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1 Introduction

The ATLAS collaboration has designed a general purpose detector to be operated
at the Large Hadron Collider (LHC) at CERN [1]. The design of the detector took
into account the requirements from the physics and the constraints from the collider,
but also the cost and technological aspects. It is supported by a large amount of
detailed simulations and test activities.

The performances which are required to meet the physics goals are the following:

- The search for Higgs bosons through their decays into two photons or four elec-
trons requires a good electromagnetic calorimetry.

- The search for Higgs bosons decaying into four muons requires a robust muon
system.

- Supersymmetric particles often decay into an invisible neutralino plus other parti-
cles, leading to a missing energy signature which can be measured with an hermetic
detector.

- The measurement of the top quark mass requires a good measurement of jets.
- b quark and r lepton identification requires the precise measurement of secondary

vertices.

The ATLAS detector is shown in figure 1. It covers a large fraction of the 4n angle,
offers robust and redundant physics measurements and allows for triggering at low
PT (about 10 GeV) thresholds.

In order to achieve the design LHC luminosity of 1034 cm"2 s"1, the bunch spacing
will be only 25 ns, leading to about 20 minimum bias events ("pile-up") and about
1000 charged tracks produced at each bunch crossing. Therefore, the detector must
be fast, fine-grained and radiation hard.

The following sections describe the various subdetectors, starting from the inner
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Fig. 1. The ATLAS detector

tracker detectors which surround the interaction point, going through the electro-
magnetic (EM) and hadronic (HAD) calorimeters, and ending up with the external
muon spectrometer and a few characteristics of the trigger system.

2 The ATLAS inner tracker

The inner tracker must be able to find tracks with more than a few GeV of trans-
verse momentum and/or isolated tracks, to find photon conversions, to measure the
momenta of these tracks and to provide a 6-jet tagging information. The choosen
technologies must be radiation hard (up to 30 kGy / year) and the amount of ma-
terial must be as low as possible to limit the number of photon conversions, the
amount of bremsstrahlung by electrons or the secondary interactions by hadrons.

The layout of the inner tracker is shown in figure 2. It operates in a magnetic field
of 2 T provided by a super-conducting solenoid. It consists of a cylindrical barrel
part and of two endcaps made of wheels, and combines, down to 10° of the beam
line, the measurement of a low number of high precision points at low radii, and a
large number of points at higher radius, with electron identification capability.

The high precision layers consist of Silicon pixel or strip detectors, which must
operate at Q°C for radiation hardness, complemented by AsGa wheels at low radii
in the forward direction. The outer part of the tracker is a Transition Radiation
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Fig. 2. The ATLAS inner tracker

Tracker, with about 370 000 staw tubes interleaved with foam radiator.

With this geometry of the inner tracker, the track reconstruction efficiency is above
97% for tracks with PT greater than 2 GeV/c, with a rate of fake tracks far below
the rate of real tracks from the superimposed minimum bias events, the momentum
resolution is about 2% at 40 GeV and, with the help of the pixel layer located at a
radius of 4.5 cm, the 6-jet tagging efficiency can be 70% for an efficiency of tagging
non 6-jets of 1%.

3 The ATLAS calorimeters

The layout of the ATLAS calorimetry is shown on figure 3.

3.1 The electromagnetic calorimeter

The EM calorimeter is a lead / liquid argon sampling calorimeter. This technique
has been usedriri high energy physics since 1974 and can be made fast enough for
operation at the LHC by using the accordion geometry [2]. This geometry has been
tested using prototypes with speed and sizes similar to the LHC conditions since
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Fig. 3. The ATLAS calorimeters

1990, and the performances which are obtained are the expected ones. The sampling
terra of the energy resolution is 10% / y/~E and the constant term, measured by a
scan of 153 cells, is about 0.6%. The lead / liquid argon technology is radiation
hard, and tests are being performed to verify that additional materials such as glue
do not pollute the liquid. Finally, it is very easy, by etching the copper readout
electrodes, to integrate 3 samplings in depth for the measurement of the photon
direction, a preshower for J/IT0 separation, and to optimize the granularities for the
best performances.

The drawbacks of this technology arise from the necessity for cryostats. Careful
engineering and simulation studies must be performed to limit dead spaces and
the material in front of the calorimeter. The feedthroughs which bring out of the
cryostats the 100 000 channels must be mechanically and electrically reliable. Finally,
it was recently choosen to have all front-end electronics located outside the cryostats,
as no access is possible with the alternative choice of cold electronics.

The design of the ATLAS EM calorimeter is now final, including, for example, all
mechanical studies of the support rings, the assembly scenario, and the schedule for
tests of modules at CERN. The construction of the first real size module has started.
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Fig. 4. The ATLAS muon spectrometer

3.2 The hadronic and forward calorimeters

The barrel part of the hadronic calorimeter is a sandwich of stainless steel plates and
3 mm thick scintillator tiles [3]. The tiles are read from both edges by wavelength
shifting fibers. The fibers are grouped to form semi-projective cells. Groups of fibers
are read-out by photomultipliers located behind the calorimeter.

A large prototype of the tile calorimeter has been tested at CERN, either in stan-
dalone tests or together with the EM calorimeter prototype. A pre-series prototype
of a single module has been built and tested in summer 96.

Two hadronic plugs complete the coverage in the forward direction. There are made
of 25 to 50 mm thick parallel copper plates interleaved with 8 mm thick liquid argon
gaps, and located in the same cryostats as the EM endcaps.

Still in the same cryostats, calorimeters made of tungsten matrices with 250 / 500
argon gaps are used to complete the coverage down to 0.8° of the beam line.

4 The ATLAS muon system

The ATLAS muon system consists of a large air-core superconducting toroid magnet,
precision muon chambers and fast trigger chambers. The layout of the muon system
is shown in figure 4.
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The toroid magnet consists of a 26 m long barrel part and of two endcaps inserted
at each end of the barrel. Each toroid consists of eigth flat coils. In the barrel, each
coil has its own cryostat, whereas all the coils of each endcap toroid are located in
one cryostat. The advantage of the toroid magnetic configuration is to allow for a
good momentum measurement even in the forward direction. The open structure
of the magnet system offers the possibility to optimize the layout of the precision
chambers, with, for example, a direct measurement of the sagitta of the muons.
Moreover, the large structure allows for the use of a moderate magnetic field, on
average 0.7 T, which imposes less constraints on the superconductors and on the
cooling system.

To fully exploit the high potential of this magnet layout, about 5 500 m2 of high
precision chambers will be built. Most of the chambers will consist of layers of drift
tubes, with a single tube resolution, measured in test beam, of 80 fim. Such chambers
can operate up to a background rate of 200 Hz/cm2. At low angle, where the rate
is about 1 kHz/cm2, Cathode Strip Chambers will be used.

The chambers will be aligned with a precision of 30 //m by using projective and
in-plane light rays. Checks of the alignment scheme at real size scale are being
performed.

5 The ATLAS trigger system

The ATLAS trigger system [4], organized in three levels, must cover all relevant
physics processes and reduce the dataflow to 100 Mb/s. The first level uses only
information from the calorimeters and the muon trigger chambers. It operates at
40 MHz with pipelined data and is able to identify the bunch crossing. It defines
regions of interest which are used by the second level. Finally, at the third level, 106

Mips of processors will perform a complete event reconstruction.

6 Conclusions

The design of the ATLAS detector has been, from the beginning, supported by a
large amount of test activities and by full simulation of all relevant physics channels.
It is now well advanced, and the writing of Technical Design Reports has started.
The construction of the detector will meet the LHC schedule.
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