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Abstract

A new area in particle physics has begun with the start of the Large Hadron Collider (LHC) at CERN
at the end of 2009, which collides protons at energies never reached before. To detect the products of
the collisions, four main experiments are located around the LHC, among which the LHCb experiment.
LHCb has been designed as a single-arm forward spectrometer and is dedicated to measurements of
CP violation and rare decays of B hadrons. These searches could also potentially lead to the discovery
of phenomena that cannot be described by the model used to date, called the Standard Model. The
physics beyond the Standard Model is referred to as New Physics.

A measurement of the phase of the B0
s–B0

s oscillation amplitude with respect to that of the b → c+W−

tree decay amplitude, called φJ/ψφ
s , is one of the key goals of the LHCb experiment with first data. In the

Standard Model, this phase equals −2βs, with βs the smallest angle of the unitary triangle of the CKM
matrix relevant to B0

s . The φJ/ψφ
s phase is hence predicted to be small, φJ/ψφ

s ≡ −2βs = −0.0360+0.0020
−0.0016

rad. However, possible contributions of New Physics to the B0
s - B0

s box diagram, such as new particles
entering into it, could modify the φ

J/ψφ
s value from its Standard Model expectation. Due to its very

small theoretical uncertainty in the Standard Model, φJ/ψφ
s is therefore a very sensitive probe to detect

the presence of New Physics.

The φ
J/ψφ
s phase will be measured from a time-dependent angular analysis to B0

s → J/ψφ events with
tagging the initial flavor of the B0

s mesons. Due to the pseudo-scalar to vector-vector particle nature
of the decay, an angular analysis is required to disentangle statistically the CP-even and CP-odd
components present in the final state. Already with 2 fb−1 of data taken at the nominal luminosity
L = 2 ·1032 cm2s−1, corresponding to ∼ 117,000 B0

s → J/ψφ signal events, the LHCb experiment is ex-
pected to achieve a statistical uncertainty σ(φJ/ψφ

s ) ' 0.03 rad, similar to the value predicted by the
Standard Model.

On the way to this measurement, we present prospects for the time-dependent angular analysis to
B0

s → J/ψφ events without tagging the initial flavor of the B0
s mesons. This analysis is less sensitive to

φ
J/ψφ
s , but it has the advantages of being independent of the tagging calibration and less stringent about

the proper time resolution, as it does not have to resolve the fast B0
s–B0

s oscillations. Consequently, it
can be applied on first data. Sensitivity results for φJ/ψφ

s , but also for the other parameters entering in
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the analysis are given. In particular, the amplitudes of the CP-even and CP-odd components and the
B0

s meson lifetime can already be measured with a better precision than the latest CDF results (June
2010) with only 0.2 fb−1 of data at nominal luminosity with the untagged analysis.

To perform this analysis, the trajectories through the spectrometer of the particles coming from the
B0

s → J/ψ(µ+µ−)φ(K+K−) decay, the muons and kaons, need to be reconstructed very precisely. In-
deed, from the curvature of their trajectory in the magnetic field, the momentum of the particles is
obtained, which is then used in the calculation of the angles forming the basis for the angular anal-
ysis to B0

s → J/ψφ events. For particles flying in the innermost part of LHCb, the Inner Tracker is
the detector that provides information about the tracks. It consists of twelve detector boxes fixed on
three tracking stations located downstream of the magnet in a cross-shaped configuration around the
beam pipe. They are each filled with four layers of silicon microstrip sensors. We have assembled the
twelve Inner Tracker detector boxes in a clean environment at CERN. By summer 2008, they were all
assembled and installed in the LHCb cavern.

To reconstruct track trajectories very accurately, two ingredients are essential: a good alignment de-
scription of the detectors used for tracking and an accurate description of the magnetic field. Before
closing the Inner Tracker detector boxes, we organized with the survey team at CERN measurements
of the silicon sensor positions. Once installed in the LHCb cavern, the Inner Tracker detector boxes
were aligned as close to their nominal position as possible on the tracking stations previously adjusted.
From the final measurements, we provided to the LHCb software a first realistic geometry description
of the Inner Tracker, which was validated using particles coming from LHC injection tests of September
2008 and June 2009.

