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Abstract

We have mecasured the photon structure function F7 in the reaction ete” —
ete~ hadrons for average Q? values from 5.1 to 338 GeV? by using data collected by
the TOPAZ detector at TRISTAN. The data have been corrected for detector effects
and are compared with theoretical expectations based on QCD. The structure function

F} increascs as InQ?, as expected. A sample of events with one or two distinct jets has

been identified in the final state. Although two-jet events can be explained solely by
the point-like perturbative part, one-jet events require a significant hadron-like part in

addition.

1 Introduction

A rcal photon has a dual nature. It interacts with malter as a point-like particle. The
photon is also known to exhibit a hadronic nature behaving like a particle with an apparent

substructure. In hadron production in the two-photon process,

ete” — ete” + hadrons (1)

studied under the single-tag condition (i.e. one of the final-state clectron or positron is
detected at a large angle and the other one is restricted to a small scattering angle), a
quasi-real photon(y) cmitted from the undetected electron is probed by a high-Q? virtual
photon(*) from the tagged electron([1]. The process can be interpreted as a deep-inelastic
electron scattering off a (quasi-)real photon target. The kinematics is illustrated in fig.1.
The relevant underlying processes are shown in fig.2

Like the deep-inelastic electron-nucleon scattering, its cross section can be expressed in

terms of two structure functions, £ (x, Q%) and Ff(z,Q?) [2], as
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Here, ¢ = —Q% = —d£,,,Esin*(0,4,/2) is the square of the four-momentum transfer of
the scattercd electron and the scaling variables( z, y and z) are given by ¢ = —¢*/2k - ¢ =

Q%) (Q*+W2),y = q-k/p-k = 1—(Erag/ E) cos*(0,ug/2) and z = [,/ I2, where ¢ and k denote
the 4-momenta of the probing(y*) and target(y) photons, respectively. iy ,01a, are the
encrgy and the scaltering angle of the tagged electron, I is the bcam energy, E., is the
energy of the target photon and W is the invariant mass of the hadron system. The flux of
the target photon fo.(z) is given by an equivalent phaton approximation(EPA) (3]:

2E'(1 — Z) Sill(onmar/z) — 14 Z} (3)

Mz

fopelz) = %1 { [+ -2

where 0,.,. is the maximum scattering angle of the undctected clectron. In most cases of
this experiment, the sccond term in (2) is much smaller than the first one, since the average
y? is less than 0.05 due to the tagging condition described below. We then neglected the
second term and extracted F3 from the measured cross section.

The first atlempt to give a theorctical description of the photon structure function was
given by E. Witten[4]. e suggested that the photon structure function is calculable pertur-

batively by quantum chromodynamics(QCD). However, it was realized that non-perturbative
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effects are not negligible in the experimentally accessible (non-asymptotic) values of Q2 and,
morc importantly, the hadronic non-perturbative components are essential to make the the-
ory free from any unphysical singularities[5, 6]. Recently, interest in the structure of the
photon has been reactivated. Several experimental collaborations have reported evidence
for the production of high transverse-momentum(pr) jets in both quasi-real 44 collisions
at the e*e™ colliders ( TRISTAN(7, 8], LEP[9], PEP/PETRA[10]) and ~yp collisions at the
ep collider HERA[11]. Indced, we have shown that the rate of the high-pr jet production
in 4y collisions cannot be understood without including the effects of the photon structure
{resolved photon process){7]. Similar conclusions have also been obtained in vp collisions at
HERAII1]. It is expected that a variety of processes which involve real photons could be
understood by universal quark and gluon distributions in real photons[6]. Theoretical work
on this subject started long ago[12].

So far, the F] structure function has been measured by several experimental collabo-
rations at PETRA[13], PEP[14] and TRISTAN[15]. The available data are in the region
0.7 < Q% < 390 GeV2 Howcever, the data are limited. Further measurements of the photon
structure function are necded to improve our understanding of the nature of the rcal photon,
which will play an important role in high-energy vy and vp interactions.

