0.29 -0.03 -0.13 10.00
200 0.400 0.198 10.78 3.72 324 0.81-0.07 0.11 0.01 0.29 0.06 -0.20 11.89
250 0460x 102 0.875 19.23 251 341 -0.01 -0.04 -0.13 -0.01 -281 0.04 -0.09 19.89
250 0520x 102 1.098 13.92 215 297 0.04 -0.05 -0.11 -0.01 -1.19 0.05 -0.06 14.45
250 0580x 102 0.956 13.65 226 276 -0.03 -0.04 -0.07 -0.01 0.09 0.04 -0.04 14.11
250 0660x 102  0.954 11.44 1.84 276 0.02 -0.04 -0.08 -0.01 0.22 0.06 -0.04 11.91
250 Q760x 102  1.025 9.60 1.81 2.76 0.04 -0.05 -0.08 -0.01 0.19 0.05 -0.05 10.15
250 Q100x 101 0.960 5.09 1.24 277 0.04 -0.05 -0.07 -0.01 0.28 0.06 -0.05 5.94
250 0130x 101  0.854 5.09 1.07 277 -0.01 -0.04 -0.06 -0.01 0.28 0.07 -0.06 5.90
250 0200x 101 0.770 5.22 147 278 -0.01 -0.05 -0.05 -0.01 0.28 0.10 -0.08 6.10
250 0320x 101 0.630 5.65 1.36 2.79 0.17 -0.05 -0.13 -0.01 0.28 -0.08 -0.02 6.45
250 0500x 101 0.549 5.84 1.35 2.78 0.17 -0.05 -0.12 -0.01 0.28 -0.10 -0.02 6.62
250 Q800x 101 0.465 6.39 1.25 279 0.03 -0.05 -0.13 -0.01 0.28 -0.15 -0.01 7.09
250 0.130 0.393 6.18 1.36 2.81-0.01 -0.05 -0.14 -0.01 0.28 -0.18 0.00 6.93
250 0.180 0.365 6.77 250 2.86 0.46-0.05 -0.04 0.00 0.29 -0.31 -0.05 7.79
250 0.400 0.167 9.74 415 3.40 1.35-0.06 0.05 0.01 0.30 -0.11 -0.12 1121
300 0560x 102 1.226 15.58 252 324 -0.08 -0.03 -0.10 -0.01 -2.01 0.07 -0.09 16.24
300 0620x 102 0.882 17.86 213 287 -0.02 -0.04 -0.10 -0.01 -1.13 0.09 -0.07 18.25
300 0690x 102 0.979 14.75 208 2.77 0.06 -0.04 -0.09 -0.01 0.28 0.06 -0.04 15.16
300 Q790x 102 1.046 12.67 1.86 2.77 0.09 -0.05 -0.10 0.00 0.28 0.05 -0.03 13.10
300 0910x 102 0.868 11.94 1.84 276 0.03 -0.04 -0.07 -0.01 0.28 0.06 -0.05 12.40
300 0121x 101 0912 5.97 1.25 276 0.01 -0.04 -0.06 -0.01 0.28 0.05 -0.05 6.71
300 0200x 101 0.667 6.31 1.01 278 0.07 -0.05 -0.06 -0.01 0.28 0.07 -0.07 6.97
300 0320x 101 0.625 6.55 0.97 277 0.08 -0.04 -0.11 -0.01 0.28 -0.07 -0.02 7.18
300 0500x 101 0.545 6.74 1.17 278 0.17 -0.05 -0.12 -0.01 0.28 -0.14 -0.02 7.40
300 Q800x 101 0.487 7.19 1.26 2.79 0.15 -0.06 -0.13 -0.01 0.28 -0.15 -0.01 7.83
300 0.130 0.379 7.19 152 2.82 0.07-0.06 -0.15 -0.01 0.28 -0.23 0.00 7.88
300 0.180 0.330 7.91 250 2.87 0.58-0.07 -0.10 0.00 0.29 -0.26 -0.04 8.81
300 0.400 0.160 11.50 480 3.65 1.68-0.06 0.08 0.01 0.31 -0.14 -0.14 13.10
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Q2 Xgj O—::NC Ostat Suncor cor Crel 5yp Ohad 01 62 03 04 Stot
Ge\? % % % % % % % % % % %
400 Q740x 102 0.827 22.66 256 3.33 -0.08 -0.04 -0.11 -0.01 -242 0.09 -0.10 23.17

400 0830x 102 0.602 22.83 226 279 -0.06 -0.03 -0.08 -0.01 -0.49 0.04 -0.05 23.11

400 Q930x 102 1.026 15.89 195 276 -0.02 -0.04 -0.09 0.00 0.15 0.03 -0.02 16.24

400 Q105x 1071  0.887 15.40 191 276 -0.01 -0.04 -0.07 -0.01 0.28 0.06 -0.04 15.76

400 Q121x 101  1.013 12.81 1.85 2.76 0.06 -0.04 -0.09 -0.01 0.28 0.02 -0.03 13.24

400 Q161x 101  0.884 6.97 122 277 0.04 -0.05 -0.07 -0.01 0.28 0.06 -0.05 7.60

400 0320x 101 0.650 7.15 1.15 2.78 0.04 -0.05 -0.05 -0.01 0.28 0.09 -0.08 7.76

400 Q500x 101 0.519 7.83 1.07 279 0.19 -0.05 -0.13 -0.01 0.28 -0.11 -0.01 8.39

400 Q800x 101 0.453 8.42 110 2.79 0.18 -0.06 -0.13 -0.01 0.28 -0.18 -0.01 8.95

400 0.130 0.380 8.17 1.26 2.80 0.00-0.05 -0.15 -0.01 0.28 -0.11 0.00 8.73
400 0.180 0.353 8.44 198 2.82 0.40-0.05 -0.08 0.00 0.29 -0.34 -0.03 9.14

400 0.400 0.163 12.84 455 3.65 1.70-0.06 0.09 0.01 0.31 -0.29 -0.13 14.21

500 Q930x 102 0.744 27.27 271 325 -0.10 -0.03 -0.11 -0.01 -2.16 0.07 -0.07 27.68

500 0104x 101 0.739 22.59 227 276 -0.02 -0.04 -0.08 -0.01 0.20 0.08 -0.04 22.87

500 Q116x 101 1.188 16.00 195 276 -0.01 -0.04 -0.08 -0.01 0.28 0.05 -0.03 16.36

500 Q131x 101 0.862 17.53 1.94 276 0.00 -0.04 -0.08 -0.01 0.13 0.05 -0.04 17.86

500 Q152x 101  1.047 14.03 188 276 -0.05 -0.03 -0.06 -0.01 0.27 0.06 -0.05 14.43

500 0201x 101 0.738 8.97 128 276 -0.02 -0.04 -0.06 -0.01 0.28 0.05 -0.05 9.48

500 0320x 10 0.691 8.29 1.09 277 -0.04 -0.04 -0.05 -0.01 0.28 0.08 -0.06 8.81

500 Q500x 101 0.567 8.78 098 277 -0.04 -0.04 -0.11 -0.01 0.28 0.01 -0.01 9.27

500 Q800x 101 0.454 9.61 1.05 277 0.03 -0.04 -0.10 -0.01 0.28 -0.14 0.00 10.06
500 0.130 0.387 11.29 1.30 2.79 0.02-0.04 -0.14 -0.01 0.28 0.00 0.00 11.70
500 0.180 0.351 11.27 146 281 0.07-0.05 -0.14 -0.01 0.28 -0.29 0.01 11.71
500 0.250 0.237 13.29 2.04 282 0.31-0.04 -0.05 0.00 0.28 -0.32 -0.03 13.75

500 0.400 0.182 15.67 422 3.33 1.26-0.04 0.06 0.01 0.30 -0.52 -0.08 16.62

500 0.650 0.023 27.31 550 411 2.21-0.04 0.15 0.02 0.31 -0.10 -0.16 28.25

650 Q121x 101 0501 38.13 296 282 -0.11 -0.02 -0.09 -0.01 -0.92 0.02 -0.03 38.36

650 Q135x 101 0.705 28.06 222 277 -0.09 -0.03 -0.07 -0.01 -0.01 0.09 -0.04 28.29

650 Q151x 101  0.688 24.91 208 277 -0.02 -0.03 -0.08 -0.01 0.04 0.03 -0.03 25.15

650 Q171x 101 0701 21.18 204 276 -0.01 -0.04 -0.07 -0.01 0.28 0.07 -0.04 21.46

650 Q197x 101  0.484 22.49 198 276 -0.04 -0.04 -0.06 -0.01 0.27 0.06 -0.05 22.75

650 0261x 101 0.640 10.68 131 276 0.03 -0.04 -0.07 -0.01 0.28 0.04 -0.05 1111

650 Q500x 101 0.469 11.58 127 278 0.00 -0.04 -0.05 -0.01 0.28 0.09 -0.07 11.98

650 Q800x 101  0.461 11.19 1.08 2.78 0.13 -0.05 -0.12 -0.01 0.28 -0.15 -0.01 11.58

650 0.130 0.404 13.15 140 2.79 0.12-0.05 -0.14 -0.01 0.28 -0.05 0.00 1351
650 0.180 0.332 13.80 143 2.79-0.10 -0.04 -0.12 -0.01 0.27 -0.17 0.01 14.16
650 0.250 0.248 15.04 203 281 0.35-0.05 -0.11 0.00 0.28 -0.31 -0.01 1544

