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We present first results on the total photoproduction cross section measurement with the H1 detector at HERA. The
data were extracted from low Q2 collisions of 26.7 GeV electrons with 820 GeV protons. The yp total cross section
has been measured by two independent methods in the yp center of mass energy range from 90 to 290 GeV. For an
average center of mass energy of 195 GeV a value of g (yp) = 159 + 7(stat.) £+ 20(syst.) ub was obtained.

1. Introduction

The total cross section is an important quantity
strongly related to the fundamental properties of par-
ticle interactions and to the structure of the interact-
ing particles. In particular, various theoretical mod-
els are quite sensitive to the high-energy behaviour of
the photon-proton total cross section, predicting for
owt (yp) values between 145 ub and 760 pb at 250
GeV center of mass energy [1,2]. This uncertainty re-
flects the limitations in our present knowledge of both
the proton and photon structure at high energies.

Since the previous experimental data [3] were lim-
ited to center of mass energies less than 18 GeV they
allowed for different energy dependencies of gio1 (yD).
Here the new electron—-proton collider HERA offers
a unique possibility to measure the total yp cross sec-
tion up to the center of mass energy of ~ 300 GeV
and to reduce the present uncertainty.

In this paper a measurement of it (yp) in the cen-
ter of mass energy range between 90 and 290 GeV,
performed with the H1 detector, is presented. The
data for the analysis were collected during the first
running period of the ep collider HERA in July 1992
and correspond to a total integrated luminosity of 1.5
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nb~!. Preliminary results of this study were presented
in ref. [4]. Recently another measurement of it (yp)
at HERA has been published in ref. [5].

2. The method

The yp cross section measurement at HERA is
based on the low Q? ep-scattering process. In the sin-
gle photon exchange approximation the ep cross sec-
tion at fixed center of mass energy can be written as

d%oep _ o 1
dy dQ? ~ 27 Q?
x[B(y,@"or(y,0%) + C(y,0)aL(y,0H)1,
(1)

where 0 = —¢? is the virtuality of the photon and,
for small scattering angles, y = 1 — E,/E.. E. and E,
are the energies of the initial and the scattered elec-
tron, B(y, Q%) and C(y, Q?) are kinematical factors,
and or and o are the cross sections for transversely
and longitudinally polarized virtual photons, respec-
tively. For very small Q? one can use the Weizsacker—
Williams approximation (WWA) [6] to simplify (1)
after integrating over the O dependence:

doep
dy

= ot (Wyp) Flux(y)

l 1 - 2 rznax
i) +<y o)1, Qo g;
min

(2)

with W, = 5y = 2v/VE.E, and Qi (v) =
(mey)?/(1 — y). The value of Q2. (v) is defined by
the actual experimental conditions.

In general, two different methods are possible to
study photoproduction with the H1 detector:
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— use only tagged events, in which the energy of small
angle scattered electron (6, < 5 mrad with respect to
the electron beam direction) is measured in the H1
electron tagger, or

—use all events in which electrons are scattered by an-
gles 8, < 70 mrad. These electrons cannot be detected
by the main H1 detector and escape in the beampipe
(non-tagged events).

These methods access different but overlapping
kinematical domains and are explored by different
triggers, thus allowing for a complementary view on
photoproduction events.

For tagged events the acceptance of the H1 appa-
ratus is limited to the range [2]

0.2<y<0.8,
3x 1078 < 0? <1072 GeV2.

For this small Q?, eq. (2) deviates from (1) by less
than 0.3% [7]. Another important advantage of us-
ing tagged events is the possibility to measure y with
good precision and thus to know the actual value of
W;, within the range 150 < W, < 250 GeV. On the
other hand the non-tagged event sample has about a 10
times larger acceptance and covers a wider energy in-
terval 90 < W), < 290 GeV although the y-resolution,
based on the hadron energy flow measurement [8], is
poor. Moreover, in this approach Q2,, is ~ 4 GeV?
and therefore corrections to the WWA of the order of
(10-15)% must be taken into account [7,9].

To summarize, we used tagged events as the basic
and most precise method for the measurement of the
total cross section and non-tagged events as an inde-
pendent check of the measurement.