The magnetic field map used initially in the LHCb software had been generated with a model based on
finite element calculation. To obtain a better magnetic field map description, we developed a method
for parameterizing magnetic field measurements that were recorded in December 2005 in the LHCb
cavern using Hall probes. This new map replaced the former field map in the LHCb software. However,
the magnetic field measurements showed some different features compared to the simulated magnetic
field values, which needed to be validated with real data. As an example, an asymmetry of the magnetic
field between the lower and upper parts of the magnet is observed in the measurements, while simu-
lated values do not have this by design of the dipole magnet. Using reconstructed masses of Ks →π+π−,
Λ→ p+π− and Λ̄→ p−π+ decays coming from 2009 and early 2010 real data, we validated the magnetic
field map based on the measurements against the one based on simulated values according to several
criteria, one of which being the confirmation of the up-down asymmetry in the field. From the same
studies, we calculated a factor to correct globally for the momentum scale. As this factor should be uni-
versal, it can be calculated for one resonance and validated using the results for other resonances.

Keywords :

CERN, LHCb, Silicon Tracker, Survey Measurements, Magnetic Field Map, Momentum Calibration,
Ks and Λ Resonances, B0

s → J/ψφ, CP-Violating Weak Phase φ
J/ψφ
s , New Physics, Time Dependence,

Angular Dependence, Trigger Selection, Angular Acceptances, Untagged Analysis.



Résumé

Une nouvelle ère de la physique des particules a commencé, avec le démarrage du Grand Collisionneur
de Hadrons (LHC) au CERN à fin 2009, qui collisionne des protons à des énergies jamais atteintes au-
paravant. Pour détecter les produits des collisions, quatre expériences principales sont situées autour
du LHC, dont l’expérience LHCb. LHCb a été conçue en tant que spectromètre à un seul bras et est
dédiée à des mesures de violation CP et de désintégrations rares de hadrons B. Ces recherches pour-
raient aussi potentiellement mener à la découverte de phénomènes qui ne peuvent pas être décrits par
le modèle en date, le Modèle Standard. La physique au-delà du Modèle Standard est appelée Nouvelle
Physique.

Une mesure de la phase de l’amplitude d’oscillation B0
s–B0

s par rapport à celle de l’amplitude de la
désintégration en arbre b → c+W−, appelée φJ/ψφ

s , est l’une des mesures clé de l’expérience LHCb avec
les premières données. Dans le Modèle Standard, cette phase est égale à −2βs, où βs est le plus petit
angle du triangle unitaire de la matrice CKM en rapport avec B0

s . La phase φ
J/ψφ
s est donc petite

par prédiction, φJ/ψφ
s ≡ −2βs = −0.0360+0.0020

−0.0016 rad. Cependant, de possible contributions de Nouvelle
Physique au diagramme en boîte de B0

s - B0
s , telles que de nouvelles particules, pourraient modifier

la valeur de φ
J/ψφ
s de la prédiction faite par le Modèle Standard. Au vu de sa très petite incertitude

théorique dans le Modèle Standard, φJ/ψφ
s est donc une sonde très sensible pour détecter la présence de

Nouvelle Physique.

La phase φ
J/ψφ
s sera mesurée à partir d’une analyse angulaire dépendante du temps appliquée à des

événements B0
s → J/ψφ pour lesquels la saveur initiale des mésons B0

s est étiquetée. A cause de la na-
ture de la désintégration (particule pseudoscalaire se désintégrant en deux particules vecteur), une
analyse angulaire est requise pour séparer statistiquement les composantes paires et impaires de
CP présentes dans l’état final. Avec seulement 2 fb−1 de données prises à la luminosité nominale de
L = 2 ·1032 cm2s−1, ce qui correspond à ∼117,000 événements de signal B0

s → J/ψφ, l’expérience LHCb
devrait atteindre une incertitude statistique de σ(φJ/ψφ

s )' 0.03 rad, qui est de l’ordre de grandeur de la
valeur prédite par le Modèle Standard.

En vue de cette mesure, nous présentons les prévisions pour l’analyse angulaire dépendante du temps
appliquée à des événements B0

s → J/ψφ pour lesquels la saveur initiale des mésons B0
s n’est pas éti-
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quetée. Cette analyse est moins sensible à φ
J/ψφ
s , mais elle a l’avantage d’être indépendante de la

calibration de l’étiquetage et est moins exigeante en ce qui concerne la résolution du temps propre,
comme elle ne doit pas résoudre les oscillations rapides de B0

s–B0
s . Par conséquent, elle peut être ap-

pliquée aux premières données. Des résultats de sensibilité pour φJ/ψφ
s sont présentés, ainsi que pour

d’autres paramètres entrant dans l’analyse. En particulier, les amplitudes des composantes paires et
impaires de CP et le temps de vie du méson B0

s peuvent être mesurés avec une meilleure précision que
les derniers résultats de CDF (Juin 2010) en utilisant seulement 0.2 fb−1 de données enregistrées à la
luminosité nominale avec l’analyse n’étiquetant pas la saveur initiale des mésons B0

s .

