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Measurements of the scattered electron energy spectrum and the differential cross sections da/d log(x) and da/dQ 2 
for inclusive neutral current deep inelastic electron-proton scattering are presented. The data were obtained with the 
H1 detector at HERA during its first running period in which 26.7 GeV electrons collided with 820 GeV protons. The 
data correspond to an integrated luminosity of 1.3 nb -1 and allow the first studies of the structure of the proton at 
values o f x  down to 10 -4 for Q2 > 5 GeV 2. 

1. Introduction 

Since the discovery of  partons more than 20 years 
ago [ 1 ], deep inelastic lepton scattering experiments  
[2,3] have provided impor tant  information on the 
structure of  the proton and on the nature of  the in- 
teractions between leptons and quarks. The e lect ron-  
proton coll ider HERA allows the extension of  this line 
of  research into as yet unexplored kinematic  regions. 

This paper  describes the analysis of  data  taken with 
the H1 detector  [4,5] in July o f  1992, HERA's  first 
running period. Both the H1 and ZEUS experiments 
have presented prel iminary results from this per iod 
[4,6]. 

The kinematics of  the inclusive deep inelastic scat- 
tering (DIS) process ep ---* e X  is de termined by two 
independent  variables, conventionally chosen to be 
two of  x,  y and Q2. These variables may be measured 
using information from either the scattered lepton or 
the hadronic system or both. The polar  angle 0e of  
the scattered electron is measured relative to the pro- 
ton beam direction, termed the forward direction in 
the following. The angle, 0e, and the energy of  the 
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scattered lepton, Ee', determine the above variables 
through the relations 

Q2 = 4EeE" cos 2 (½0e), 

y = 1-- (E ' /Ee)s inZ(½Oe) ,  

x = QZ/sy ,  (1) 

where the centre of  mass energy squared s = 4EeEp = 
87 600 GeV z, and Ee and Ep are the energies of  the in- 
coming electron and proton, respectively. Due to the 
large centre of  mass energy, x values down to ~ 10 -4 
can be studied in the deep inelastic regime. A salient 
feature of  the kinematics is a peak in the scattered elec- 
tron energy spectrum at the beam energy Ee for elec- 
trons scattered into the backward region 0e > 150 °. 
This peak, termed the kinematic peak in the follow- 
ing, is of  part icular  interest for calibration purposes. 
The outgoing hadrons are used for a complementary 
determinat ion of  y using the relation [7] 

Yh = Z Eh--pz,h (2) 
2Ee ' 

hadrons 

where the Eh are the energies of  the hadrons and the 
Pz their momenta  in the z or proton beam direction. 

At HERA the electroweak interaction rate is orders 
of  magnitude smaller than the background rate caused 
by strong interactions of  beam protons with either the 
residual gas in the beampipe or with the material  of  the 
beampipe  itself. Moreover,  at low scattered electron 
energies, the background rate due to photoproduct ion 
events is much larger than the rate of  deep inelastic 
events. The identif ication of  the deep inelastic events 
is discussed in detail in the following. The data sample 
is used to derive a first measurement  of  the neutral 
current cross section in the new kinematic range. 
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2. The H I  detector 

Fig. 1 shows a deep inelastic scattering event at x = 
0.002 and Q2 = 17 GeV 2 observed in the H1 detector. 
Most of  the detector components  impor tant  for this 
analysis are visible. These are 
- The tracker: the central tracking detector  consists of  
two large je t  drift  chamber  modules,  two z drift  cham- 
bers and two multiwire propor t ional  chambers for 
triggering. Its angular acceptance is 15 ° -  170 ° . The for- 
ward tracking detector  accepts tracks between 7 ° and 
25 °. It consists of  three modules of  drift  and multiwire 
proport ional  chambers.  The backward multiwire pro- 
port ional  chamber  (BPC) has four wire planes and an 
angular acceptance of  155°-175 °. A superconducting 
coil provides a uniform magnetic field of  1.2 T in the 
tracking region. 
- The calorimeters: the backward electromagnetic 
calorimeter  (BEMC) is made of  88 lead/scint i l la tor  
sandwich stacks, each with a depth of  22 radia- 
t ion lengths, corresponding to about 0.7 interaction 
lengths, and transverse dimensions of  16 x 16 cm 2. 
The l iquid argon calorimeter  consists of  an electro- 
magnetic section with lead absorber (20-30 radiat ion 

