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1. Collider Status and Luminosity Measurement

HERA is a new collider, delivering luminosity to the users since June ’92
at DESY in Hamburg. 26.7 GeV electrons collide with 820 GeV protons in
two experimental areas, the south hall (experiment Zeus) and the north
hall (experiment H1), thereby interacting at a center-of-mass energy of ~
——300 GeV. A complex layout of various accelerators including the old
PETRA ring is used to feed electrons and protons into the new HERA
tunnel (circumference 6.336 km). While the electron ring is equipped with
conventional magnets, the proton ring’s dipole and quadruple magnets
are superconducting.

To reach the planned peak luminosity of 1031 cm-2sec-1,the rings will be
filled with 210 bunches of electrons and protons respectively, leading to a
bunch crossing interval of only 96 nsec, which represents a major
challenge for the front end electronics and the trigger systems of the
experiments.

During first operation this summer only 10 consecutive bunches were
filled into the accelerator, the p (e) current per bunch being 7 (2) times
smaller than the design value. Wth these conditions a luminosity of a
few times 1028 crn-2sec-l could be reached, a value tiich is expected
from scaling the design luminosity to the above mentioned conditions.

J

For the first ~me collisions involving leptons and hadrons were observed
in a collider, and there were no space charge effects or other
unforeseen difficulties. Typical luminosity runs lasted about four hours;
the integrated luminosity, which was used for data-taking in the two
expedients until the end of July, was about 1 rib-l.

Both experiments have a special setup to measure the luminosity in their
interaction region: the bremsstrahlung which the electron emits in the
field o~the proton is detected by a photon detector installed about 105 m
upstream in the electron direction, while th6 electron is detected in a
system located about 35 m upstream (numbers from H1). The acceptance
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for electrons (photons) is about Ee = 6-16 GeV (Ey = 10-20 GeV). The

rate of coincidences with the condition Ee + Ey = Eheam is a measure of

the luminosity. To estimate backgrounds induced-by electron-gas and
electron-wall interactions, one of the bunches was filled with elektrons only
and did not collide with protons.

The lifetime of the proton beam is vev long, sometimes staying
more than one day in the accelerator. In contrast to this, at higher
currents the electron beam shows a decay time of about two hours. This
is still not understood completely. Therefore, rather frequently, the
electron beam is dumped and immediately afterwards a new injection
and acceleration’ of electrons allows use of the same proton beam for
different luminosity periods.

In the near future there are plans to improve the technical reliability of
various parts, specifically the power supplies of the system. The currents
and number of bunches will increase stepwise to the design luminosity.
About 507. transverse polarisation of the electron beam has already
been observed.

2. The Phvsics Potential

Figure 2.1 specifies the kinematics of
an ep event. Apart from the usual photon exchange propagator, the high
center- of-mass energy gives rise to additional contributions due to the
weak interaction propagators Zo and W*, which ailows the obsewation
of charged current events at sufficiently high Q2.

me experiments are designed to measure the energy and direction of the
target jet and the scattered electron (for neutral current events). The two
basic Lorentz invariant quantities, x and Q2, are then over-determined
by these four quantities, at least for neutral current events. This helps to
reduce the measurement errors and allows basic cross checks of the
measuring methods.

Figure 2.2 shows the regions for which the event kinematics are
sufficiently well-determined that the systematic errors on the
differential cross section are smaller than 20Y0. At high x there are
limitations because the current jet is lost in the forward beampipe, while the large
corrections due to final state electromagnetic radiation make the area
close to y = 1 very difficult. If Q2 is smaller than a few GeV? the electron is
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Figure 2.1: Basic kinematics of an ep event. The measured quantities are
the energy of the scattered electron E and the total energy of
the fragmented hadronic system F, the polar angle of the
emitted electron O and the average polar angle of the had-

ronic system y. The Lorentz invariant quantities defining the
event kinematics are Bjorken x (in the ‘infinite momentum
frame’ the fraction of the proton momentum which is carried by
the struck quark) and the 4-momentum transfer squared
~. P denotes the momentum of the incoming proton.
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Rgure2.2: Theregion where thedifferential cross section for neutral cur-
rent deep inelastic scattering can be measured with a sys-
tematic error of less than 20Y0. An explanation of the limits is
given in the text. The region where fixed target data are presently
available is also shown.

lost in the backward (proton side) beampipe, however the acceptance still
reaches down to x = 10~.

