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ABSTRACT 

The inclusive measurements performed between 1994 and 1997 in Deep 
Inelastic Scattering at HERA are reviewed. The subjects covered include 
the measurement of the proton structure function Fz(z, Q”) at low and high 
Q2, the comparison of Fz with Next to Leading Order DGLAP evolution, 
and the determination of the longitudinal structure function FL at high y. 
The study of the charm density in the proton and the extraction of F,C are 
presented, as well as different extractions of the gluon density zg(z, Q2) in 
the proton. The measurements of the double differential cross-sections at 
high Q2 are shown both in neutral and charged current with an emphasis on 
the high z region. Measurements of the W propagator mass are presented. 
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FL must be taken into account: 

d++P 

dx dQ2 Born = g [y+Fdx, 4?) - Y~F, (2, &?I (3) 

Not shown in the previous equations is the influence of the QED radiative corrections 
which are precisely known, with a precision of the order of 1%, and for which the cross- 
section is corrected. The case of DIS at higher Q2 which involves W  and 2 exchange 
and electroweak radiative corrections will be treated in section 9. 

2.2 Kinematics and Measurement 

Measured quantities in 
inclusive processes: 

e+: energy EL 
polar angle & 

hadrons: C = ci(Ei - pz,i) 

&-,h = xi pT, i  

yh = 2 ’ arctan c/m,h 
(The 8nm8 runs over all particles 
of the hadronic final state). 

The selection of NC DIS events at HERA requires the detection of an electromag- 
netic cluster representing the scattered electron* above a certain energy threshold which 
is typically around 5 GeV, and the presence of a reconstructed interaction vertex in or- 
der to reject the beam associated background and to improve the reconstruction quality. 
Further requirements are applied depending on the analyses but we refer to the original 
papers for more details on this matter. 3,4 The selection of CC DIS events requires the 
detection of missing transverse energy which represents the energy carried away by the 
scattered neutrino. This selection is more difficult than in the NC case, since the energy 
of the hadronic final state is shared among many softer particles, hence the difficulty to 
have a low energy trigger, and to reject unambiguously the background which can come 
either from external sources (cosmic muons, parasitic muons produced by the off-beam 
protons) or from ep interactions, such as photoproduction events with jet production. 

The kinematics can be reconstmcted at HERA with different methods for the neu- 
tral current (NC) events [electron only (e), Sigma (C), Double Angle (DA) or some 
combinations of these methods], but only one (hadrons only, h) for the charged cur- 
rent (CC). In general Hl uses for the NC the e, the C and the eC methods, since they 
complement each other, while ZEUS uses the e method at low Q* and the DA or the 
PT methods at higher Q2 since these last two methods are less sensitive to the recon- 
struction of the positron energy. The methods used for kinematic reconstruction are 
reviewed7 and defined in the following way: 

l Electron Method: ye = l- E~IE,sin28,/2 Qz = 4E~Eecos28,/2. 
It is most precise at low x but quite sensitive to QED radiation, with corrections 
to the cross-section of the order of 30% in the absence of specific kinematic cuts. 
It has also an excellent Q* resolution in the full kinematic range, but a poor res- 
olution in x at low y which necessitates the use of an alternative method in this 
region. 

. Hadron Method8: yh = WE, 0; = &,h/@ - Yhlh). 

This method does not allow for a precise determination of the kinematics but it is 
the only inclusive method for charged current events. 

l C Methodg: yn = C/(X + EL(l -cos&)) Q’$ = E~sir?B,/(l - yn). 
The C method can be used in the full kinematic range since it has good z and Q* 
resolution both at high and low y. Furthermore, it is essentially independent of 
QED initial state radiation, thereby allowing an experimental cross-check of the 
radiative corrections by a comparison with the cross-section measurement done 
with the electron method. 

l Double Angle method:” XoA , Q”,, are determined from 8,) yh. 
This method, which uses only the angle of the electron and the inclusive hadronic 
angle, leads to a high precision at high Q2, but it is sensitive to QED radiation, and 
becomes imprecise at low Thr i.e., at low y. Its strong point is to be independent 
of the electron energy and, in first order, of the hadronic energy scale. It is thus 
also used for calibration purposes. 

l eC Methodg: Xt?E = XE Q:, = Q:. 
The simple combination of the advantages of the electron and C methods is very 
precise over the whole kinematic range, allowing in particular for an extension of 
the measurement to high 2. 

l PT Method4: zPT, Q$, are obtained from the DA method in which Th is *HERA can run both with e+ and e-, but here “electron” is used both fore+ and e-. 
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GeV2. This subdivision corresponds to three main physics regimes of deep inelastic 
scattering. 

