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XHTMODOCnON

The itoragc ring facility HERA, under
construction at the DESY Laboratory, will collide
30 GeV e~ with 820 GeV protons when the machine
is first turned on in 1990. Four interaction
regions are provided. Subsequently either e~ or
• + beans can be used and a facility for producing
longitudinal polarization of the electrons at the
interaction points trill be provided. Both the
centcr-of-mass energy </T« 314 GeV) and the
momentum transfer (£(,„ ~ 105 GeV2) are
substantially higher than in any deep inelastic
scattering studies to date. The HERA program
will bt the natural extension of both the
neutrino and the auon scattering experiments done
at CERN and Fersdlab. With the design luminosity
of 1.S 1O31 c»~z sec"1 experiments with 200 pb"1

of integrated luminosity will b« possible.

HERA will be the first electron-quark
collider. The energy is substantially higher
than LEP, and the events will be cleaner than
those resulting from pp collision*. It provides
the third leg that will support the physics stool
of the 1990's. In neutral current events, the Z
exchange graph is comparable in strength to the
photon exchange and the charged current events
will provide unique insights into the M
coupling. There will be substantial rates of
heavy quark production (108c, 106b, and t up to
~ 80 GeV for 200 pb" 1).

Two detectors are under construction: HI
uses a large solenoid with a liquid argon
calorimeter inside the coil, ZEUS uses a smaller
magnet with uraniua-scintillator calorimeters
outsida of the coil.

H g . 1. Section of the ZEUS detector along the beam.
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THE ZEUS DETECTOR

(a) Overview

Figure 1 shows a cross section of the ZEUS
detector1' that is being built by a large
International Collaboration: 10 countries, 43
institutions and about 300 people. The detector
contains all the usual components: vertex
chamber, central tracker, high resolution
calorimeter, backing calorimeter, and muon
detector. The high resolution calorimeters are
the responsibility of qroups from Canada,
Germany, Japan, The Netherlands, and the United
States.

As shown In Fig. 2, the maximum energies of
the jets vary from 820 GcV in the proton beam
direction to 20 GeV at backward angles. The
kinematics of the charged current event* e~p • vX
are measured from the quark jet so better
calorimeter resolution translates into fuller
coverage in the x:QZ plane and, in particular, to
reconstruction of higher Q events. A good
knowledge (~ 2%) of the absolute energy scale is
also required. A special challenge is presented
by the beam crossing time of 96 nsec, which does
not allow a simple implementation of the
trigger. Solutions adopted here will have
application to the SSC, where the crossing time
will be even shorter.

Hew physics is often signed by combinations
of leptons with leptons and/or jets, as well as
missing IL, so good electron identification
within jets, full muon coverage, and an hermetic
calorimeter are required.

The ZEUS detector is a simple and consistent
design that uses existing technology as much as
possible. The emphasis on achieving the best jet
resolution requires an hadronic calorimeter
giving the best possible energy measurements.

The calorimeter is divided into two
sections: a front high resolution section
varying in depth iron 4X in the rear to 7X in the
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Fig. 4 High resolution calorimeter.

forward direction, as shown in Fig. 3. This
depth is sufficient to contain 95% of the energy
for 90% of the jets that have the maximum energy
allowed by the kinematics. The backing
calorimeter (B\c) consists of 10 layers of 7.5 cm
steel plates interleaved with aluminum
proportional tubes to give an energy resolution
of aE/E - 100%//?'. The BAC is used to classify
events that have late developing showers and so a
poorer energy measurement.

(b) Calorimeter Parameters

The High Resolution calorimeter is divided
into three sections, as shown in Fig. 4. It is
designed to cover the full solid angle_ (99% of
4»), have energy resolutions of 17%//E fo£
incident electrons and photons, and 35%//E for
incident hadrons. The latter requires that the
systematic uncertainties be kept at the 1-2%
level. With the jet angular resolution of 10 mr
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the energy uncertainty dominates the measurement
of the jet kinematics. Electron/hadron
separations in jets is an additional important
design goal.

The EN resolutions require one radiation
length sampling, and the necessity of having an
equal response to incident photons, as well as
photons from *°'s generated in the hadronic
shower requires that the unit cell be the same
throughout the calorimeter.

The jet angular resolution and the e/h
rejection sets the tower size as typically 5 cm x
20 cm in the EMC section, and 20 cm x 20 cm in
the hadronic section. One HAC tower covers four
EMC towers. The readout in depth is typically 21
X or IX for the EMC section, and two hadronic
sections; (HAC1 and HAC2) that are each 2X in BCAL
and 3X in FCAL.