650 0.400 0.169 18.17 447 3.33 1.42-0.07 0.01 0.01 0.30 -0.74 -0.07 19.07

650 0.650 0.025 31.51 6.03 4.15 2.25-0.05 0.17 0.02 0.31 -0.18 -0.17 32.43

800 Q149x 101 0.672 31.65 3.07 276 -0.16 -0.03 -0.06 -0.01 0.14 0.10 -0.04 3191

800 Q166x 101 0.493  38.09 269 277 0.09 -0.04 -0.12 -0.01 0.28 0.03 -0.01 38.28

800 Q185x 101  0.683 26.86 222 276 -0.04 -0.04 -0.07 -0.01 0.28 0.03 -0.04 27.09

800 Q210x 101  0.666 24.26 206 277 0.07 -0.05 -0.09 -0.01 0.28 0.07 -0.04 2451

800 0242x 101 0.651 21.70 1.94 277 0.12 -0.05 -0.09 -0.01 0.28 0.02 -0.04 21.96

800 0322x 101  0.496 13.46 139 276 -0.07 -0.03 -0.06 -0.01 0.27 0.04 -0.04 13381

800 Q500x 101  0.585 11.87 122 277 0.03 -0.05 -0.06 -0.01 0.28 0.08 -0.06 12.26

800 Q800x 101  0.562 11.86 1.08 2.78 0.13 -0.04 -0.12 -0.01 0.28 0.08 -0.01 12.23

800 0.130 0.297 18.11 134 277-0.01 -0.03 -0.09 -0.01 0.28 -0.20 0.00 18.37
800 0.180 0.267 18.44 155 2.80 0.12-0.05 -0.15 -0.01 0.28 -0.10 0.00 18.72
800 0.250 0.187 20.10 192 281 0.34-0.05 -0.11 -0.01 0.28 -0.29 -0.01 20.39

800 0.400 0.172  20.66 3.77 3.09 0.87-0.04 0.02 0.00 0.29 -0.38 -0.05 21.25

800 0.650 0.024 38.28 6.65 4.28 2.44-0.02 0.22 0.02 0.31 -0.62 -0.14 39.17
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Q2 XBj OT,NC Ostat  Ouncor  Ocor Orel Oyp Shad 01 62 03 04 Stot
Ge\? % % % % % % % % % % %
1.5 0348x 104  0.542 7.92 496 365 1.81 -0.24 -058 -0.07 -862 0.06 058 13.38
2 0464x 104  0.733 4.48 431 283 148 -0.26 -0.66 -0.09 -6.25 0.07 0.58 9.42
2 0526x 104 0.737 453 393 190 132 -025 -040 -0.08 -296 0.07 0.57 7.11
2.5 0580x 104  0.815 4.08 415 293 207 -0.33 -082 -0.10 -7.28 0.07 0.69 10.05
2.5 0658x 104  0.780 2.62 303 154 127 -0.20 -057 -0.05 -2.19 0.06 047 5.04
2.5 Q759%x 104  0.725 4.28 345 184 0.89 -0.21 -0.28 -0.07 -1.48 0.07 0.51 6.08
3.5 0812x 104 0.819 4.14 405 265 1.70 -0.23 -0.47 -0.05 -590 0.06 0.54 8.87
3.5 0921x 104 0.838 2.19 286 169 153 -0.25 -0.38 -0.06 -2.47 0.07 0.56 4.98
3.5 0106x 103  0.875 2.01 247 169 124 -0.24 -041 -0.07 -158 0.07 0.55 4.19
35 0141x 102 0.810 2.53 245 227 062 -0.22 -0.27 -0.07 -0.38 0.07 0.52 4.30
5 0116x 103  0.980 4.10 401 285 215-030 -057 -0.08 -6.92 0.07 0.67 9.71
5 0132x 103  0.940 2.05 280 153 141 -0.22 -044 -0.05 -1.98 0.06 0.50 4.56
5 0143x 103 1.048 10.24 9.23 166 1.38-0.22 -0.18 -0.05 098 0.05 055 14.01
5 0152x 103  0.984 1.65 220 141 098 -0.19 -0.30 -0.05 -0.78 0.07 0.46 3.39
5 0201x103 0.920 1.16 1.87 158 0.63 -0.16 -0.22 -0.04 0.05 0.06 042 2.83
6.5 0151x 10°°  1.070 4.19 402 288 187 -0.23 -052 -0.06 -6.52 0.06 0.56 9.42
6.5 0171x 103  1.012 1.96 254 146 198 -0.23 -049 -0.05 -1.43 0.06 0.56 4.36
6.5 0183x 10°°  1.043 6.82 736 223 244 -029 -034 -0.09 -0.63 0.08 126 10.67
6.5 0197x 103  1.026 1.57 219 130 106 -0.17 -0.28 -0.03 -0.45 0.06 0.43 3.25
6.5 0228x 103  1.067 6.81 739 162 103 -0.18 -0.15 -0.04 -0.33 0.07 0.62 10.26
6.5 0262x 10°°  1.009 0.91 1.76 135 091 -0.17 -0.22 -0.03 -0.15 0.06 0.44 2.62
6.5 0330x 10°  0.990 9.32 6.57 150 0.80 -0.12 -0.03 -0.01 0.04 006 023 1153
6.5 0414x 102 0.969 1.14 1.85 1.44 0.74 -0.15 0.06 -0.03 0.13 0.07 044 2.75
8.5 0197x 103  1.011 4.58 401 330 208 -0.27 -049 -0.07 -794 0.06 0.63 10.77
8.5 0224x 103  1.064 1.92 240 147 214 -022 -0.26 -0.05 -0.96 0.06 0.64 4.20
8.5 0240x 10°%  1.195 3.52 388 165 239 -0.28 -0.25 -0.07 047 005 091 6.09
8.5 0258x 103 1.119 1.58 190 142 154 -0.21 -0.23 -0.04 -055 0.05 0.56 3.35
8.5 0299x 103 1.188 4.20 372 139 110 -0.18 -0.08 -0.03 055 0.05 053 5.94
8.5 0342x 10°%  1.057 0.88 1.70 133 097 -0.17 -0.20 -0.04 -0.20 0.06 0.44 2.59
8.5 0433x 103 1.151 4.88 571 151 0.90 -0.14 -0.06 -0.02 0.10 0.06 042 7.73
8.5 0541x 102  1.020 0.92 1.73 127 0.73 -0.12 0.03 -0.01 0.40 0.06 0.37 2.51
8.5 0838x 10°  0.943 1.01 1.76 131 0.85 -0.14 0.05 -0.02 0.12 0.06 043 2.61
8.5 0140x 102 0.864 1.20 1.83 147 0.75 -0.15 0.06 -0.03 -0.01 0.07 0.45 2.78
12 0278x 1073 1.162 3.84 398 247 155 -0.22 -042 -0.06 -529 0.06 0.54 8.22
12 0316x103% 1.178 1.80 220 148 188 -0.23 -0.39 -0.06 -1.04 0.07 0.66 3.94
12 0343x 108 1.166 2.70 332 154 194 -026 -0.23 -0.05 059 005 0.75 5.05
12 0364x 10°% 1.127 1.52 186 1.30 141 -0.18 -0.23 -0.03 -0.04 0.05 0.52 3.14
12 0423x103% 1.235 2.44 223 136 156 -0.19 -0.10 -0.02 085 0.06 0.66 4.05
12 0483x 103 1.120 0.95 152 129 110 -0.15 -0.15 -0.02 0.14 0.05 0.45 2.52
12 0592x 1073 1.142 3.46 255 135 1.16 -0.16 -0.04 -0.01 0.16 0.06 0.55 4.69
12 0764x 103 1.033 0.92 161 128 0.95 -0.14 0.04 -0.01 0.14 0.07 044 2.50
12 0118x102 0.979 0.93 1.69 130 0.83 -0.14 0.05 -0.02 0.13 0.06 042 2.51
12 0197x102 0.880 1.04 1.71 139 1.04 -0.16 0.06 -0.03 -0.27 0.06 0.48 2.72
15 0348x 1073 1.243 3.86 406 202 1.26 -0.18 -0.36 -0.03 -3.58 0.06 0.47 7.09
15 0394x10°% 1.138 1.83 209 138 132 -019 -035 -0.05 -0.61 0.05 0.47 3.48
15 0422x10°% 1.191 2.51 230 143 141 -0.21 -0.19 -0.04 040 0.06 0.61 4.03
15 0455x 103  1.174 1.54 162 132 137 -0.20 -0.23 -0.03 -0.23 0.06 0.52 3.01
15 0529x 103 1.254 1.89 1.35 132 132 -0.18 -0.10 -0.02 0.64 0.06 0.59 3.11
15 0604x 10°% 1.170 1.03 1.18 1.28 1.15 -0.17 -0.17 -0.03 0.14 0.06 051 2.40
15 0763x 103 1.168 2.14 152 133 129 -0.17 -0.06 -0.02 045 0.05 0.62 3.31
15 0955x 103  1.083 0.97 1.38 126 1.08 -0.14 0.02 -0.01 0.30 0.06 0.46 2.44
15 0148x 102 0.943 0.97 152 128 0.99 -0.14 0.04 -0.01 0.12 0.06 0.45 2.48

