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1. Introduction

CELLOl) is a general purpose magnetic detector operating at
PETRA since March of 1980 at center of mass energies around
35 GeV. The analysis of high energy e"e"-collisions demands
complete dztection and identification of leptons and hadrons.
CELLO is optimized for electron and photen detection at the
expense of extensive particie identification.

A schematic view of the CELLO detector is shown in Fig. 1. The
compact tracking detector consisting of propertional and drift
chambers is mounted inside a superconducting solenoid of 80 om
radius preducing an axial field of 1.3 T. The high current
density superconducting coil of novel designz) has a wall thick-
ness of only 0.5 radiaticn length {XO} including cryostat and
insulating material and thus does not seriously interfere with
the detection of electrons and photens in a fine grain Tead
Tiquid argon calorimeter cutside the coil. The iron return yoke
of the magnet serves as a hadron absorber behind which mucns are
detected in planar proportional wire chambers covering an area
of about 200 m2. Forward spectrometers consisting of drift
chambers, scintillation counters and lead-glass shower counters
are used to tag two-photon collisions and tc measure smatl angle
Bhabha scattering for luminosity determination. Table I summarizes

important parameters of the various detector components.

This paper describes the individual detector elements, the trigger
and data acquisition schemes and gives an account of the detector

performance in tests and under beam conditicns.



2. Central Tracking Detector
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- use of cathodes perpendicular to the ancde wires, which provide
the information in the z-coordinate to the trigger.

The anode wire spacing of the five PWCs varies between 2.09 and
2,86 mm (see Table II). There is a totai of 5120 wires, their dia-
meter is 20 um. The gap width i3 Z x 4 mm. The spatial resolution

averaged over all chambers is o, = 0.24 x wire spacing, consistent

ro
with the theoretical expectation.
To achieve the best resolution of the iongitudinal coordinate z one

set of cathode strips is chosen to be annutar. Their width is of the
order 4.5 mm. To optimize the orientation of the other cathodes two

constraints have been taken into account;

- the angle between cathodes and anodes should be approximately 45°
to resolive coordinate ambiguities
- the cathode helix should not run through a full circle.

The angle chosen is 30%. The cathodes were mechanically realized by

free standing mylar cylinders with strips of silver paint. The

precision of the position determination in the longitudinal direction

is on the average o, = 440 uma) (Fig. 3). The corresponding variation as
a function of the angle of incidence of the track is shown in Fig. 4.

Analog measurement of the induced charge collected on the strips is
done for each of the 4400 channels. In order to disentangle over-
lapping cathode clusters from different tracks the charge correlation
petween 30°- and 90°-cathodes is used. The ratio

300
o]

3 depends on the location of the individual anode wires between

inner and outer cathode cylinders. Therefore for each chamber
and appropriate surface regions this ratio is calibrated (Fig. 5). A
singie space point can be recenstructed with an accuracy of O "0 7

z
(G.5 mm)2 using both catheodes and the ancde wires.
2.2 Cylindrical DOrift Chambers
An entirely open drift cell structure has been chosenq’ 5). This keeps

the number ¢f potential wires at a minimum. The drift cells are arranged
on cylindrical surfaces (see Table II}. Adjacent sense wires are
separated electrostatically by a triplet of potential wires (Fig. 6).

There are no further field shaping electrodes. A similar cell structure
was first used in the MARK I1 detectorﬁ) at SPEAR. The design aims at

a simplified construction, high reliability for remote operaticn, and

a iow density active volume unobscured by structural material to reduce
mul tiple Coulomb scatiering as much as possibie. The small cell width of
about 15 wm (see Table II} is dictated by the strong axial B-field and
the required double track resolution for jet events with high local track
density. 'Single hit' electronics is used with an amplifier/discriminator
hybrid directly mounted on the chamber and & TDC which consists of a low
noise sampie and hold amplifier and an 8-bit ADC to digitize a maximum
time interval of 810 ns. A gas mixture of 90% Ar and 10% Methane is used.

