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of the pointing geometry.
comparison of lead and iron as converter materials for the hadronic part, and a full simulation
have been made concerning a mechanical evaluadon of a full liquid argon calorimeter, a
is presented. This design follows the main ideas described in the Proposal. New studies
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resolution and e/1c response ratios were reproduced within 10%. OCR Output
liquid argon hadronic section) were used, and experimental results for hadron and jet
1986 H1 prototype data [3] (lead liquid argon electromagnetic section, followed by a copper
the hadronic response, reproduces well existing LAr calorimeter results. In particular, the

For testing purposes, we ascertainul that GEANT 3.14 interfaced to GHEISHA for

Since the Proposal, several studies have been performed.

2.1 Simulations of Hadronic showers.

2. SIMULATIONS

while section 4 is devoted to the prototype design and its cost evaluation.
In chapter 3, we outline the results of a general "pre—study" for an LHC calorimeter,

optimisation of parameters for the electromagnetic section.
detailed simulations. A summary of this work is presented in chapter 2, followed by the
This important choice —between iron or copper, and lead- was made after the analysis of
as presented in the Proposal. Further steps required a knowledge of the converter material.
'accordion' geometry, and the electrostatic transformer readout -EST— (in the hadronic part)

This study required that the basic working options be known. We have maintained the

first make a preliminary study of a full LHC calorimeter.
the technique as an LHC calorimeter candidate, could be made, we have found it necessary to

In order to get to the stage where a design of a prototype, useful for the evaluation of

comparisons for the hadronic calorimeter.
(radiation levels) will be presented (chapter 5), as they are relevant for converter material
Points 5, 6, 7 and 8 are the main topics of the present Addendum. Some results on point 4
following the Proposal and will be used in the 1991 beam tests which we are now preparing.
paper we intend to submit to NIM [2]. New elec¤·onics (points 2 and 3) has been developed

Concerning point 1, we attach to the present Addendum, a preliminary version of the

Design of a facility for radiation tests in liquid argon.
Design of a hadronic and elecuomagnetic prototype.
geometry.

Optimisation of the parameters for an electromagnetic calorimeter with pointing
Simulation of pion and jet showers.
Cryostat studies.
Mechanical study of a full electromagnetic and hadronic calorimeter.
Simulation of radiation levels in a cylindrical calorimeter geometry.
and Si hybrids.
Study of new preamplifier concepts, improvement of the previously used GaAs
Development and construction of fast shapers.
Analysis of the rest beam data taken in 1990

Since thc Proposal [1] was submitted, wc have been working on the following topics:

1. INTRODUCTION:



a dedicated study which we are just starting now. OCR Output
for a sizeable improvement with weights. However, the evaluation of this technique requires
This initial study already demonstrates that, with the chosen granularity, there is indeed room
behaviour was observed for simulated charged pions with energies between 30 and 150 GeV.
resolution using this simple method improves hom 6.1 :1: 0.3 % to 4.5 t 0.2 %. A similar
of the resolution with and without weighting is shown for 150 GeV jets. The energy
determined by minimidng the spread of the total measured energy. In Fig. 1., a comparison
where Ei is the energy deposited in the i—th comparunent. The 14 coemcients were

ug = A; + B; Ei
assigned:
(Fe/LAr) longitudinal compartments, to which (linear) energy dependent weights were

In a first attempt, the calorirmter was divided in three EM (Pb/LAr) and four hadronic

increase the pileup effect.
weights. At LHC, one has to be pardcularly careful in the choice of weights in order not to
energy resolution (while maintaining adequate linearity) by using energy or position dependent
CDHS, NA31, H1), it is possible with sufficient ganularity to improve substantially the

As we know from studies of other non-compensating calorimeters (for example in

section. However, an improvement might be achieved using a more refined intercalibration.
These are mainly produced by events where almost all the energy is deposited in the hadronic
Part of this difference can be associated to smaller tails in the energy response with Lead.
the hadronic section. We observed a typically 10% better resolution when Lead was used.