Table 13: HERA combined reduced cross sectiofig. for NC e"p scattering at+/s
225 GeV. The uncertainties are quoted in percent relativef ta. Other details as for Tab[ED.
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Q2 Xgj OT,NC Ostat  Ouncor Ocor Orel 6yp Ohad 01 62 03 04 Stot
Ge\2 % % % % % % % % % % %
20 0464x 103 1.030 5.27 421 203 164 -024 -062 -0.06 -418 0.06 0.54 8.39
20 0526x 10° 1.214 2.26 287 139 101 -0.18 -036 -0.05 -1.10 0.06 0.44 4.22
20 0607x 10 1.180 1.97 239 131 0.77 -0.13 -031 -0.08 -0.17 0.06 0.36 3.49
20 0805x 10% 1.171 1.06 185 135 108 -0.17 -0.13 -0.03 -0.13 0.05 0.44 279
20 0127x 102 1.089 1.00 184 130 0.93 -0.13 0.06 -0.02 0.27 0.06 040 268
20 0197x 102 0.986 1.02 185 1.28 0.84 -0.12 0.05 -0.01 0.38 0.06 0.39 267
20 0329x 102 0.877 1.14 187 134 103 -0.14 0.06 -0.01 0.15 0.06 043 281
25 0616x10° 1211 2.42 294 141 100 -0.14 -046 -0.02 -0.69 0.05 037 4.28
25 0657x 103 1.210 2.81 280 161 103 -0.19 -0.27 -0.06 -0.42 0.07 0.48 4.47
25 0700x 10% 1.251 2.42 214 134 096 -0.18 -0.17 -0.04 0.35 0.06 0.35 3.67
25 0759x 10 1.223 150 144 126 083 -014 -0.19 -0.02 0.33 0.06 0.39 2.63
25 0880x 10% 1.237 1.68 152 127 100 -0.15 -0.09 -0.02 0.48 0.06 0.44 287
25 0101x 102 1.188 1.00 1.09 126 104 -0.16 -0.14 -0.02 0.20 0.06 047 227
25 0127x 102 1.146 152 102 130 113 -016 -0.06 -0.01 0.48 0.06 053 261
25 0159x 102 1.078 0.97 1.04 126 1.06 -0.14 0.00 -0.02 0.18 0.06 050 225
25 0247x 102 0.989 0.94 124 128 1.08 -0.14 0.01 -0.01 0.16 0.06 050 235
25 0411x 102 0.852 1.03 128 129 1.07 -0.14 0.01 -0.01 -0.28 0.06 055 243
35 0812x 10 1.336 4.48 379 290 052-010 -0.04 -001 -201 0.28 0.25 6.88
35 0921x 103 1210 2.44 207 141 098 -0.18 -0.41 -0.06 -0.92 0.07 0.38 3.79
35 0100x 102 1.363 2.63 187 127 041 -012 -0.14 -0.03 0.16 0.07 021 351
35 0106x 102 1.237 1.70 146 124 083 -0.15 -0.17 -0.02 -0.09 0.06 032 273
35 0123x 102 1.222 1.93 140 123 0.5 -0.12 -0.08 -0.02 0.24 0.06 027 279
35 0141x 102 1.219 1.06 1.05 123 0.88 -0.14 -0.15 -0.02 0.23 0.06 036 2.18
35 0180x 102 1.143 153 118 125 0.85-0.14 -0.06 -0.01 0.35 0.06 039 251
35 0223x 102 1.066 0.99 0.83 124 0.84 -0.12 -0.02 0.00 0.38 0.07 0.41 2.06
35 0310x 102 0.984 1.27 159 128 097 -0.14 -0.04 -0.01 -0.17 0.06 0.50 2.65
35 0345x 102 0.977 1.27 191 136 0.69 -0.08 0.04 0.01 0.77 0.06 0.32 2.88
35 0575x 102 0.833 0.94 119 131 1.07 -0.15 0.00 -0.02 -0.46 0.06 055 239
45 0104x 102 1169 4.71 341 264 060 -011 -0.03 -001 -165 0.19 0.26 6.63
45 0118x 102 1.205 2.98 217 137 043 -0.11 -0.11 -0.02 -0.37 0.07 0.16 3.98
45 0127x 102 1.281 3.08 227 130 0.08 -0.09 -0.15 -0.02 -0.09 0.07 -0.03 4.05
45 0137x 102 1.243 2.09 147 121 037 -010 -0.16 -0.02 0.20 0.06 0.16 287
45 0159x 102 1.257 2.12 134 122 032 -010 -0.09 -0.02 0.29 0.07 0.14 2.83
45 0181x 102 1.158 1.17 114 121 067 -0.13 -0.12 -0.02 0.08 0.07 029 217
45 0229x 102 1.094 1.69 100 121 056 -0.11 -0.05 -0.01 0.22 0.06 0.23 240
45 0286x 102 1.085 1.01 089 121 066 -0.11 -0.01 -0.01 0.30 0.06 031 198
45 0444x 102 0.929 0.92 123 122 0.77 -0.12 0.00 -0.01 0.05 0.06 038 215
45 0740x 102 0.802 0.92 107 126 086 -0.14 -0.01 -0.02 -0.57 0.07 049 221
60 0139x 102 1.185 4.98 305 226 055-011 -0.03 -001 -1.14 0.14 0.27 6.39
60 0158x 102 1.142 2.97 178 147 053 -0.11 -0.08 -0.02 -0.44 0.10 0.13 3.83
60 0171x 102 1.255 3.64 263 128 0.14 -0.10 -0.14 -0.02 0.19 0.06 -0.07 4.68
60 0182x 102 1.190 3.42 310 126 0.02-0.09 -0.13 -0.02 0.02 0.07 -0.10 4.79
60 0211x 102 1.209 2.57 164 120 0.12 -0.07 -0.07 -0.01 0.22 0.07 -0.05 3.29
60 0242x 102 1.184 1.38 128 121 057 -013 -0.16 -0.03 0.01 0.06 0.23 233
60 0305x 102 1.097 1.98 128 120 0.29 -0.08 -0.05 -0.01 0.21 0.06 0.07 268
60 0382x 102 1.021 1.16 1.00 120 048 -0.09 -0.01 0.00 0.35 0.07 0.22 2.04
60 0592x 102 0.894 1.05 123 120 053 -0.09 -0.01 0.00 0.17 0.06 027 211
60 0986x 102 0.758 1.04 102 123 061 -011 -0.01 -0.01 -0.68 0.07 0.37 215
90 0209x 102 1.262 5.29 288 209 058 -0.11 -0.02 -0.01 -101 0.16 0.27 6.49
90 0237x 102 1.206 3.13 175 141 048 -0.11 -0.06 -0.02 -0.08 0.10 0.17 3.89
90 0250x 102 1.078 4.52 322 128 0.09-0.08 -0.10 -0.01 058 0.06 -0.16 5.73
90 0273x 102 1149 2.72 153 128 043 -010 -0.038 -0.01 0.38 0.09 0.07 3.42
90 0317x102 1.094 3.02 2,07 122 0.02 -0.06 -0.05 0.00 0.26 0.06 -0.17 3.87
90 0362x 102 1.106 2.10 126 119 030 -0.08 -0.12 -0.01 0.01 0.07 0.05 274
90 0460x 102 1.021 2.31 126 120 0.08 -0.06 -0.05 0.00 -0.04 0.07 -0.07 290
90 0573x 102 0.957 1.37 105 118 0.34 -0.08 -0.02 0.00 0.17 0.07 0.15 213
90 0800x 102 0.906 1.64 148 119 0.21 -0.07 -0.05 0.00 -0.41 0.07 0.07 2.56
90 0888x 102 0.836 1.71 203 129 0.87 -0.13 0.06 -0.01 0.27 0.06 041 312
90 0136x 10t 0.712 151 126 122 023 -0.08 -0.05 -0.01 -0.89 0.07 0.18 2.50
90 0148x 10 0.717 1.90 210 129 0.88 -0.13 0.06 -0.01 0.30 0.06 041 3.28

Table 13: Continued.