3 The Low Q2 Region 

bc.4 0.4 
1 QZ = 0.11 GeV* 1 Q’ = 0.15 GeV’ 1 Qz = 0.20 GeV” 1 Q” = 0.25 GeV* 

Experimentally, since Q2 is well determined by the scattered electron measurement 
with Q2 = 4ELEe cos( !J-), we can see that this kinematic regime can be optimally 
explored by”,12: 

. Shifting the interaction vertex towards the forward direction (defined as the proton 
direction), by slightly changing the parameters of the collider, hence increasing 
the angular acceptance for the electron. 

. Adding dedicated low angle detectors (BPC in ZEUS) or upgrading the backward 
calorimeter to improve, among others, its hermeticity (SPACAL in Hl). 

l Selecting “radiative” events, i.e., events in which the incident lepton has emitted a 
photon before the deep inelastic collision, which have thus a lower center of mass 
energy, hence a lower Q2. for a given measured angle and energy. The results 
using this technique are not reviewed in this paper. 

These three techniques have been used by the two HERA experiments to measure Fz at 
low Q2 (Q2z5 GeV’). 

3.1 F~(cE, Q2) at Low Q2 

In Fig. 2 are shown the measurements taken in shifted vertex position by H1” and 
ZEUS’* in 1995. The main observations are that Fz rises at low z, even at the lowest 
Q2 = 0.11 GeV2 measured at HERA. The lowest z point is reached at 6x 10e6. The 
rise becomes less pronounced when Q2 decreases, and no discontinuous behavior can 
be observed from the data. 

From a theoretic+ point of view, two approaches are attempting to describe this low 
Q2 regime. 

. The Regge approach as in the Donnachie-Landshoff model.15 Here the total cross- 
section atot K Wzap, ap is Q2 independent and determined from hadron data 
(“soft Pomeron hypothesis”). This approach describes successfully the photopro- 
duction data. 

c : 

0.75 

0.5 

0.25 

2 O 
. ZEUS BPC 1995 
A  ZEUS SVTX 1995 
0 II11994 
0 E665 

- DL 
---- CKMT 
_._. BK  

1o -2 - GRV(94) 
X *By 

Figure 2: Fz measurements at very low Q* compared to various parametizations. 
SVTXrefers to data taken in shified vertex position. BPC refers to data taken in shifted 
vertex position with the BPC detector (see text). 

l The perturbative QCD (pQCD) approach which is well known to describe suc- 
cessfully the DIS regime at high Q2. It has been conjectured in the GRV16 model 
that using valence-like partons at a very low starting scale (Qi N 0.4 GeV’) and 
evolving them according to the DGLAP” evolution equation may describe suc- 
cessfully the DIS data at low Q2. 

The following conclusions can be drawn from the comparisons in Fig. 2 of the 
results with the GRV and DL models (the comparison to the other models will be com- 
mented on in the next section). 
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approaches have been considered to understand this transition, namely Regge theory (as 
briefly sketched above) and the vector meson dominance model (VMD). VMD relates 
the hadronic interactions of the photon to a sum over interactions of the p”, w and 4 
vector meson states.‘*~ig To accommodate deep inelastic scattering data, the sum has 
to be extended to an infinite number of vector mesons giving the generalized vector 
dominance model (GVMD).*’ 

Since neither the non-perturbative VMD and DL approaches nor pQCD are describ- 
ing the Q2 behavior of F2 over the complete range from photoproduction to very large 
Q2 deep inelastic scattering (DIS), the following models mix these approaches. 

l The Badelek and Kwiecinski (BK) model uses a VMD approach at low Q2 and 
pQCD at Q* above 1 GeV2. It gives a good description in the transition region 
(Fig. 3a), but predicts a too large photoproduction cross-section (Fig. 3b). 

l Schildknecht and Spiesberger (SchSp)*l have revived the GVMD approach. The 
domain of application of their model is expected to be O<x<O.O5, O<Q* <3.50 
GeV* and W>30 GeV. However, the photoproduction behavior is not described 
in this model, as shown in Fig. 3b. 