The uncempensated Lorentz force of the strong transverse B-field on the
drifting electrons causes substantial drift path distortions. Fig. 7a
shows drift trajectories calculated for B = 1.5 T and various angles of
incidence. The measured space time relation at B = 1.43 T for tracks of
normal incidence and inclined by + 30° with respect to the normal are
shown in Fig. 7b. For moderate distances from the sense wire drift times
for positive and negative angles of incidence are similar. For tracks
passing through the edges of a cell there are substantial drift time
differences for oppositely inclined tracks causing a large : asymmetry.
The observed nonlinearities and angular dependencies can be very accurately
parametrized using a computer simulation of the drift process in inhomo-
gencus E- and B-fieldss). Fig. 8a shows the distribution of residuals of
fitted tracks of cosmic rays as a function of the position in the cell as
measured at B = 1.3 T for angles of incidence up to 30°. The data still
show some systematic variations which are also reflected by the non-
Gaussian tails of the projected distributicn (Fig. 8b). A recent
determination of the resolution using Bhabha scattering events and more
refined conversion constants results in 170 n rum.s. (Fig. 9). The local
precision not averaged over the whole drift cell and all angles of in-
cidence is better than 100u. This demcnstrates that the spatial accuracy
is dominated by systematic uncertainties like quantization of time
digitization {3.2 ns), wire displacement due to gravitational and electro-
static forces, and alignment errors.



Table II: Layer structure of central tracking device
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2.3 End Cap Proportional Wire Chambers

The end cap multiwire proportional chambers of the CELLO detector are
placed at the ends of the cylindrical part of the central tracking
devica. They cover the acceptance region of 153 < 0 < 428 mrad,

The system consists of four identical planar units, semicircular in
outline. At each end, two of the units are attached to the front of
one of the liquid argon end cap cryostats so that they form a circular
disk normal to the PETRA beam axis. Fig. 10 shows a schematic view

of the layout of one half of a chamber unit. '

Each unit consists of iwo electrically separated chambers which are
glued together at two of their cathode planes. One chamber of each

unit is at z = + 1405 mm with wires oriented parallel to the x-axis

{so these chambers measure the y-ccordinate), and the other chamber

is at z = + 1425 mm with & wire orientation to measure the x-coordinate.

The induced charge on the cathodes of the chambers is measured
digitally. One of the cathode planes of each chamber is.divided inte
equally sized sectors each representing a ad of 1800/32. The other
cathode plane of each chamber is divided into concentric rings. Each
ring covers an interval in © equal to the interval of a 30° cathode
strip of the central detectar.

3. Lead Liquid Argon Calorimeter

The dominant design considerations for the electromagnetic calorimeter
have been good electron-hadron separation and good detection efficiency,
enerqay resolution and spatial resolution for low energy photons over the
entire solid angle. These requirements are fulfilled by a barrel shaped
lead liquid argon calorimeter with end caps.

The cryogenic system has to supply three cryostats filled with liquid
argon (Fig. 1):

- One cylindrical cryostat of 25 m3 volume contains 2 x 8 separate
modules (stacks). The stacks are arranged mirror symmetric with
respect to the z = 0 plane and form an octagonal symmetry in 4.

- Each of the two symmetric end cap cryostats contains two half cylindrical

stacks.
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3.1 Structure and Wiring of the Central Calorimeter

Each of the 16 stacks has a trapezoidal cross section corresponding to
a sector of an octagon with a length of 2 m, and a width of 85 cm in
the first and 121 aw in the last layer {Fig. 11a). In depth the stack
measures 43 cm which is equivalent to 20 radiation lengths. This is
large enough to contain fully an electromagnetic shower even at the
largest PETRA energies.