Lead and Iron were investigated as possible candidates for the showering material in

that can be achieved with either geometries.
equivalent samplings, no significant difference within statisdcs is observed in the resolution
studied (the results for the latter one can be found in the original Proposal). If one compares

The difference between accordion geometry and planar parallel elecuodes was first

below.

overall response with an increased number of parameters in this equalization is described
chosen to equalize the response in both compartments. A first attempt to improve further the
electromagnetic and the hadronic sections was applied through a unique calibration factor,
collecting typically 1000 events in each condition. An intercalibration between the
reconstructed energy spectrum were performed, using mostly 150 GeV PYTHIA jets, and

With these calorimeter definitions, different studies of resolution and shape of the

between the electromagnetic and hadronic sections, were included in the simulation.
contain the showers. Dead material representing a cryostat in front and mechanical supports
compartments. The transverse dimensions of the calorimeter were chosen so as to fully
lengths. To speed up the simulations, sharp corners were assumed for both calorimeter
accordion fold 28.8 cm, and a total thickness of 160 cm corresponded to 8 interaction
section, 1 cm thick plates and 2 mm LAr gaps were used. The bending angle was 459, the
those of the prototype calorimeter exposed to a test beam in 1990 [2]. For the hadronic
geometrical parameters (thicknesses, ’accordion'—fold pitch) were chosen to be similar to
section, both with an accordion structure, was developed. For the electromagnetic part, the

A full simulation of a calorimeter consisting of an electromagnetic and hadronic



similar disuibutions for parallel 'accordion' electrodes, shown in Fig. 16 of the Proposal, we OCR Output
estimation, due to the averaging associated to the shower transverse size. When compared to
azimuth. The spread from the shower simulation is indeed smaller than the geometrical
displays the energy response to electron showers of a corresponding energy as a function of
longitudinal profiles of electrons of 5 GeV, 30 GeV and 100 GeV respectively. Figure 4
of the kapton electrode (- 0.5) to the next (+ 0.5). The thickness is weighted with
thickness, with azimuth, when the impact of the "geantino" goes from an outbending comer
the ones used for the 1990 beam test prototype. Figure 3 shows the variation of argon
and the 'accordion' fold length and angle (at one depth) were varied around values close to
of the calorimeter, and the number of (radial) plates around the calorimeter, were chosen Hrst,
To optimise the parameters, we used the two above mentioned approaches. The inner radius
minimizes the residual modulation of response with position [1], can be satisfied at all depths.
angle with depth. Also the relationship between argon gap and 'accordion' fold, which
liquid argon gap', and therefore a constant sampling fraction, is obtained by varying the fold
`V folds inscribe themselves in a cone pointing to the vertex (Fig 2). In this case, a 'constant

To get the best possible performance, a second solution uses electrodes for which the

newly built prototype of a size similar to the one used in 1990 (40 x 40 cm2 front face).
that this finding requires confirmation in a beam test. This will be done this summer, using a
obtained with the same electrodes arranged parallel to each other. It was thought, however,
Simulations performed at 40 GeV and 100 GeV have shown a resolution close to the one
with depth, or (and) weigh differently the energy measured in the front and back sections.
can either reduce the argon gap by increasing the amount of epoxy—glass in the electrodes
overcome the change in the sampling fraction, which also depends upon the shaping time, one
pitch [1] can only be satisfied at a given depth, chosen to be the shower maximum. To
with depth. Also, the relationship between the length of the 'accordion' fold and the electrode
them radially around the axis of the calorimeter. In this case the sampling fraction increases
electrode geometry as for the test, with a constant fold angle of 909, but this time disposing

In the first configuration, called "constant angle geometry", one would use the same

without any crack in azimuth.
Ao x An = 0.02 x0.02 span the whole calorimeter from pseudo—rapidity -1.7 to +1.7
optimise a geometry, derived from the one used in the test, where pointing towers of typically
two pointing geometries which we are considering (see chapter 4). The aim is to find and
actually experienced by the shower. Both approaches were used to study and optimise the
weighted by the longitudinal profile of a shower, give an indication of the material thicknesses
using non interacting particles called "geantinos". Such geometrical thicknesses, when
various materials along a straight line going through the calorimeter. This is done in GEANT
addition to full electron shower simulations, a geometrical calculation of thicknesses of

For more flexibility in detector optimisation, we have found it convenient to use, in

introduced in the GEANT simulation.