. Adel, Barreiro, and Yndurain (ABY) assume that pQCD is applicable to the 
lowest values of Q*. To modify the behavior of Fz which becomes flat as a func- 
tion of z for Q2 values below 1 GeV2, a hard contribution (0: z-‘=,Xs = 0.48) is 
introduced, preventing the flattening at low x even at low Q* values. This model 
gives a fair description of the transition region, but fails in the photoproduction 
region. 

l Abramowicz et al. (ALLM97)** assume that the total y*p cross-section consists 
of two contributions which distinguish Reggeon and Pomeron exchange, and the 
power X is assumed to vary with Q*, in a similar way as pQCD in the high Q* 
region. This model currently describes all available data, but, contrarily to the 
others, makes use also of the photoproduction data to constrain its parameters. 

l A Regge fit (including Pomeron and Reggeon contributions)24 gives a good de- 
scription of the very low Q* ZEUS data (which have been extrapolated to Q* = 0 
using a GVDM fit) and of the low W  ^ip data (see Fig. 4a). The resulting crp is 
1.010 f 0.002. The photoproduction total cross-sections measured at HERA are 
not well described by this fit (Fig. 4b). 

In conclusion, the Regge or pQCD approach cannot describe the data on its full 
range, but models such as ABY, SchSp,*i or ALLM97,22 which are decribed in the 

next section and which all include the HERA data when fitting their parameters can 
give a good description of the data but for the total photoproduction cross-section. 
However, the ALLM97 parametrization, which makes use also of the low W  photo- 
production data, can give a good description of the complete W  dependence of the ^ip 
cross-sections, as can be seen in Fig. 3. 

3.3 Evolution of the Slope of F2 (cc, Q2) vs z 

The effective z slope at fixed Q2 has been fitted at low ic assuming F2 LX z-’ (for 
z < 0.1 in HI or x < 0.01 in ZEUS). We thus have 

The precision obtained on X with the recent data (Hl 1997) is typically N l%(stat) 
$5%(syst). The rise of F2 is thus quantified, and this effective slope decreases from 
values of 0.3 at Q2 = 30 GeV2 down to 0.1 at Q* 2: 1 GeV* displaying a smooth 
transition between the pQCD regime where X is rapidly evolving as a function of Q2 
and the ^lp regime where X is essentially constant. 

4 Measurements of F2 (z, Q2) in the DIS Regime 

New high precision measurements of F2(q Q”) with the NC data collected in 1996-97 
by Hl and ZEUS have been released in a preliminary form in 1998.25,26 Depending 
on the kinematic region and on the experiment, the integrated luminosity of the data 
varies between 7 and 27 pb-‘. The analyses follow closely the strategy adopted for the 
1994 published papers; however, the higher statistics have made possible a substantial 
reduction of the total errors on the measurements. Below 100 GeV2, they are typically 
below = 1% for the statistical error and about 4% for the systematic error, except at 
high y for which the systematic error grows up to about 12%. The main sources and 
the magnitude of systematic errors are: 

l the electron energy scale: 2 = 0.5-l %, 

. the hadronic energy scale: 3 = 2-3%, 

. the electron identification: l-2%, 

l the photoproduction background: l-2% at high y, 
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Figure 6: Preliminary ZEUS measurements of F2  as a  function of Q* for f ixed x from 
the 1996-1997 data (solid dots). The  open  rectangles show the results from the fixed 
target experiments. 

I&2.7 I e’= 3.5 

&=6.5 I 
: ? 

QL 8.5 

Figure 7: Preliminary ZEUS measurements of F2  as a  function of x for f ixed Q* values 
below 30  GeV* from the 1996-1997 data (solid dots). The  d iamonds show the results 
from the fixed target experiments. The  inner error bars show the statistical errors, the 
outer error bars the quadrat ic sum of statistical and  systematic errors. 
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. A complete treatment of the correlated systematic errors is done, a particularity of 
the Hl and ZEUS QCD analysis. 