To cbtain good spatial resolution we have adopted a layer scheme of lead
strips (1.20 mm thick) alternating with continuous lead plates {also
1.20 mm thick). The gap width is 3.6 mm. The strips are held at a
positive high voltage relative to the plates. The orientations of the
strips are defined, such that there is a configuration of phi-measuring
{i.e. 0? to the beam axis}, theta measuring (900) and diagonal (450)
strips. The 0% and 90°-str1ps are 2.3 cm wide, whereas the 450-strips
are 3.25 cm wide. The lateral segmentation is matched to the transverse
shower dimension. In front of each stack there are two additional

Tayers which serve as dE/dx gaps. These layers are built of copper foils
glued on epoxy plates (Fig. 11a) with a gap width of 6 mm.

In order to avoid structural material in front of the calorimeter and to
minimize gaps between adjacent stacks, the lead modules are mainly
supported from the rear. This demands a very salid constructien to avoid
a sagging of the lead beyond the expected setting point. The overall dead
area of the stacks amounts to less than 3.5% of the total solid angle.

A wiring scheme has been choser that allows optimum resolution in space
while simultanecusiy keeping down the number of electronic channels to
384 per stack. The strips are grouped laterally te 20 mrad bins, For
directions approximately perpendicular to the beam axis, every single
strip is read out, white for smalier polar angles strips are electricaliy
combined, The number of electronic channels is reduced even further
without degrading the local resclution by connecting together widely

3.2 Structure and Wiring of the End Cap Calorimeter

Each module in the end cap part consists of 42 layers of lead strips
interleaved with full plates. The strips are aiternately vertical,
horizental and circular (Fig. 11b). The lead thickness is 1.2 mm and

the argon gap 4 mm. The radial extension of the lead stacks in the

end caps is from 23 to 66 Cn1(5° < g« 300). In front of the lead
caiorimeter are 3 planes of copper foils glued on epoxy for dE/dx
measurement. The fotal thickness of the detector is 21 radiation lengthé.
The detector is built in such a way that corresponding strips form
sectors pointing to the interaction region. The number of electronic
channels is 368 per module.

3.3 Electronics and Signal Processing

There is a total of 8000 electronic channels in the lead liquid argon
calorimeter, The analog signals are processed by a preamplifier with

4 channels on a board, directly attached to the cryostat. The signals

are transmitted to the counting room by a twisted pair cable and fed

into the main amplifier with 16 channels on a board. Digitizing takes
place in a sample-and-held circuit and a comparator which compares the
pulse with a staircase voltage function generated for 64 channels
simultaneously. The final data handling is organized on a readout card
where channels with signals below a certain noise level can be suppressed.
The electronic noise distribution as a function of the channel capacities
is shown in Fig, 12. Minimum jonizing particles deposit a charge of 5.2
fc/per double gap. This is about 4 times larger than the neise in the Tow
capacity (doubie gap) channels. For high capacity channels where several
gaps are conmected together the situation is even more favourable. Thus
minimum fonizing particles can be safely detected.

separated strips in the same layer, Clearly a fine position measurement is 3.4 Performance of the Calorimeter

not reeded deep inside the shower detector. Here a coarser grouping of Before installation at CELLO one full size stack was tested7) in a hadron/

strips is uysed. In view of gaod /e separation 6 independent samplings electron beam at CERN and in an electron/photon beam at DESY. The energy

in depth are taken for each strip orientation. resolution measured in these tests was degraded by material in front of the

calorimeter (0.6 XO at CERN and 1.0 XO at DESY). The resolution obtained by



extrapolating to zero material is op/E = G.OBS/(E(Gev})]/Z

. Fig. 13a
shows preliminary data on the energy distribution of Bhabha events
selected by triggering on the energy deposition in the central liguid
argon calorimeter. The width of the distribution is largely due to the
still incomplete calibration of individual channels. Fig, 13b displays
the energy resclution (OE/E) as function of the energy for the CERN
test data together with the value obtained for the Bhabha events at the

highest PETRA energy (18.25 GeV).