These experiments probe the behaviour of the paflon structure
of the proton at Q2 up to a few times 104 GeV2. Due to the effects of the Z
propagator, the total paflon momentum dist~butions can be
measured by means of the structure function F2 as in electron and

muon beam fixed target experiments; quark and antiquark distributions
can be distinguished by making use of the polarisation and different
charges of the electron beam to determine XF3. At these vev short space-

time scales deviations from the expected behaviour of F2 and XF3

would possibly indicate new substructures of the quarks.

However, since the cross section scales with Q~ a minimum integrated
luminosity of at least 100 pb-l is needed to come to any significant
results; this corresponds to a measuring time of one year at full design
luminosity. This discussion will therefore concentrate on the very low x
and intermediate Q2 region.

In this region the gluon density increases strongly with decreasing x, such
that unitarity limits would be violated if there were not a saturation effect.
Various models for these high gluon density distributions have been
developed. In general, the theorists distinguish between three regions in
the (x, Q2) plane: at low gluon density there is a region where one
believes petiurbative QCD is well under control; at very high gluon
densities the hadron looks fully packed with partons, and perturbation theory
is certainly no longer applicable; in between there is a transition region,
where perturbation theory is still usable but has to include additional
effects from (combining gluons. Several authors also have discussed the
possibilities of discovering so called ‘hotspots,’ which would arise if the
gluon density is not spread uniformly over the hadron, put tends to build
clusters. For h summary on ‘hotspots’ see [2, page 203 ff].

Low x events are characterized by a scattered electron in the
backward (proton side) direction, where in a given angular region the
electron energy basically determines x. By comparing the measured
electron spectrum with a Monte Carlo simulating these
effects, one should be able to distinguish between various models even
at an Integrated luminosity of 1 pb-l [2, page 135].

Another area of interest is the Photoproduction total cross section and
hard scattering effects in the w reaction. Various authors have extra-
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The Zeus calorimeter consists of a compensating depleted uranium -
scintillator sandwich with wavelength shifter readout into some 13,000
photomultipliers. H1 has a liquid argon calorimeter with a total of 45,000
readout channels. The electromagnetic part consists of lead plates while
the hadronic part is made of stainless steel plates. Compiling
different responses for electromagnetic and hadronic interactions is
achieved in H1 by a newly developed technique for weighting the signal
from each individual pad. Resolution values have been determined by
test beam measurements at CERN SPS and Monte Carlo studies, giving
an electromagnetic (hadronic) resolution in Zeus of 18(35) YO/ & and in
H1 of 12(45) Y./ {E where a constant term of about 1Y. is to
be added in all cases.

While the Zeus calorimeter covers the whole angular acceptance
rather uniformly, H1 has a special warm lead scintillator sandwich back-
ward calorimeter (BEMC) built in 88 stacks with corresponding trans-
verse granularity of 16 by 16 cmz. The readout is based on the signals of
six photo-diodes per stack, and the expected resolution is 10% / % + 170. In
front of the BEMC, a flat MWPC allows determination of the exact entry point
of particles into the BEMC.

Outside the calorimeter the magnetic field return yoke of both detectors
is equipped with limited streamer tubes to detect single muons and
leaking calorimetric showers. In addition, special muon boxes improve
the identification and momentum measurement performance for muons.

3.2. Ttiaaerina and Data Acquisition Svstems t

At HERA, physics is seen through electroweak cross sections, while
background ,is determined by the much bigger protan-nucleon cross
sections, The most important backgrounds in these experiments are due to
photons hitting the nuclei af the residual gas or hitting the beam tube
walls. This presently gives a rate of a few hundred background events in
the detector per second, which extrapolates to about 100 kHz at full
luminosity. In contrast, any interesting physics processes happen
only at rates below 1 Hz. Together with the bunch crossing
interval of 96 ns, these poor signal-to-noise conditions mean that
build~g and running trigger and data acquisition systems at HERA
expeti,ments are among the biggest challenges, to date in this field of
particle physics.
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Unfortunately, the signature of the background is not completely unique.
Only events with most tracks not originating from the nominal interaction
region are certainly not ep physics. Other indications for background involve
combinations of selection criteria, among which are low total transverse
energy, very forward (i.e. in p direction) oriented kinematics, many more
positive than negative tracks or many protons in the final state.

The triggering and event fikering system consists of three levels in both ex-
periments. In the $rst level, all detector signals and trigger decision paths
are pipelined (length 2.5 to 5 microsec.), and the trigger decision is
therefore taken completely free of dead time. Intermediate level triggers, able
to kill the event readout, are foreseen but not used yet. Fiker farms then
process the full event data before the information is stored on cafltidges.
By the end of July more than 300 GByte (Hl ) of data had been stored in this
way.