. The theoretical uncertainties from cts and m, are taken into account. 

. The Momentum Sum rule is assumed to be true: j,’ dx x(g + E) = 1. 

. The Quark Counting Rules are applied: s,’ dx uu = 2, so1 dx d, = 1. 

. The sea parton densities ii and d are assumed equal. The strange parton density is 
assumed to be equal to 20% of the total sea parton density at Q$ 

. The data with x > 0.5 at low Q2 are not used. 

The input parton densities are parameterized as: 

. xg(x, Q;) = A,xBg(l - x)‘g(l + D,x + E&r 

. xu,(x, Q;) = A,xB”(l - x)‘,(l + D,x + E,&), 

. xd,(x,Q;) = AdxBd(l - x)‘“(l + Ddx + Ed&), 

. xS (x, Q;) = A,xBs(l - ~)‘~(l+ D,x + I%&). 

The datasets used in the QCD analysis are 

. for ZEUS: ZEUS data (94+95) at Q* > 1 GeV’, NMC45 and BCDMS” p, d data, 

. for Hl: Hl data (94+95+96+97) at Q2 > 2 GeV*, NMC45 and BCDMS” p, d 
data. 

The Hl (ZEUS) experiment uses a Qi starting scale 2 (7) GeV*. In both cases cu,(Mi) 
is set to 0.118. For the Hl fit the gluon parametrization uses only three parametes, i.e., 
D, = 0 and Eg = 0 is assumed. 

5 F2 (2, Q2) Compared to NLO QCD 

To extract Fz from the NC double differential cross-section, an assumption on FL is 
made, based on QCD, which has however only a small influence on the results. In 
Fig. 8, the Hl preliminary measurements on the 1997 data are shown together with the 
NLO DGLAP fit which is describing them. The description is good in the whole phase 
space, but for the two lowest x points at 2 and 2.5 GeV’ in Q2 which display a tendency 
to lie above the QCD fit. Final results from Hl and ZEUS and final QCD analyses are 
needed however to draw strong conclusions from this observation. Also visible in the 
figure is the now well-known behavior of the rise of Fz at low x, which becomes more 

&. x=o.m~,;z4, 0 NMC 0 BCDMS A SLAC 0 

l Hl 96 Preliminary 
USN 

0 H197 Preliminary 
(10~ Q*f 

l HI 94-97 Preliminary 
(high Q*) 

- NLOQCDFit 
Hl Preliminary 

x=o.w32 c,(x)= 0.6-W-0.4) 

Figure 9: Measurement of F2 as a function of Q2 in bins of fixed x. The Hl preliminary 
data are compared to the fixed target data, and to the HI NLO QCD fit. 
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Q== 12Ge’f d= 15Gd o’=20G& 

l HI 97 prelim 

0 HI 96 prelim 

L Hl 94 

-- FL=0 

- F,=FLwD 
F,=F,“’ 

Figure 11: Measurement  of the reduced DIS cross-section at low Q*. Closed circles: 
HI 1997  preliminary measurement.  Open  circles: Hl 1996  preliminary measurement.  
Open  squares:  Hl data from the 1994  run *’ taken with a  former backward setup. The  
lines use the QCD calculation of F2  and  of FL  (solid line) or the extreme assumptions 
FL = F2 (dotted line) and  FL = 0  (dashed line). The  largest y value is 0.82. 

tion apart  from large y, for 12  5  Q* 5  25  GeV*, where the measured points tend to be  
lower than the QCD lines (solid lines in Fig. 11). 

FL  is then determined at y =  0.68,0.82 by subtracting to the reduced cross-section, 
the extrapolated value of F2  as predicted by a  QCD fit to the data at lower y (< 0.35), 
on  which the inf luence of FL is negligible. 

(6) 

These results are shown and  compared to another determination of FL based on  the 
measured &?/alog y derivatives, in the next two sections. 