lengths) and a hadronic section with steel absorber. 
The total depth of  the calorimeter varies between 4.5 
and 8 interaction lengths. 
- The t ime of  flight (TOF)  system, located behind 
the backward calorimeter,  consists of  two scintillator 
planes, each with a t ime resolution of  about 3 ns, and 
enables the separation of  genuine ep events from pro- 
ton beam-wal l  and beam-gas  interactions upstream 
of  the detector  at the trigger level. 
- The luminosity detector system described in ref. 
[8], not visible in fig. 1, is designed to detect the e -7  
coincidence from the reaction e + p --- e + 7 + p. The 
electron tagger is located 33 m from the interaction 
region in the backward or - z  direction and detects 
electrons scattered through angles less than 5 mrad 
with respect to the electron beam direction. The pho- 
ton tagger is located at z = - 1 0 3  m. Both detectors 
are T1CI/T1Br crystal calorimeters.  

At low values of  Q2 the scattered electron deposits 
its energy in the backward electromagnetic calorime- 
ter. The scattering angle is de termined using the back- 
ward proport ional  chamber and the reconstructed 
event vertex and, at smaller 0e, the drift  chambers.  
The angles and energies of  hadronic final state parti-  

J / 
.ll 

EMC II 

jR  
Z 

Fig. 1. A deep inelastic scattering event at x = 0.002 and Q2 = 17 GeV 2, observed in the H1 detector. The detector 
components shown are the electromagnetic (EMC), hadronic (HAC) and backward electromagnetic (BEMC) calorimeters, 
forward (FT) and central (CT) trackers, backward proportional chamber (BPC), and scintillator hodoscope (TOF). 
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cles are measured with the central and forward track- 
ing systems and with the liquid argon and backward 
calorimeters. The analysis in this paper is restricted 
to electrons detected in the backward calorimeter. 

3. Calibration and resolution 

The energy resolution of the BEMC due to sam- 
piing fluctuations is 10%/v~,  as has been determined 
in test beam studies [9]. The average noise per stack 
was measured to be 150 MeV which implies that the 
noise contribution to the measurement of a typical 
scattered electron shower is about 450 MeV. The mea- 
sured energy has to be corrected for energy loss in the 
material in front of the BEMC (about 1 Xo), losses in 
the wavelength shifter regions between the stacks and 
for leakage. Monte Carlo simulations showed that all 
these effects combined give a 2.7% energy correction 
on average with a fluctuation of d: 1.2% due to inho- 
mogeneities. The energy resolution is further affected 
by stack to stack intercalibration uncertainties which 
are estimated to be 3.7%. From these considerations 
the following energy resolution was derived: trE/E = 
O'noise/E O O'sampling/V~ @ O'const, where O'noise = 0.45 
GeV, trsampling = 0.1 GeV u2, crconst = 0 . 0 4  a n d  E is 

measured in GeV. This results in a width of the sim- 
ulated kinematic peak, due to the intrinsic width and 
detector effects, of about 2.2 GeV which agrees with 
the observed width. 

In the kinematic peak region (E > 22 GeV) a Z 2 
comparison of the observed energy spectrum with the 
Monte Carlo prediction was used to determine the 
overall BEMC energy calibration. An additional check 
was performed by deriving the scattered electron en- 
ergy from the angles 0e of the electron and 0h of the 
momentum vector of the hadronic system. The energy 
calibration has an uncertainty of 2%. For the deter- 
mination ofyh from the hadronic final state a combi- 
nation of well measured tracks in the central region 
with energy deposits in the calorimeter was used. The 
calibration of the liquid argon calorimeter is presently 
known to 2% for the electromagnetic and to 7% for 
the hadronic energies [ 10]. 

For angles between 174 ° and about 170 °, the elec- 
tron scattering angle 8e is determined by the vertex 
of the event and the reconstructed hit in the BPC. 
Events at low y which contribute to the energy distri- 

bution in the kinematic peak may leave no track in 
the detector. These are included in the electron en- 
ergy spectrum but not in the Q2 and x distributions. 
For smaller angles (< 170 ° ), 0e can be reconstructed 
from tracks in the central chambers. The angular res- 
olution 60e depends only weakly on 0e and is about 
6 mrad for interactions with a reconstructed vertex. 