(c) Choice of Technology

In order to obtain the best energy
resolution, a compensating calorimeter is
required,, and we considered the options of lead
or uranium as the radiator and liquid argon or
scintillator as the readout medium, A comparison
of detailed simulations*' with test beam
measurements pointed to uranium/scintillator as a
unique choice.

For a sampling calorimeter, the response to
electrons is less than for nitons in terms of the
specific energy deposited in the sensitive
medium* This reduction in the electromagnetic
response comes about because lew energy electrons
and photons are preferentially absorbed in the
high Z material. Typical values of e/u are ~
0.60 for u/scintillator or u/A combinations. The
response to hadrons is even lower because of the
invisible energy lost to nuclear excitation. The
relative responses ace illustrated in Fig. 5.

The compensation mechanism must enhance the
hadronic component and a perfectly compensated
calorimeter will have e/h - 1. Contributions to
the compensation include:

(i) prompt photons from primary fission;
(ii) prompt photons from secondary fission;
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<iii> delayed photons from (n, y) capture;
(iv) recoil photons from (n,p) scatters;
(v) recoil (d, t, a) from (nd) reactions, etc.

The relative contributions of these different
components as a function of time are shown in
Fig. 6, which comes from a detailed Monte Carlo
simulation. It is clear that the compensation
can be tuned somt/what by choice of the gate
length.

A series of measurements in test beams at
CERN, plus these simulations, clarified the
compensation mechanism, confirmed the choice of
depleted uranium plus scintillator, and set the
unit cell of the-calorimeter as 3.3 mm of uranium
(1XQ)"and 2.6 mm of scintillator (SCSN 38).
Figure 7 shows the degree of compensation as a
function of the ratio of the uranium-to-
scintilla tor thickness. The lines show the
results from the simulations and the points are
from teat beam measurements. The measured energy
resolution and e/h ratios for a test calorimeter
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ZEUS FCAL PROTOTYPE - PRELIMINARY UNCORRECTED
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built to these specifications are shown in Fig.
8. It i s clear that the design goals have been
net.

(d) Electron Identification

Several techniques will be used to identify
electrons. In the barrel region, the dE/dx in
the central tracker and the E/P ratio, comparing
the energy in the projactive EMC towers with the
track momentum, provide a good discrimination.
In the forward direction, transition radiation
detectors that alternate with the forward
tracking detectors identify electrons. In both
calorimeters, silicon pads 3 cm x 3 cm in area
provide another independent e/v discriminator.
In BCAL one layer will be used after 4XO> in FCAL
two layers, one after 4XQ and one after 7XQ.
There are a total of about 50,000 such pads in
the detector covering a total of 45 m . These
pads provide a good discrimination against *:y
overlaps and also separate e from * by pulse
height. Measurements in a 30-GeV test beam in a
BCAL prototype show that for 90% electron
acceptance, the hadron • electron confusion is at
the 0.3% level when the data from two layers of
silicon are used.

h final possibility is to use the time
dependence of the energy deposition. Figure 9
shows the result of a Monte Carlo sinulation ,
including the effects of the electronic pulse

shaping. Vie fully-compensated hadronic shower
has sore pulse height at late times coming from
the compensation mechanism.

(e) Mmadoat

The readout is done in the usual way by 2-am
thick Y7 wavelength shifter (WLS) plates on the
two surfaces of the calorimeter module*. The
uniformity, both in depth and laterally, is
achieved by using a reflective mask. The
response of every piece of scintillator (~ 80K in
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Fig. 9. Monte Carlo simulation of pulse shape.



FCAL Prototype - 5 GeV Electrons
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BCAL alone) are being individually Measured. The
thicknesses of all of the uraniun plates at each
tower will also be measured so that the masks can
also compensate for the manufacturing variations.

A standard difficulty of such a readout -
scheme is that particles entering the calorimeter
at and parallel to the WLS can give a large fals*
signal in the photomultiplier tubes. This
problem is worse in FCAL near the beam direction
and between the 32 BCAL modules.

A series of test beam measurements made at
CEBN with S GeV electrons are shown in Fig. 10
for incident angles of 0*, 40 mr, and 80 mr. By
placing a 2 mm thick lead sheet between the
modules, the effect is reduced to the few percent
level, except at normal incidence. One can think
of this solution as utilizing an additional
calorimeter placed between the modules but with
only two samples and an unfavorable geometry.



The BCAL modules are rotated about a radius
vector such that the angle of incidence at the
front module boundaries is ~ 80 nr so that the
effect at the BCAL boundaries will be small.
This has been confirmed by B3S calculations and
will be checked experimentally with a test beam
at Fermilab.