In this paper, we present a incasurement of the z-dependence of I for three different
@Q*? regions, corresponding to average Q* values of 5.1,16, and 80 GeV?. The range of z
is extended down to 0.04 at @? = 5.1GeVZ. In addition, the Q*-dependence of 7 for the
intermediate  region (0.3 < x < 0.8) is measured over a wide-@Q* region from 16 to 338
GeV?2. These ranges of @7 and x cover alinost the entire region which has been reported in
the previous experiments[13, 14, 15). The measurcment at the high-Q? region is important to
check the basic Q? dependence of F7. The data at low-Q? regions are also important, since
the theory nceds some input distribution at low * to solve the inhomogeneous Altarelli-
Parisi equations(IAPE)[5]. In particular, a measurement in low-z regions less than ~ 0.1
is interesting, since there the [ structure function is expected to be sensitive to its gluon
contents of the photon[16]. Our results are compared with some of scveral parametrizations
[15-20] obtained by solving IAPE as well as with that involving a dilferent approach obtained
by Field, Kapusta and Poggiolli{ FKP)[22].

The results are also presented from a study of the final-state cvent topology in the single-
tag two-photon events. lIere, we directly scarched for jets in the final statc in order to
study any possible difference in the event signature from the point-like and the hadron-like

components of the photon[23].

2 Apparatus and Event Selection

The data used in this analysis were collected with the TOPAZ detector at the TRISTAN
ete” collider. Descriptions of the TOPAZ detector and its trigger system have been given
in previous publications [23-25]. We briefly describe those features that are essential in
this analysis. The momenta of charged particles are measured by a time-projection chamber
(TPC) operated in a 1.0 T magnetic field. TPC covers the polar angular range | cos 8] < 0.83.
Electrons and photons are detected by three different calorimeters: forward calorimeter
(I'CL), endcap calorimeter (ECL) and barrel calorimeter (BCL). These calorimeters cover
99.8% of 47 in total. FCL is a high-precision BGO calorimeter equipped with a silicon-strip
detector[27]. It covers very low polar angular regions, 0.972< |cos 0] < 0.9984(= 3.2°). ECL
is a lead-gas sampling device that covers the angular region 0.848 < |cos0| < 0.978. BCL
consists of 4300 lead-glass Cerenkov counters. It covers the region | cos 8| < 0.848.

The tagging of scattered clectrons was carried out by one of these calorimeters: FCL,
ECL or BCL. In this paper we thus refer the events as FCL, ECL and BCL events, re-
spectively.  The ECL and BCL events were triggered by a requirement of large-energy
deposition in these calorimeters. The FCL events were triggered mainly by the charged-
track trigger(26]. The track trigger required at least two tracks with transverse momenta of
pe > 0.3 — 0.7 GeV and an opening angle ¢ > 45° — 70°, depending on an experimental
condition. This trigger-condition was essentially determined by the pre-track-trigger, which
was based on the coincidence between hit information from the inner drift chamber and the
TOF counters located outer-side of TPC.

Single-tagged two-photon cvents were further selected in an offline analysis. The sclection
criteria used for the ECL events are given below (thosc criteria for the FCL and BCL events

are similar to those for the ECL events and the details are summarized in table 1):

(1) The energy of the tagged clectron(or positron) must be greater than 0.3E4eqm. To
ensure the best measured region of the detector, the polar angle is limited to be 0.89 <
| cos Orag} < 0.96.

(2) No additional clusters with an energy exceeding 0.2 Eje,y, can be observed anywhere
in BCL and ECL(anti-tagging). This limits the maximum scattering angle of the

undetected electron to be | cos .| = 0.98.

(3) The charged multiplicity is three or more. The charged multiplicity includes only
tracks which have transverse momenta greater than 0.15 GeV and have their closest

distance to the beam interaction point less than 5 cm in the radial direction.

(4) The position of the event-vertex, reconstructed from all of the tracks, must be less

than & 5cm from the interaction point along the beam line.



(5) The visible mass of the hadron system (W,;,) must be greater than 1.0 GeV and less
thaut £yonm, where hoth charged-tracks in 'TPC and neatral-clusters in BCL with an
encrgy greater than 0.5GeV are used in the calculation of W,,;,!, and the pion mass is

assumed for all charged particles.

{6) The vector sum of the transverse momenta (Y P.), including that of the tagged electron,

must be less than 0.3 Epeam.
(7) The total visible energy of the hadron system (Ehadron) should be less than 0.7 Eyeom.

