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The hadronic part of the electron structure function F§ has been measured for the first time, using ete~
data collected by the DELPHI experiment at LEP, at centre-of-mass energies of /s = 91.2-209.5 GeV.
The data analysis is simpler than that of the measurement of the photon structure function. The electron
structure function F§ data are compared to predictions of phenomenological models based on the photon
structure function. It is shown that the contribution of large target photon virtualities is significant. The
data presented can serve as a cross-check of the photon structure function F%’ analyses and help in

refining existing parameterisations.
© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/3.0/). Funded by SCOAP3.

1. Introduction

The process ete~ — eTe~ X, where X is an arbitrary hadronic
final state, can be used to determine both the photon [1-5] and
electron [6-10] hadronic structure functions. The photon structure
function F;’ has been studied both theoretically and experimen-
tally for many years (see [11,12] and references therein).

Experimental results on the electron structure function F§ are
presented for the first time in this Letter.

Although both analyses start from the same set of events the
procedures are quite different mainly due to different kinemat-
ics. In the photon case (Fig. 1(a)) the spectrum of virtual photons
emitted by the (untagged) electron is strongly peaked at small
virtualities P2 (this quantity can be expressed in terms of the
untagged electron four-momenta, P2 = —(p — p’)?). Many analyses
therefore use the real photon approximation P? & (m,)? ~ 0. How-
ever, higher target photon virtualities play a role [13,14,10]. The
problem does not appear in the electron case (Fig. 1(b)), where
the photon scatters on a real particle. Another difference is the de-
termination of the Bjorken variables x (z) representing the fraction
of the struck parton momentum with respect to the photon (elec-
tron) target. In the first case, since the photon momentum is not
known, the total hadronic mass W, which cannot be well deter-
mined as the majority of hadrons are going into the beam pipe,
must be used to determine x,

Q2

XN,
Q2+W2+P2

(1)
where Q2 = —(k — k)2 is the negative momentum squared of the
deeply virtual (probing) photon. The z variable for the electron is
determined directly - as in the classical deep inelastic scattering
i.e. from the scattered electron variables only (see below). A cer-
tain drawback of the electron structure function FS is its expected

T Deceased.
2 Current address.

Fig. 1. Deep inelastic scattering (DIS) on a photon target (a), and on an electron
target (b); p, p’, k and k' denote the corresponding four-momenta and q is the four-
momentum of the exchanged photon.

shape, that is dominated by the rapidly changing photon distri-
bution, and is a direct consequence of its formal definition as a
convolution of the photon structure function and photon flux (see
also discussion in the following text). Hence the data can be re-
analysed in terms of the electron structure function F§ and the
results compared to the usual photon structure function analy-
sis. One can expect that these two complementary electron and
photon structure function measurements will help to improve phe-
nomenological parameterisations of the quark and gluon content
inside the photon and the electron.

The case of the electron structure function is illustrated in
Fig. 1(b). The upper (tagged) electron emits a photon of high virtu-
ality Q2 = —q? which scatters off the target electron constituents.
The cross-section for such a process under the assumption that
Q%> P2 is:

d?o (ee — eeX) 2ma?

[(1+a-»?")F5(z Q)

dzdQ? T zQ4
- y*Fi(z,Q%)], (2)
where
y =1~ (Etag/E) cos? (Bag/2), 3)

with E, Eig and 6gg being the initial energy, final energy and
scattering angle, respectively, of the detected electron or positron
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(called hereafter ‘tagged electron’) and « is the fine structure con-
stant. The electron structure functions F5(z, 0?) and F{(z, 02) are
related to the transverse and longitudinal polarisation states of
the probing photon. The parton momentum fraction, z, is defined
in the standard (deep inelastic) way:

,_ Q% sin(0ug/2)
2pq  E/Etag — cos? (Brag/2) ’
and is measured using only the kinematics of the tagged electron.

The virtuality of the probing photon can be also expressed in terms
of E, Etag, Otag as follows:

(4)

Q7 = 4EEaq Sin® (fag/2). (5)

At leading order, the structure function F;’(z, Q?), which domi-
nates the cross-section at small y, has a simple partonic interpre-
tation:

F(.0%) =2 Y &f(z. Q7). ©)
i=q.q
where e; and ff are the i-th quark/anti-quark charge and density.
In ete™ experiments the DIS e~y hadronic cross-section is ex-
pressed in terms of two real photon structure functions F;/ (x,02)
and Fz/ (x, Q2) which leads to a formula analogous to (2)

d’c(ey —eX) 2ma?
dXdQ2 = XQ4 [(1 +1 - y)Z)F%/ (X’ QZ)

- V2R (x Q%)], (7)

where F%’ , Fz/ are the photon structure functions related to the
transverse and longitudinal polarisation states of the probing pho-
ton respectively.