3. Experimental setup

Presently the HERA accelerator collides 26.7 GeV
electrons with 820 GeV protons. The particles are
grouped in bunches separated by 96 ns time intervals.
In the first running period in July 1992 usually ten
proton and ten electron bunches were injected into
the machine. Only nine bunches were made to col-
lide while one bunch per beam was used to check the
background. The currents, typically of 100-200 uA
per bunch, were measured for each bunch separately
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with a precision of ~ 1%. The detectors H1 and ZEUS
recorded the collision products at two interaction re-
gions in the north and the south straight sections of
the HERA ring, respectively. The size of the interac-
tion region, determined by the lengths of the proton
bunches, covered a range of +50 cm around the nom-
inal interaction point.

A description of the H1 detector can be found else-
where [10]. Here we emphasize only those detector
parts relevant to the total cross section measurement.
The H1 detector is asymmetric with respect to the in-
teraction point since the events are boosted in the pro-
ton (forward, + z) direction leading there to high par-
ticle energies and densities. Consequently the track-
ing system of the detector is split into a central part
covering polar angles between 20° and 160° and a for-
ward part for particles between 7° and 25°. Magnetic
bending is provided by a superconducting solenoid
with a radius of 3 m which produces a homogenous
field of 1.14 T along the z axis. The interaction region
is surrounded by a system of cylindrical drift cham-
bers with two jet chambers and two z chambers. Res-
olutions of ¢,, = 200 um for the jet chambers and
o: = 250 um for the z chambers have been achieved.
The mean resolution for d£/ dx measurements in the
jet chambers is 12%. The drift chambers are inter-
leaved by an inner (CIP) and an outer (COP) double
layer of cylindrical multiwire proportional chambers
with pad readout at radii of 16 cm and 51 cm. These
are used for the first level trigger to select on charged
tracks coming from the interaction region. The back-
ward tracking region is covered by a multiwire pro-
portional chamber with four wire planes. It provides
space points for tracks with polar angles between 154°
and 176°.

The tracking area is surrounded by a fine grain
liquid argon calorimeter consisting of the electro-
magnetic and hadronic sections. It covers polar an-
gles between 4° and 155°. The energy resolutions are
o(E)/E = 0.12/VE for electrons and 0(E)/E =
0.50/V'E for hadrons with E in GeV. In the backward
region the detector is completed by a lead-scintillator
sandwich calorimeter with an energy resolution of
6(E)/E = 0.11/VE for electrons. A time of flight
counter system (TOF) behind this calorimeter acts
as a veto against proton beam initiated background
from upstream.

A luminosity system measuring the reaction ep —
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eyp is located in the backward direction with an “elec-
tron tagger” at z = —33 m and a photon detec-
tor at z = —103 m. Each component consists of a
TICl/TIBr crystal calorimeter having an energy reso-
lution of 6(E)/E = 0.1 /VE and space resolution of
o(x,y) = 0.2 cm. The electron tagger accepts elec-
trons with energies E, in the range 0.2E, < E; <
0.8E, and polar angles below 5 mrad. The geometrical
acceptance of the photon detector for bremsstrahlung
photons is ~ 98%. The system has two independent
electronics branches which allows to measure lumi-
nosity and to trigger on photoproduction candidates
simuitaneously.

4. Trigger and event selection

At HERA the ep signal has to compete with the
strong background from proton-gas collisions and
beam-wall events. Hence the number of triggers
recorded by the experiment is large (about 3 000 000
in this first luminosity period) while the expected
number of photoproduction events amounts to a few
thousand only. The data for this analysis were taken
in July 1992. The typical luminosity amounted to 40
mb~!s™! yielding a total integrated luminosity of 1.5
nb~!. A set of dedicated triggers for photoproduction
events was included in the H1 trigger system which
allowed continuous data taking of both tagged and
non-tagged events throughout the whole run period
simultaneously with triggers for other event classes.
For tagged events the following trigger condition was
imposed:

- Energy in the electron tagger calorimeter E, > 4
GeV and energy in the photon calorimeter E, < 2
GeV.

- At least one “ray” found in the central tracking de-
tector.