6.1 Determining 8’~ using &%-/a In y 

The cross-sections were used to measure the derivatives X+/slog y at f ixed Q2  in the 
whole y range. This derivative is def ined at f ixed Q2  as: 

a5 aF2 2  -y aF, y* - = alny alnx - FL  . 2y2 . - y: +alnz.Y+. (7) 

In Fig. 12  the cross-section derivative measurements are compared with the NLO 
QCD calculation using different assumptions on  FL. The  derivative is seen to be  sensi- 
tive to the longitudinal structure function. For y +  1  the cross-section derivative tends 
to the limit -E - 2. FL  with a  negligible contribution from the derivative of FL. This 
is in contrast to the FL inf luence on  the non-differentiated cross-section 5, see Fig. 11, 
where the contribution of Fz dominates for all y  and  thus has to be  controlled with high 
precision. 

The  measurement  of & can be  used to determine FL in a  new way. Assuming 
that aF,/a In y =  A In y +  B, straight line fits were made  to S/a In y in Q* bins on  
the measured points at y <  0.2. The  extrapolation of those fits are taken to represent 
the contribution of F2  at high y, and  the uncertainties of the straight line fit are included 
in the systematic error. The  small contribution of a,ny m to the derivative is corrected 
for using NLO QCD. This new method gives access to a  lower Q* than the subtraction 
method seen above,  since no  QCD extrapolation at low x and  low Q* are needed  here. 

6.2 Results on  the Longitudinal Structure Function FL  

The results of these two methods of FL  determination are shown in Fig. 13  and  they are 
compared to the NLO QCD expectation. The  subtraction method (0) and  the derivative 
method (*) give consistent results in good  agreement  with QCD. These two methods 
use the same data but different characteristics of the F2 and  FL behavior.  Note however  
that the systematic errors of the points at the same y are strongly correlated, implying 
that the tendency of the data points at y =  0.82 to lie above the QCD expectat ion is not 
significant. 

In the future FL will be  measured directly by  changing beam energies. 

7 The Charm Contribution to F2 

The Fz structure function is related to the quark and  gluon densit ies of the proton. 
Thus,  beyond the inclusive study of the proton structure it is also possible to pin down 
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7.1 Charm in DIS 

So far two ways to tag charm in DIS were explored at HERA: the open charm pro- 
duction of D* or Do mesons,38,3g and the identification of electrons from semilep- 
tonic charm decays.40 The initial DIS sample reaches from 1 < Q2 < 600 GeV’ and 
0.02 < y < 0.7. The D’ mesons are reconstructed using the decay 

D*+ + Don+ + (K-K+)T+ + c.c., (8) 

which has a branching ratio of 2.62%. 41 The decay products are detected in the central 
trackers leading to an acceptance of 171 < 1.5 and of 1.5 < IT < 15 GeV. No 
particle identification is performed and therefore the tracks assigned to the charged 
kaon and pion are required to produce an invariant mass M(Kx) between 1.80-l .92 
GeV and a difference M(Kn7r) - M(K7r) between 143-148 MeV. 

From the number of events obtained the derived total cross-section is 

a(ep + eD*X) = 8.55 f 0.40’$: nb. (9) 

The differential cross-sections as functions of Q2. 2, W, pi. o(F), and z(D*) 
are shown in Fig. 15. The measurement is compared to the prediction using the Monte 
Carlo-like program HVQDIS:’ where the charm production is calclulated from BGF 
and the obtained production cross-section is convoluted with the Peterson fragmenta- 
tion function43 in order to obtain the visible D* cross-section. The light parton distri- 
butions are taken from the GRV94 HO parton distributions. The error band represents 
a variation in the charm mass between 1.2 and 1.6 GeV and a good agreement of this 
“massive” NLO pQCD calculation with the measurement is observed, except for some 
small deviations at high-7 and low-z of the D* meson. 