The reconstruction of showers from 1 GeV electrons determines the center
of a shower with an cverall resolution of o = + 3 mm, Spatial resolution
for the end cap calorimeter has been measured by selected Bhabha events.
The radius found from hits in the vertical and horizental strips is
compared with the radius from the semicircular strips (Fig. 14). The
resolution is about 5 mm for 2 cm strips.

The pion-proton separation using ionization measurement was studied for

the CERN datz. The charge distribution for 1 GeV protons and piens for a
given dE/dx channel are shown in Fig. 15. For this channel (single gap)

we obtain a li/p separation efficiency of 76%.

The first performance test of the whole liquid argon detector is provided
by the measurement of the angular distribution of Bhabha events. The
preliminary distribution follows the QED-prediction (Fig. 16a} normalized
to the end cap Bhabhas. The number of Bhabhas agrees well with the
Tuminosity obtained from the forward detector. The angular distribution
for e'e” + vy, triggered and selected only by means of the catorimeter
information, is displayed in Fig. 16b.

4. Muon Detector

2 to 3 x4 m2, are

The 32 mucn chambers, in 3 sizes ranging from 2 x 3 m
at about 3 meters from the interaction region and cover a total area of

about 200 m2.

The irgn return yoke of the magnet, just in front of the chambers, serves as
a hadron filter of 5-8 absorption lengths. Due to the multipie scattering
of the muons in the iron filter a precision of only * 3 om is required.
Thus, muon detection requires large chambers with rather 13mited precision.
In order to get a good rejection of hadron contamination the two coordinates
have to be measured without ambiguity. To keep the number of channels
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moderate, the chambers have a drift cell structure but are read out
as proportional chambers.

The anode wire spacing of the chambers is 12.7 mm, the anode wires are
separated by one field wire. The gap width is 2 x 8 mm. The cathodes
are made of 10.6 mm wide copper foil strips on mylar. They are glued on
a honeycomb structure of & cm thickrness (Fig. 17). The arientation of
the cathode strips is ¢ 34.270 with respect to the ancde wires.. The
reconstruction of a hit in the chamber is possible without ambiguity
using the anode wires and the twe cathode strip planes. For the normal
high voltage setting a track hit gives an induced charge distribution
over 3-4 strips. As the charge on the strips is not measured, the
geometrical center of the cluster is taken.

The precision of the reconstructed hit is + 6 mm in the x direction
perpendicular to the anode wires. The precision cf the y coordinate in

the direction of the anode wire is also about + 6 mm. The accuracy of

the y determination comes from the DISTY distribution shown in Fig. 18.
DISTY is5 the distance along the anode wire between the intersections of
the geometrical centers of the clusters from the twe cathodes as indicated
in the insert of Fig. 18.

From data taken in a cosmic ray run, the difference in both projections
between the hits in the muen chambers and the expected points obtained
after reconstructing the tracks in the central detector is calculated
and shown in Fig. 19. The o of about 4 cm is compatible with that ex-
pected taking into account multiple scattering of 2-5 GeV cosmic rays in
the iron and in the lead stacks.

5. Forward Detector

The forward detector arms are able to measure and identify electrons in
the angular region from 25 mrad to 50 mrad. The electron tagging at small
angles monitors the Tuminosity based on Bhabha events and helps analyse
two photan events. The detector consists of drift chambers, scintillators
and lead glass blacks which have to stand a high background of synchrotron
radiation and beam gas interaction.