(8) The longitudinal momentum imbalance projected along the direction of the tagged

electron {{cos 0,4,/ cos O1g|)EP .} must exceed 0.6 Epeam.

(9) The sum of the absolute value of the momenta and cluster energies within a 0.4 radian
cone with respect Lo the direction of the tagged electron, should be less than 0.7 GeV.

This condition ensures the isolation of the tagged electron.

Criteria (6)-(9) arc applicd Lo suppress backgrounds from single-photon annihilation events.

A total of 2024 FCL, 285 ECL and 31 BCL events survived all of these sclection crite-
ria. The major source of background for the FCL events is beam-gas events. The beam-gas
background was estimated from the number of events in the side-band of the event-vertex dis-
tribution along the beam axis. The beam-gas background was 21% for FCL events and was

completely negligible for ECL and BCL events. The background due to ete” —et

et was
calculated by a Monte-Carlo simulation using a program developed by Kuroda [28]. The
programn includes all order-a® QED diagrams, such as two-photon(multiperipheral) and
bremsstrahlung processes. The contamination was estimated to be 4%(FCL), 8%(ECL)
and 6%(BCL). Inclastic Compton scattering[23] is a major source of background for high-
Q2 regions. This background was cstimated to be 2%(FCL), 7%(ECL), and 31%(BCL){28].
The contamination ol the single-photon annihilation events was estimated by the LUND
Monte-Carlo program (version 6.3). The program, including clectro-weak effects and an
order-a  initial state radiative correction, was found Lo reproduce both the background
shape in Ejggron and the longitudinal momentum balance distributions well. The contami-
nation was obtained to be 2%(FCL), T%(ECL) and 10%(BCL). The background due to the
processes efe™ =7t 7ty and vy — ¢tem, ptu” were found to be negligible[29].
After subtracting these backgrounds, 1452.7 £ 50.7(F'CL), 221.5 £ 17.3(ECL) and 16.0 +
6.1(BCL) events remain as the signal. The Q7 values for the FCL events range from 3 to 30
GeV?, while those for the ECL and BCL events cover the ranges 45-130 GeV? and 140-700

GeV?, respectively. The integrated luminosity for the ECL and BCL events corresponds to

tn this analysis, we did not include the clusters in ECL in the calculation of Wi, and Ehgdron, since the

energy scale of ECL clusters less than a few GeV was not known well in the present level of caliburation.
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113.9 pb=!, which were taken al the center-of-mass energy (/) from 52 to 61.4GeV (the
mean value is 57.9GeV ). The FCL events were sclected from 89.3 pb~! experimental data

at /s = 58GeV.

3 Monte-Carlo Simulation

In order to comparc our data with theory and to make an acceptance correction, Monte-
Carlo events for the two-photon process (1) were generated according to the formula given
by (1). We prepared two different Monte-Carlo samples in order to simulate the point-like
and hadron-like parts in /5. The algorithm of the programs is essentially the same as the
one used in previous experiments(8, 13]. For the point-like part of Iy, the formula derived
by F. Kapusta{ FKP) were taken for the light quarks(u, d, s). The explicit formula are
given in rel.[15]. Since the QCD scale parameter (Agcp) in the formula is insensitive to Fy,
we fixed it at Agep = 0.2 GeV. The cut-off parameter(p}), which was introduced by the
authors to separate point-like and hadron-like parts in I}, was treated as a free parameter.

For the contribution of the charm quark to F7  we used the lowest-order(QPM) expression

(2],

(&3 177,2
F(2,Q%) = 30:—;1 {A (81(1 —a)—1—dgga(l - .7;)>
2 4

(1= 2y A ) - e ) 1 L "

