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Chapter 2

The LHCb Detector

2.1 Detector layout

LHCb is a single-arm spectrometer with a forward angular coverage from approximately 10 mrad
to 300 (250) mrad in the bending (non-bending) plane. The choice of the detector geometry is
justified by the fact that at high energies both the b- and b-hadrons are predominantly produced in
the same forward or backward cone.

The layout of the LHCb spectrometer is shown in figure 2.1. The right-handed coordinate
system adopted has the z axis along the beam, and the y axis along the vertical.

Intersection Point 8 of the LHC, previously used by the DELPHI experiment during the LEP

Figure 2.1: View of the LHCb detector.
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Figure 14: Reconstructed Cherenkov angle as a function of track momentum in the C4F10

radiator

ring does not overlap with any other ring from the same radiator.
Figure 14 shows the Cherenkov angle as a function of particle momentum using information

from the C4F10 radiator for isolated tracks selected in data (∼ 2% of all tracks). As expected, the
events are distributed into distinct bands according to their mass. Whilst the RICH detectors
are primarily used for hadron identification, it is worth noting that a distinct muon band can
also be observed.

5.3 PID calibration samples

In order to determine the PID performance on data, high statistics samples of genuine K±, π±,
p and p̄ tracks are needed. The selection of such control samples must be independent of PID
information, which would otherwise bias the result. The strategy employed is to reconstruct,
through purely kinematic selections independent of RICH information, exclusive decays of
particles copiously produced and reconstructed at LHCb.

The following decays, and their charge conjugates, are identified: K0
S → π+π−, Λ →pπ−,

D∗+ → D0(K−π+)π+. This ensemble of final states provides a complete set of charged particle
types needed to comprehensively assess the RICH detectors hadron PID performance. As
demonstrated in Fig. 15, the K0

S, Λ, and D∗ selections have extremely high purity.
While high purity samples of the control modes can be gathered through purely kinematic

requirements alone, the residual backgrounds present within each must still be accounted for.
To distinguish background from signal, a likelihood technique, called sPlot [23], is used, where
the invariant mass of the composite particle K0

S,Λ, D
0 is used as the discriminating variable.

The power of the RICH PID can be appreciated by considering the ∆logL distributions for
each track type from the control samples. Figures 16(a-c) show the corresponding distributions
in the 2D plane of ∆logL(K − π) versus ∆logL(p − π). Each particle type is seen within a
quadrant of the two dimensional ∆logL space, and demonstrates the powerful discrimination
of the RICH.
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Display of a typical LHCb event in RICH1
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Figure 6.20: Display of a typical LHCb event in RICH 1.

Table 6.3: Single photoelectron resolutions for the three RICH radiators. All numbers are in mrad.
Individual contributions from each source are given, together with the total.

Aerogel C4F10 CF4

Emission 0.4 0.8 0.2
Chromatic 2.1 0.9 0.5
HPD 0.5 0.6 0.2
Track 0.4 0.4 0.4
Total 2.6 1.5 0.7

6.2 Calorimeters

The calorimeter system performs several functions. It selects transverse energy hadron, electron
and photon candidates for the first trigger level (L0), which makes a decision 4µs after the inter-
action. It provides the identification of electrons, photons and hadrons as well as the measurement
of their energies and positions. The reconstruction with good accuracy of p0 and prompt photons
is essential for flavour tagging and for the study of B-meson decays and therefore is important for
the physics program.

The set of constraints resulting from these functionalities defines the general structure and
the main characteristics of the calorimeter system and its associated electronics [1, 121]. The
ultimate performance for hadron and electron identification will be obtained at the offline analysis
level. The requirement of a good background rejection and reasonable efficiency for B decays adds
demanding conditions on the detector performance in terms of resolution and shower separation.
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