The requirement E, < 2 GeV was necessary to re-
duce the high background from the bremsstrahlung
events ep — eyp having a typical rate of a few kHz.
A “ray” was defined as a coincidence of two pads
from the CIP and two pads from the COP, such that a
straight line in the r—z plane through all four pads in-
tercepted the z axis within +44 ¢cm of the nominal in-
teraction point [11]. The requirement on E, reduced
the trigger rate by two orders of magnitude [2] lead-
ing to an acceptable trigger rate of 0.1 Hz. For non-
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tagged events this suppression factor must come from
a stronger requirement on the charged track multi-
plicity of the event. Therefore at least three rays were
demanded. The z coordinate of the intercept of all
rays with the z axis was added to a 16 bin wide z-
vertex histogram. The event was triggered if the con-
tent of the peak bin was significantly above the mean
content of all other bins and if the peak position was
within £33 cm. Both triggers were disabled if the sig-
nals from the TOF detector arrived in a time window
expected from upstream proton induced background.

In a first step of the offline analysis some obvious
sources of background events such as proton interac-
tions in the beampipe and cosmic ray events were re-
moved. Background events induced by electrons were
almost completely suppressed by requiring at least
one reconstructed track in the central tracker with a
transverse momentum above 100 MeV/c. The dom-
inant source of background events after these selec-
tions were interactions of protons with the residual
gas within the H1 detector. For the tagged events they
appeared in random coincidence with a signal in the
electron tagger. The energy flow of these events was
characterized by a value of Y~ p./>" p near to 1, due
to the large Lorentz boost, and a small value for y;, =
> (E~-p:)/2E.. The summation was performed over
tracks and calorimeter cells, where calorimeter cells
behind tracks were masked to avoid double counting
of energy. Rejecting events with 3~ p./ > p > 0.9 and
yr < 0.1 suppresses proton—gas interactions by about
a factor 100 with almost no loss of photoproduction
events. The background events are often accompanied
by a number of protons which are identified by their
energy loss in the central jet chamber. Thus events in
which all reconstructed tracks were identified as pro-
tons and events with three or more protons were also
rejected.

A total of 1383 tagged and 9073 non-tagged events
survived the offline selection. The remaining back-
ground events were statistically subtracted from both
data samples. For the tagged events the shape of the
measured E; spectrum has been used for this pur-
pose. As shown in fig. la the spectrum consists of
two parts, one part from ep photoproduction events
with a peak at about 15 GeV and another part with a
different shape giving rise to a peak around 20 GeV.
The shape of this background spectrum was moni-
tored throughout the whole run period by a down-
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Fig. 1. Energy distributions of the tagged scattered electrons.
In (a) the hollow histogram is for the full tagged sample and
the hatched histogram denotes the normalized background
spectrum. After statistical subtraction of the background the
data (points) are compared to the Monte Carlo calculation
(curve) taking into account the measured beam conditions
(b). The arrows in (a) indicate the energy region used for
the oy, measurement.

scaled pure electron tagger trigger. As an independent
cross check the events from the non-colliding electron
bunch were used to define the background at the elec-
tron tagger. Both background samples agree well and
give the same final result. The background peak was
normalized to the measured distribution taking the
part of the spectrum above 20 GeV. After the statisti-
cal subtraction the shape of the E/ spectrum (fig. 1b)
agrees well with the Monte Carlo calculation taking
into account electron beam tilts in the horizontal and
vertical planes of the order of 0.1 mrad, measured by
the photon detector of the H1 luminosity system. In
order to remove the tails of the distribution where the
electron tagger acceptance is small, only the events
from the energy interval between 10 GeV and 19 GeV
have been used for the final analysis. The cuts were
motivated by a compromise between the sensitivity to
the absolute energy calibration of the tagger (~ 3%)
and the signal to background ratio (10 to 1 in the cho-
sen energy range). Four events in the electron pilot
bunch survived all selections and gave an estimate of
the non-random background from the yA photopro-
duction on the residual gas. After scaling up with the
ratio of the electron current in the colliding bunches
to the pilot bunch current this background was found
to be (4.2 & 2.1)% and has been subtracted from the
final sample as well.

For the non-tagged events the statistical background
subtraction was done by exploiting the so-called
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1000
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Fig. 2. y,-distribution for the non-tagged events. The ar-
rows indicate the area used for the final analysis. (a) The
points describe the distribution for the full sample and the
hatched histogram is the distribution for the pilot bunch
events normalized to the total current (an average normal-
ization factor (RP) = 8.1). (b) After statistical subtraction
of the background the data (points) are compared to Monte
Carlo simulations (histogram).