152



Q2 XBj O-:,NC Ostat  Ouncor  Ocor Crel Syp Ohad o1 62 43 04 Stot
GeV? % % % % % % % % % % %
120 0280x 102  1.246 6.08 266 2.01 0.59 -0.11 -0.02 -0.01 -1.08 0.12 0.27 7.05
120 0320x 102  1.054 4.29 1.94 144 0.47 -0.10 -0.03 -0.01 0.08 0.11 0.20 4.95
120 0340%x 102 1.185 5.29 3.23 1.26 0.01 -0.08 -0.11 -0.02 0.40 0.07 -0.06 6.34
120 0360x 102 1.096 3.22 1.82 1.27 0.41 -0.09 -0.02 -0.01 0.36 0.10 0.15 3.96
120 0420x 102  1.044 3.68 1.84 122 -0.06 -0.06 -0.06 -0.01 0.27 0.07 -0.15 4.30
120 0480% 102  1.029 2.67 1.80 1.47 0.72 -0.12 0.01 -0.01 0.70 0.12 0.28 3.69
120 0500x 102 1.098 3.11 1.67 1.21 -0.02 -0.05 -0.05 0.00 0.19 0.07 -0.12 3.74
120 0590% 102 0.993 2.70 147 120 -0.04 -0.05 -0.05 0.00 -0.13 0.07 -0.13 3.31
120 Q760x 102 0.894 2.33 1.15 1.20 -0.05 -0.04 -0.04 0.00 -0.30 0.07 -0.17 2.89
120 0110x 101 0.818 1.97 144 1.21 -0.13 -0.04 -0.04 0.00 -0.66 0.07 -0.17 2.81
120 0180x 101 0.671 1.76 154 1.23 0.00 -0.06 -0.05 -0.01 -1.12 0.07 0.06 2.87
150 Q350x 102 1.227 7.11 264 219 052 -0.11 -0.02 -0.01 -1.38 0.14 0.27 8.04
150 0390% 102  1.017 5.78 1.88 1.51 0.62 -0.11 0.00 -0.01 0.11 0.12 0.29 6.30
150 Q450% 102 1.001 4.99 2.00 1.42 0.62 -0.10 0.01 -0.01 0.62 0.11 0.30 5.64
150 0600x 102  1.048 2.57 1.77 1.45 0.67 -0.11 0.01 -0.01 0.73 0.10 0.29 3.59
150 Q800x 102  0.964 2.58 1.36 1.50 0.76 -0.12 0.01 -0.01 0.77 0.12 0.28 3.47
150 0130x 101 0.823 3.33 1.48 1.49 0.70 -0.12 0.03 -0.01 0.78 0.14 0.26 4.09
150 0200x 101 0.690 451 216 1.61 0.82 -0.13 0.07 -0.01 0.79 -0.19 0.24 5.38
200 0460% 102 1.117 9.08 252 237 0.61 -0.11 -0.03 -0.01 -1.58 0.10 0.26 9.87
200 0520x 102 1.011 7.74 1.92 1.68 0.63 -0.11 -0.02 -0.01 -0.28 0.09 0.31 8.19
200 0610x 102 0.989 6.49 2.03 143 0.66 -0.11 0.00 -0.01 0.67 0.12 0.30 7.02
200 Q800x 102  0.947 3.40 173 1.44 0.68 -0.11 0.01 -0.01 0.73 0.10 0.29 4.21
200 0130x 101 0.831 3.13 1.05 1.48 0.72 -0.12 0.02 -0.01 0.78 0.11 0.28 3.78
200 0200x 101 0.638 3.52 1.76 1.50 0.67 -0.12 0.04 -0.01 0.78 0.16 0.26 4.35
200 0320x 101 0.523 4.04 085 144 0.68 -0.11 0.01 -0.01 0.79 -0.01 0.31 4.50
200 Q500x 101 0.523 4.13 1.23 142 0.55 -0.11 0.04 -0.01 0.78 -0.05 0.29 4.65
200 Q800x 101 0.452 4.76 1.34 150 0.71 -0.12 0.02 -0.01 0.78 -0.09 0.28 5.28
200 0.130 0.352 5.13 1.89 1.54 0.63-0.12 0.01 -0.01 0.77 -0.01 0.27 5.77
200 0.180 0.319 5.82 2.28 1.65 0.91-0.13 0.11 0.00 0.79 -0.10 0.23 6.59
200 0.400 0.178 7.99 450 2.84 1.82-0.12 0.26 0.01 0.84 0.12 0.15 9.81
250 0580x 102 1.050 10.44 245 242 0.50 -0.10 -0.02 -0.02 -1.69 0.08 0.27 11.13
250 0660x 102 1.029 8.85 193 1.78 0.58 -0.11 -0.01 -0.01 -0.52 0.13 0.27 9.27
250 Q760x 102  0.938 7.74 2.03 1.42 0.59 -0.10 0.01 -0.01 0.65 0.10 0.30 8.18
250 Q100x 101 0.874 3.95 1.73 1.43 0.65 -0.11 0.01 -0.01 0.74 0.10 0.29 4.67
250 Q130x 101  0.818 3.72 129 143 0.64 -0.11 0.02 -0.01 0.76 0.11 0.29 4.32
250 0200x 101 0.670 3.84 1.04 1.47 0.70 -0.12 0.02 -0.01 0.78 0.12 0.28 4.38
250 0320x 101 0.579 4.07 1.30 1.48 0.76 -0.12 -0.04 -0.01 0.79 0.06 0.32 4.67
250 0500x 101 0.499 4.15 1.26 1.47 0.72 -0.12 -0.03 -0.01 0.79 0.01 0.33 4.72
250 Q0800x 101 0.441 4.41 1.33 1.48 0.75 -0.12 -0.03 -0.01 0.79 -0.14 0.33 4.97
250 0.130 0.371 4.40 1.39 1.49 0.62-0.11 -0.04 -0.01 0.78 -0.12 0.34 4.97
250 0.180 0.361 4.47 2.06 1.53 0.93-0.12 0.01 -0.01 0.80 -0.20 0.32 5.31
250 0.400 0.180 6.37 491 295 2.18-0.12 0.23 0.01 0.85 -0.07 0.22 8.88
300 0690x 102 0.872 13.29 239 2.69 0.48 -0.10 -0.02 -0.01 -2.12 0.08 0.26 13.94
300 Q790x 102 0.823 10.93 1.96 1.65 0.53 -0.10 0.01 -0.01 -0.32 0.11 0.29 11.24
300 0910x 102  0.835 9.58 1.89 1.42 0.65 -0.11 0.00 -0.01 0.67 0.09 0.31 9.92
300 0121x 101  0.895 4.50 1.73 141 0.60 -0.10 0.02 -0.01 0.76 0.10 0.30 5.12
300 0200x 101 0.719 4.23 1.04 1.44 0.63 -0.11 0.03 -0.01 0.78 0.12 0.28 4.71
300 0320x 101 0.620 4.53 094 142 0.62 -0.10 -0.02 -0.01 0.79 0.10 0.33 4.96
300 0500x 101 0.519 4.74 1.08 1.46 0.72 -0.11 -0.03 -0.01 0.79 0.05 0.33 5.20
300 Q800x 101 0.458 4.93 1.38 1.50 0.81 -0.12 -0.03 -0.01 0.79 -0.13 0.33 5.47
300 0.130 0.367 5.09 154 154 0.74-0.13 -0.06 -0.01 0.79 -0.11 0.34 5.65
300 0.180 0.335 5.22 222 157 0.97-0.13 -0.02 -0.01 0.80 -0.28 0.32 6.04
300 0.400 0.168 7.39 5.16 2.96 2.37-0.14 0.16 0.01 0.86 -0.11 0.23 9.82