+ <‘L +(-2z) +4Q2.r(1 3z) 8(24.t>1n1_A \ (4)
am2z

i A= ] — ———
with A A-o)0"

in order to take the threshold effect of the c-quark into account. The c-quark mass was set to
m, = 1.6 GeV. The effect of the bottom quark was found to be negligible in this experiment.
For the hadron-like part of Fy, we used the usual VMD(vector-meson dominance model)
estimation derived from mecasurements of the pion structure function in the Drell-Yan process
ap— Tt X (2],
= 0.2a(1 - 2). (5)
The final state of the hadronic system was simulated as 4"y — ¢, but with differ-
ent angular distributions for point-like and hadron-like parts, as described below. For the
hadron-like part, we assumed the usual kinematics hold in the deep-inclastic lepton-nucleon
scattering [23]; Paek = ¢ + Tk and prom. = (1 = a)k, where paiuck and prem are the 4-
momentum of the quark struck by the probing photon(y*) and that of the remnant part(jet),
respectively ( see fig.2a). These equations mean thal the quark in the hadronic part of the
photon is assumed to be on-mass shell. In the center of ¥7y system, this kinematics is cquiv-

alent to generate the struck quark along the v~ direction and the remnant one along the
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v direction. In the laboratory(cte™ C.M.) system, the same kinematics results in a single
jet at a large angle with respect to the beam axis and a remnant-jet in a small angle-region,
as shown schematically in fig.2d. In the practical Monte-Carlo simulation, we introduced
finite pr with respect to the 4™y axis in the form do/dp? o =37 however, this does not
change the basic feature of the final state.

For the point-like part, the final state is simulated as ¥*y — ¢g with the same an-
gular distribution as in vy using the formula given in ref.[30). In contrast with the
hadronic part, the point-like part gives rise to two jets, in many cases, at a large an-
gle to the beam axis, as illustrated in fig.2e. In both models we took the usual quark
masses: m, = mg = 325 MeV, m, = 500 MeV and m. = 1.6 GeV. The calculation of the
cross sections and the event generation in the quark level were carried out by using the
BASES/SPRING program{31]. The quarks were then fragmented into hadrons according to
the LUND string-fragmentation scheme(version 6.3) [32]. The generated events were then
passed through the TOPAZ detector simulation and the same analysis program as that used

for the experimental data.

The Monte-Carlo simulations based on FKP(uds) + QPM(c)+ VMD with p§ = 0.5 GeV
predict 1442 £ 59(FCL), 188 4 10(IECL), and 13.1 £ 0.5(BCL) cvents. These numbers agree
well with the measured number of events. The distributions of the charged and neutral mul-
tiplicities, the transverse momentum spectra for charged and neutral particles with respect
to the heam axis, Q* and W,;, for the FCL, ECL and BCL events were compared with
the Monte-Carlo simulations after subtracting the background from the data on a bin-by-bin
basis. We found that the Monte-Carlo simulations based on FKP(u,d,s)+ QPM(c)+ VMD

can reproduce the data well in both the shape and the magnitude of the distribution.

4 Photon Structure Function(Fy)

In order to comparc our dala with theoretical predictions directly, we have corrected the
data for the detector acceptance and resolution, and extracted the structure function Fy
{rom the measured cross scction. An acceptance correction(unfolding) was carried out with
an unfolding technique developed by Blobel, which has been used in many groups for the
measurement of #7 [13, 14]. The details concerning the unfolding technique are described
in the literature[33].

The results of 77 at three bins of Q¥ are summarized in table 2. The first column in
the table is the averaged value of Q? for each Q*-bin. The interval of @ is shown in the
second column. The third column is the averaged value of z for a given z-interval specified
in the fourth column. The fifth column gives the mcasured values of /' divided by the QED
coupling constant(a). Fy is measured down to x = 0.043 at Q% = 5.1GeV?. We note that

the overall detection efficiency is sufficiently large and changes smoothly in the range of the
z-interval shown in this table. In particular, the lower edge of the lowest z-bin is examined
carefully by taking a region in which the efficiency is greater than about 20%. The first
errors on Iy /a are statistical and the second are systematic:

The systematic errors are obtained for each z-bin by taking a quadratic sum of the

following sources.

(1) The systematic error duc to the uncertainty of the trigger cefliciency is 1 ~ 10% for the
FCL events, and is < 1% for the ECL events. Large uncertainties are found for FCL
events at a large-z region, where the mass of the hadron system is small. Tt is caused
by accidental hits(about 5% /counter/beam crossing) of the TOT" counters, which are

part of the logic for the charged-track trigger.