“empty target” method using the proton and electron
pilot bunches in which there is no colliding partner.
Taking into account the measured currents for each
of the bunches the number of photo-produced events
can be derived from the total number of events by
the formula

¥/ -pilot e e-pilot
Nyp = Now — 3 R x NI — 3™ R x Newiet
i i

Here R? and R denote the ratios of the total beam
current to the pilot bunch current for a given run i and
NPP* and NP1 are the number of observed events
in the pilot bunches. Fig. 2a shows that the bulk of
the background is concentrated at small values of y.
The resulting y,-distribution shown in fig. 2b demon-
strates good agreement with the ¢p Monte Carlo sim-
ulated events passing the same selection criteria. To
minimize the statistical error for this sample only the
region of 0.15 < y; < 1.0 has been used where the
signal to background ratio is 2.41. This cut selects yp
events with an average center of mass energy W, =
183 GeV, compared to the average W,, = 195 GeV
for the tagged sample.

The quality of the event selection can be checked
with the vertex distributions along the z axis. It was
found, that the distributions for tagged and non-
tagged samples have approximately gaussian shape
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with 6, ~ 14 cm, in contrast to the expected flat
shape for the background events.

The final number of photoproduction events is
917 + 38 for the tagged sample and 940 + 65 for the
non-tagged sample where the errors are the statisti-
cal errors of the subtraction method. An overlapping
part of the two samples contains 170 events satisfying
both trigger conditions and all offline selections.

5. Acceptance studies

One of the important aspects of this analysis is the
determination of the detector acceptance. Here we
define the acceptance as a function which takes into
account the geometrical acceptance, the trigger effi-
ciency and the event selection efficiency. Since the ac-
ceptance of the electron tagger depends only on the
parameters of the scattered electron and not on the de-
tails of the photoproduction process, its calculation is
rather simple. Therefore we concentrate on the study
of the main detector acceptance.

The total cross section can be decomposed into a
set of different subprocesses:

soft hard
Otot = 0D + OND = O¢ + Osd + Gad + OND + OND -

The diffractive component op contains contributions
from the “elastic” scattering yp — p°p, single diffrac-
tive dissociation yp — p°M, and yp — M, p and dou-
ble diffractive dissociation yp — M, M,,. The chan-
nel yp — yp contributes only 10% to the total elas-
tic yp scattering [12] and therefore can be neglected.
The non-diffractive part can be split into the “soft”
and “hard” scattering processes.

The “soft” processes were generated according
to the vector-meson dominance model using the
RAYPHOTON generator [13] in a low pr mode. For
the “hard” scattering events the PYTHIA 5.6 [14]
was used to generate the photon interactions with
the partons inside the proton. PYTHIA has also
been adapted to generate the elastic and diffractive
photoproduction events according to the distribution
do/dt ~ exp(=b|t]) with by = }bg. In the elastic
channel helicity conservation was required for the p°
decay.

The various subprocesses have different accep-
tances which are themselves functions of the photon
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energy. Therefore one has to make some a priori as-
sumption about the relative contribution of the sub-
processes in order to translate the total number of ob-
served events to the cross section. To make a realis-
tic Ansatz concerning the diffractive component, the
measured properties of yp events at low energies [12]
were extrapolated to the HERA domain using the
energy dependencies known from hadron-hadron
collisions [15]. All errors involved were propagated
as well. The mean values for the relative contribution
of “soft” and “hard” components to the total yp cross
section were determined by comparing various exper-
imental distributions of the tagged events with those
from the Monte Carlo events. The best description
of the data was obtained for the following set:

soft hard
9o _ 926, DR _gs55, D _g19.  (3)
Ttot Ttot Otot

For example, the inclusive charged particle distribu-
tions shown in fig. 3 demonstrate a good agreement
between our data and the Monte Carlo simulation
using the composition (3), whereas an Ansatz e.g.
without “hard” component cannot describe the data
correctly. The assumption about the contribution of
the diffractive part is in agreement with the observed
(6.3 £ 1.9)% of the tagged events with no energy de-
position in the forward calorimeter (8 < 25°). To
arrive at a conservative estimate of a systematic er-
ror in the acceptance determination due to the uncer-
tainty in the decomposition (3) we varied the relative
contribution of the subprocesses within the following
limits: 0.26 + 0.06, 0.55 £ 0.15, 0.19 + 0.15.