Table 13: Continued.
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Q2 XBj O-:,NC Ostat  Ouncor Ocor Orel 6}/p Ohad 01 62 03 04 Stot
GeV? % % % % % % % % % % %
400 0930x 102 1.026 13.30 243 268 056 -0.11 -0.02 -0.01 -1.99 0.06 025 13.94
400 Q105x 10!  1.071 10.14 219 149 0.1 -0.10 -0.01 -0.01 0.18 0.11 031 1051
400 0121x 10! 0.918 9.82 188 140 0.55 -0.10 0.02 -0.01 0.69 0.10 031 10.14
400 0161x 107 0.806 5.45 172 142 0.64 -0.11 0.01 -0.01 0.79 0.09 0.30 5.98
400 0320x10°! 0.621 5.08 1.02 145 0.64 -0.11 0.03 -0.01 0.78 0.12 0.28 5.48
400 0500x 1071 0.568 5.21 103 146 0.74 -0.11 -0.03 -0.01 0.79 -0.07 0.33 5.63
400  0800x 107! 0.448 5.66 099 143 066 -0.11 -0.02 -0.01 0.79 0.09 0.33 6.02
400  0.130 0.427 5.36 124 145 0.61-0.11 -0.03 -0.01 0.79 -0.13 0.34 5.79
400 0.180 0.339 5.84 169 149 0.83-0.12 -0.01 -0.01 0.80 -0.21 0.33 6.37
400  0.400 0.160 8.44 464 275 2.10-0.13 0.19 0.01 0.85 -0.26 0.25 10.28
500 0116x 101  1.006 14.56 244 250 055-0.09 -0.02 -0.01 -1.44 0.05 0.28 15.06
500 0131x10! 0.750 13.71 206 140 0.55 -0.10 0.02 -0.01 0.66 0.11 031 13.97
500 Q152x107' 0.686 12.27 193 140 0.59 -0.10 0.01 -0.01 0.78 0.13 031 1254
500 0201x 107! 0.733 6.52 171 141 0.61 -0.10 0.02 -0.01 0.79 0.08 0.31 6.96
500 0320x10°! 0.649 6.05 097 143 0.64 -0.11 0.02 -0.01 0.78 0.10 0.29 6.38
500 0500x 107! 0.599 5.92 129 146 0.60 -0.11 0.05 -0.01 0.78 0.15 0.27 6.32
500 0800x 1071 0.471 6.34 1.03 144 0.70 -0.11 -0.02 -0.01 0.79 -0.04 0.34 6.68
500 0.130 0.410 7.51 135 149 0.72-0.12 -0.05 -0.01 0.79 -0.09 0.34 7.86
500 0.180 0.304 8.44 149 148 0.68-0.11 -0.05 -0.01 0.79 -0.13 0.35 8.77
500 0.250 0.278 8.21 1.88 152 0.90-0.12 -0.02 -0.01 0.80 -0.21 0.33 8.66
500  0.400 0.138 11.44 414 218 1.66-0.12 0.12 0.00 0.84 -0.52 030 1251
500 0.650 0.019 21.66 6.96 4.15 3.47-0.14 0.32 0.02 0.90 -0.28 0.18 23.40
650 Q151x 107! 0.804 19.43 267 166 0.32 -0.07 0.02 -0.01 -0.38 0.13 032 19.69
650 Q171x107' 0.914 13.91 202 140 058 -0.10 0.01 -0.01 0.68 0.09 032 14.15
650 0197x 1071 0.905 12.02 192 141 0.60 -0.10 0.01 -0.01 0.70 0.09 031 12.29
650  0261x 1071  0.602 7.81 178 141 0.60 -0.10 0.02 -0.01 0.78 0.10 0.30 8.20
650 0500x 1071 0.488 7.87 112 145 0.66 -0.11 0.03 -0.01 0.78 0.12 0.28 8.15
650  Q800x 107! 0.451 7.78 1.04 144 069 -0.11 -0.03 -0.01 0.79 0.06 0.34 8.06
650  0.130 0.374 9.33 141 145 0.72-0.11 -0.02 -0.01 0.79 -0.16 0.34 9.62
650 0.180 0.339 9.52 148 1.47 0.69-0.12 -0.04 -0.01 0.79 -0.07 0.34 9.81
650  0.250 0.252 10.12 1.70 1.44 0.69-0.10 -0.04 -0.01 0.79 0.06 035 10.42
650 0.400 0.201 10.92 394 205 1.58-0.13 0.07 0.00 0.83 -0.61 0.32 11.94
650 0.650 0.027  21.00 7.78 411 3.66-0.13 0.30 0.02 0.90 -0.62 0.24 23.09
800 0185x10°! 0.286 36.97 394 143 0.62 -0.10 0.00 -0.01 0.51 0.08 032 37.22
800 0210x 107! 0.658 19.13 227 138 0.51 -0.09 0.02 -0.01 0.78 0.12 032 19.34
800  0242x10°! 0.656 15.94 208 138 0.49 -0.09 0.03 -0.01 0.78 0.10 031 16.17
800 0322x10°! 0.610 8.63 1.82 139 0.54 -0.10 0.03 -0.01 0.78 0.10 0.31 8.98
800 0500x 1071 0.479 9.02 123 140 0.5 -0.10 0.04 -0.01 0.78 0.11 0.30 9.26
800 0800x 107! 0.447 9.22 131 144 0.65 -0.11 0.03 -0.01 0.78 0.11 0.28 9.48
800 0.130 0.388 10.60 143 146 0.74-0.11 -0.02 -0.01 0.79 -0.18 0.35 10.85
800  0.180 0.363 10.93 146 142 0.62-0.10 -0.02 -0.01 0.79 0.04 034 11.17
800  0.250 0.276 11.53 174 146 0.72-0.11 -0.03 -0.01 079 -0.22 035 1181
800 0.400 0.131 15.53 353 181 1.23-011 0.09 -0.01 0.82 -0.53 0.33 16.10
800  0.650 0.022  27.39 713 3.40 2.79-0.11 0.26 0.02 0.88 -0.50 0.27 28.66
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Q2 XBj TINC Ostat  Ouncor  Ocor Orel Oyp Ohad o1 02 03 04 Stot
Ge\?2 % % % % % % % % % % %
60 0800x 103 1.483 1.01 1.84 1.19 0.16 -0.04 -0.03 0.00 -0.04 0.01 -0.07 2.42
90 0130x102 1.466 0.82 1.63 1.12 0.03 -0.02 -0.02 0.00 -0.04 0.03 -0.08 2.14
90 0150x 102 1.422 1.20 1.10 1.43 0.98 -1.09 -0.13 0.00 -0.04 -0.11 -0.21 2.63
90 02001072 1.270 3.41 3.30 1.46 0.95 -0.82 0.24 0.01 -0.03 0.06 -0.17 5.13
120 0160x 102 1.439 0.92 1.71 1.10 0.05 -0.02 -0.02 0.00 -0.04 -0.01 -0.07 2.23
120 0200x 102 1.356 0.70 091 1.20 0.61 -0.712 -0.10 0.00 -0.04 -0.08 -0.18 1.92
120 0320x 102 1.218 0.96 1.08 1.03 0.25 -0.17 -0.02 0.00 -0.04 -0.02 -0.11 1.81
150 0200x 102 1.355 1.03 1.77 1.07 0.04 -0.02 0.00 0.00 -0.04 0.01 -0.07 2.31
150 0320x 102 1.229 0.59 0.85 1.07 0.37 -0.38 -0.02 0.00 -0.04 -0.02 -0.14 1.59
150 Q500% 102 1.109 0.71 1.13 1.03 0.15 -0.07 0.01 0.00 -0.05 -0.01 -0.12 1.70
150 0800x 102 0.952 0.97 1.72 1.09 0.07 -0.10 -0.01 0.00 -0.04 -0.27 -0.13 2.28
150 0130x 101 0.806 1.38 298 121 0.10 -0.12 0.07 0.00 -0.04 -0.21 -0.17 3.51
200 0260x 102 1.284 1.30 1.85 1.06 0.06 -0.02 -0.01 0.00 -0.04 0.01 -0.06 2.50
200 0320x 102 1.250 1.08 0.84 1.09 0.39 -0.44 -0.06 0.01 -0.04 -0.06 -0.14 1.85
200 Q500% 102 1.111 0.59 0.53 1.00 0.14 -0.10 0.00 0.00 -0.04 -0.09 -0.09 1.30
200 Q800x 102 0.944 0.60 0.66 1.01 0.11 -0.06 0.00 0.00 -0.05 -0.12 -0.07 1.36
200 Q130x 101  0.799 0.59 0.54 1.00 0.05 -0.05 -0.04 0.00 -0.05 -0.20 -0.06 1.30
200 Q200x 101  0.696 0.67 0.62 1.00 0.03 -0.04 -0.04 0.00 -0.05 -0.17 -0.10 1.37
200 0320x 101 0580 0.74 0.68 1.07 0.09 -0.04 -0.09 0.00 -0.04 -0.29 -0.16 1.51
200 Q500x 101  0.513 0.81 0.74 1.02 0.08 -0.04 -0.07 0.00 -0.04 -0.20 -0.12 1.52
200 0800x 101  0.438 0.77 0.74 1.17 0.18 -0.04 -0.05 0.00 -0.04 -0.21 -0.11 1.61
200 0.130 0.364 1.67 215 117 0.29-0.05 0.03 0.00 -0.04 -0.21 -0.15 2.99
200 0.180 0.329 1.08 0.77 122 0.26-0.05 -0.02 0.00 -0.05 -0.15 -0.08 1.83
250 0330x 102 1270 1.49 1.84 1.06 0.05 -0.01 0.00 0.00 -0.05 0.02 -0.06 2.60
250 Q500% 102 1.124 0.88 0.78 1.03 0.20 -0.23 0.01 0.00 -0.04 -0.02 -0.11 1.60
250 Q800x 102 0.961 0.66 0.56 1.00 0.09 -0.05 -0.01 0.00 -0.05 -0.06 -0.08 1.33
250 0130x 101  0.817 0.69 0.54 1.02 0.17 -0.06 -0.03 0.00 -0.05 -0.18 -0.06 1.37
250 0200x 101  0.690 0.75 0.63 1.00 0.16 -0.05 -0.08 0.00 -0.04 -0.17 -0.09 1.43
250 0320x 101 0589 0.78 0.67 1.04 0.19 -0.04 -0.11 0.00 -0.04 -0.26 -0.13 1.51
250 Q500x 101 0.508 0.83 0.60 1.04 0.07 -0.04 -0.10 0.00 -0.05 -0.14 -0.10 1.48
250 Q800x 101 0.431 0.78 057 111 0.15 -0.04 -0.08 0.00 -0.04 -0.20 -0.09 1.50
250 0.130 0.371 1.23 1.66 1.05 0.34-0.04 -0.09 0.00 -0.05 -0.34 -0.07 2.37
250 0.180 0.328 1.07 0.81 1.21 0.28-0.04 -0.06 0.00 -0.05 -0.02 -0.09 1.83
250 0.250 0.235 7.33 8.60 1.50 0.96-0.05 -0.78 0.00 -0.05 -0.63 -0.01 11.48
250 0.400 0.141 9.20 6.80 1.27 0.18 0.04-0.10 0.00 -0.04 -0.19 -0.12 1152
300 0390%x 102 1.216 1.71 1.83 1.05 -0.02 -0.01 -0.03 0.01 -0.04 -0.01 -0.07 2.72
300 0500x 102 1.157 1.49 0.89 1.05 0.31 -0.32 -0.05 0.00 -0.04 -0.04 -0.12 2.08
300 Q800x 102 0.987 0.79 054 1.04 0.17 -0.10 0.00 0.00 -0.04 -0.07 -0.09 1.43
300 Q130x 10! 0.827 0.75 0.55 1.03 0.08 -0.05 0.00 0.00 -0.05 -0.01 -0.07 1.40
300 0200x 101  0.712 0.84 0.50 0.99 0.16 -0.06 -0.06 0.00 -0.05 -0.13 -0.07 1.41
300 0320x 101  0.608 0.87 0.58 1.01 0.12 -0.05 -0.06 0.00 -0.05 -0.11 -0.07 1.46
300 0500x 101 0.517 0.90 0.57 1.03 0.11 -0.04 -0.08 0.00 -0.05 -0.08 -0.09 1.49
300 Q800x 101 0.436 0.88 059 1.01 0.11 -0.04 -0.09 0.00 -0.05 -0.12 -0.08 1.48
300 0.130 0.366 1.36 1.78 1.06 0.30-0.04 -0.10 0.00 -0.04 -0.35 -0.06 2.53
300 0.180 0.314 112 0.68 1.34 0.30-0.04 -0.07 0.00 -0.04 -0.19 -0.12 1.92
300 0.250 0.293 6.71 9.39 1.78 1.39-0.05 -0.93 0.01 -0.05 -0.74 0.00 11.82
300 0.400 0.157 2.17 3.28 1.68 1.10-0.04 0.02 0.01 -0.04 -0.25 -0.12 4.43

