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Abstract

The mechanical design and construction techniques of the barrel calorimeter for

the ZEUS detector are presented. The calorimeter uses alternate layers of depleted

uranium and scintillator with one radiation length sampling. The unit cell has e/k = 1

which yields an optimal energy resolution for hadronic jets. We discuss the placing of

the structural components and cracks between modules. Details of the construction

and assembly effort needed to realize the total calorimeter are reported.

I. Introduction

In summer 1991 the first ever electron-proton collider, HERA, will start
operation at the DESY laboratory in Germany. It will collide electrons or positrons
of 30 GeV/c with protons of 820 GeV/c momentum. Two general purpose detectors
are currently under construction to intercept the collision products: HI and ZEUS.
The design of the ZEUS detector emphasizes the precision of the energy measure-
ment for hadronic jets. The accurate measurement of hadronic jets is crucial to
the determination of the proton structure functions extracted from both charged
and neutral current events. Over almost the entire kinematic range the precision of
our measurement of the structure functions will be defined by the resolution of the
hadronic jet energy measurement.

In the following we shall describe the design and construction of the central
part of the ZEUS calorimeter.
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DISCLAIMER

This report was prepared as an account of work sponsored by ss agency of the
United States Government Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, compieteaetf, or «se-
fiilness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
jnendfction, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.



I I . The ZEUS Calorimeter

The calorimeter for the ZEUS detector was designed to achieve the best
possible resolution for the energy of jets, CEjtt, while preserving a homogenous re-
sponse over most of the solid angle. The calorimeter is split in two parts: a high
resolution inner shell and a low resolution tail catcher, which consists of the iron re-
turn yoke for the magnetic field instrumented with proportional tubes. The purpose
of the tail catcher is primarily to tag jets with substantial leakage out of the high
resolution calorimeter. Its energy resolution is described by <JEjC, ~ 100%/ *,/E(GcVJ.

In order to achieve the best a£iet for the high resolution calorimeter, the
response to the electromagnetic and hadronic component of jets were tuned to be
equal, e/h = 1. At the time of design a sandwich calorimeter using depleted ura-
nium (DU) as absorber and plastic scintillator as active material was the only known
technology which achieved e/h = 1 to high accuracy and was compatible with an
acceptable resolution for electromagnetic showers, <rEem.

The cell size was chosen to be 8.0 mm containing 3.2 mm DU, which cor-
responds to one radiation length Xo, and 2.6 mm scintillator. The remainder of
the cell is an air gap which ensures that the scintillator is not subject to pressure
caused by irregularities in the manufacture of the DU plates. This particular choice
of dimensions yields a jet energy resolution OEJ*

 = 35%/y/E(GcV) and a resolution
for electromagnetic showers &Ecm = 18%/ y/E{GtV). These resolutions were demon-
strated with test beams at CERN and corroborated by Monte Carlo calculations
based on the HERMES and EGS shower simulation codes. This cell structure is
common to the entire high resolution calorimeter, thus ensuring a homogenous re-
sponse over a large solid angle and for the entire depth of the calorimeter.
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Figure 1 shows a sketch of the high resolution calorimeter. It is divided into
three parts: FCAL, BCAL and RCAL covering the forward, central and rear regions.
The asymmetry along the beam axis reflects the kinematics of the electron-proton
collisions at HERA. The depth is optimised to contain at least 95% of the jet energy
for 90% of the jets with the highest kinematically allowed energy. The depth cor-
responds to 7 interaction lengths, A, for the FCAL and 5(4) for the BCAL(RCAL),
at normal incidence.

III. Design of the Barrel Calorimeter

The barrel calorimeter is divided into 32 wedge shaped modules each span-
ning 11.25° in azimuth. Figures 2 and 3 show the cross section and the side view,
respectively, of a module. The light produced by the scintillator tiles is guided to the
photomultipliers, mounted on the top of the modules, by wavelength shifter plates
located on both sides of the modules. This two-sided readout of the scintillator
towers adds redundancy to the readout system and improves the homogeneity of
the response in azimuth.

The modules are segmented in depth into three sections: one electromag-
netic (EMC) and two hadronic sections (HACj and HAC//) which are read out
independently. The EMC consists of 53 towers, projective in polar angle. The front
face of the EMC towers is 5x20 cm2. The 14 HAC towers are non-projective and
the scintillator plates measure 20x20 cm2.

In order to minimize the effects of the cracks between neighbouring mod-
ules, the modules will be tilted by 2.5° around an axis parallel to the length of the
module, when installed inside the ZEUS detector. The wavelength shifter plates,
therefore, will not point to the collision point. This reduces the probability for
photons to escape, undetected, in the gap between modules and so compromise the
measurement of missing transverse energy.