The acceptance of the trigger and event selection
for photoproduction events was derived from the
Monte Carlo simulations. For the simulations the
performance of the detector, in particular its trigger
efficiency and acceptance was tuned to the trigger
efficiencies as measured in the data. As an example,
the efficiencies for giving a “ray” trigger as a function
of the track parameters like transverse momentum,
polar and azimuthal angle and z position were deter-
mined from the data. The measured z-vertex distri-
bution over the whole run period was also put into
the Monte Carlo programs used for the efficiency
calculations. The probability for an event to trigger
was then derived from the MC simulations. Fig. 4
shows the acceptance as a function of the photon
energy for the different subprocesses. One can see
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Fig. 3. Inclusive transverse momentum (a) and polar angle (c¢) distributions of charged particles in the tagged events (points)
compared to the Monte Carlo (histograms). In (b) and (d) the contributions of “soft” (solid), “hard” (dotted) and diffractive
(dashed) components are shown.
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Fig. 4. Acceptances for the different yp subprocesses as a function of the photon energy for the tagged (a) and non-tagged (b)
events. Open circles: “hard” processes; full circles: “soft” processes; squares: y-diffraction (yp — Mxp and yp — MMy );
triangles: “elastic” and proton diffraction.
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that only a small fraction of events, namely elastic
and proton diffraction channels [(17 £+ 4)% of the
total cross section] are invisible in both tagged and
non-tagged samples. The mean efficiency for tagged
events is about six times higher than for non-tagged
ones. The significant difference in the efficiencies
for the “hard” and “soft” yp events leads to a model
dependence of the acceptance and was included in
the systematic error.

The sensitivity of the final result to the different
model parameters has been studied varying the most
important of them within +(20-30)% around the
standard values:

(i) gaussian width of the transverse momentum dis-
tribution for primary hadrons in the fragmentation,
o(pix) = o(pey) = 350+ 100 MeV/c,

(ii) pr cut for the hard scattering 2 — 2 subpro-
cesses: pit = 2.5+ 0.5 GeV/c [16],

(i1i) elastic and diffractive slopes by = 12 £ 3
GeV™2, by = 6+ 1.5 GeV~? [17].

It was found that 20% changes of these parameters
lead to a 3% change of the mean efficiency for the
tagged sample and to an 8% change for the non-tagged
sample. The main contribution to the systematic error
comes from the uncertainty in the composition of the
total cross section. Finally, the following result for the
photon flux averaged acceptances was obtained:

A L, 4(y) Flux(y) dy
h fyy“':" Flux(y) dy
= 0.274 £ 0.026 for tagged sample,

= 0.098 £ 0.018 for non-tagged sample,

where Ymin, Ymax define the limits of the area with non-
zero acceptance. An average electron tagger accep-
tance for the energy range 10 < E. < 19 GeV is
0.48 +0.02 and is included in (4) for the tagged sam-
ple.

6. Cross section

For both data samples an average o1 (yp) was cal-
culated by integrating the ep differential cross section
(2) over the full y range while taking into account the
detector acceptance A(y) as described in the previous
section:
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N}’p
EfolA(y)Flux(y) dy (1 + dwwa)

G (Yp) =

where dwwa is a global correction to the Weizsacker-
Williams approximation, N,, is the total number of
observed photoproduction events, and L is the inte-
grated luminosity [ L dt.