The four-momentum transfer squared is deter- 
mined from the energy and angle of the scattered 
electron. With the exception of extremely large polar 
angles, the resolution 6Q2/Q 2 is dominated by the 
electron energy resolution and is about 6%. An al- 
ternative calculation of Q2 using the two scattering 
angles 0e and Oh has a similar resolution, essentially 
independent of Q2, and was used as a consistency 
check. For the determination of x = Q2/sy it is ad- 
vantageous to combine leptonic and hadronic mea- 
surements ofy.  The resolution 6ye/Ye varies like 1/y 
and is 5% at y = 0.6 but deteriorates to 30% for 
y = 0.1. The Yh resolution is better than about 30% 
for Yh > 0.025. Hence, for y~ < 0.1, yh was used in 
preference to Ye. The resulting x resolution varies 
between 15% a t x  = 10 -4 and 35% a t x  = 10 -2 . 
For x > 10 -2 and small Q2 hadrons are lost in the 
forward beam pipe region and x measurements are 
subject to systematic shifts. This will require detailed 
study in future high statistics analyses. 

4. Event selection and background 

The data presented here correspond to a total in- 
tegrated luminosity of 1.3 nb -l ,  which is known to a 
precision of 7%. The trigger pertinent to this analy- 
sis required that a local energy deposit, or cluster, of 
more than 4 GeV be identified in the BEMC. Events 
were rejected if signals in both TOF planes were com- 
patible with particles produced in upstream proton 
background interactions. The acceptance of this trig- 
ger increased from 90% to 99% for electron energies 
between 5 and 10 GeV and was larger than 99% for 
electron energies above this. The total number of such 
triggers recorded was about 6 x 104. 

Deep inelastic scattering event candidates were 
identified using the following criteria: 
- A cluster of more than 6 GeV was required in the 
backward calorimeter in association with at least one 
hit in the adjacent BPC. The radial separation of the 

389 



Volume 299, number 3,4 PHYSICS LETTERS B 28 January 1993 

centre of  gravity of  the cluster and the BPC hit was 
required to be less than 15 cm. Furthermore,  the clus- 
ter centre of  gravity had to lie outside the range Ix[ 
or lYl > 16 cm around the beam axis. 
- For  events with a BEMC cluster energy below the 
kinematic  peak region (Ee <22 GeV) it was required 
that  at least one track in the central tracker originate 
from the transverse beam position. The z coordinate  
of  the vertex had to be within 4-50 cm of  the nominal  
interaction point,  compat ible  with the width of  the 
z-vertex dis tr ibut ion of  40 cm ( F W H M ) .  
- Out of  t ime proton beam background was further 
suppressed by restrictive cuts on the signals from the 
individual  TOF scintil lator planes. 

The resulting sample of  219 events was scanned 
for remaining beam background and cosmic events, 
which were removed.  The sample of  DIS candidates 
surviving all selection criteria comprised 182 events. 
In this sample six events were observed with a clear 
electron tagger signal in coincidence with an energy 
deposi t  in the BEMC of  less than l0  GeV. These are 
events where the scattered electron disappears  in the 
beampipe,  but  hadrons and photons produced in the 
backward region simulate an electron signal in the 
BEMC. This implies that the DIS sample contained 
about 20-40 photoproduct ion events at this stage of  
the selection procedure.  Fur ther  evidence for the pres- 
ence of  this background was provided by a compari -  
son of  the hadron and the electron y measurements,  
shown in fig. 2a. A clear correlation between Ye and 
Yh is evident  in the region in which the Ye resolution is 
good, Ye > 0. l; yet, independent  ofyh, there is also an 
accumulat ion of  events at high Ye, i.e., low electron en- 
ergies. Fig. 2b shows a Monte Carlo calculation of  Yh 
and Ye, based on the vector  dominance  model  (VDM) 
[ 11 ] for photoproduct ion.  As in the data  an accumu- 
lation of  events at high Ye is seen. Detai led Monte 
Carlo studies of  the photoproduct ion background us- 
ing various event generators [ 1 l, 12 ], and resolution 
considerations,  led us to reject events i fyh < ½Ye, for 
Ye > 0.6. The resulting event sample contained 148 
events, none of  which had a signal in the electron tag- 
ger. The remaining photoproduct ion contaminat ion 
could be as much as 50% for E" < 10 GeV but  is esti- 
mated to be less than 20% for 10 < Ee < 14 GeV. For  
E~ > 14 GeV the photoproduct ion contaminat ion is 
negligible. Note that  y = 0.6 corresponds roughly to 
E" = 10 GeV. The lowest x event in this sample has 

a )  :" 

o - 0 . 4  : * ' . ' " g " -  

.- .  : I . : ' ,  
• I %  
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-08 . . ; "  
• ",'i "; : -. .- 
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° "  , 