The differential cross section o (ee — eeX) is obtained from the
corresponding cross section with a photon target, o (ey — eX), by
weighting the latter with the density of photons in the target elec-
tron f)‘j Wy, P?) (photon flux). The photon flux depends on the

target photon virtuality, P?:

o [1+(1—yy)2 mg]

= —2 —_—
27 P2 Vy Y p2

f;(J’V»PZ)

(8)

where y, is the ratio of the energies of the target photon and the
beam, and m, is the electron mass.

In [6-10] the Q2 evolution and asymptotic solutions for the
electron structure function have been studied. This approach has
also been compared with the ‘photon structure function’ approach.
Although the experimental measurements of F§ and F;/ are quite
different the functions have a simple theoretical relation:

F;/L(z7 QZ’ P?nax)

1 Pihax
= [av, [ arr5(s,. ) ety @2 P2), (9)
z p2.
where P2, =mZy? /(1 —yy) and P}, is the maximum value of

the target photon virtuality and is fixed by the electron detector
(STIC - The Small angle TIle Calorimeter) acceptance (see Sec-
tion 2.1) and the anti-tag condition.

The P2 variable is not measurable for single tag events and, as
discussed in detail in [9], the extraction of a ‘real’ photon structure
function, F%’ , is based on the Weizsdcker-Williams approximation,
where P2 is set to zero in F%//L(x, Q2, P?). This leads to some

underestimation of F%/ and the amount of this underestimation de-
pends on the kinematics and geometry of each experiment. Some
analyses have included P2?-dependent corrections in the system-
atic uncertainty (e.g. [15]). This problem is eliminated in the case
of the electron structure function. Formula (9) enables any ex-
isting parametrisation of the photon structure function, both real
(P2 =0) and virtual (P2-dependent), to be tested against the mea-
sured electron structure function.

In this paper we report on the measurement of the electron
structure function F§ using LEPI and LEPII data. Section 2 describes
the selection process of the event sample collected for the analysis
and the determination of the detector efficiency. Section 3 presents
the measurement of the electron structure function F§. Conclu-
sions are given in Section 4.

2. Experimental procedure
2.1. The DELPHI detector

A detailed description of the DELPHI detector can be found in
[16,17] and therefore only a short review of the sub-detectors rel-
evant to the present analysis is given here. The DELPHI detector
provided information on track curvature and 3-dimensional energy
deposition with very good spatial resolution as well as identifica-
tion of leptons and hadrons over most of the solid angle.

The most relevant parts of the setup for the electron structure
function F§ analysis are divided into two groups. The first one con-
sists of the detectors which were used in the reconstruction of
the hadronic final state. They were: the Vertex Detector, the Inner
Detector, the Time Projection Chamber (the main DELPHI tracking
device) and the Outer Detector. Those devices were operated in a
1.23 T magnetic field parallel to the beam axis. Tracking in the for-
ward (backward) regions was provided by the Forward Chambers.
The tracking detectors covered polar angles from 20° to 160° at
radii from 120 mm to 2060 mm for the barrel region. The Forward
Chambers covered polar angles from 11° to 35° (forward sector)
and 145°-169° (backward sector). Using these subsystems it was
possible to reconstruct the charged particle momentum with a res-
olution 22! ~0.0015 - p, where p is the momentum in GeV. The
Hadron Calorimeter provided energy measurements of neutral par-
ticles.

The second group consists of detectors providing the electro-
magnetic shower energy measurement. The crucial one is the lumi-
nosity calorimeter STIC. The STIC was a lead-scintillator calorime-
ter formed by two cylindrical detectors placed on both sides of the
DELPHI interaction point at a distance of 2200 mm and covered the
angular region between 1.7° and 10.8° in polar angle at radii from
65 mm to 420 mm. The STIC energy measurements were used to
define the tag condition.

2.2. Event selection

The analysis was carried out with the data samples collected
by DELPHI at both LEPI and LEPII centre-of-mass energies ranging
from 91.2 GeV up to 209.5 GeV and corresponding to integrated lu-
minosities of 72 pb~! at LEPI and 487 pb~! at LEPIL. A summary of
the integrated luminosities used (along with the number of events
selected for each sub-sample) is given in Table 1.