As already mentioned, the luminosity L was deter-
mined from the rate of bremsstrahlung events. After
subtraction of background from the residual gas and
accounting for the acceptance of the system one gets

L= Rtot - (Itot/IO)RO
ovisC (Ox, Oy) ’

where Rt is the total ey coincidence rate and Ry is
the rate in the electron pilot bunch, [y, I are the cor-
responding currents and ovis is the visible part of the
ep — eyp cross section for the nominal beam condi-
tions. The factor C(8x,6,) accounts for the depen-
dence of the acceptance of the luminosity system on
the electron beam tilt in the horizontal and vertical
planes. Already in this first running period the sta-
tistical error in the integrated luminosity was negli-
gible compared to the systematic error from the ac-
ceptance determination. A Monte Carlo simulation
has shown that the permanent monitoring of the elec-
tron beam tilt with the precision of Afx, A8, ~ 0.02
mrad, achieved experimentally, guarantees an overall
systematic error to be less than 7%. The main effect
comes from the uncertainty in the acceptance, while
the trigger efficiency and the detector calibration con-
tribute ~ 3% to the systematic error. The error in
the background subtraction due to the systematics in
the current measurements has been checked in stand
alone electron beam runs and was found to be less
than 2%. A special run taken for the acceptance study
has proven that for an electron beam tilt within +0.2
mrad the Monte Carlo estimate differs from the data
by less than 5%. Thus the total luminosity error has
been estimated as

AL = 0.4%¢(stat.) + 7.0%(syst.).

The yp total cross section defined from the tagged
sample has been corrected for the radiative process
ep — e'yX. The radiative corrections were calculated
with the help of the TERAD91 program adapted to the
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Table 1
Sample Wyp (GeV) Nyp £ (ub~1) (A4) Swwa (%) ayp (Ub)
tagged 195 917 + 38 1536 + 109 0.274 £ 0.026 -0.2+0.1 159 + 21
non-tagged 183 940 £ 65 1081 + 76 0.098 £ 0.018 -12 1 152+ 34
low Q2 domain [18]*'. For the actual experimental 400 T T -
.. . . . * low energy data ]
conditions the following result was obtained: T
14 o ZEUS / 1
drc = (2.5773)%, | ]
300 - A
where Omeas = (1 + Jrc)Osorn- Thus for the tagged L i
sample we give our measurement of the Born cross L ]
section at the average center of mass energy of W, = . L ]
195 GeV where the error of drc is included in the f% 200 - P
total systematic error: & L '
Ot (yp) = 159 £ 7(stat.) + 20(syst.) ub. I
For the non-tagged sample the total yp cross sec- 100{ )
tion at an average W,, = 183 GeV was found to be ] 1
Ot (yp) = 152 + 10(stat.) £ 32(syst.) ub. The final ]
results for both methods are sumrnanzed in table 1 0 e
where the statistical and systematic errors are added 1 10 100

in quadrature.

The energy dependence of the total photoproduc-
tion cross section is shown in fig. 5 where our re-
sult from the tagged sample is compared with the
ZEUS measurement [5] and with low energy data [3].
For both HERA experiments statistical and system-
atic errors are added in quadrature. The inner er-
ror bars show the statistical errors only. The curves
represent three main categories of theoretical predic-
tions: parametrization of the existing data, Regge ap-
proach and QCD minijets. The phenomenological ex-
trapolation from low energies are usually based ei-
ther on the vector-meson dominance model or on the
Regge model. As an example of this class the full line
shows a recently published fit [19]. Another Regge-
type parametrization [20] based on the analysis of
yp and y*p data is shown by the dashed line. Finally,
the dotted lines are the yp cross section calculated by
PYTHIA 5.6 using the Ansatz g,, (s) = %"+ ¥ (s).
In these calculations the KMRS B° [21] proton struc-
ture function and the DG [22] photon structure func-

#1 We are indebted to D.Y. Bardin for adapting TERAD91
to the low Q? domain.

¥, (GeV)

Fig. 5. The total yp cross section measurements at low en-
ergies together with those measured at HERA by H1 and
ZEUS. The solid curve represents a Regge based fit of low
energy data [19]. The dashed curve is the prediction of
ALLM parametrization [20]. The dotted lines are obtained
using PYTHIA Monte Carlo with the DG parametrization
of the photon structure function for 13.’1.“1“ = 1.4 GeV/c (up-
per line) and for pPi* = 2.0 GeV/c (lower line).

tion were used. The upper and lower curves corre-
spond to different p® cutoffs. Minijet models [23]
assuming a very small p® < 1.4 GeV/c seem to be
ruled out.

7. Conclusions

The yp total cross section has been measured in the
new energy domain offered by the HERA ep collider.
Two independent methods gave consistent results.
Our measurement does not support extreme minijet
models predicting a strong rise of the yp total cross
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section with energy. It is in a good agreement with
the Regge motivated parametrizations.