, 

- 1 . 6  - 1 2  - 0 . 8  - 0 . 4  

l O g , o ( Y o )  

b) 

o - 0 . 4  .(" 

°, Ij 
- 0 . 8  i" ~' 

,.-! 
' "  ] 

• ' L 

- . - 1 . 2  - 0 . 8  0.4 

l o g l 0 ( y e )  

Fig. 2. Distribution of logl0 (Ye) versus log]0 (Yh) for (a) 
DIS candidates and (b) simulated background events based 
on the VDM photoproduction event generator [11]. The 
simulated statistics corresponds to 2.5 nb - l .  The dashed 
lines mark the region of the y cut which was used to remove 
photoproduction background. 

x = 6 × 10 -5 at Q2 = 4 GeV 2 while the largest ~1 Q2 
event has a Q2 = 82 GeV 2 at x = 4 × 10 -3. 

The contaminat ion of  the DIS sample with proton 
and electron beam induced background was est imated 
to be less than 5% for E" > 10 GeV, based on studies 
of  the mult ipl ici ty of  identif ied low momentum pro- 
tons and of  studies of  e and p bunches which have no 
partner  to collide with. Another  potential  background 
comes from event pile-up. Due to the high HERA 
bunch crossing rate of  10 MHz the detector informa- 
tion for an interaction can be distorted by signals re- 
sulting from a collision in adjacent  bunch crossings. 

In the same data taking period five neutral currents 
events were detected in the liquid argon calorimeter with 
Q2 > 100GeV 2. 
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Fig. 3. Electron energy spectrum of the DIS events com- 
pared with a Monte Carlo simulation [13,14] of the HI 
detector using the parametrization MRSD0 [ 15]. The sim- 
ulated spectrum is normalized to the measured integrated 
luminosity of 1.3 nb - t .  

The number  of  events affected by pile-up was esti- 
mated  to be less than 1%. 

The energy spectrum of  the scattered electron for 
the accepted data  sample is shown in fig. 3. The ex- 
pected peak of  the dis tr ibut ion at Ee' = Ee is clearly 
visible. The measured spectrum is compared  with a 
Monte  Carlo calculation including a full s imulation 
of  the H1 detector. The events have been generated 
using HERACLES 3.1 [ 13] for the electroweak in- 
teraction, which includes first order  radiat ive correc- 
tions, followed by LEPTO 5.2 [14] for the simula- 
tion of  QCD processes. We chose to represent the par- 
ton dis tr ibut ions using the MRSD0 parametr izat ion 
described in ref. [ 15 ]. The simulated dis tr ibut ion in 
fig. 3 was normalized to the measured luminosity.  Be- 
tween 12 and 30 GeV the spectra agree well with a ,,~2 
of  7.2 for eight degrees of  freedom. The data contain 
more events in the low energy region than is predicted 
by the Monte Carlo calculation. This may be due to 
remaining photoproduct ion contaminat ion and a low 
x behaviour  of  the proton structure functions which 
is different from that  of  the MRSD0 parametr izat ion.  

5. Differential cross sections 

In the Born approximat ion the deep inelastic scat- 
tering cross section at low Q2 is determined by the 
two structure functions F2 and 2xFl = F2/(1 + R):  

d 2 o  - 

dx dQ 2 

- 2rm2 2 ( 1 - y )  + F 2 ( x , Q  2) 
Qnx ~ " (3) 

In order  to reduce sensitivity to the photoproduct ion 
background and to the effects of  radiat ive corrections 
[ 16,17] the cross section analysis was l imited to y < 
0.6"2.  As discussed above, a lower y l imit  was set at 
y -- 0.025, ensuring that the y resolution was always 
better than 30%. In addi t ion it was demanded  that 
Q2 > 5 GeV 2, 0e < 174 ° and that the ep interaction 
vertex be reconstructed, thus reducing the sample to 
72 events. The rejected events are pr imari ly  at high 
Ee' where for kinematic reasons hadrons are produced 
with small angles. 