The most important criterion to select yy events was that
one of the two scattered electrons® was found in the STIC (tag-
condition) whereas the second electron remained undetected (anti-
tag condition). Such events were referred to as single-tag events. It

3 Electron is used for both electron and positron.
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Table 1

Nominal centre-of-mass energies, integrated luminosities of the data samples used and the corresponding numbers of selected events.

Experiment Year /s (GeV) Integrated L (pb~1) Number of sel. events
LEPI 1994-1995 91 72 1507
LEPII 1996 172 10 198
1997 183 53 1001
1998 189 155 3398
1999 196 76 1715
200 83 1865
202 40 901
2000 205 70 1842

was required that the energy deposited by the tagged electron in
the STIC was greater than 0.65 - E and no additional energy clus-
ters exceeding 0.25- E were detected in the STIC. The measured
energy and angle of the scattered electron allow the virtuality, Q 2,
of the probing photon to be determined. Due to the available phase
space and correlations among selection cuts, as well as the require-
ment of good quality data, the range of Q2 covered was narrower
than that obtained from the angular limits of the DELPHI detec-
tor. An additional quality cut (minimal number of towers in STIC
that fired) resulted in the effective polar angle 6, of the tagged
electron being between 2.4° and 10°.

The next step was to select yy induced hadronic final states
with a detected charged particle multiplicity greater than 3.
Charged particles were defined as reconstructed tracks with mo-
mentum above 0.2 GeV, extrapolating to within 4 cm of the pri-
mary vertex in the transverse (R¢) plane and within 10 cm along
the beam direction (z-axis). The relative uncertainty in the mo-
mentum of a charged particle candidate, AP had to be smaller
than 1, its polar angle with respect to the beam axis had to be
between 20° and 160° and its measured track length in the TPC
(Time Projection Chamber) greater than 40 cm. To satisfy the trig-
ger condition at least one of the charged particles had to have a
momentum greater than 0.7 GeV for LEPI data (1.0 GeV for LEPII
data). The total energy of all charged particles had to be greater
than 3 GeV and the minimum of the visible invariant mass* of all
tracks, Wy, was fixed at 3 GeV.

The Monte Carlo simulations of ete~ annihilation processes
with PYTHIA [18-20] and four-fermion processes with EXCALIBUR
[21] showed that the dominant background contributions came
from Z° hadronic decays and the two-photon production of 77
pairs. In order to minimise these backgrounds, the following cuts
were imposed:

e the vector sum of the transverse momenta of all charged par-
ticles, normalised to the total beam energy, 2E, had to be
greater than 0.12 for LEPI data (0.14 for LEPII data);

e the normalised (as above) sum of the absolute values of the
longitudinal momenta of all charged particles (including the
tagged electron) had to be greater than 0.6;

e the angle between the transverse momenta of the tagged elec-
tron and of the charged particle system had to be greater than
120°;

e the maximum of the visible invariant mass was fixed at
40 GeV for LEPI data (60 GeV for LEPII data);

e the value of Q2 had to be greater than 4 GeV? for LEPI
(16 GeV? for LEPII).

Among the 21430 events of the LEPI data set (101913 for LEPII)

with one high-energy deposit in the STIC calorimeter, 1507 events
(10920 for LEPII) passed the above criteria. The total background

4 The invariant mass of all accepted charged particles.

contribution estimated from the simulation amounted to 111
events for LEPI (1027 for LEPII).

2.3. Efficiency analysis

In order to evaluate FS one needs to measure two indepen-
dent variables, the polar angle 6, of the scattered (tagged) elec-
tron and its energy, Et,g. The relative energy resolution was mea-
sured and parametrised as follows: "TE =1.520¢ % %, and the
shower axis reconstruction precision was estimated to be in the
range 9-15 mrad, depending on the particle energy. The measure-
ment of these quantities allowed a direct determination of the z
and Q2 variables describing the electron structure function (see
formulae (4), (5)).

The measured cross-sections were corrected for the detector in-
efficiency computed from a MC-generated sample of events passed
through the detector simulation program and the selection criteria.
As the efficiency computation was model dependent, it was very
important to use an event-generator that described well the data
events. In this analysis the TWOGAM [22] event generator coupled
with the JETSET [19] Parton Shower algorithm for the quark and
gluon fragmentation was used. The TWOGAM cross-sections con-
sist of three independent components:

e the soft-hadronic part described by the Generalised Vector
Dominance Model;

e the point-like component, QPM;

e the resolved photon interaction, RPC.