Table 14: HERA combined reduced cross sectiong. for NC e p scattering atv/s
318 GeV. The uncertainties are quoted in percent relative tg. Other details as for TablED.
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Q? XBj TINC Ostat  Ouncor  Ocor Orel dyp Shad 01 62 03 64 Otot
Ge\? % % % % % % % % % % %
400 0530x 102  1.153 1.85 1.83 1.03 0.01 -0.01 -0.03 0.00 -0.04 0.01 -0.08 2.81
400 Q800x 102  1.032 0.93 0.47 114 0.29 -0.16 0.00 0.00 -0.04 -0.56 -0.15 1.69
400 0130x 101 0.866 0.93 0.54 1.02 0.10 -0.06 -0.01 0.00 -0.04 -0.14 -0.10 1.50
400 0200x 101 0.712 1.01 0.72 1.03 0.05 -0.08 -0.04 0.00 -0.04 -0.12 -0.12 1.62
400 0320x 101 0.608 0.99 0.63 1.01 0.16 -0.04 -0.05 0.00 -0.04 -0.15 -0.08 1.57
400 0500x 101 0.519 0.99 0.57 1.03 0.05 -0.04 -0.08 0.00 -0.05 0.03 -0.06 1.54
400 Q0800x 101 0.431 1.08 0.54 1.02 -0.01 -0.03 -0.08 0.00 -0.05 0.05 -0.06 1.59
400 0.130 0.367 1.14 0.61 1.09 0.17-0.04 -0.08 0.00 -0.05 -0.07 -0.07 1.71
400 0.180 0.321 1.94 2.44 1.32 0.59-0.03 0.02 0.01 -0.05 -0.46 -0.08 3.47
400 0.250 0.264 1.81 0.82 143 0.19-0.05 -0.07 0.00 -0.05 0.19 -0.04 2.47
400 0.400 0.157 2.51 3.00 178 1.05-0.03 0.03 0.01 -0.04 -0.17 -0.13 4.43
500 0660x 102 1.059 2.05 1.79 1.03 -0.08 -0.01 -0.01 0.00 -0.05 0.03 -0.07 2.91
500 Q800x 102 1.007 2.06 0.93 1.02 0.14 -0.18 -0.01 0.00 -0.05 -0.03 -0.11 2.49
500 0130x 101 0.899 1.46 0.88 1.02 0.13 -0.07 0.01 0.00 -0.04 -0.03 -0.10 2.00
500 0200x 101 0.731 1.46 1.07 1.04 0.02 -0.02 0.03 0.00 -0.05 0.01 -0.10 2.09
500 0320x 101 0.630 1.49 0.99 1.03 0.14 -0.03 -0.07 0.00 -0.05 -0.08 -0.05 2.07
500 0500x 101 0.551 1.57 1.06 1.03 0.15 -0.03 -0.08 0.00 -0.05 -0.27 -0.05 2.18
500 Q800x 101 0.432 1.78 1.06 1.06 0.15 -0.04 -0.12 0.00 -0.05 -0.21 -0.04 2.34
500 0.130 0.377 2.06 1.27 1.05 0.08-0.03 -0.14 0.00 -0.05 -0.30 -0.04 2.66
500 0.180 0.338 2.21 1.76 1.09 0.44-0.04 -0.10 0.00 -0.05 -0.48 -0.05 3.10
500 0.250 0.267 2.61 241  1.39 0.74-0.03 -0.02 0.01 -0.04 -0.41 -0.09 3.91
500 0.400 0.149 14.88 1198 2.70 3.17-0.14 -0.47 0.01 -0.07 -0.64 0.13 19.57
500 0.650 0.027 19.18 10.50 1.74-0.73 0.02 -152 0.00 -0.03 -0.92 -0.13 22.02
650 0850% 102 0.987 2.19 154 1.02 -0.02 -0.03 -0.05 0.00 -0.04 -0.04 -0.07 2.87
650 0130x 101 0.905 1.05 0.40 1.04 0.14 -0.12 -0.01 0.00 -0.04 -0.10 -0.10 1.55
650 0200x 101 0.778 1.20 0.43 1.00 0.07 -0.05 0.00 0.00 -0.05 -0.12 -0.08 1.63
650 0320x 101 0.625 1.32 0.55 1.03 0.09 -0.04 -0.02 0.00 -0.04 -0.12 -0.11 1.77
650 0500x 101 0.534 1.31 0.52 0.99 0.13 -0.08 -0.05 0.00 -0.05 -0.19 -0.07 1.74
650 Q800x 101 0.435 1.45 071 101 0.08 -0.04 -0.09 0.00 -0.05 -0.13 -0.06 1.92
650 0.130 0.362 1.59 0.77 1.03 0.14-0.04 -0.02 0.00 -0.05 -0.08 -0.02 2.06
650 0.180 0.333 2.49 1.60 1.05 0.23-0.03 -0.12 0.00 -0.05 -0.34 -0.04 3.16
650 0.250 0.256 1.86 1.00 1.29 0.36-0.05 -0.04 0.00 -0.04 -0.23 -0.08 2.51
650 0.400 0.126 4.75 3.33 156 0.83-0.04 0.10 0.02 -0.04 -0.45 -0.09 6.09
800 0105x 101 0.963 2.70 1.87 1.02 -0.08 -0.01 -0.02 0.00 -0.05 0.00 -0.08 3.44
800 0130x 101 0.888 1.45 0.36 1.11 0.23 -0.13 -0.02 0.00 -0.04 -0.37 -0.10 1.92
800 0200x 101 0.752 1.42 0.52 1.00 0.10 -0.07 -0.01 0.00 -0.05 -0.14 -0.08 1.83
800 0320x 101 0.641 1.45 0.54 1.00 0.06 -0.05 0.01 0.00 -0.05 -0.08 -0.07 1.85
800 0500x 101 0.547 1.42 042 101 0.12 -0.04 -0.08 0.00 -0.05 -0.22 -0.11 1.81
800 Q800x 101 0.452 1.56 0.48 1.05 0.05 -0.04 -0.07 0.00 -0.05 -0.12 -0.06 1.95
800 0.130 0.373 1.80 0.49 1.00 0.12-0.04 -0.07 0.00 -0.05 -0.16 -0.07 2.13
800 0.180 0.326 3.07 1.68 1.05 0.25-0.03 -0.10 0.00 -0.05 -0.40 -0.04 3.69
800 0.250 0.254 2.16 0.64 114 0.28-0.04 -0.04 0.00 -0.05 -0.22 -0.08 2.56
800 0.400 0.141 4.71 385 1.82 1.19-0.04 0.01 0.01 -0.05 -0.75 -0.10 6.51
800 0.650 0.016 21.20 1249 251 2.80-0.10 -0.25 0.01 -0.07 -0.46 0.09 24.89
1000 0130x10! 0.862 2.75 150 1.38 0.73 -1.03 -0.17 0.00 -0.04 -0.13 -0.18 3.66
1000 0200x 101 0.770 2.30 096 1.01 0.14 -0.11 0.03 0.00 -0.05 -0.02 -0.09 2.70
1000 0320x 10! 0.658 2.32 1.05 1.01 0.06 -0.03 0.02 0.00 -0.05 -0.02 -0.09 2.74
1000 0500x 10! 0.517 2.50 1.38 1.03 0.09 -0.03 0.00 0.00 -0.04 0.00 -0.11 3.04
1000 0800x 101 0.440 2.72 1.01 1.02 0.06 -0.02 -0.09 0.00 -0.05 -0.09 -0.05 3.08
1000 0.130 0.369 3.21 1.30 1.04-0.04 -0.02 -0.07 0.00 -0.05 -0.31 -0.04 3.63
1000 0.180 0.345 3.23 1.59 1.03 0.19-0.03 -0.06 0.00 -0.05 -0.37 -0.05 3.78
1000 0.250 0.281 3.57 1.97 1.12 0.37-0.03 -0.11 0.00 -0.05 -0.46 -0.05 4.27
1000 0.400 0.137 5.13 402 1.76 1.04-0.03 0.04 0.01 -0.05 -0.54 -0.10 6.85