A component of direct electrons in jets can be ascribed to the semileptonic decay of 
charmed hadrons. In order to identify the electrons, the dE/dx measurement from the 
central tracking system is used. Supplementary cuts on the shower shape variables of 
calorimetric measurement associated to these tracks allow for a rejection of the charged 
pion background, and algorithms on mutually tangential tracks differentiate the elec- 
trons from photon conversion from the prompt electrons from the signal. The electron 
tracks identified by this procedure are only considered for p > 1.2 GeV and in the 
central tracking system with 0.65 < 0 < 2.5. Acceptance corrections for these cuts as 
well as trigger and detection efficiencies are obtained from detailed Monte Carlo stud- 
ies. Furthermore the inclusive c + e branching ratio 9.8 * 0.9 z!$: % as measured by 
ARGLJS44 is applied in order to unfold the cross-section. 

ZEUS 1994 (preliminary) 

'"log(0') 

Figure 14: The contribution from the charm quark to the inclusive Fz from NLO-QCD 
fit. The full line corresponds to F2 = FT7d,S + F,C, whereas the dashed line accounts 
only for the contribution from the light quarks F2 = FF’d9s. The datasets used in the fit 
correpond to the ZEUS measurements on ‘94 data at nominal vertex (NV)4 and shifted 
vertex (SV) events with initial state photon radiation (LSR)” and to the NMC data.45 
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during the ‘95, ‘96, and/or ‘97 running periods. The results from the different analysis 
methods are in good agreement with a precision of about 15-20 %, which is still largely 
dominated by the statistics, but significantly more precise than the earlier measure- 
ments. The behavior of F,C shows a steep rise towards low z, which can be understood 
as being directly correlated to the steep rise of the gluon density established by the for- 
mer inclusive measurements of Fz at low z. The indirect prediction from perturbative 
QCD of the charm contribution is in good agreement with the direct measurements. 

8 The Gluon Density of the Proton 

One of the major results of the first years of the running of HERA was to establish 
the steep rise of the proton structure function at low x and its relation to the increase 
of the gluon density, which is extracted from NLO QCD fits to the structure function 
measurement. But the gluon density can also be extracted from processes invoking 
photon-gluon fusion (BGF), like the charm production, giving a cross check of the 
global measurement and access to different kinematic ranges. 

8.1 The Gluon Density from NLO QCD Fit 

The NLO QCD fits used to extract the gluon densities from the inclusive F2 measure- 
ments are described in section 4.1. As the HERA data do not constrain the high x 
region, proton and deuteron structure function data from NMC45 and BCDMS” were 
included in the fit. 

Figure 17 shows the gluon densities obtained by the H146 and the ZEUSz4 fits at 
Q2 = 20GeV’. Both results are in good agreement and show a steep rise of zg(z) for 
decreasing z, which is mainly due to the asymptotic behavior in log l/x of the solutions 
to the DGLAP equations. The error bands shown take into account the statistical errors, 
a full treatment of the correlated systematic errors and possible variations of LYS and of 
the charm mass. The precision obtained for the gluon density at x N 5 . 10m4 is about 
15%. The results from the HERA experiments allow for a smooth transition towards 
the results from NMC in the high 5 domain and are consistent with the gluon density of 
the MRSR147 and CTEQ4M4* parametrizations obtained from fits to a wider number of 
datasets. The gluon density from the GRV”j parametrization gives a somewhat higher 
result, which is understandable since it assumes a lower QS value than the other fits. 

The non-singlet quark momentum distribution XqNS = cyL1 (xqi - xQ%) = XU,,~ + 

NLO QCD fit Q3 = 20 GeV* 
a,(*) 

Figure 17: The gluon density of the proton as obtained from NLO order fit to the 
inclusive F2 measurements af & ’ = 20 Gev by the Hl and ZEUS collaborations 
compared to the results of the NMC Collaboration at high x and results from the global 
analyses by MRSR and CTEQ as well as the prediction from GRV94. The Q, values 
used in the fits are quoted between brackets. 

xd,,,,, which expresses the sum of the valence quark densities, evolves independently 
of the gluon distribution, while the singlet quark distribution XC = cF!l(xqi + xQJ 
is coupled to the gluon distribution, since at small values of x, XC is dominated by the 
contribution of the sea pq pairs. 