Pour faire cette analyse, les trajectoires à travers le spectromètre des particules provenant de la désin-
tégration de B0

s → J/ψ(µ+µ−)φ(K+K−), les muons et kaons, doivent être reconstruites très précisément.
En effet, la quantité de mouvement des particules est obtenue à partir de la courbure de leur trajec-
toire dans le champ magnétique, qui est ensuite utilisée dans le calcul des angles formant la base dans
laquelle l’analyse angulaire pour les événements B0

s → J/ψφ est faite. Pour les particules volant dans
la région centrale de LHCb, le Trajectographe Interne est le détecteur qui fournit de l’information au
sujet des traces. Il est composé de douze boîtes, qui entourent le tube dans lequel circulent les fais-
ceaux dans une configuration en croix sur trois stations derrière l’aimant depuis le point d’interaction.
Les boîtes sont chacune remplies de quatre couches de senseurs au silicium. Nous avons assemblé les
douze boîtes du Trajectographe Interne dans une chambre blanche au CERN. En été 2008, elles étaient
toutes assemblées et installées dans la caverne de LHCb.

Pour reconstruire les trajectoires des traces de manière très précise, deux ingrédients sont essentiels:
une bonne description de l’alignement des détecteurs utilisés pour tracer la trajectoire des particules
chargées et une description précise du champ magnétique. Avant de fermer les boîtes composant le
Trajectographe Interne, nous avons organisé avec l’équipe de géomètres du CERN des mesures des po-
sitions des senseurs au silicium. Une fois installées dans la caverne de LHCb, les boîtes elles-mêmes ont
été alignées aussi près que possible de leur position nominale sur les stations préalablement alignées.
A partir des mesures de position finales, nous avons fourni au logiciel utilisé à LHCb une première
description réaliste de la géométrie du Trajectographe Interne, qui a été validée en utilisant des par-
ticules provenant de tests d’injections du LHC en septembre 2008 et juin 2009.

La carte du champ magnétique utilisée initialement dans le logiciel de LHCb avait été générée avec un
modèle basé sur des calculs d’éléments finis. Pour obtenir une meilleure description du champ mag-
nétique, nous avons développé une méthode pour paramétriser les mesures de champ magnétique qui
avaient été enregistrées en décembre 2005 dans la caverne LHCb par des sondes Hall. Cette nouvelle
carte a remplacé l’ancienne carte dans le logiciel de LHCb. Cependant, les mesures de champ mag-
nétique ont montré quelques caractéristiques différentes comparé aux valeurs de champ magnétique
simulées, qui doivent être validées avec des données réelles. Par exemple, une asymmétrie du champ
magnétique entre la partie inférieure et supérieure de l’aimant est observée dans les mesures, alors
que les valeurs simulées n’ont pas cela vu la géométrie prévue de l’aimant dipolaire. En reconstrui-
sant des masses provenant de désintégrations telles que Ks →π+π−, Λ→ p+π− et Λ̄→ p−π+, provenant
des données enregistrées à fin 2009 et début 2010, nous avons validé la carte du champ magnétique
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2.5.2 The Tracker Turicensis

Apart from providing additional information to
tracks recorded in the VELO that traverse also
the tracking stations, the Tracker Turicensis (TT)
(Figure 2.11) [22, 17] is used in the following
two cases. Firstly, it allows the reconstruction
of the trajectory of low momentum particles
which, bent out of the detector acceptance by the
magnetic field, never reach the tracking stations.
Secondly, trajectories of long-lived neutral parti-
cles decaying outside of the VELO, such as K0

s ,
also benefit from TT information.

Figure 2.11: TTb station from the magnet region.

The TT is located in the upstream region between
the RICH1 and the entrance of the magnet, at
z ∼ 2.5 m, covering the full LHCb acceptance. It
uses a single-sided p+-on-n silicon strip sensor
technology.

TT consists of four detection layers (Figure 2.12)
grouped in two stations, TTa and TTb, with two
layers each. The two stations are separated by
27 cm. The first and fourth layers have verti-
cal detection strips, while the second and third
layers have strips rotated by stereo angles of ±5◦

to allow spatial reconstruction.