Table 14: Continued.
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Q? Xgj TrNe Ostat  Ouncor  Ocor Orel Oyp Shad o1 62 03 04 Otot
GeV? % % % % % % % % % % %
1200 0140x 101  0.916 1.93 0.46 151 0.40 -0.44 -0.01 0.00 -0.04 -0.12 -0.12 2.57
1200 0200x 101 0.801 1.62 0.40 1.04 0.17 -0.15 -0.01 0.00 -0.04 -0.15 -0.10 1.99
1200 0320x 101 0.639 1.58 0.48 1.00 0.09 -0.05 -0.01 0.00 -0.05 -0.12 -0.08 1.94
1200 0500x 101 0.557 1.47 0.39 1.00 0.06 -0.03 -0.04 0.00 -0.05 -0.13 -0.11 1.83
1200 0800x 101  0.462 1.53 0.39 1.00 0.08 -0.04 -0.06 0.00 -0.05 -0.18 -0.09 1.88
1200 0.130 0.376 1.77 0.38 1.01 0.02-0.03 -0.05 0.00 -0.05 -0.06 -0.07 2.08
1200 0.180 0.319 3.76 1.60 1.03 0.14-0.03 -0.09 0.00 -0.05 -0.32 -0.03 4.23
1200 0.250 0.247 2.01 052 1.02 0.18-0.04 -0.05 0.00 -0.05 -0.19 -0.09 2.33
1200 0.400 0.125 3.25 1.15 2.69 0.55-0.03 -0.03 0.01 -0.05 -0.58 -0.10 4.45
1500 0200x 101 0.805 2.18 0.64 1.42 0.31 -0.45 -0.04 0.00 -0.04 0.13 -0.14 2.74
1500 0320x 101 0.661 2.01 0.41 0.99 0.06 -0.06 0.00 0.00 -0.05 -0.05 -0.08 2.28
1500 0500x 101 0.545 1.86 0.42 1.00 0.10 -0.04 -0.03 0.00 -0.05 -0.10 -0.09 2.16
1500 0800x 101 0.490 1.83 0.41 0.99 0.05 -0.04 -0.03 0.00 -0.05 -0.08 -0.06 2.12
1500 0.130 0.378 2.36 0.46 1.05 0.04-0.04 -0.02 0.00 -0.05 -0.02 -0.02 2.62
1500 0.180 0.313 2.48 0.57 1.01 0.04-0.04 -0.02 0.00 -0.05 -0.04 -0.02 2.74
1500 0.250 0.260 2.85 0.74 1.01 0.17-0.04 -0.06 0.00 -0.05 -0.21 -0.07 3.13
1500 0.400 0.130 4.34 1.39 3.03 0.55-0.04 -0.02 0.01 -0.05 -0.49 -0.05 5.52
1500 0.650 0.016 11.10 6.33 2.89 2.36-0.03 0.09 0.02 -0.06 -0.71 -0.11 13.33
2000 0219x 101 0.878 5.51 2.19 1.60 1.01 -1.35 -0.14 0.00 -0.03 -0.14 -0.21 6.38
2000 0320x 101  0.658 2.41 0.56 1.16 0.16 -0.17 -0.01 0.00 -0.04 0.10 -0.10 2.74
2000 0500x 101 0.570 2.24 0.39 0.99 0.07 -0.04 0.00 0.00 -0.05 -0.08 -0.06 2.49
2000 0800x 101  0.464 2.24 0.44 1.00 0.08 -0.03 -0.05 0.00 -0.05 -0.15 -0.12 2.50
2000 0.130 0.370 2.69 0.54 1.00 0.06-0.04 -0.06 0.00 -0.05 -0.08 -0.07 2.93
2000 0.180 0.310 2.94 0.69 1.08 0.11-0.05 -0.03 0.00 -0.05 -0.04 -0.05 3.21
2000 0.250 0.251 3.35 0.80 1.02 0.15-0.04 -0.04 0.00 -0.05 -0.19 -0.06 3.60
2000 0.400 0.123 4.60 158 1.17 0.24-0.03 -0.04 0.00 -0.05 -0.44 -0.09 5.03
2000 0.650 0.011 15.90 7.83 3.03 2.20-0.02 0.22 0.03 -0.05 -0.82 -0.14 18.13
3000 0320x 101 0.731 3.76 1.74 1.14 0.41 -056 -0.06 0.00 -0.04 -0.07 -0.14 4.36
3000 0500x 101 0.599 2.34 0.69 1.05 0.20 -0.15 0.02 0.00 -0.04 -0.01 -0.09 2.67
3000 0800x 101 0.508 2.34 0.56 0.99 0.05 -0.03 -0.02 0.00 -0.05 -0.06 -0.09 2.61
3000 0.130 0.394 2.82 0.71 0.98 0.00-0.03 -0.04 0.00 -0.05 -0.05 -0.07 3.07
3000 0.180 0.317 3.13 0.75 1.00 0.03-0.03 -0.03 0.00 -0.05 -0.06 -0.03 3.37
3000 0.250 0.265 3.40 1.02 1.19 0.35-0.03 -0.04 0.00 -0.05 -0.26 -0.04 3.77
3000 0.400 0.131 4.60 1.90 1.12 0.35-0.04 -0.08 0.00 -0.05 -0.34 -0.05 5.12
3000 0.650 0.015 8.82 3.78 1.89 1.39-0.03 0.02 0.01 -0.05 -1.01 -0.18 9.93
5000 0547x 101 0.642 5.01 190 1.11 0.42 -0.49 -0.07 0.00 -0.04 -0.07 -0.13 551
5000 0800x 101  0.546 2.34 0.58 1.06 0.15 -0.10 0.01 0.00 -0.05 0.08 -0.07 2.64
5000 0.130 0.471 2.85 0.72 0.99 0.11-0.05 -0.02 0.00 -0.05 -0.02 -0.07 3.10
5000 0.180 0.365 3.18 0.70 0.99 0.05-0.03 -0.03 0.00 -0.05 -0.05 -0.07 3.40
5000 0.250 0.249 4.24 0.79 1.08 0.12-0.04 -0.05 0.00 -0.05 -0.09 -0.03 4.45
5000 0.400 0.130 5.18 1.65 1.20 0.43-0.05 0.03 0.00 -0.05 -0.37 -0.02 5.59
5000 0.650 0.015 12.57 6.37 1.93 1.00-0.03 -0.01 0.01 -0.06 -1.25 0.01 14.31
8000 0875x 101 0.644 7.39 249 1.27 0.71 -0.84 -0.10 0.00 -0.04 -0.12 -0.16 7.98
8000 0.130 0.559 3.24 0.76 1.13 0.07-0.12 0.00 0.00 -0.05 -0.02 -0.09 3.52
8000 0.180 0.417 3.95 0.98 1.01-0.04 -0.02 -0.02 0.00 -0.05 0.00 -0.08 4.20
8000 0.250 0.297 4.66 1.07 1.08-0.01 -0.03 -0.04 0.00 -0.05 -0.01 -0.05 4.90
8000 0.400 0.121 7.20 2.22 1.22 0.24-0.02 -0.01 0.00 -0.06 -0.24 -0.01 7.64
8000 0.650 0.016 11.75 3.83 1.49 0.84-0.03 -0.01 0.00 -0.05 -0.92 -0.08 1251
12000 0.130 0.733 12.72 3.66 1.44 0.92-1.12 -0.13 0.00 -0.04 -0.13 -0.18 13.39
12000 0.180 0.482 4.64 0.76 1.48 0.31-0.15 -0.05 0.00 -0.04 0.06 -0.06 4.94
12000 0.250 0.334 5.85 1.24 1.21 0.10-0.04 0.01 0.00 -0.04 -0.01 -0.06 6.11
12000 0.400 0.171 7.91 239 1.28-0.05 -0.05 -0.01 0.01 -0.05 -0.11 0.01 8.36
12000 0.650 0.015 22.68 6.33 1.67 0.58 0.01 0.02 0.080.07 -1.21 0.04 23.64
20000 0.250 0.479 7.00 0.98 2.03 0.53-0.46 -0.02 0.00 -0.03 0.09 -0.13 7.38
20000 0.400 0.206 9.67 2.24 1.26 0.28-0.08 -0.04 0.00 -0.04 -0.13 -0.09 10.01
20000 0.650 0.017 3051 14.48 2.63 0.05 0.01 0.21 0.040.09 -0.40 0.31 33.88
30000 0.400 0.231 1351 1.85 2.63 0.54-0.40 -0.16 0.00 -0.03 -0.27 -0.07 1391
30000 0.650 0.044 30.34 11.33 221 0.04 0.09-0.06 0.00 -0.08 -0.43 0.17 32.46
50000 0.650 0.082 55.75 10.55 1.78 0.11 0.050.07 0.00 -0.07 -0.35 0.11 56.77