Figure 18 is comparing the singlet quark distribution with the gluon distribution at 
Q2 = 20 GeV2, Q2 = 7 GeV2, and Q2 = 1 GeV’. In the two higher Q2 bins, the xg 
shows a steeper rise at low x than the sea quark densities. At Q2 = 1 GeV2, the gluon 
density shows an almost flat behavior at Q2 = 1 GeV2, indeed compatible with 0, while 
XC is still slightly rising. This difference in behavior may indicate a difference in the 
dynamics when approaching the transition region, at Q* N 1 GeV2, from perturbative 
to non-perturbative QCD. 
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Figure 20: Neutral (left) and Charged (right) Current events seen in the ZEUS and in 
the HI detectors. The incident positron comes from the left, the proton from the right. 

the weak contribution and decreases the e+p cross-section compared to the e-p one.5,6 
The comparison of Neutral and Charged Current cross-sections as functions of Q2 as 
shown in Fig. 21 displays their similar behavior at Q2 > 10000 GeV2, a region where 
the weak contribution becomes important, whereas at lower Q2, the NC cross-section 
is rising steeply, contrarily to the CC cross-section, which increases mildly at lower 
Q2. The remaining differences at high Q2 are due to the weak coupling to the different 
quark flavors. At very high Q2, above 15000 GeV2, is the region where the excess of 
events was reported52s53 on the 1994 to 1996 data. This excess is still visible, but has 
lowered in significance after including the 1997 data.54,55 

9.1 Neutral Current Cross-Sections 

The NC cross-section for unpolarized e+p scattering can be written as a linear combi- 
nation of the F2, F3, and FL structure functions: 

d%“‘P 
- = $e$ [Y+F+, Q”) - y2FL(x,Q2) - Y-xF3(x, Q2)] dx dQ2 (11) 

In this equation (Y is the fine structure constant, and the helicity dependence of the 
electroweak interactions is contained in the function Y defined as Y*(y) = 1* (1 - y)‘. 
The generalized structure function F2 can be decomposed as 

2 4 
F2 = Fern + 2 (Q2 !f &J;) F?t + (Q2 +&-“I:)” Fz”k = 4V + 6.~) (12) 

HERA e+v DIS cross section 94 - 97 
! 

Preliminary f 

Q* (GeV’) 

Figure 2 1: Single differential cross-section as a function of Q2 for Neutral and Charged 
Currents. 

where F;“’ contains the contribution from the pure photon exchange, FTk the one of 
the 2’ exchange, and Fpt the yZ” interference. The reduced cross-section is defined 
in eq. 5 as 

xQ4 1 d2a 6(e+p) E --- 
2wa2 Y+ dxdQ2 (13) 

and can be written as F,““(l + ba - 63 - 6~) with ba, ba, and 6, being small at low Q2. 
The contributions from F$?md from F2 to the reduced NC cross-section for Q2 2 3000 
GeV2 are shown in Fig. 22, which depicts the effect of the yZ destructive interference 
in e+p collisions, which is most important at high y. The contribution from 6~ - 63 is 
below 1% at Q2 < 1500 GeV2 and about 10% at Q2 = 5000GeV2 and x = 0.08. The 
influence of the longitudinal structure function 6~ is negligible at y < 0.5 and up to 5% 
at y = 0.9. At Q2 2 15000 GeV2 no structure function has a dominant contribution. 
All the NC cross-sections presented have been corrected for QED radiation from the 
lepton line, whereas the radiation from the quark line can be safely neglected. 

The preliminary results from HI on the reduced NC cross-section are shown in 
Fig. 23 for 200 GeV2 5 Q2 5 30000 GeV* and 0.005 5 x 5 0.65. The NLO QCD fit 
gives a good description of the data in the whole Q2 and x range. Above Q2 = 1000 
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Figure 24: ZEUS preliminary results (1996-1997 data) on Fz measured at high Q2 
compared to the ZEUS 1994 measurement. 