Furthermore, to reduce the production of Cerenkov light by particles cross-
ing the wavelength shifters and to flatten the response to incident electrons close to
the intermodule boundary, 1 mm lead sheets are added to the module covers. These
sheets cover the whole surface of the EMC and HAC/ and reduce the nominal space
between modules to 2 mm. The effect of the lead is negligible for hadronic jets, but
drastically improves the homogeneity of the response to electrons. Without lead
the response increases by as much as 35 % for incident electrons close to the crack.
Beam tests at CERN and FNAL showed that with 2 mm lead the response is flat
to ±5 % around the crack.
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IV. Mechanical Support Structures

a. The Hadronic Section .

To avoid pressure on the scintillator pieces, the DU plates are held apart vertically
by stainless steel spacers located between scintillator tiles. The spacers are chosen
from three different sizes in height to match the variation in thickness of the DU
plates.

The total weight of each module is ~ 10 tons. The modules are held to-
gether by pairs of steel straps inserted between scintillator tiles. The straps compress
the modules between its front steel plate and its rear T-beam structure, see Figures 2
and 3. The tension per strap is approximative^ 3 tons and the total tension exerted
on the module by the straps is 70 tons. The HAC stack is very rigid under rotation
in azimuth. Typical deflections of the front plate with respect to the T-beam and
intermediate plate, i.e. the HAC/ and HAC// boundary, measured < 0.5 mm for
rotations of the module by 90°.

b. The Electromagnetic Section

The DU plates are held apart by aluminum spacers selected from three different sizes
according to the thickness measurements of the DU plates. The spacers are located
between all pairs of scintillator tiles and span the whole width of the module. The
EMC is held together by 265 wires of 0.74 mm diameter spaced 1 cm apart. The
wires are made using an alloy of Cobalt, Chromium, Nickel and Molybdenum and
are very strong, breaking only at tensions above ~ 64 kg. They are fixed at one end
by a simple loop on the EMC top plate, run around the stack and are tensioned
at the other end via a tuning pin inserted into to EMC top plate. The wire ten-
sions on the sides of the stack are typically 30 and 20 kg per wire. The tensions
are adjusted by comparing acoustically the pitch of a tensioned wire to the sound
generated by a sine wave generator. The total tension onto the EMC stack is ap-
proximatively 13 tons. Under rotation in azimuth the EMC stack deflects < 0.5 mm.

c. Mating the two Sections

The EMC and HAC are stacked individually and mated by lowering the HAC on
top of the EMC using an hydraulic system. The two sections are attached through
the insertion of 42 stainless steel pins connecting the EMC top plate with the HAC
front plate.



V. Construction

The components necessary for the construction of the modules are provided
in part by Argonne National Laboratory (ANL), the collaborating universities, and
industry. Table I lists the suppliers for the main components.

Table I

Suppliers of Components for the Module Assembly

Component

Box

Holey Plate
DU

Cladding Steel
Spacers

Scintillator
Wavelength shifter

Wires
Tuning Pins

Section

HAC
EMC

HAC
EMC
EMC
EMC

Supplier

Industry
ANL, Columbia Univ.

Univ. of Wisconsin
Industry
Industry
Industry

Ohio State Univ.
Ohio State Univ.

Louisiana State Univ.
Industry
Industry

For safety reasons and to reduce the radioactivity, all DU plates are clad
with stainless steel sheets. Their thickness is 0.2 and 0.4 mm for the EMC and HAC
plates, respectively. During assembly all contact with bare Uranium is avoided.

The modules are assembled exclusively at ANL, except for 10 HAC's which
are stacked, mated to EMC's and equipped with the optical readout system at the
Kernforschungsanlage Julich (KFA) in Germany. All parts for the assembly in Ger-
many are shipped from the U.S..

The typical effort for the construction of one module is 42 man-days for the
cladding operation, 30(8) man-days for stacking the HAC(EMC) and 20 man-days
for mounting the optical readout system and the covers. Currently 10 technicians
at ANL and 5 technicians at KFA work full time on this construction project.

Figure 4 summarizes the history of module production. Month '0' corre-
sponds to April 1989 and '21' to December 1990. The construction is foreseen to be
completed by May 1991, which coincides with the planned date for installation of
the last barrel calorimeter modules into the ZEUS detector.
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VI. Summary

We discussed in some detail the design and construction of the barrel
calorimeter for the ZEUS detector.

Fine tuning of the absorber and scintillator thicknesses resulted in a ratio of
electromagnetic to hadron response e/h = 1 and a jet energy resolution &£,., = 35%/

The modules of the barrel calorimeter are held together by compression
using straps for the HAC and wires for the EMC. The design carefully minimized
the effects of structural components on the energy resolution and homogeneity of
the response.

The modules are assembled at Argonne National Laboratory and Kern-
forschungsanlage Julich. Construction of the complete barrel calorimeter will have
spanned two years employing a crew of 15 full time technicians. The average pro-
duction rate is ~ 2 modules per month.

The design of the, in our opinion, best large size hadron calorimeter to-date
has been a lot of fun. We are now looking forward to great physics opportunities
using our device at HERA.
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