The GRV-LO [23] parametrisation of the photon structure function
was adopted. More details can be found in [22]. To estimate the
uncertainty coming from the model we have also used a sample of
PYTHIA events. The selection criteria presented in Section 2.2 im-
posed on data (with integrated luminosity 72 pb~! and 487 pb~!
for LEPI and LEPII respectively) have also been applied to both
simulated samples (with an integrated luminosity 2500 pb~! for
each). The visible background-subtracted cross-sections for LEPII
data as a function of: (1) cosine of the scattered electron an-
gle cos(6iag), (2) the probing photon virtuality 02, (3) the scat-
tered electron energy Etag, and (4) the visible hadronic invariant
mass Wy, are compared to both simulated samples in Fig. 2.
The TWOGAM distributions show better agreement with the real
data cross-sections than those obtained with the PYTHIA event
generator. All these discrepancies, both between real data and
TWOGAM and real data and PYTHIA were taken into account in
an estimate of the systematic uncertainties. Even though the visi-
ble cross-sections predicted by both generators were different, the
efficiencies did not differ by more than about 5 percent, relative
with respect to the TWOGAM model. In order to determine F§ the
2-dimensional efficiency functions, based on the TWOGAM model,
were calculated for each chosen Q2 range using AS,AQ,? bins,
where & =logq¢(z). The resulting efficiency varies between 10%
and 70%.
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where L is the integrated luminosity, N is the number of selected events and X is the variable of interest.
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Fig. 3. The detector simulated z and x distributions obtained from event samples generated at z=0.01 and x = 0.1 (LEPII) and for Q2 € (20, 30) GeV2. AN is the number of

events per bin.
3. Determination of the electron structure function F§

The electron structure function F§ can be extracted as a func-
tion of the two variables z and Q2 from formula (2) under the
assumption that the longitudinal term F; contribution is negligi-
ble, which is justified in the kinematical range accessible at LEP
energies [11],

FS(£,Q?) = (27a?In10)
5 04 d%o (ee — eeX)
(I+0-y?  dedQ?

The measured function F§(&, Q2)meas wyas corrected in each
AgiAQ,f bin by the corresponding detector efficiency function
€(£,Q2), yielding the reconstructed electron structure function

(10)

F§(€, Q?2)™c, Such a procedure is justified since the migration ef-
fect of events generated in any of the (¢, Q2) bins to neighbouring
bins, after passing the detector simulation, was small. In Fig. 3 one
can see the smearing caused by the detector for both, the stan-
dard photon x-variable Eq. (1) and the standard electron z-variable
Eq. (4), for events with a fixed value of x=0.1 and z=0.01 gen-
erated and passed through the detector simulation program. Con-
trary to the narrow z distribution, the x distribution is shifted to
higher values and spread over the whole region of x. For that rea-
son the x distribution, related to the photon structure function, has
to be treated in a special way by means of one or two-dimensional
unfolding procedures. Both of them require theoretical knowledge
of the kinematical distribution of the hadrons in the final state
whereas the determination of the electron structure function FS
based on z is much less model-dependent.



DELPHI Collaboration / Physics Letters B 737 (2014) 39-47 45

65 Fiz)/ o’ DELPHI Fi(z)/o DELPHI
Q* (4.5-16) Gev? D @ (4.5-16) GeV?
6 <Q*>=9.02 GeV* 1 3t <Q*>=9.02 GeV* 1
® DELPHI DATA e ® DELPHI DATA
55 o1 25t N
-- SaSID -
sk 2F
4.5F L.5f
4F i1
35b 0.5F ]

0 . . . . . A
-1.5-14-13-12 -1.1 -1 -0.9-0.8
log1(2)

3 T T ST T

-2.2-21 -2 -1.9-1.8-1.7 -1.6 -1.5
logye(z

(a) 910(2) (b)

Fig. 4. LEPI data. The F§ measured for Q2 € (4.5,16) GeV>. For better separation
of the models presented the allowed interval of the & variable is split and shown
separately in (a) and (b). For each bin the total uncertainty is plotted (the data are
corrected for the absence of radiation in the theoretical prediction). Note, in Figs. 4
to 6 the data have been corrected to the bin centre, the horizontal bars are kept to
indicate the range of the £ (where £ =logo(z)) variable.