9.2 The Weak Contribution to the NC Cross-Section 

The effect of the yZ interference is visible at HERA for the first time, as can be shown 
on the NC cross-section dujdx. In Fig. 25 is shown the du/dx cross-section at Q2 > 
1000 GeV’. The measurement extends from 1.3 . lo-’ to 0.65. The maximum of 
the distribution is obtained at = 2 . lo-‘, i.e., at this low Q2, the cross-section is still 
dominated by low x, “sea” partons (the sharp drop of the cross-section at 5 < 2 lo-* 
comes from the kinematic inaccessibility of this region at high Q*). No difference in the 
prediction is observed with respect to the Standard Model if only y exchange is taken 
into account. In contrast, at Q2 > 10000 GeV* the two predictions are significantly 
different, and the data which have now their maximum in the valence region (x x 0.2), 

Figure 25: The neutral current cross-section du/dx at high Q* compared with the Stan- 
dard Model prediction and with the prediction when the coupling to the Z boson is not 
taken in to account. 

agree with the Standard Model prediction and disagree at the three standard deviation 
level if only y exchange is taken into account. 

9.3 Reduced Cross-Section at High x 

In Fig. 26 the emphasis is put on the high x region, and the reduced cross-section is 
shown as a function of Q* at fixed values of x between x = 0.07 and x = 0.65. At 5 = 
0.45 some excess of the cross-section over the Standard Model prediction is visible 
for the highest Q2 values, which corresponds to the accumulation of events around an 
inclusive invariant mass of the lepton quark system of about 200 GeV, and which was 
already pointed out in the 1994 to 1996 data. 52 The significance of this excess has 
decreased with the enhanced statistics which include the 1997 data. 
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still largely dominated by the statistical error. The most important systematic error is 
the uncertainty on the energy scale of the hadronic final state. Within these errors, the 
measurement is in good agreement with the predicted cross-section from the Standard 
Model using the MRST5’ parton distributions. Also shown is the contribution to the 
cross-section of the term (1 - y)‘z(d + s) which is dominated in the Standard Model 
by the d valence quark at high x. The strong suppression of the d and s contributions 

corrected for QED radiative effects 
ul.8 
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Figure 28: The reduced charged current cross-section as a function of y for different 
values of z (lower plot) compared with the Standard Model prediction (using MKST 
parton distributions) and the (d + s) and sea antiquarks’ contribution to it. 

in the double differential CC cross-section at high y due to the (1 - y)” term, and the 
small contribution of the sea quarks at high 2, are better studied when replotting the 
reduced cross-section at fixed x as a function of y, as can be seen in Fig. 28. The 
relative contribution given by the MRST parametrization are also shown. As expected, 
the reduced cross-section grows at low y, because the (1 - y)” term increases towards 
one, and it grows at low z since the sea quark contribution increases in this domain. At 
z = 0.3, the shape of the measured distribution, which decreases quickly towards zero, 
indicates that the sea quark contribution is indeed small at large x. 

9.5 The Propagator Mass M W  

In the Standard Model the CC cross-section is directly sensitive to the Fermi cou- 
pling constant (GF) and the W  mass (Mw). It is visible from the leading order CC 
cross-section formula that the constraint on n/r, comes from the propagator factor, 
[(&$)“/(Q’ + (Mu)‘)]“, where in the SM, the propagator mass Mh = Mw. Since 
CC interactions arise from the t channel exchange of a virtual W  boson, the value of 
A4& extracted from the propagator factor can be interpreted as a direct measurement of 
the W  mass in the spacelike regime. It is a crucial test of the universality of the Stan- 
dard Model to compare such a measurement with timelike and indirect determinations 
from other experiments. 

In order to construct a fit of the CC cross-section that is sensitive only to the value 
of ML from the propagator term, the Standard Model expectation for the CC cross- 
section is obtained in which I%$, is allowed to vary, and is decoupled from the value of 
Mw entering the theoretical expectation for GF ( (Y, Mw, Mz, MtoP, MH) . 

ZEUS CC Preliminary 1994-97 

,,,,’ I ,,I 
IO’ IO4 Q’ (I&V*) 

Figure 29: The points show the ratio of the measured cross-section to the Standard 
Model prediction. The solid curves show the expected deviations of the cross-section 
from the nominal Mw = 80 GeVscenario for various indicated values of Mw. Inset is 
the x2 fit of the data to the Standard Model plotted againt Mw. 

In Fig. 29 is shown the result of the ZEUS fit, where the ratio of da( Mw)/dQ* to 
do(Mw = 80 GeV)/dQ2 is plotted as a function of Q* together with the x2 of the 
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