
Chapter 3

The ATLAS Experiment

This chapter provides a basic introduction to the ATLAS (A Toroidal LHC ApparatuS) detector.

Focus is given to the detectors used in the work presented in this thesis. More information about the

design, construction and operation of the ATLAS detector can be found in References [1, 2, 3, 4, 5].

The remainder of the chapter is organized as follows: Section 3.1 introduces the detector and the

conventional coordinate system. Section 3.2 describes the Inner Detector tracking system. Section 3.3

describes the calorimeter system. Section 3.4 describes the Muon Spectrometer.

3.1 Overview

The ATLAS detector is centered on one of the LHC collision points. Shown in Figure 3.1, ATLAS

is over 80 feet high and almost 150 feet long. It weighs approximately 7000 tons. ATLAS is built

around the LHC beam pipe, 300 feet underground. The beam pipe is centered on the cylindrical

axis of symmetry of the detector. Particles produced in the collisions emerge from the center of the

detector in all directions. ATLAS has been designed to record the paths and energies of the particles

emerging from the collisions.

ATLAS is composed of a series of concentric sub-systems, each sensitive to different types of

particles produced in the collisions. The Inner Detector (ID) [6, 7] is closest to the interaction point

and measures the trajectories of charged particles. The ID is composed of the Pixel Detector [8, 9], the

Semiconductor Tracker (SCT) [10, 11, 12], and the Transition Radiation Tracker (TRT) [13, 14, 15].

The ID operates in a 2 Tesla magnetic field provided by the solenoid magnet [16].

Surrounding the ID is the calorimeter system [17]. The calorimeter system is composed of the

liquid argon electromagnetic calorimeters [18], the tile calorimeters [19], the liquid argon hadronic

end-cap calorimeters, and the forward calorimeters. These are each indicated in Figure 3.1. The
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Figure 3.1: Cut-away view of the ATLAS detector.

calorimeters are designed to measure the energy of electrons, photons, and hadrons.

The Muon Spectrometer (MS) [20] surrounds the calorimeters. All particles except muons and

neutrinos are stopped by the calorimeter system. The MS is designed to measure the trajectories of

muons leaving the calorimeter. The MS is composed of muon chambers operating in a magnetic field,

provided by the toroid magnetics [21, 22].

A common coordinate system is used throughout ATLAS. The interaction point is defined as the

origin of the coordinate system. The z-axis runs along the beam line. The x-y plane is perpendicular to

the beam line and is referred to as the transverse plane. Particle momenta measured in the transverse

plane is referred to as the transverse momenta, pT. The positive x-axis points from the interaction

point to the center of the LHC ring; the positive y-axis points upward to the surface of the earth.

The detector half at positive z-values is referred to as the “A-side”, the other half the “C-side”. The

transverse plane is often described in terms of r-φ coordinates. The azimuthal angle φ is measured

from the x-axis, around the beam. The radial dimension, r, measures the distance from the beam line.

The polar angle θ is defined as the angle from the positive z-axis. The polar angle is often reported

in terms of pseudorapidity, defined as η = − ln tan(θ/2). The distance ∆R is defined in η − φ space
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as ∆R =
�
∆η2 +∆φ2.

The remainder of the chapter describes the detector sub-systems important for the work in this

thesis in more detail.

3.2 The Inner Detector

The ID measures the position of charged particles as they traverse the detector. In order to cope with

the high particle densities produced by the LHC, the ID has been designed to make high-precision

measurements with fine detector granularity. The ID operates in a 2 Tesla magnetic field provided by

the solenoid magnet. This allows the ID to serve as a spectrometer in which the curved trajectories

of charged particles can be reconstructed. Charged particles with transverse momentum above 500

MeV are reconstructed in the ID. Below 500 MeV, charged particles do not cross the full ID.

The ID consists of three sub-detectors built using two technologies: silicon sensors and straw drift

tubes. When charged particles cross the silicon sensors, they generate electron-hole pairs that can be

collected with an applied electric field. This charge is recorded locally in the sensor, identifying the

position of the particle. A similar process occurs in the straw drift tubes. Charged particles traversing

the drift tubes ionize gas contained within the straw. The liberated electrons are drifted, with an

applied electron field, to the wire at the center of the straw, where they are recorded. Unlike the

silicon sensors, in drift tubes, the primary ionization is multiplied before detection. Silicon pixels are

used in the Pixel detector, and silicon strips are used in the SCT. Straw drift tubes are used in the

TRT.

The ID is composed of modular collections of sensors. It is built around the beam pipe with a

cylindrical geometry. The ID consists of central barrel layers, centered on the interaction point, and

end-cap wheels or disks at either end of the barrel. Figure 3.2 shows a cut-away of the ID barrel, and

Figure 3.3 shows a cut-away of one of the ID end-caps.

The Pixel detector is the closest sub-detector to the interaction point and provides the finest

granularity. Comprised of over 80 million channels, the Pixel detector provides on average three

measurements per charged particle and has a position resolution of 10 µm in the r− φ plane and 115

µm along z. The Pixel detector provides uniform coverage in φ, up-to |η| = 2.5.