In the first level trigger both experiments presently use the total trans-
verse energy in the calorimeter with position dependent thresholds,
because background is much higher close to the beam pipe. Hi
also makes use of an estimation of the vertex position
along the beam axis, and cuts on timing information from a time of flight
hodoscope in the proton’s backward area. In both experiments the
electron detector of the luminosity system allows triggering on selected
Photoproduction events.

In the fiber farm Zeus does an extensive timing calculation, which relies
on the very good timing resolution of their calorimeter and which allows
determination of the primary vertex of the event along the beam axis under
certain conditions of event topology. H1 recalibrates the calori-
meter ?hresholds and does a full track and vertex reconstruction, thus allowing
triggering on events with very low transverse energy, which would not
exceed the minimum thresholds of the calorimeter.

Typical level 1 trigger rates presently are 20 Hz, tiile about eight events
per second suwive the filter farm cuts.

‘ 4. The First Data

4.1. Photoproduction Tots 1Cross Section

The following preliminary analysis is taken as an example from H1. The
data used correspond to an integrated luminosity of 994 ~b-l and were
triggered by the electron detector as described above. The
background rate of this trigger was much too high; consequently, a hit in
the backward proportional chamber was required in addition. A statistical
background subtraction, using the data from the above mentioned e pilot
bunch leaves 602*61 Photoproduction events [1]. The accep-
tance of this trigger is dependent on assumptions about the relative con-
tributions of the various subprocesses giving rise to the total Photopro-
duction cross section. Varying these assumptions in a reasonable way
shows, that this acceptance has a systematic uncertainty of 100/0
(further details can be found in [1]). Furthermore, the luminosity is
measured to 10O/. accuracy, and the photon flux folded with the
electron tagging acceptance is known to 80A. The resuking total cross
section

is shown in Figure 4.1 together with the measurements at low energies
and some theoretical extrapolations. It compares well with the simplest
model and excludes large values as predicted by the ‘minijet’ models [5].

4.2. DeeD Inelastic Scatterinq

Figures 4.2 and 4.3 show candidates for deep inelastic scattering (DIS)
events from both experiments. Because of the Q~ dependence of the cross
section, only events with low Q2, are expected with the present low statistics; however
many events have in fact x values below 10~, which is two orders of
magnitude less than presently available data from fixed target experiments.

Both experiments did an analysis of their DIS event sample; as an exam-
ple,the resuks of H 1 are explained here. They are based on an integrated
luminosity of 1.5 rib-l, for which an energy cluster in the backward
calorimeter (BEMC) of more than 4 GeV in anticoincidence with the ToF
hodoscope was required as a trigger. Further selection in the offline analysis
required a reconstructed hit in the backward proportional chamber, a valid
vertex determination from the charged tracks in the central jet chamber and the
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Figure 4.3: A deep inelastic neutral current event, seen by the H1 detector.

vertex to be within the nominal interaction region of +80 cm, unless the
energy in the BEMC was higher than 22 GeV. Furthermore. some
background events were rejected by visual scanning. Hlot bunch data
showed that the contamination of proton background in the final sample
of about 150 events is less than 10YO.

The electron energy spectrum in Figure 4.4 (top) shows the expected
significant peak at the beam energy of 26.7 GeV, which originates from
the fact that for most of the phase space at low Q2, the energy loss of the
electron (y) is very small. This so-called kinematic peak is vev useful
for checking the energy calibration of the calorimeters. The hashed area in

the plot shows the Monte Carlo prediction of [3] absolutely normalised to
the integrated luminosity on which the data are based. The flat region
between 12 and 22 GeV is vev sensitive to the various models for the
transition regions mentioned previously, but as expected with the
available limited statistics, no selection between such models can be
made at present. Finally, below 12 GeV a contamination from pions
originating from photo-production events can be seen, which in principle
can be removed by the e/x separation capabilities of the BEMC or by
Mnematical selections on the hadronic final states; fuflher analyses of
these methods are in progress. Finally, the lower part of Figure 4.4
shows that the x and Q2 distributions also agree well with the
expectations from the Monte Carlo simulation.

5. outlook

HERA operated this summer with 0.20/0 of its design luminosity due to
reduced beam currents and the small number of filled bunches. No major
difficukies in increasing the pedormance step-wise to the design values in the
near future are expected. But it is still a major challenge to the experi-
mental collaborations to ireprove the performance of their detectors,

especially in the areas of trigger and event filtering systems, in order to
cope with the higher beam intensities anticipated.
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