Each guarter of the detector is mounted on pivoting supports and contains
three groups of two planar drift chambers, each with 11 sense wires
oriented at 45% and 135% with respect to the vertical. The major parameters
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of the drift chambers are: diameter of sense wires 20 wm, distance
between sense wires 44 mm, gap width 2 x 5 mm, fieldshaping cathodes
with 100 um wires, and a 30% isobutanse/70% argon gas mixture. Because
of the high background, multihit TDCs are used with 4 ns least count
error. targe scintillators cover the active area of the drift chambers
in the first and third group. The middie group contains two planes of
12 overlapping finger scintillators each 66 mm wide. They help to
resclve the left-right ambiguity and exclude synchrotron radiation hits
from trackfinding. Track localization is possible ir an area of 48 x 52
cmz. Reconstructed cosmic rays in the drift chambers measure a spatial
resolution of o = 300 pm (Fig. 20).

The last element in each arm is a lead glass shower counter consisting
of 6 vertical, 6 horizontal and 16 longitudinal blocks with thicknesses
of 3, 3, 14 radiation length. The energy resolution of the lead glass
calorimeter far from the beam pipe is o{E)/E = 0.05/({E(GeV]} /2. Using
the pulse heights in the three layers it is then pessible to make cuts
on the data so that only 2-3% of minimum ionizing particles are mis-
identified as electrons.

Three processes can be triggered on using the forward detector: e+e‘,

YY, etex. The Bhabha trigger requirement is that collinear forward and
backward quarters of lead glass counters give a high signal in coincidence
with hits in the corresponding scintillater hodoscope elements. For the

vy final state an anti-coincidence with the scintillators is required. The
double electron tagging is similar to the 8habha trigger except that one
electron must have low energy. A single tagging signal to be used in co-
incidence with signals from other CELLO detector components is also
available.

£. Trigger System

The trigger system consists of three elements: charged particle triggers

from the tracking device, energy triggers from the liquid argon calorimeters,
and energy triggers from the forward detector lead glass counters (Fig. 21).
Different combinations of these triggers can be selected under computer
control.

- 13 -

6.1 Charged Particle Trigger

The charged particle trigger is a software pregrammable hardware track
finding processor acting on the chamber signals after each bunch
crossing. Its inputs are the signals from the anodes and 90° cathodes
of the five proportional chambers and from two layers of the drift
chambers in the cylindrical part of the tracking device.

A fast decision is taken in less than 1500 ns on the basis of follow-

ing reguirements:

1} Curved tracks in the r¢ projection above a preselected transverse
momentum (typically 350 MeV/c) are found from the anode wires of the
proportionai chambers and the drift cells.

2) Straight tracks are found in the rz projection within a limited region
around the interaction point from the 50° cathodes of the proportional
chambers.

The chamber signals are grouped in 64 azimuthal and 37 polar sectors. The
sector signals are fed to the address lines of Random Access Memories
(RAMs ), in which masks of all allowed tracks are stored. Whenever a

certain pattern on the RAM address 1ines coincides with a valid mask ,

the appropriate memory position generates a logic "one" in the output tine
of the RAM. The precomputed valid wmask patterns are loaded at the peginning
of the experiment into the RAMs,

A summation logic counts the total number of masks which are hit and
compares it with a software preselected trigger cendition. Each mask is
assigned a reference sector corresponding to the hit in the cutermost fayer
of the tracking device. The trigger condition can also be defined by a
praseiected number of reference sectors. If the trigger condition in both
projections is fulfitled, an interrupt signal is fed to the computer for
starting the readout process. Usually the trigger condition ri(> 2 sectors)
= rz{> 1 sector) was used. In addition there is a signal generated for

ré{z 1 sector) » rz{> 1 sector) which is used for combired triggers with
the liquid argon and forward counters,

The system is organized in a total of 64 plus 37 single width CAMAC-modules
corresponding to the r¢- and rz-sectors. All masks centributing to a
trigger are stored according to their sector number and shape code and read
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out by the computer. This information is used for a fast data
reduction, It is possible to cbtain a Jarge background reduction
factor in the analysis of hadronic events (jets) just by applying
certain cuts to the number of masks and their topological configu-
ration.

Four masks are stored in each RAM (1024 x 4 bits). There are 12 RAMs
per reference sector so that a total of 48 different shape codes can
be stored. The mask finding takes about 600 ns.