Fi(z)/o” DELPHI 14 Fa(z)/o? DELPHI

A 274 S R
Y R G  EPY N A
20 E = krio = i4+_\ < >:2iﬁfio ]
17.5 = TR 10 C RS
]5 E % e, eeees SAL é Eooo o '/ ]
12.5 3 8 ¢ E
10 & e 6 F =
75 & E 40 E
5E = b y
25 9 4 2o E
El [ [ Clyv v b v v by vy 101
Y 2.6 24 0 s I o

10g10(2) 10g10(z)

JPCA S S D P 4 S
12 TR d B T sele
r CJIK-HO ] :' CJIK-HO b

10 - | 10 O -
8 - = 8 .
6 - = 6 - .
4 = 4 T
259 1 209 —+
o b i i 0 L. L. L, ]

-2 15 - -2 -15 -1
|°91o(z) |°g1o<z)

Fig. 5. LEPII data. F$ measured for (a) Q2 € (16,20) GeV?, (b) Q2 € (20, 30) GeV?,
(c) Q2 € (30,50) GeV?, and (d) Q2 € (50, 80) GeV2. For each bin the total un-
certainty is plotted (the data is corrected for the absence of radiation in the
theoretical prediction). Note, that the AFG parametrisation is not available below
logp(2) = -2.7.

The measured F§ was averaged over Q2 in the region of the
probing photon virtuality considered, leaving only the & depen-
dence.” The electron structure function F§ is shown in Figs. 4-6
for six Q2 intervals, Q2 € (4.5,16) GeV? for LEPI data as well
as Q2 e (16,20) GeV?, Q2 € (20,30) GeV?, Q2 e (30, 50) GeV?,
02 € (50,80) GeV2 and Q2 e (80,200) GeV? for LEPIL Since the
structure function obtained is integrated over the phase space of
each bin, a correction to bin centre should be applied in order to
convert it to a differential measurement at &;. In order to estimate
this correction the F§ at a given bin centre point & was calculated

5 The phase space dependence of Q2 versus the & and E variables translates into
unequal intervals of & in Figs. 4-6.
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Fig. 6. LEPII data. The F§ measured for Q2 € (80,200) GeV?. For each bin the to-
tal uncertainty is plotted (the data is corrected for the absence of radiation in the
theoretical prediction).

(using theoretical predictions) and divided by the mean value of
the F§ in this bin. The maximum correction coefficient obtained
for the data analysed was approximately 4%.

Fig. 4 shows the electron structure function F§ extracted
from LEPI data together with the GRV-LO (lowest-order), GRV-HO
(higher-order) [24,23] and SaS1D [25] predictions for the photon
structure function F;/. In order to calculate F§, F%/ was convoluted
with the target photon flux factor according to Egs. (8) and (9).

For LEPII data, Figs. 5-6, predictions for F§ based on recent NLO
F%/ parameterisations, GRV-HO [24,23], AFG [26], CJK-HO [27], and
SAL [28] are shown.

Due to the non-zero minimum polar tagging angle the untagged
electron may still radiate a virtual photon up to P2~2 GeV? at
LEPI and P2 ~ 13 GeV? at LEPIL As a consequence the effects of the
target photon virtuality can be non-negligible. We have checked for
the LEPII data at Q2 =25 GeV? that the inclusion of the P2 depen-
dence of F;/ changes the predictions by up to 10% [9]. One should
stress that the virtualities of the target photons are by default in-
cluded in the electron structure function whereas in the photon
structure function analyses they are not.

Since radiative corrections (important for LEPII) were not in-
corporated into the theoretical predictions, the experimental data
(Figs. 4-6) were corrected. The corrections were calculated us-
ing the TWOGAM generator that can produce both radiative-
corrected and uncorrected data. Two large samples (corresponding
to 2500 pb~!) were generated and processed by the full detector
simulation framework and the correction factors extracted. It was
shown that the maximum value of the radiative correction was
about 1.5% and 7% for LEPI and LEPII respectively.

For LEPI the data points follow the predictions of the earlier
GRV-HO, GRV-LO and SaS1D models. For LEPII energies in the
middle range of 02 € (20,50) GeV? and for smaller values of &
there is a general tendency for all parameterisations to lie slightly
above the data points. This effect is clearer for the AFG and CJK-
HO parameterisations. The measurements of the electron structure
function F§ for LEPI and LEPII together with their statistical and
systematic uncertainties are presented in Tables 2 and 3. The ta-
bles also contain the efficiencies € (&) (averaged over the respective
Q2 range) and purities for each bin. The statistical uncertain-
ties in each bin of the event distributions have been calculated
according to the Poisson law and then propagated to the final
distributions. The systematic uncertainty has the following contri-
butions:

e the uncertainties due to the STIC detector calibration (cor-
responding to the absolute calibration error) of the electron
energy (£0.13%) and scattering angle (4-0.45 mrad) of the
tagged electron measurements. To estimate this contribution
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Table 2
Results of the measurements of F§ for LEPI energies.
Q2 (GeV?) (Q?) (GeVv?) —£ F§() /o Ostat Osyst Ototal €(®) Purity
(4.5-16) 9.02 0.80-1.15 130 +0.29 ToIe o7 0.69 0.93
115-150 271 +0.36 o84 Hn 0.61 0.92
1.50-1.85 3.96 +0.41 ro3e +oe9 0.52 0.88
1.85-2.20 5.62 +0.44 oo o6 0.54 0.81
Table 3
Results of the measurements of F§ for LEPII energies.
Q7 (GeV?) (Q?) (GeV?) —£ F5(§)/o? Ostat Osyst Ototal €@ Purity
(16-20) 17.3 230-2.43 8.73 +£0.92 o4 1o 053 0.89
2.43-2.56 12.64 +0.50 o Toos 050 0.90
2.56-2.69 12.05 +0.49 ot +oer 0.52 0.84
2.69-2.82 14.43 +0.54 ool o 0.60 0.83
(20-30) 245 0.80-1.10 3.71 +0.31 T3 Tou 0.46 0.90
1.10-1.40 4.73 +0.20 o2 032 0.56 0.89
1.40-1.70 6.27 +£0.21 033 039 0.40 0.90
1.70-2.00 7.82 +0.26 e 032 021 0.89
2.00-2.30 10.06 +0.30 o T 011 0.93
2.30-2.60 11.63 +0.37 +o20 +o42 0.12 0.96
(30-50) 385 0.66-0.98 3.93 +0.40 o o3 056 091
0.98-130 5.51 +0.35 Tl Ry 057 0.90
1.30-1.62 6.82 +0.40 o4 o 036 0.86
1.62-1.94 9.18 +0.48 032 +o.38 0.18 0.93
1.94-2.26 11.58 +0.61 o o8 011 0.95
(50-80) 62.4 0.60-0.90 2.18 +0.50 B +oe0 0.64 0.88
0.90-1.20 5.44 +047 +oee ro1e 0.62 091
1.20-150 7.20 +0.45 o8 o 048 091
1.50-1.80 8.95 +0.44 To3 o8 0.22 0.93
1.80-2.10 12.24 +0.38 Toe o 0.18 0.92
(80-200) 130.2 1-15 7.84 +£0.71 i ue 0.69 092
15-2.0 11.84 +0.63 e ne 056 093

the energy Eag and angle 6 of each tagged electron were
varied by the calibration uncertainties successively. The struc-
ture function F§ was recomputed each time and the system-
atic uncertainty was taken as the maximum deviation between
F§ values;

e the uncertainty due to binning variation. This was estimated
by evaluating the structure function F§ for three different sets
of binnings;

o the efficiencies resulting from the TWOGAM and PYTHIA mod-
els do not differ by more than about 5 percent and these
differences were incorporated into the systematic uncertain-
ties.

The systematic uncertainties were taken as fully correlated year-
to-year.

Although the mass of the hadronic final state was not used
explicitly in the analysis we applied a cut on the minimum in-
variant mass of hadronic particles (required by the Monte Carlo
generators); a dedicated study showed that varying this cut had
only a small impact on the F§ (below 1 percent effect) and it
was decided not to include it in the systematic uncertainty. Also,
the systematic uncertainties due to variations of the selection
cuts (listed in Section 2.2) were negligible and have not been in-
cluded.

4. Conclusions

The hadronic part of the electron structure function F§ has
been measured and compared to various predictions of the photon
structure function. The non-zero virtuality of the target photon can
be taken into account in the photon flux as well as in the model
of the photon structure function. It has been found that F§ agrees
with the GRV-HO, SaS1D and SAL models. For lower values of the
probing photon virtuality a discrepancy exists between the data
and the predictions of the AFG and CJK-HO models. The presented
analysis, based on directly measured quantities, is simpler than the
photon structure function analysis because of the better resolution
in the scaling variable. The statistical uncertainties in F§ are well
understood since in each bin of z they directly reflect a Poisson
error. In the photon analysis, because of the poor resolution in x,
the unfolding procedure introduces a larger model-dependence of
the statistical uncertainties. However, since a given value of z can
be produced by a range of x values, the F§ may lose some of the

discriminating power between models of the F;/ .
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