(2) The uncertainty due to background subtraction was 3%. The major source is the

uncertainty of the background from the beam-gas interactions.

(3) Thesystematic error due to the cuts on the event selection was 3 ~ 4%. The major part
ol the uncertainty comes from an estimation of the annihilation events. The system-
atic error was cstimated by changing the cut values applied to the total longitudinal-

momentum distribution, where most of the annihilation events were eliminated.
(4) The overall uncertainty due to the luminosity measurements was 4 %.

{5) The difference in the final-stale topology for the point-like and hadron-like(VMD) parts
will cause a potentially large source of systematics. We estimated the systematics to

be 2 ~ 13% by changing the VMD contributions by £25%.

The total systematic errors for cach a-bin were estimated to be 6.2 ~ 14% by taking a

quadratic sum of the individual errors.

The measured [j functions are compared with various theoretical predictions in figs.3a
and 3b. The error bars in the data include both the statistical and systematic crrors added
in quadrature. In fig.3a, the data arc compared with the sum of FKP(uds) + QPM(c)
+ hadron(VMD) predictions for three different values of p%. The long-dashed, solid and
short-dashed lines correspond 1o the cases p§ = 0.1, 0.5, and 1.0 GeV, respectively. The
contributions of hadron component(VMD) and the charm quark alone arc shown by dotted
and dot-dashed lines, respectively. The charm-quark contribution increases substantially in
the higher Q2 region [21). Except for the lowest 2-bin at @Q* = 16 GeVE, the data agree with

the FKP predictions if p is taken to be less than 1.0 GeV.



In fig.3b, the results arc compared with three different leading-log order predictions
given by Drees Grassie(DG){17], Levy-Abramowicz-Charchula(LAC)[18] and Giick-Reya-
Vogt (GRV)[19]. Although all of these predictions are based on the inhomogeneous @*
evolution equations(IAPE) given by QCD, different choices are made in the treatment of the
input-distribution. The short-dashed, long-dashed and solid lines correspond to DG, LACIS
and GRY, respectively. Although higher order predictions are also available for GRV, they
are not shown here, since they are similar to that of the leading-order GRV predictions in
the kinematical region of this experiment. The data at Q% = 80 GeV? agree with these
predictions, but the data at Q% = 16 and 5.1 GeV? show some excess over these predictions

for the = region less than ~ 0.2

One basic feature of the photon structure function is the Q*-dependence. In order to
study this dependence, we extracted the average values of F;//a in the intermediate z region
(0.3 - 0.8) for Lthe averaged Q2 from 16 to 338 GeV%:

<FjJa> = 047+£008 (0.38+0.08) at Q= 16 GeV?,
<Fla> = 070£015 (049+£0.15) at Q%= 80 GeV’
and < Fja> = 1074037 (0.72£0.37) at Q® =338 GeV?.

The quoted errors are the quadratic sum of the statistical and systematic errors. The num-
bers given in the parenthesis are the results for light quarks (u,d, s ) alone. These values were
obtained by subtracting the charm-quark contribution from the data by using the lowest-
order formula given in eq.(4). We show thesc subtractcd values here, since some results in
the previous expcriments are presented in this wayl[8, 34]. It should however be noted that
this subtraction introduces theoretical uncertainties caused by the uncertainty of the c-quark
mass and the higher-order corrections to the c-quark contents of F3[21]. These uncertainties
are not included in the errors of the subtracted results.

The data at the highest Q* region correspond to the BCL events, which cover the Q*-
range from 110 to 700 GieV2. For this region, non-negligible contributions from the F term
are found. This contribution was calculated from the QPM expression [2] to be 10%, and
was subtracted from the data. The subtracted results are plotted in fig.4 together with the
previous measurements [34]. Also plotted in the figure are the sum of the FKP(uds) and
VMD predictions for various values of p§. The data show a clear increase of 7 as Q7 rises

and its slope is consistent with the In@Q?-dependence which is expected [rom QPM and QCD.

TWe used the formula given in (4) for the c-quark contribution to obtain the prediction of LACIL. The

shape is thus different from those given in the original paper([18].