these comparisons, the various layers of converter cladding and readout electrodes were
electron impact with respect to 'accordion' folds, is present at the expected level [2]. For
modulation of the energy response (at a level slightly below one percent), as a function of
the simulation with electron and muon data, has shown good agreement. In particular a
the main tools in defining the parameters of the prototype tested in 1990 [1]. Comparison of

Simulations of electromagnetic showers in the 'accordion' structure have been one of

geometry

2.2 Simulation of an electromagnetic calorimeter with pointing



is at liquid argon temperatue. It is then proposed to have, on each side, a cryostat OCR Output
boundaries of the end wall are at ambiant temperature and the centre of the same wall
of the vacuum enclostues. Indeed large stresses are generated if the imrer and outer
previous design, it was mechanically difficult to manage the cool down of the ends
In the second, more classical one (Fig.6), we take into account the fact that, in the

short.

contrar·i1y to the cooling down time, emptying or filling with liquid can be quite
emptied before recessing an end-cap. Note, however, that it can be kept cold:
must have a common gas exhaust. In particular, the whole calorimeter must be
barrel and end-caps cryostats must be filled (and emptied) at the same time, and
design, the pressures in the barrel and ir1 the end-cap have to be balanced; thus the
cap. Thermally non—conducting sheets provide the separations of the vacua. In this
by an intermediate vacuum independent of the vacua of the barrel and of the end
against each other. The walls are cold, and the heat losses to the exterior are limited
In the first one (Fig. 5) the end-cap is secured to the barrel and the thin walls lean

Two solutions were brought forward in this spirit :

already bears the main load.
have tried to find a design where most of the wall effects are taken by the structure which A
that the use of bulgy walls would lead to unacceptable cracks and loss of space. Therefore we
calculations show that the use of flat walls would lead to unacceptable wall thicknesses, and
the region between the barrel and end-cap parts of the calorimeter. Indeed, preliminary
stacks, while minimizing the amount of dead material. The problem is particularly critical in

A preliminary study has been made to accommodate the design of the calorimeter

electromagnetic part: 'constant gap' and ‘consta.nt angle'.
overlap 5 electromagnetic towers, in both directions. Two options are considered for the
rapidity. The mechanical parameters have been adjusted in such a way that 2 hadronic towers
calorimeters, readout is organized in towers pointing to the vertex in both azimuth and
symmetry without cracks. Along the beam direction there is a single crack at 1] = 0. In both

Taking advantage of the 'accordion' shape, both calorimeters offer complete azimuthal

central washer and 2 at each end.

cylinder plays this role. It is supported by the cold vessel on 6 points: 2 at the level of the
part, this role is played by the cold vessel. For the electromagnetic part, a thin structural
which modules are hooked onto an outer cylinder reinforced by washers. For the hadronic
hadronic section, the hadronic and electromagnetic calorimeters are two coaxial shells, in

In our mechanical design, based on the 'accordion' geometry and EST readout in the

3.1 General architecture.

EXPERIMENT

3. STUDY OF A FULL LIQUID ARGON CALORDWETER FOR AN LHC

the next chapter.
The difficulty in building such a detector, with the required tolerances, is addressed in

when compared to the prototype with parallel 'accordion' electrodes, already tested [2].
see that about the same performances are expected from a detector with pointing geometry,



inner ground plates of 10mm. OCR Output
together, the two adjacent ground plates give the same absorber thickness as the
and two 5 mm thick plates on the sides of the sector. As two sectors are joint
10 mm thick ground plates inside the module between the 4 azimuthal slices,
as a support structure and one electrical as a ground su·ucture. There are three

ground plates: all stainless steel, which have two purposes : one mechanical

of 'accordion'-shaped plates of different types (Egs. 8 and 9):
A.) separated by a space for cables and preampliliers. Each of these modules is a stack made
inner module with two samplings in depth (3 7:), and an outer module with two sampling (5
size of 21:/32 divided into 4 slices of 21:/ 128. In the radial direction, it is divided into an
length 4 m, inner/outer diameter of the active part 2 m/3.8 m. The sector covers an azimuth
of them divided into 32 azimuthal sectors (see Fig. 7). 'I'he dimensions of the sector are:
first two samplings. The full hadronic calorimeter is build longitudinally in two halves , each
dimensions become large. ’I'he ratio iron/liquid Argon will be 10/3, wlueas it is 10/2 in the