The observed distr ibutions were normalized to the 
measured luminosity and converted into differential 
cross sections by correcting for the acceptance and 
finite bin size effects. The average total acceptance 
corrections varied between 30% and 50% including 
smearing of  the distr ibutions due to finite detector res- 
olution and reconstruction inefficiencies determined 
from the data. The cross sections d t r / d  log(x)  and 
d ~ / d Q  2 are shown in fig. 4. The log(x)  representa- 
t ion was chosen in order to remove the trivial  1Ix 

dependence of  the cross section [eq. (3)] .  The full 
error bars correspond to the statistical error which 
is the dominat ing uncertainty. The systematic errors 
are shown separately. All points are subject to a com- 
mon addit ional  uncertainty of  7% due to the lumi- 
nosity measurement  error. In the accessed kinematic 
range the measured deep inelastic cross section, not 
corrected for radiative effects, amounts to tr = 92 -4- 
11 (stat.) ± 12(syst.) nb. 

The calculation of  the systematic uncertainty in- 
cluded the following error sources: possible shifts of  

the energy scale by 2% and of  0e by 3 mrad; uncer- 
tainties in the trigger (2%) and detector (4%) effi- 
ciency calculations; electron and proton beam induced 
background (5%); photoproduct ion contaminat ion in 
both the lowest x and Q2 bin (15%); the influence 

#2 Note that the Yh-Ye cut was applied only for Ye > 0.6. 
Thus it served only to remove background in the lower 
part of the energy distribution and has no effect on the 
x, Q2 distributions. 
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Fig. 4. Differential cross sections (a) de~ d log10 (x) and 
(b) da/dQ 2 in the range 0.6 > y > 0.025 and for Q2 > 5 
GeV 2 and 0e < 174 °. The full lines show the results of the 
cross section calculations [ 13,14 ] for different parton den- 
sity parametrizations. The cross sections are not corrected 
for radiative effects. The full error bars correspond to the 
statistical errors; the smaller systematic errors are also in- 
dicated. 

matic region. The MTB2 and M R S D -  distr ibutions 
assume a rapid  growth of  the par ton densities with 
decreasing x, while MTB1 and MRSD0 assume a 
more moderate  growth. In the kinematic  range of  
our measurements  the cross sections are 153 and 128 
nb for MTB2 and M R S D -  and 69 and 88 nb for 
MTB1 and MRSD0, respectively. Using the program 
[13,14] we assumed R to be zero, eq.(3) .  This leads 
to an overest imation of  the theoretical cross section 
values by not more than 2% if  R = 0 is replaced by 
the leading order QCD expression for R. The model  
calculations agree within two standard deviat ions 
with our measurement,  except for that made with 
MTB2, which is more than three s tandard deviat ions 
larger. 

The theoretical calculations include the contribu- 
tion of  higher order  radiative corrections which have 
not been subtracted from the data. The corrections 
were calculated [17] in the measured region and are 
expected to change the cross sections by about 40% 
at the lowest x and Q2 values. They are an order of  
magnitude smaller at the largest x and Q2 values. The 
der ivat ion of  the Born cross sections, and of  F2, from 
the measured cross sections requires an iterative pro- 
cedure, which is left to future analyses with higher 
statistics. 

6. Conclusions 

of different structure functions and hadronizat ion un- 
certainties on the acceptance calculation ( 12% at low 
x )  and the bin size correction (5%); the statistical er- 
ror of  the Monte Carlo calculation at the largest Q2 
(5% at most) .  

Fig. 4 shows calculations of  the cross section for the 
quark-dis t r ibut ion parametr izat ions  MTB1, MTB2 
[ 18] *,3 and MRSD0,  M R S D -  [ 15 ], using the pro- 
gram [ 13,14]. Note that the parametr izat ions  [ 15 ] 
were obtained from data  including the recent NMC 
measurements  [3] which extend to x = 0.008 at 
Q2 = 4 GeV 2. The parametr izat ions  differ in their  
assumptions on the extrapolat ion of  the quark and 
gluon densities at lower x. Neither  data nor firm the- 
oretical predict ions [19] are available in this kine- 

**3 The parton density parametrizations in the DIS scheme 
were used. 
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Deep inelastic scattering has been observed for the 
first t ime in a kinematic region that extends down to 
x = 10 -4 for Q2 above 5 GeV 2. The data presented 

here stem from the first luminosi ty period at HERA, 
with collisions of  26.7 GeV electrons on 820 GeV pro- 
tons. The spectrum of  the scattered electron energy 
has been measured down to E" = 6 GeV. It exhibits 
the predicted peak around the electron beam energy 
and is rather flat at smaller energies. The simultane- 
ous measurement  of  the inclusive reaction kinemat-  
ics using the scattered lepton and the hadronic energy 
and angles has been shown to be an effective means 
of  reducing the large photoproduct ion background at 
low scattered electron energies. This also extends the 
range of  y which can be accurately measured to lower 
y. A measurement  of  the x and the Q2 dependent  cross 
sections in the range Q2 > 5 GeV 2, 0.6 > y > 0.025 
and 0e "~ 174 ° gives a = 925: l l ( s t a t . ) +  12(syst.) 

nb. 