(f) Mechanical Structure

The modules are built using small metal
spacers between the uranium plates to provide a
set of slots which contain t<ie scintillator
panels. The mechanical structure puts no
pressure on the scintillator. The uranium plates
are attached to a strong back-beam by a set of
straps. The PM's arc also located in this back
beam. Figure 11 shows a cut-away of an FCAL
module as an example.

(g) Calibration and Stability

Achieving 1-2% uniformity in space and time
will be a formidable challenge. The first
requirement is that every component be both
individually measured and accurately located.
Secondly, the uniformity of response of every
tower should be measured using cosmic rays or
accelerator test beams. Finally, a set of on-

e-tog

ZEUS FCAL MOOOLE
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module calibrators will be provided. The uranium
radioactivity provides a constant signal. To set
this well above the pedestal, but below the HIP
level, requires 0.4 mm (0.2 mm) of steel between
the uranium and the scintillator for the HAC
(EMC) towers. He therefore wrap each uranium
plate in a thin stainless steel skin. Additional
point radioactive sources are also provided that
can be positioned anywhere in depth. Finally, a
charge injector in the electronics and a laser
flasher injecting light into the lightguide will
be utilized to check the linearity of the system.

(h) jteadout

The signal from each PM tube is fed into a
pulse stretcher and shaper. The shaped pulse is
sampled several times at 96 nsec intervals and
the values put into a switched capacitor analogue
pipeline with a Susec delay.

If the first level trigger requirement is
satisfied, then the values are measured in an A
to D converter and an on-board DSP calculates the
time and amplitude of the pulse. These values
are then fed to the second level trigger. The
potential dynamic range is very large, ~ 10 :1,
since, in principle, all of the forward energy
could be deposited in one W C tower. Two ADC
channels, high and low, will therefore be
provided.

LESSONS IDK I B FOTORK

Since this conference is concerned with
preparations for SSC detectors, I close with some
subjective and personal remarks. We may hope
that the current generation of detectors for LEP,
SLC, the CERH collider, and TeV I, as well as
HERA, are the last detectors to be built before
the SSC program starts. Of these, ZEUS and HI
represent the latest models.

A perfect detector like a perfect spouse
exists only in dreamsi reality imposes some
compromises. However, the detector design must
be driven by the principle physics goals and not
by technological hubris. To overstate the case,
one should .try to always use obsolete
technology.

Some time pressure and the early
availability of substantial equipment funds are
essential so that the group docs not spend
several years in a "summer study" mode without
coming to grips with the engineering compromises
that are so important in a xeal detector.

The number of technologies utilized in the
detector should be minimized in order to simplify
both the operations and the data analysis: not
to speak of the number of experts needed to
operate the detector efficiently. All of the
high resolution calorimetry in ZEUS uses the same
uranium/scintillator system, and there is only
one central tracker, plus vertex chamber, between
the IP and the calorimeters. One may contrast



this with the CDF detector.

The organization of such large
collaborations provides special challenges. The
financial. Managerial, and oversight requirements
seen, on the whole, to be in hand although there
are difficulties for detectors funded largely by
countries in a different continent. There is a
special difficulty in balancing the need to have
a critical mass of people in one place under
proper leadership so that the problem can be
addressed in a focussed way, with the equally
essential need to have the full participation of
the user and, particularly, the University
comunity. This problem .as not really been
solved.

Finally, it is clear that any detector
design and construction effort requires the
upfront availability of proper tools. These
include detailed detector simulation
capabilities, constant access to a test beast, and
the intimate full-time involvement of a critical
group of physicists and engineers.

The ZEOS effort on the design of the
calorimeters has been a well-focussed effort that
has resulted in good design. What we have done
less well is to understand in detail the effects
of various structural elements on the physics
and, in particular, the standard problem of the
interfaces between say the forward and the barrel
calorimeter. To address these problems in detail
requires enormous computing resources, as well as
a debugged Monte Carlo simulation program.

In the last several years, our field has
invested in around a dozen very large and
sophisticated colliding beam detectors. The next
five years will show how well these detectors
perform. A critical evaluation of the successes
and shortcomings of the detectors resultii>j from
the design decisions taken by these
collaborations would be an appropriate topic for
Snowmass '90. Let us hope that this meeting will
provide the last chance for such discussions
before the construction of the SSC detectors
starts.

This work was supported by the D.S.
Department of Energy, Division of High Energy
Physics, under Contract w-31-109-ENS-38.
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