»-·- the sampling ratio in the last two samplings in depth where in the pointing geometry the cell
(J2) on the signal to noise ratio. A further improvement in the noise is due to a change in
granularity. The smaller size compared to the Proposal (0.06 x 0.06) give a gain of close to

The cell sizes have been tuned to 0.049 x 0.046, to match the electromagnetic

outweigh the other arguments. We have seen no advantage to copper over iron.
(see section 2.1) is indeed better with Lead, but we think the ~ 10% better figure does not
than */2, and finally the neutron tluence is smaller (see section 5.1). The energy resolution
scattering for the muons identified outside the hadron calorimeter is reduced by a factor larger
secondly, for the same 82. the total weight is reduced by almost 30%, thirdly, the multiple
iron which is better for the following reasons. First, iron provide a better mechanical rigidity,
hadronic calorimeter. While the working option had first been lead, we decided to turn to

Since the Proposal, simulation and design studies resulted in a better definition of the

3.2 Hadronic calorimeter.

the relative displacements due to thermal contraction.
supported by two insulating legs (located inside the legs of the vacuum vessel) which ensure
bottom. The vacuum vessel is supported by 6 legs. Each ring of the argon vessel is
are also in this region. The pumping and feeding pipes for the liquid are located at the
calorimeter exit the vessels at both ends of the barrel with feed—throughs. The gas exhausts
stainless steel walls, tying the argon wall to the intemal structure, etc.). Cables from the
reduce the thickness down to 0.5 radiation lengths or below (aluminum walls, corrugated
the cold and warm outer walls. For the inner walls, several options are being considered to
rings are also part of this structure. It has been estimated that 35 mm is a possible figure for
two end-f`langes which can be dismounted by sectors for module installation. Three outer
rigidity of the cold vessel is largely given by three washers: a central one, single pieced, and

The vacuum and argon vessels are made of 8m long stainless steel cylinders. The

cryostats are independent as in a classical solution.
points where insulanng spacers hold the gap. In this design the barrel and end-cap
forces. The warm wall is separated from the cold wall by vacuum, except at a few
(see below) where 'accordion' shaped plates, parallel to the beam axis, can take large
traction on the modules. This approach is well suited for our module geometries
the calorimeter modules. The hydrostatic pressure of the liquid is then taken up as a
transfer the efforts. In this design, the cold end wall of the argon vessel is tied to
structure with a double wall, and with spacers between the two walls in order to



Windows in the bars allow signals from the kapton electrodes to get out. Each bar is OCR Output
beam, the converter plates are glued into precision machined bars with a groove (see Fig. 14).
12 and 13). The plates are supported along their periphery. Along edges parallel to the

A module consists of 24 converter plates and 24 kapton readout electrodes (see Figs.

difficult Problem requires a dedicated study which we have just started.
active part of the calorimeter should be seen uniform, irrespective of module frontiers. This
of modules in the cylinder would be done vertically. Once positioned in the cylinder, the
the mounting of the modules into the support cylinder are depicted in Pig. ll. The assembly
covering 99 in azimuth) with a division in 2 along the beam direction. Our present ideas on
calorimeter, we plan to divide the electromagnetic part into modules (40 modules, each
cylinder), and that rare local imperfections up to 0.2 mm are tolerable. As for the hadronic
percent (0.04 mm with respect to the 8 mm pitch of electrodes around the inner calorimeter
positioning in azimuth should be made with a systematic 'scale uncertainty' smaller than 0.5
and that the relative positioning of these electrodes be accurate enough. We estimate that the
of azimuth, requires that the electrode shape follow closely the calculated profile (see Fig. 2),
transverse size. As previously discussed, a good uniformity of energy response as a function
2.2) that this change does not imply an important broadening (less than 20%) of the shower
sketch of this is shown in Fig. 10. We have verified with shower simulations (see section
the structure of the Lead—stainless steel convener elecuodes at rapidities t 0.55 and zi: 1.1. A
the vertex, becomes much too large. To overcome this problem, our proposal is to change
AE/E, like l/*/sin6). For the same reason, the actual thickness of the calorimeter, seen from
on the converter electrodes becomes small, worsening somewhat the expected resolution (in
interval from 0 to 1.7 (polar angle 9 from 90 to 219). At large rapidities, the incidence angle
4m length of the calorimeter (with the outermost corner truncated at 3.6 m), for a rapidity
intervals. Choosing 0.01764 for this interval corresponds to 96 electronic channels along the
2rt/320 = 0.0197. In the other direction the strip shape is defmed to cover equal rapidity
Three such strips are connected together to define the readout pitch in phi, which is thus
plates. Readout towers are defined by strips chemically etched on readout kapton electrodes.
inner radius of the active part starting at 1350 mm. The azimuth is covered by 960 radial