The SCT surrounds the Pixel detectors. Each SCT layer is composed of a double layer of silicon

strips, whose axes are tilted by 40 mrad with respect to one another. The pair of measurements at

each SCT layer locates charged particles in r − φ, with an accuracy of 17 µm, and along z, with

an accuracy of 580 µm. The SCT provides between four and nine measurements per particle, with

coverage up-to |η| = 2.5. In total, the SCT is comprised of ∼6 million channels.
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Figure 3.2: Drawing showing the detector elements crossed by a charged particle with 10 GeV pT in
the barrel of the Inner Detector. The particle emerges from the interaction point and traverses the
beam-pipe, three pixel layers, four double layers of SCT sensors, and around 35 TRT straws.

Figure 3.3: Drawing showing the detector elements crossed by two charged particles of 10 GeV pT in
the end-cap of the Inner Detector. A particle at |η| = 1.4 traverses the beam-pipe, three pixel layers,
four SCT disks with double layers of sensors, and approximately 40 straws in the TRT end-cap. A
particle at |η| = 2.2 traverses the beam-pipe, only the first layer of the pixel detector, two end-cap
pixel disks and the last four disks of the SCT end-cap. The coverage of the end-cap TRT does not
extend beyond |η| = 2.
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The TRT is the largest of the sub-detectors in the ID. The TRT is composed of ∼300,000 straw

drift tubes that provide position measurements with an accuracy of ∼130 µm in φ. A large number

of hits, around 35 per particle, is provided, with coverage up to |η| = 2.0.

In addition to being a tracking detector, the TRT also provides particle identification through

the detection of transition radiation. Charged particles emit transition radiation (TR) photons when

traversing the TRT. The probability of emitting a TR photon is a function of the Lorentz factor-γ.

At a fixed momentum, electrons will emit more transition radiation photons than charged hadrons.

The number of TR photons detected in the TRT provides separation between electrons and charged

hadrons. Particle identification with the TRT is discussed further in Chapter 7.

3.3 The Calorimeter System

The calorimeter system measures the energy of hadrons, electrons and photons. It provides coverage

up-to |η| = 4.9, using several different technologies. An overview of the calorimeter system is shown

in Figure 3.4. The calorimeter system provides containment for both electromagnetic and hadronic

showers, stopping particles before they reach the muon system.

The ATLAS calorimeters are a type known as “sampling” calorimeters. Incident particles produce

showers of energy in the calorimeter. Only a fraction of the energy produced by the particle is

measured by active detector sensors. The energy of the full shower can be inferred from the observed

energy.

The energies of electrons and photons are measured by the liquid-argon (LAr) electromagnetic

(EM) barrel and end-cap calorimeters. The EM calorimeter is a lead-LAr detector with a specialized

geometry that provides complete and uniform φ coverage and fast readout. These detectors provide

high granularity measurements, critical for particle identification in the range |η| < 2.5. The EM

calorimeter is segmented into three radial sections with different η−φ granularities. Figure 3.5 shows

a cut-away of the different layers in the EM barrel calorimeter. The first layer, referred to as the

“strips”, provides very fine segmentation in η. The strips can separate between showers initiated by

electrons or photons and showers initiated by neutral pions. The second sampling provides most of

the energy measurement and has fine segmentation in both η and φ. The third sampling is coarser

and adds additional depth to the calorimeter. The EM calorimeters cover the pseudorapidity range

|η| < 3.2.

The Tile calorimeters and the LAr hadronic end-cap calorimeter are designed to measure the energy

of hadrons. The range |η| < 1.7 is covered by the Tile calorimeter. The scintillator-tile calorimeter

is separated into a barrel and two extended barrel cylinders. In the end-caps, 1.5 < |η| < 3.2, LAr
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Figure 3.4: Cut-away view of the ATLAS calorimeter system.

technology is used for the hadronic calorimeters.

The LAr forward calorimeters provide both electromagnetic and hadronic energy measurements

and extend the pseudorapidity coverage to |η|= 4.9.

3.4 The Muon Spectrometer

The calorimeter is surrounded by the muon spectrometer. The MS measures the position of muons

as they traverse the detector. The layout of the MS is shown in Figure 3.6. The MS operates in a

toroidal magnetic field. Over the range |η| < 1.4, magnetic bending is provided by the large barrel

toroid. For 1.6 < |η| < 2.7, muon tracks are bent by two smaller end-cap magnets inserted into both

ends of the barrel toroid. In the region 1.4 < |η| < 1.6, the bending is provided by a combination of

the barrel and end-cap fields.

In the barrel region, the positions of the muons are measured in chambers arranged in three

cylindrical layers around the beam axis. In the transition and end-cap regions, the chambers are

arranged in three planes perpendicular to the beam. Over most of the η-range, the muon positions
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Figure 3.5: Sketch of section of the LAr EM barrel where the different layers are clearly visible. The
granularity in η and φ of the cells of each of the three layers is shown.

are measured by Monitored Drift Tubes [23]. In the range 2 < |η| < 2.7, Cathode Strip Chambers [24]

are used.

The muon system includes chambers used in the trigger system described in Chapter 4. The muon

trigger chambers cover the pseudorapidity range |η| < 2.4. Resistive Plate Chambers [25] are used in

the barrel and Thin Gap Chambers [26] in the end-cap regions. The trigger chambers provide precise

timing and well-defined pT thresholds.

3.5 Conclusion

This chapter introduced the basic components of the ATLAS detector. More specific details are

provided in further chapters as needed.
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Figure 3.6: Cut-away view of the ATLAS muon system.
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