Due to the large storage capacity of the RAMs, it was possible to
develop a set of masks which allows for chamber inefficiencies. In the
ré geometry, for example, three different track definitions are used:

a} any five of the seven chambers fired
b) any six fired
¢) all seven chambers fired.

Multiple counting of nen-overlapping tracks is avoided. The treatment
of background hits in the chambers can be varied according to the ex-
perimental cenditions, i.e. a track plus a neighbouring single hit
which could be combined with some of the track hits to a valid mask,
gives either two tracks {if this does not increase the trigger rate too
much) or ane track (the additional hit is treated as background).

The system can be tested with patterns generated by a minicomputer (LST 11}.

During data taking a continuous monitoring of the system via the mini-~
computer is done.

6.2 Neutral Particle Trigger

This trigger uses the infermation on the energy deposition either in the
cylindrical or in the end cap Tiquid argon system. The central argon
trigger sums the analog signals of 4 groups of layers in each module to
give a reprasentative sampling in denth (Fig. 10). The summed energy is
also available for two sets of quadrants. To avoid edge effects the two
sets of quadrants are rotated by one module (450; Fig. 22). Total forward
and backward analog sums are also formed, and finally the sum of the whole
system, Using these analog signals with suitable discriminator thresholds
different triggers can be formed, either from the liguid argon information
alone or in conjunction with the charged trigger. The end cap liquid argon
trigger is based on the energy sum per quarter {one module). A1l signals
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from the semicircular strips of a module are added (with the proper

weight) and compared to discriminator thresholds. A more restrictive

trigger - two and only two modules - is used for oniine Tuminosity

monitoring. The liguid argon trigger allows for a selection of the

Bhabha scatters independent of any track information and facilitates
: . < . + -

triggering on all neutral final states ke e'e -~ yy.

7. Data Acquisition

The data acquisition philosophy is to read data via a CAMAC-system and
to have dedicated computers distributed over the system in order to
supervise the detector and to provide a reliable data path to the DESY
computer center. Error recovering, interaction, and status as well as
event display facilities are implemented to support the physicist on
shift. Fig. 23 shows an overview of the CELLO data acquisition system
and the main data flow.

The various CELLO detector components are read out by & CAMAC—RDMULUSS)

system. Each detector and the trigger processor has its own ROMULUS
branch assigned. This enéb}es the online computer to ccllect the data
with a minimal overhead {one direct memory access for each detector).

To identify the transferred channels in case of suppressed transmission
(see 3.3) block address generators (BAG) add address information to every
data word. Furthermore individual hardware processors (ax + b units)
transform the ADC contents into appropriate physical numbers by a
programmable’ Tinear transformation.

Each ROMULUS-branch can be read either by one of the two online computers
or by a minicomputer which alsc has access to the same crate dataway.
Thus, the minicomputer can calibrate and test its assigned detector with-
out interfering with the rest of the system. During data acquisition of
the online computer, the minicomputers also have access to the data stream
passing their own crate dataway. They are thus able to monitor the
perfarmance of their detecter.

The online computers are dedicated to special tasks. The first, a PCP11/45,
is respensible for fast event acquisition and averages peak rates by
supplying a large buffer. Each event is analysed using the r¢ trigger
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information and the anode readout of the proportional chambers. This
allows a rough reconstruction of tracks in about 1.5 ms per track. '

On this basis events are classified according to different physical
processes. This takes about 50 ms per event, Presently, all events are
sent to the second onlire computer, a PDP 131/55, via a CAMAC link. Both
oniine computers are equipped with tape drives to which the event stream
can be dynamically redirected.

An elaborate dialog task, running on the PDP 11/55, allows the physicist
to control the whoie experiment. Messagés and commands can be distributed
to and received from all computers, even down to the minicomputers in the
readout system. The physicist can invoke low priority monitor tasks, e.qg.
an interactive event display. The second online computer passes the events
to the DESY-IBM computer triplex.