The working dimensions are those already mentioned in the simulation section, the

in towers pointing to the vertex.
implications of achieving a full azimuthal symmetry, with no cracks, with readout organised A
improved from the ones used in the prototype test [1, 2]. Main modifications follow the

For the Electromagnetic calorimeter, we plan to follow techniques adapted and

3.3 Electromagnetic calorimeter

provide 8 argon gaps, giving EST ratios of 3 and 4 respectively.
the inner module, 5 composite plates provide 6 argon gaps, in the outer module 7 plates
composite plates are stacked between two ground plates with equal gaps between all plates. In

Each element is electrically insulated from its neighbours by insulating shims. These

geometry.

the folds provide the rapidity segmentation of the module, following a pointing
folds of the 'accordion' provide separate samplings in depth, while cuts across
are included in the process for charge collection and transport. Cuts along the
reassembled between two fiberglass sheets into a composite plate. Copper pads

electrode plates : 10 mm thick stainless steel plates which have been cut and



rapidity region, where the Lead thickness is maximum, (see Fig. 10) is also the most OCR Output
limit construction expenses and delays, we restrict ourselves to 2 meters. The central
above), we need an electrode length much larger than the calorimeter depth. However, to
In order to be most sensitive to potential sagging effects on the converter electrodes (see

For the electromagnetic section, we choose as first option the 'constant gap' solution.

0.0 to 0.5.

target, we are designing the prototype to cover 22.5° in azimuth, and a rapidity interval from
and to allow for some measurement of 'pseudo jets' produced by interactions in a plastic

To fully contain a hadronic (pion) shower, with some flexibility for a (reduced) scan,

section 3.

primarily defined as a sector in rapidity and azimuth of the barrel calorimeter described in
In order to be as specific as possible, the prototype we are proposing is a calorimeter

performances for LHC.
a series of beam tests to confirm the validity of our choices, and demonstrate adequate

Following this preliminary study of a calorimeter for LHC, we would like to conduct

" caroanmrza
4. PROTOTYPE OP A HADRONIC AND ELEC'I'ROMAGNETIC

proceed with the preparation of the 1992 prototype (see section 4).
kapton electrodes. The complete design of the mother boards and calibration boards will

As in the pre-prototype [1,2], preamplitiers will be placed as close as possible to the

overall rigidity of a module.
converter electrodes using light honeycomb [1,2]. These elements do not participate in the

In the two approaches the kapton readout electrodes are positioned in between the

would, however, rely on a different approach to the one using bars.
,..»~. Fig. 16). Due to the 'wavy' edges all around the modules, the construction of the modules

applied to bind the modules, with the required accuracy, into the support cylinder (see
sagging of horizontal plates (see Fig. 15). Similar concepts to those described above can be
participate to the inertia of the plate (against the effects of their weight), strongly preventing a
point (9 = 559). The main advantage of this solution is that now the accordion folds
now perpendicular to the particles entering the calorimeter modules at the mid—acceptance
axis. A favourable solution consists in choosing a tilt angle of 35°, such that the folds are
expected performances). In this case the accordion folds need not be parallel to the cylinder
plates with a constant fold angle (90°) (see section 2.3 for implications of this choice on

As an altemative to the mechanical structure described above, one can use converter

part of the test programme that we describe below (section 5).
and incorporating frontiers between modules, will be the final proof. This is an important
question. In the end, an uniformity scan of a prototype calorimeter of a size large enough,
larger than our tolerances (see above). Mechanical tests will be performed to assess this
fully granted that, after cooling cycles, electrodes in the horizontal plane will not take a sagitta
bars are in stainless steel. Owing to the composite nature of the converter electrodes, it is not
chosen composition to get an expansion coefficient close to that of the electrodes). The rear
For reasons of transparency, the front bars are made of fiberglass—epoxy (with a suitably
precisely positioned to the next with pins. The module is tied by (curved) bolts every 10 cm.