Table 14: Continued.
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Q2 XBj U'Fr’cc Ostat  Suncor Scor Crel Syp Ohad 01 62 03 04 Stot
Ge\? % % % % % % % % % % %
300 0800x1072 1.187 1156 356 2.57 1.19 -0.49 -0.11  0.01 -0.04 1.60 0.23 1254
300 0130x10! 1225 592 197 220 1.62 —-0.71 -0.28  0.00 -0.04 1.11 020 6.94
300 0320x10! 0.859 540 149 154 1.00 -0.72 -0.10  0.00 -0.04 0.68 020 5.98
300 0800x10°! 0486 7.07 191 135 0.95 -0.73 -0.36 0.00 -0.05 -0.46 0.24 757
300  0.130 0569 27.42 150 181 0.68-0.11 -0.01  0.01 -0.06 0.47 0.38 2754
500 0800x 1072 0.733 2479 557 4.13 2.09-0.19 0.14 0.01 -0.04 3.27 0.17 26.04
500 0130x10! 0.938 527 196  1.90 1.10 -0.27 -0.28  0.00 -0.05 1.05 0.28 6.15
500 0320x10! 0.863 4.15 123 113 0.86 -0.22 -0.30  0.00 -0.05 0.53 0.30 461
500 0800x10°! 0.582 464 134 094 015 -0.15 -0.07 0.01 -0.05 0.32 0.28  4.94
500  0.130 0.428 845 172 174 0.75-0.13 -0.17 0.01 -0.05 -1.63 029 8.98
1000 0130x10! 0652 617 237  2.07 0.47 0.04-0.38 -0.01 -0.06 1.37 032  7.09
1000 0320x10°! 0730 344 097 1.01 0.20 -0.04 -0.35 0.00 -0.06 0.62 0.30  3.79
1000 0800x10°! 0515 385 1.10 082 -0.02 -0.03 -0.22 0.00 -0.05 0.43 031 4.12
1000  0.130 0431 552 145 0091 0.21-0.02 -0.20  0.00 -0.05 -0.28 032 5.80
1000  0.250 0.232 1166 258 113  0.24-001 0.42 0.01 -0.04 0.58 0.25 12.02
1500 0320x10! 0566 549 077 1.18 0.08 —0.04  0.09 0.01 -0.05 144 031 586
1500 0800x 10! 0475 517 047 0.92 0.05 -0.02 -0.23  0.00 -0.06 085 036 535
1500  0.130 0.346 737 049 0.89-0.16 -0.03 004 0.01 -0.05 0.57 0.33  7.47
1500  0.250 0.227 922 094 0.89 0.10-0.02 -0.15  0.00 -0.05 040 033 933
1500  0.400 0.072 4190 335 135 0.42-009 -0.05 0.00 -0.06 0.16 0.43 42.06
2000 0320x10°' 0517 491 198  1.30 0.43  0.07-0.18 000 -0.06 0.45 0.29 550
2000 0800x 107! 0427 469 168  0.89 0.10 -0.05 -0.20  0.00 -0.05 0.42 0.27  5.09
2000 0.130 0.344 647 239 0.87-0.30 -005 -0.38 0.01 -0.05 0.42 0.28  6.99
2000 0.250 0.216 1029 328 2.48 1.27-0.01 -051  0.00 -0.05 -2.99 0.26 11.56
3000 0320x10' 0.384 1267 125 2.38 1.03 -0.13  0.00 0.00 -0.05 225 032 13.19
3000 0800x10°' 0.377 352 1.09  0.99 0.14 -0.03  0.25 0.01 -0.05 1.03 0.25  3.97
3000 0.130 0312 441 100 0.87 0.06-0.02  0.03 0.00 -0.05  0.66 0.28  4.66
3000 0.250 0.166 633 150 0.95 0.45  0.00-0.02 0.00 -0.05 0.18 0.28  6.60
3000  0.400 0.063 1590 286  1.94 3.20 0.04 011 0.000.04 -1.23 0.19 16.63
5000 0800x 101 0.225 576 164  1.49 0.68 —0.05  0.38 0.01 -0.05 154 023 641
5000 0.130 0.219 5.08 135 121 0.40-0.04 0.44  0.01 -0.04  0.99 0.21 552
5000 0.250 0143 619 142 1.23 0.42-0.01 -0.01  0.00 -0.05 0.56 0.24 651
5000  0.400 0.084 10.70 2.60  2.03-0.42 0.05 0.20 0.00 -0.04 -0.45 0.20 11.22
8000  0.130 0.116 817 252 2.39 1.03-0.07 1.03 0.03 -0.03 1.52 0.10 9.3
8000  0.250 0110 737 215 172 0.76-001  0.60 0.01 -0.04 1.23 0.17  8.02
8000  0.400 0.049 1387 3.88 246  0.95 0.06  0.33 0.000.04  0.83 0.15 14.67
15000 0.250 0.045 1371 382 3.44 1.65-0.10 1.66 0.04 -0.03 1.88 -0.03 14.95
15000  0.400 0.031 1537 456 250 2.26 0.03  0.66 0.060.04 1.74 012 16.49
30000 0.400 0.008 69.33 249 18.37 9.46-0.50 1.29 0.02 0.01 -2.94 -069 72.46

Table 15: HERA combined reduced cross sectiotis. for CC e"p scattering aty/s =
318 GeV. The uncertainties are quoted in percent relative tg. Other details as for TablED.
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Q? XBj O cc Ostat  Ouncor cor Crel Syp Ohad 61 62 63 04 Stot
Ge\? % % % % % % % % % % %
300 Q800x 102 1.934 31.94 23.82 8.56 528 -292 -0.69 0.00 -0.01 0.49 -0.35 41.21
300 0130x 101 1.188 7.18 4.71 2.41 0.93 -0.30 -0.17 0.00 -0.05 -0.35 -0.05 8.98
300 0320x 101 1.091 6.58 4.18 1.89 151 -0.66 -0.19 0.00 -0.05 -0.08 -0.10 8.19
300 Q800x 101 0.946 7.26 2.94 2.31 259 -1.00 -0.26 0.00 -0.05 -195 -0.14 8.84
300 0.130 0.643 26.28 3.48 2.15 0.40-0.11 -0.12 0.00 -0.06 -0.36 -0.03 26.60
500 0130x 101  1.093 5.71 2.70 2.34 0.70 -0.02 -0.16 0.00 -0.05 -0.30 -0.02 6.78
500 0320x 101 0.968 4.93 2.92 1.59 0.67 -0.24 -0.14 0.00 -0.05 -0.36 -0.06 6.00
500 0800x 101 0.699 5.57 2.34 1.32 0.51 -0.15 -0.12 0.00 -0.05 -0.58 -0.05 6.23
500 0.130 0.828 8.30 2.06 2.69 3.30-0.10 -0.29 0.00 -0.06 -2.72 -0.03 9.94
1000 0130x 101  0.889 5.65 3.26 2.31 0.64 0.06 -0.13 0.00 -0.06 -0.26 -0.02 6.96
1000 0320x 101 0.918 3.96 2.60 1.31 0.18 -0.02 -0.10 0.00 -0.06 -0.19 -0.04 4.92
1000 0800x 101  0.743 4.13 1.92 1.18 0.08 -0.07 -0.08 0.00 -0.05 0.00 -0.04 4.71
1000 0.130 0.681 5.32 1.42 1.43 0.64-0.07 -0.14 0.00 -0.05 -1.02 -0.04 5.82
1000 0.250 0.519 10.81 3.33 1.19 0.10-0.05 -0.06 0.00 -0.05 -0.02 -0.04 11.37
1500 0320x 101 0.827 4.99 5.42 1.30 0.16 -0.07 -0.08 0.01 -0.05 -0.09 -0.03 7.49
1500 0800x 101  0.751 4.95 3.15 1.18 0.11 -0.06 -0.07 0.00 -0.05 -0.04 -0.04 5.99
1500 0.130 0.652 591 1.80 1.46 0.20-0.08 -0.08 0.00 -0.05 -0.13 -0.04 6.36
1500 0.250 0.518 7.16 1.59 1.05-0.11 -0.03 -0.02 0.00 -0.05 0.25 -0.03 7.41
1500 0.400 0.348 16.43 4.08 1.59-0.21 0.01 0.02 0.00 -0.05 055 -0.04 17.01
2000 0320x 101 0.805 4.93 2.36 1.40 0.29 0.08-0.11 0.00 -0.06 -052 -0.04 5.67
2000 0800x 101  0.754 4.48 1.92 1.11 -0.14 0.00 -0.03 0.00 -0.05 0.24 -0.05 5.00
2000 0.130 0.613 6.39 2.69 1.09-0.09 -0.03 -0.07 0.00 -0.05 -0.71 -0.05 7.06
2000 0.250 0.514 10.66 3.37 4.26 2.17 0.03-0.38 0.00 -0.05 -5.67 -0.05 13.42
3000 0320x 101 0.700 8.57 8.30 1.48 0.21 -0.07 -0.08 0.00 -0.06 -0.13 -0.03 12.02
3000 0800x 101  0.661 3.20 1.90 1.04 -0.07 -0.02 -0.06 0.00 -0.05 0.37 -0.05 3.88
3000 0.130 0.610 4.06 1.96 1.03-0.04 -0.02 0.00 0.01 -0.05 0.23 -0.05 4.62
3000 0.250 0.478 4.55 2.27 1.08 0.10-0.07 -0.09 0.00 -0.05 -0.38 -0.05 5.21
3000 0.400 0.265 8.14 3.84 2.10-0.24 0.05 0.18 0.00 -0.05 0.76 -0.06 9.28
5000 0800x 101 0.629 4.13 2.09 1.13 0.05 0.01 0.01 0.00-0.05 0.60 -0.05 4.80
5000 0.130 0.581 3.89 2.16 1.05-0.01 -0.01 0.02 0.01 -0.05 0.44 -0.05 4.59
5000 0.250 0.433 4.46 1.99 1.13-0.08 -0.04 -0.03 0.00 -0.05 0.47 -0.06 5.04
5000 0.400 0.284 6.68 3.90 2.17 0.46 0.06 0.18 0.000.05 -0.18 -0.06 8.06
5000 0.650 0.078 27.12 12.82 7.03-0.38 0.24 0.31 0.01 -0.05 2.38 -0.05 30.91
8000 0.130 0.633 4.51 2.97 1.48 -0.09 0.02 0.11 0.00 -0.05 1.36 -0.07 5.76
8000 0.250 0.419 4.71 2.77 1.33-0.20 0.02 0.08 0.00 -0.05 1.10 -0.07 5.73
8000 0.400 0.244 7.12 3.77 2.25-0.14 0.07 0.22 0.00 -0.05 1.11 -0.08 8.44
8000 0.650 0.035 46.57 27.23 9.72-0.05 0.36 0.45 0.01 -0.05 3.32 -0.06 54.92
15000 0.250 0.454 5.17 4.05 2.62 0.30 0.08 0.23 0.040.04 2.03 -0.07 7.37
15000 0.400 0.204 7.20 4.18 2.79-0.17 0.09 0.29 0.01 -0.04 2.23 -0.08 9.07
15000 0.650 0.036 46.02 24.89 11.35 0.28 0.44 0.54 0.040.05 391 -0.07 53.68
30000 0.400 0.231 11.22 9.16 4.69-1.32 0.13 0.12 0.01 -0.04 437 -0.10 15.89
30000 0.650 0.040 4325 29.71 19.04 3.06 0.83 1.02 0.040.04 6.96 -0.10 56.35

Table 16: HERA combined reduced cross sectiofis. for CC e p scattering aty/s =
318 GeV. The uncertainties are quoted in percent relative tg. Other details as for TabIEO.
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