Acknowledgement

We are very grateful to the HERA machine group
whose outstanding efforts made this experiment pos-
sible. We acknowledge the support of the DESY com-
puter center. We appreciate the big effort of the en-
gineers and technicians who constructed and main-
tained the detector. We thank the funding agencies
for financial support of this experiment. The non-
DESY members of the Collaboration also want to
thank the DESY directorate for the hospitality ex-
tended to them.

References

[1] G.A. Schuler, in: Proc. Workshop on Physics at HERA
(DESY, Hamburg, FRG, 1992) p. 461;

A. Levy, in: Proc. Workshop on Physics at HERA
(DESY, Hamburg, FRG, 1992) p. 481;

G. Schuler and J. Terron, CERN preprint CERN-
TH.6415/92 (1992).

[2]S. Levonian, in: Proc. Workshop on Physics at HERA
(DESY, Hamburg, FRG, 1992) p. 499.

[3] S.1. Alekhin et al., Compilation of cross sections, Vol.
4, report CERN-HERA 87-01 (1987).

{4] F. Eisele, First results from the H1 experiment at
HERA, invited talk, Proc. 26th Intern. Conf. on High
energy physics (Dallas, TX, 1992), and DESY preprint
92-140 (1992).

[5] ZEUS Collab., M. Derrick et al., Phys. Lett. B 293
(1992) 465.

[6] C.F. Weizsacker, Z. Phys. 88 (1934) 612,

E.J. Williams, Phys. Rev. 45 (1934) 729.

384

PHYSICS LETTERS B

28 January 1993

[7] A. Lebedev, in: Proc. Workshop on Physics at HERA
(DESY, Hamburg, FRG, 1992) p. 613.

[8] A. Blondel and F. Jacquet, in: Proc. Study of an ep
facility for Europe, ed. U. Amaldi, DESY report 79/48
(1979) 391.

[9] J.R. Smith, UC Davis preprint UCD/IIRPA 92-24
(1992).

[101 F.W. Brasse, The HIl detector at HERA, invited
talk, Proc. 26th Intern. Conf. on High energy physics
(Dallas, TX, 1992), and DESY preprint 92-140
(1992).

[11]S. Eichenberger et al., Proc. 6th Intern. Wire chamber
Conf. (Vienna, 1992), Nucl. Instrum. Methods, to be
published.

[12] T.H. Bauer ¢t al., Rev. Mod. Phys. 50 (1978) 261;
AM. Eisner, Proc. 1979 Intern. Symp. on Lepton
and photon interactions at high energies (Fermilab,
Batavia, IL, 1979) p. 448.

[13]N.H. Brook, A. DeRoeck and A.T. Doyle,
RAYPHOTON 2.0, Proc. Workshop on Physics at
HERA (DESY, Hamburg, 1991) p. 1453.

[14] H.-U. Bengtsson and T. Sjostrand, Comput. Phys.
Commun. 46 (1987) 43;

T. Sjostrand, PYTHIA at HERA, Proc. Workshop on
Physics at HERA (DESY, Hamburg, 1991) p. 1405.

[15] K. Goulianos, Phys. Rep. 101 (1983) 169.

[16]1 H1 Collab., T. Ahmed et al., DESY preprint 92-142
(1992), Phys. Lett. B, to be published.

[17] T.J. Chapin et al., Phys. Rev. D 31 (1985) 17.

[18] A. Akhundov et al., TERAD91 2.10, Proc. Workshop
on Physics at HERA (DESY, Hamburg, 1991) p. 1285.

[19] A. Donnachie and P.V. Landshoff, CERN preprint
CERN-TH.6635/92 (1992).

[20] H. Abramowicz et al., Phys. Lett. B 269 (1991) 465.

[21]1J. Kwiecinski, A.D. Martin, W.J. Stirling and R.G.
Roberts, Phys. Rev. D 42 (1990) 3645.

[22] M. Drees and K. Grassie, Z. Phys. C 28 (1985) 451.

[23] M. Drees and F. Halzen, Phys. Rev. Lett. 61 (1988)
275;

R. Gandhi and J. Sarcevic, Phys. Rev. D 44 (1991)
R10.