*This does not include the BNL contribution for 1992, which is presently under discussion. OCR Output

the outcome of the test, we are keeping contacts with the H1 collaboration.
calorimeter, though in the vertical direction. Despite the fact that this would seriously limit
the second half of 1992, has a useful diameter (2500 mm) able to accommodate our prototype
cryostat, which would save us about 150 kCl-IF. This cryostat, which is likely to be free in
groups. ln case we are not successful in that direction, we have considered using the H1 ~-—

A solution to this problem might come from contacts we presently have with other

this last item, is somewhat larger than our planned resources for this project: 1750 kCHF*
300 kCHF correspond to the second electromagnetic option. This amount, not even counting ,`_

To cover the expected expenses, the estimated cost is 2330 kCI-IF, of which

insulated cryostat. This is also given in Tables 1 and 2.
needs. We have therefore estimated the cost and time to build (in industry) a simple foam

Conceming the cryostat, we have found no available device that could meet fully our

the first solution will be designed, as far as possible, to be easily adapted to the second one.
in dimension to the hadronic one. The cost estimate given in Table 1 assumes that tooling for
summer. In that case it would be sufficient to build an electromagnetic section just matched
would ttu·n to the 'constant angle', 359 solution, which will be tested (on a small scale) this
(uniformity worse than 0.5%), with the chosen electromagnetic calorimeter solution, one

ln case the test should demonstrate mechanical problems beyond the acceptable level

figures given assume that adequate manpower will be available in the collaborating institutes.
cost and time to build this calorimeter prototype. They are given in Tables 1 and 2. The

Following the construction techniques described in section 3, we have estimated the

built to test the constant angle solution (see section 2.2).
during the 1991 beam period using the 'old' electromagnetic prototype [1,2], and the one now
necessary electronics is being developed by our collaboration, and will be tested (fast shapers)
subsequent parts (ADC), outside the cryostat, a set of 1000 channels is adequate. The
full scan, most of them will have to be equipped with preamplifiers. For the shapers and

The total number of readout channels in this calorimeter is about 3500. To aim at a

acceptable at SPS energies.
folds of the hadronic part, thus limiting the total thickness to 7 interaction lengths, still
Fig 17. ln order to limit the test cryostat size, (see Fig. 18) we propose to remove the last

A schematics of the geometry of the prototype, following these criteria, is shown in

position, where gravity has the larger effects.
sensitive area in this respect. Furthermore, we will place the module in the horizontal



10 OCR Output

of this preliminary view of an LHC calorimeter.
approaches. To confirm these findings by beam tests, we propose to build a prototype sector
can be found to improve the hermiticity of a liquid argon system, compared to previous
calorimetry. Preliminary attempts to design a full cryostat system indicate that new solutions
this geometry, coupled with electrostatic transformer readout is also well suited to hadronic
extended, with pointing geometry, to a full LHC calorimeter. Similar studies have shown that

Simulations and mechanical studies have demonstrated that this approach could be

studies will continue in 1991 with faster electronics.
'accordion' geometry, has been successfully tested in 1990 using a 'pre-prototype'. The

The concept of a high granularity liquid argon electromagnetic calorimeter based on the

6. CONCLUSION

fully operational in early 1992.
account when estimating our resources for the 1992 Calorimeter prototype). It should be
radiations. The estimated cost of the installation is about 70 kCI-IF (already taken into
Radioactive sources will allow pollution estimates from various materials exposed to
Enough feed—throughs should allow to test up to 50 preamplifier channels at a time.
of the installation is shown in Fig. 20. The cryostat will be operated with liquid argon.
estimated flux of neutrons (above 1 MeV) [7] is about 1.5 1013 neutrons/cm2/hour. A sketch
small size cryostat, to be operated close to the positron target of the Orsay Linac, where the
order to be able to test the various preamplifiers in working conditions, we have designed a
weak element of a liquid argon calorimeter, the preamplitiers, against radiation damage. In

As stressed in the Proposal, progress has already been achieved to strengthen the only