The IBM online stores the events on a disk file which is organized as a
large ring buffer, If the space in this buffer is almost exhausted, a

DUMP job is automatically invoked which transfers the data onto tape. This
allows the IBM to accept a continuous dats flow cccupying a tape drive for
short time. Data integrity is assured by checking each arriving event and
responding with a positive or negative acknowiedgment. Some online
analysis is done in order to monitor the performance of the detector
centinuously.

Events classified online as hadronic or QED-events are written onto
special disk files on the IBM. Less than 1% are thus selected. They are
scanned during the rur using an interactive display system. This makes
possible a crude determination of the total hadronic cross section shortiy
after the data are taken.

8. Event Reconstruction and Physics Analysis

In addition to the online selection described above an independent off-
Tine program selects datz directly from the dump tapes. Either the
filtered samples or the data on the dump tape are then passed to the main
reconstruction program, QFFRAM.

DFFRAM consists of a number of semi-independent processors to reconstruct
the event and to perform higher level tasks. The order in which the
various processors are calied and their working parameters are read in
at execution time. Since the reconstruction of events is the targest
fraction of computing load from CELLO an effort has been made to insure
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that all OFFRAM-programs can be run on any of the computer systems
available in the collaboration (CDC, IBM, UNIVAC).

The pattern recognition in the inner detector proceeds as follows:
Space points are found in the proportional chambers either by
correlating the charge deposited on the 90°- and 30°-cathodes of each
chamber or by associating anode with cathode hits. In the rg pro-
Jection circular roads are searched for tracks, The ability of the

program to reconstruct properiy even high muitiplicity hadronic events
is demonstrated by Fig. 24.

For the liquid argon calorimeter data the pattern recognition program
makes use of the known geometrical correlations among the 8, ¢ and a5¢
strips in selecting the active channels. Starting from the hits in the
three gorientations in each of six depth bins, sets of two-dimensional
cells are reconstructed which best reproduce the observed hits at each
depth. By rejecting uncorrelated hits at this point, the signal to noise
ratio is enhanced, The cells are grouped inte ciusters for each layer

in depth. The clusters at different depths are then linked to three
dimensional showers. The shewer axis is determined by fitting a straight
line through the cluster centers. An analysis of Bhabha events

shows that we can achieve an angular resolution for the reconstructed
shower of 4 mrad,

The output from OFFRAM contains for each event a description of each
track and each vertex, intermediate information from the various pro-
cessors and the raw data itself, in order to permit reprocessing by OFFRAM.

The first analysis reveals the expected results. Two hadronic events are
shown in Figs. 24 and 25. A characteristic two jet structure is clearly
visible in Fig. 25 which dispiays a hadronic event at Ecm v 35 GeV, Some
preliminary results concerning the topoiogical properties of hadronic
avents at Ecm n 35 GeV are given in Figs., 26 and 27. The sphericity

plot in Fig. 26 shows the prominent low sphericity asseciated with two jet
events and the QAplotg) of Fig. 27 reveals the existence of planar events
with large sphericity.



9. Summary

The CELLD detector is operating successfully at highest PETRA energies.

Cylindrical wire chambers are used for charged particle tracking and

momentum measurement inside a strong axial magnetic field {8 = 1.3 7).

The tracking detector has a high resolving power for multiparticle jet
" events and allows precision measurement of the azimuthal cecordinate

{0, = 170 um achieved with drift time measurement) as well as the axial

cngidinate {o, = 440 um achieved with analog readout of annular cathodes).
The thin superconducting coil of novel design works reliably. The lead
liquid argon calorimeter, with an acceptance of 0.96 x 47, has been
successfully tested in the first round of data taking using QED processes.
The programmable trigger allows low rate triggering with fast online feed-
back on hadronic and QED events. Results of preliminary data analysis show

that the full system is functioning well.
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