5 Jet Analysis

As mentioned in Sec. 3 and also emphasized in ref.{23], the poini-like and hadron-like
parts of the photon should result in different final-state topologies. To test this expectation,
we studied jet production in the deep-inelastic ey scattering by using the sample of the
FCL events (3.0 < Q% < 30GeV?). Jets in the final state were reconstructed with a jet-cone
algorithm in azimuth (¢) and pseudorapidity (1) space[35]. The pseudorapidity(n) is defined
as 5 = —Intan(0/2), where 0 is the polar angle of the particles with respect to the beam
axis. The detailed procedure of the jet-clustering algorithm is described in ref.[7]. The cone
radius, R = /(A¢? + An?), was chosen to be 1 unit. All charged tracks whose transverse
momenta greater than 0.15 GeV and neutral particles whose energics greater than 0.5 GeV
were used in the jet-scarch. The polar-angles for the charged tracks and neutral particles
were limited to |cos0] < 0.85. The activity due to the tagged clectron was excluded in
the jet-scarch. We accepted those clusters as a jet if its transverse momentum was greater
than 2.0 GeV. To cnsure that jets were well contained within the detector, the jet axls was
restricted to be |yl < 0.7.

With the above criteria, 718(49%), 646(45%) and 87(6%) events helonging to the zero- ,
one- and two-jct categories were found after subtracting the background. The zero-jet events
are caused by cuts applied to jet-transverse momentum (jet-pr) and 7. Lego-plots of the
transverse momentum distribution for typical one-jet and two-jet events are shown in figs.5a
and b, respectively. In both figures, clearly isolated clusters in addition to the activity of
the tagged clectron are observed. The figure of the one-jet sample demonstrates how the
transverse momentum is balanced between the tagged electron and the hadronic jet.

It is expected that the hadron-like part should not give two high-pr jets, at least in
leading-order in QCD. The two-jet sample should therefore be described by the point-like
part alone. This parton level expectation should hold in the hadron level and also after the
detector simulation. Indecd, the Monte-Carlo simulation for the point-like part (the sum of
FKP(uds) and QPM{c)) predicts the [raction of jet-multiplicity to be 50%, 42% and 8% for
the zero-, one- and two-jet categorics, while a simulation for the hadron-like part results in
78%(zero-jot), 22% one-jet) and 0%(two-jet). As expected, the two-jet cvents appear only in
the point-like part. The jet-transverse momentum distribution is compared with the Monte-
Carlo predictions in figs.6a and Gb for two-jet and one-jet cvents, respectively. The histogram
given in fig.6a is a prediction of the point-like part, where the total number is normalized to
that of the two-jet events observed in the data. The shape of the jet-pr distribution for the
two-jet sample is well reproduced with the point-like part alone. On the contrary, the jet-pr
distribution for the one-jet sample cannot be explained by the point-like part alone, as shown
by the solid histogram in fig.6b. In this histogram the normalization of the point-like part is

also fixed to that of the two-jet sample. The prediction is thus insensitive to special models
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assunied for the point-like part of 7. We can clearly observe an excess over the point-like
part in the region of jet-pp less than 3 GeV. This cxcess can be explained by adding the
hadron-like part, as shown by the dashed line in fig.6b. A fit of the data to a superposition
of both Monte-Carlo distributions leads a best-value for the fraction of the hadron-like part
to be 44 & 8%. The crror includes only the statistical uncertainty. The result is consistent
with the value ( 37%) when the FKP formula is used for the point-like part (p% = 0.5 GeV)
and the VMD formula for the hadron-like part.

6 Summary

We have measured the photon structure function /5 (z, Q%) for a wide-Q* region. The
structure function increascs as In @2, as expected by QPM and QCD. The overall behaviour
of the = dependence of the £ is consistent with the various predictions based on QCD, but
some deviations are observed in the region of z less than ~ 0.2 at average Q* values of 16
and 5.1 GeV?.

The jet production in deep-inelastic ey scattering was studied for the first time with a
jet-cone algorithm. The two-jet events are consistent with the expectation from the point-
like perturbative part. While an excess over the point-like component is observed in the
one-jet sample, which is dircct experimental evidence for the existance of the hadron-like
component in deep-inclastic ey scattering. The fraction of the hadron-like part in the region
3.0 < Q% < 30GeV? was found to be 44 + 8%.
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Figure Captions

Fig.1: Deep inelastic clectron photon scattering in ete™ reactions.