5.2 A facility for radiation exposures in liquid argon

greater than 0.55 a sizeable fraction of the Lead is replaced by iron.
the electromagnetic converter plates that we have now in mind (Fig. 10), where at rapidities
elaborate on this point, we plan to introduce in the simulation the more complex structure of
hadrons deposit a large fraction of their energy in the (Lead) electromagnetic section. To
somewhat lower than sometimes anticipated [5]. This relies on the fact that most low energy
ranges from 30% in the low fluence region to a factor 2 in the highly exposed points, and is
and a 'preshower' including 1.5 rad length of Lead. The benefit of going from Lead to iron
obtained when a moderator of 10 cm polyethylene is between the front face of the calorimeter
(1 to 17, see tigure) are given in Table 3. 'The two columns to the right refer to numbers
iron. The geometry used is shown in Fig. 19, and the results obtained at different test points
and in the cavity, in the hypothesis that the hadronic calorimeter material is either Lead or
interest here is to show the difference in neutron fluences at different points in the calorimeter
the cavity. Detailed descriptions of the calculations will be given elsewhere [6]. The main
albedo fluence than the one used in [4] and in the effect of neutron multiple scatterings inside
reasons for this effect have been extensively investigated and are believed to rely on a larger
up to a factor 10 larger in the low rapidity regions than previously estimated [4,5]. The
estimate in a cylindrical calorimeter was pursued. Present simulations predict neutron fluences

As a continuation of the work already described in the Proposal, the radiation level

5.1 Simulation of radiation levels

5. RADIATION
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running in azimuth from one kapton bend comer (- 0.5) to the next (+ 0.5).
Fig. 4 Variation of the energy response to electrons, as a function of impact position,

bend comer (- 0.5) to the next (+ 0.5).
profiles, as a function of impact position running in azimuth from one kapton

Fig. 3 Variation of the liquid argon thickness, weighted by electron longitudinal shower

Fig. 2 Electrode shape for the `constant gap' geometry.

(GEANT simulation, with accordion geometry).
Fig. 1 Energy resolution for 150 GeV jets, using or not energy dependant weights

Figure Capdous

are simulated using DITUJET

L =1034 s‘lcm"2 and an inelastic cross-section of 60 mb. Hadron interactions

Table 3 Integrated neutron flux per year of operation, assuming Tbcam=107 sec/year

Table 2 Construction schedule of the prototype calorimeter

Table 1 Cost of the prototype calorimeter
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Fig 20 Radiation exposure facility at LAL-Orsay.

calorimeter cavity is 8m.
Fiz 19. Detector geomeuy used for simulation of neutron fluence. The inner length of the

Fig 18 The prototype calorimeter in its test cryostat.

17Fig Segmentation of the prototype calorimeter in its horizontal symmetry plane.

before insertion.

('constant angle, 35° solution). The last module is shown in a recessed position
1=ig· 16 Arrangement of electromagnetic calorimeter modules in their support cylinder

solution.

Fig 15 Perspective view of an electromagnetic module in the ‘constam angle, 35

Fig· 14 Details of converter plate assembly in an electromagnetic module.

prototype, and not 4m as for the studied calorimeter.
Fig 13 Perspective view of an electromagnetic module. The length here is 2 m, as for the

Fig 12 Converter and readout electrodes in an electromagnetic module.

Fig· 11 Arrangement of electromagnetic calorimeter modules in their support cylinder.

lengths.
calorimeter. The length quoted for thickness changes corresponds to l2 radiation

Fig 10 Structure of a Lead stainless steel converter electrode of the electromagnetic

pig Geometry of a converter plate in the inner part of the hadronic calorimeter.

Fig Detail of support and readout plates in a hadronic module.

Fig Structure of a hadronic calorimeter module (21:/ 32 in azimuth)

modules.

Fig Barrel and End cap liquid argon calorimeter, with barrel cold wall secured to the

FiS· Barrel and End cap liquid argon calorimeter,with cold wall at the interface
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300Electromagnetic, 'constant angle'

2030 kCHF

18510% contingency

1845

80Shapers:

150Preamplitiersz

100Cables and feedthroughs:

30Platform for beam test:

165Cryostat:

700Hadronicz

320Electromagnetic: components

300Electromagnetic: Tooling
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