Volume 299, number 3,4 PHYSICS LETTERS B 28 January 1993 

Acknowledgement 

We are grateful to the HERA machine group whose 
outstanding efforts made this experiment possible. We 
appreciate the immense effort of the engineers and 
technicians who constructed and maintained the de- 
tector. We thank the funding agencies for financial 
support. We acknowledge the support of the DESY 
computer center. The non-DESY members of the Col- 
laboration also wish to thank the DESY directorate 

for the hospitality extended to them. 

References 

[ 1 ] M. Breidenbach et al., Phys. Rev. Lett. 23 (1969) 935. 
[2]J. Feltesse, Proc. Lepton photon Conf. (SLAC, 

Stanford, CA, 1989), ed. M. Riordan (1989) p. 13, 
and references therein. 

[3 ] New Muon Collab., P. Amaudruz et al., CERN preprint 
PPE-92-124, Phys. Lett. B, to appear. 

[4] F. Eisele, First results from the HI experiment at 
HERA, in: Proc. 26th Intern. Conf. on High energy 
physics (Dallas, TX, 1992), to appear, and DESY 
preprint 92-140 (1992); 
F. Brasse, The H1 detector at HERA, in: Proc. 26th 
Intern. Conf. on High energy physics (Dallas, TX, 
1992 ), to appear, and DESY preprint 92-140 (1992). 

[5] H1 Collab., The H1 detector at HERA, Nucl. Instrum. 
Methods, to be submitted. 

[6] B. L6hr, First results from the ZEUS experiment at 
HERA, in: Proc. 26th Intern. Conf. on High energy 
physics (Dallas, 1992), to appear. 

[7] A. Blondel and F. Jacquet, Proc. An ep facility for 
Europe, ed. U. Amaldi, DESY report 79/48 (1979) p. 
39l. 

[8] H1 Collab., T. Ahmed et al., Phys. Lett. B 299 (1993) 
374. 

[ 9 ] H I Collab., The backward electromagnetic calorimeter 
in HI, Nucl. Instrum. Methods, to be submitted. 

[10] H1 Collab., T. Ahmed et al., Phys. Lett. B 298 (1993) 
469. 

[ 11 ] HI interface program to LUCVDM of the LUCIFER 
package of G. Ingelman and A. Weigend (see DESY 
preprint 87-018 ), Comput. Phys. Commun. 46 ( 1987 ) 
241. 

[12] T. Sj6strand, PYTHIA at HERA, Proc. Workshop on 
Physics at HERA (Hamburg), eds. W. Buchm/iller and 
G. lngelman, Vol. 3 (1991) p. 1405. 

[13] A. Kwiatkowski, H. Spiesberger and H.-J. M6hring, 
Comput. Phys. Commun. 69 (1992) 155, and 
references therein. 

[14] G. Ingelman, program manual LEPTO 5.2, 
unpublished; 
H. Bengtsson, G. Ingelman and T. Sjbstrand, Nucl. 
Phys. B 301 (1988) 554. 

[ 15 ] A.D. Martin, W.J. Stirling and R.G. Roberts, Durham 
preprint DTP-92-16 (1992). 

[16]H. Spiesberger et al., Proc. Workshop on Physics 
at HERA (Hamburg), eds. W. Buchmiiller and 
G. Ingelman, Vol. 3 (1991) p. 798. 

[17] A. Akhundov et al., Proc. Workshop on Physics 
at HERA (Hamburg), eds. W. Buchmilller and 
G. Ingelman, Vol. 3 (1991) p. 1285; 
A. Akhundov et al., private communication. 

[18] J. Morfin and W.K. Tung, Z. Phys. C 52 (1991) 13. 
[ 19 ] L.V. Gribov, E.M. Levin and M.G. Ryskin, Nucl. Phys, 

B 188 (1981) 555; Phys. Rep. 100 (1983) 1; 
A.H. Mueller and J. Qiu, Nucl. Phys. B 268 (1986) 
427. 

393 