Tagging device I'CL ECL BCL Fig.2: Different contributions to the photon structure function: (a) contribution of the
et tag Biag/ Ebeam >0.3 >0.3 >0.3 hadronic part of the photon; (b) quark-pair production; (c) QCD corrections to (b). The
| cos 040y 0.98-0.998 0.89—0.96 ;0,8 final-state event topology expected from each contribution: (d) the event configulation of

e¥ anti-tag Eatuster/ Ebeam <0.2 <0.2 <0.2 (a); (e) that of (b) and (c). In (d) and (e) the hadronic jets are indicated by big arrows.
| o8 Oanti—tag <0.998 <0.98 <0.98 Fig.3: Comparison of the Fy structure function with theoretjcal predictions. The er-
Hadron selection Neharged >3 >3 >3 ror bars in the data include the statistical and systematic errors: (a) The sum of the
[Vz| (cm) < 5. < 5. < 5. FKP(uds) + QPM(c) + hadron(VMD) predictions for threc diflerent values of pJ = 0.1(long-
Wi (GeV) 1.—29. 1.-29. 2. —29. dashed),0.5(solid),and 1.0 GeV(short-dashed). The dotted and dot-dashed lines are the con-
Background rejection 3P/ Eyeam <03 <0.3 < 0.3 tributions form the hadron-like(VMD) part and the charm quark alonc, respectively.; (b) The
Ersiron/ Eveam <0.6 <0.7 < 1.0 leading order QCD predictions of GRV(solid), DG(short-dashed) and LAC1(long-dashed).

> Pz)%%i—l/Eb“"‘ > 0.6 > 0.6 > 0.4 For the charm quark, the formula (1) is used to obtain the GRV and LAC! predictions.
L | PSP (GeV) not used <07 <2 Fig.4: (Q*-dependence of the Iy structure function averaged over the intermediate z region
0y (vad) not used 0.4 0.8 between 0.3 and 0.8 along with the results from the previous experiments. The charm-quark

contribution has been subtracted from the data. The theoretical expectations for the FKP
+ VMD predictions are shown for p§ = 0.1, 0.5 and 1 GeV. The long-dashed line is the
contribution of VMD alone.

Table 1: Sclection criteria for the cvents efe™ — ete™ + hadrons tagged by the for-
ward(F'CL), end-cap(IZCL) and barrel(BCL) calorimeters.

Fig.5: Lego plots of typical one-jet(a) and two-jet events(b) in the single-tag two-photon
events. The transverse momenta are shown in the planc of the pseudorapidity (n) and
azimuthal angle (¢).

Fig.6: Transverse momentum of jets for the two-jet {a) and one-jet (b) events in the

<Q> Q? <> z Flla single-tag two-photon sample( 3.0 < Q% < 30 GeV?); (a): The solid histogram shows the
(GeV)?2  (GeV)? Monte-Carlo prediction of the point-like part alone. The Monte-Carlo sample has been
5.1 3—-10 0.043 0.010 — 0.076 0.33 + 0.02 + 0.05 normalized to the total number of the two-jet evenls measurced in the data. (b): The solid
0.138  0.076 — 0.20  0.29 + 0.03 + 0.03 histogram is the prediction of the point-like part, where the normalization is fixed in the
16 10 =30 0.085 0.02 —0.15 0.60 + 0.08 + 0.06 two-jet events. The dashed line is the sum of hadron-like and point-like parts for the case
0.24 0.15 — 0.33  0.56 + 0.09 + 0.04 of the best mixture of two parts. The contribution of the hadronic part alone is shown by

0.555 0.33 —0.78 046 + 0.15 + 0.06 the dotted histogram.

80 45 — 130 0.19 0.06 —0.32  0.68 £ 0.26 £ 0.05
0.455 032 —0.59  0.83 £ 0.22 £ 0.05
0.785 0.59 —0.98 0.53 & 0.21 £ 0.05

Table 2: Measured values of the photon structure function I /a at < @* >= 5.1, 16 and

80 GeV? The first errors on Iy /o are statistical and the sccond systematic.
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