Figure 2.12: The four TT detection layers.

Seven silicon sensors are fixed on each module,
for a total of 128 modules. The sensors are
grouped into two or three readout sectors de-
pending on proximity to the beam pipe.

The TT has a design spatial resolution ∼ 50 µm
with a maximal strip occupancy of a few percents.
Its technical specifications are given in Table 2.2.

Table 2.2: Tracker Turicensis technical specifications.
Properties Tracker Turicensis
Geometry and Location
Location of the Stations TTa: z = [233.2,236.8] cm

TTb: z = [260.2,263.8] cm
Station Size 150 cm-wide, 130 cm-high

(full LHCb acceptance)
Active area 8.4 m2

Cooling system [21]
Coolant C6F14
Cooling Temperature −15◦C
Silicon technology
Technology p+-on-n
Strip Pitch 183 µm
Strip Implant Width 46 µm
Silicon Thickness 500 µm
Sensor Dimensions 94.4 mm×96.4 mm
Number of Modules 128 with 7 sensors each
Readout
Readout Channels/Sensor 512
Total Readout Channels 143,360
Signal Shaping Time 25 ns
Readout Chip Technology 0.25 µm CMOS
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2.5.3 The Dipole Magnet

The dipole magnet is described in Section 5.1.

2.5.4 The Inner Tracker

The Inner Tracker (IT) is detailed in Chapter 3.

2.5.5 The Outer Tracker

Figure 2.13: View of OT modules.

The Outer Tracker (OT) (Figure 2.13) [23, 17] is
used to reconstruct the trajectory of charged par-
ticles. Their momenta are measured from the cur-
vature of their trajectories in the magnetic field.

The OT uses straw tubes filled with a gas mixture
containing 70% Ar, 28.5% CO2 and 1.5% O2. This
technology choice was driven by the low cost, the
large area to be covered (∼ 29 m2 per station) and
the need for a good spatial resolution.

The layout of the OT is similar to that of the In-
ner Tracker explained in Chapter 3. Each of the
three stations illustrated in Figure 2.14 contains
four detection layers. The first and fourth layers
have vertical detection modules and the second
and third layers modules rotated by stereo angles

Figure 2.14: The three OT stations (blue).

of ±5◦. The modules are composed of two stag-
gered layers of 64 drift tubes each with inner di-
ameters of 4.9 mm.

The OT design occupancy is ∼ 5% on average, go-
ing up to a maximum of 10% at nominal lumi-
nosity. The gas mixture chosen allows for a max-
imum drift time of ∼ 40 ns, within the time of
two LHC bunch crossings (2 ·25 ns), while man-
ufacturing a good intrinsic position resolution of
∼ 190 µm. The OT technical specifications are
summarized in Table 2.3.

Table 2.3: Outer Tracker technical specifications.
Properties Outer Tracker
Geometry and Location
Location of the Stations OT1: z = [783.8,803.8] cm

OT2: z = [852.5,872.5] cm
OT3: z = [921.5,941.5] cm

Station Size ∼ 29 m2 (full acceptance)
Active area per station 5.97×4.85 m2

Cooling system [21]
Coolant demineralised water
Cooling Temperature 19◦C (in) / 21◦C (out)
Drift-time technology
Gas Mixture 70% Ar,28.5% CO2,1.5% O2
Drift Time < 50 ns
Tubes Inner Diameter 4.9 mm
Readout
Total Readout Channels 55,000
Signal Shaping Time 25 ns
Readout Chip Technology 0.25 µm CMOS
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2.6 The Particle Identification System

All the detectable particles (e±, µ±, p, K±, π± and γ) need to be disentangled from one another. For
this, the calorimetry system is used to distinguish electrons, photons and hadrons by recording their
electromagnetic or hadronic showers. To distinguish hadrons with similar signatures in the hadronic
calorimeter, devices based on the detection of Cherenkov light rings are employed.

To detect muons that do not interact much with the material of the calorimeters, dedicated stations
are placed at the end of the LHCb spectrometer. Neutrinos interact with matter only very weakly. The
only way to measure them is to have the interaction point totally surrounded by detector parts, such
as for the ATLAS or CMS detectors at CERN, and measure the missing transverse energy ET. As such
measurements are not part of the LHCb physics program, LHCb does not need to fulfill this coverage
requirement.

Electromagnetic and Hadronic Showers

When high-energy particles interact with dense matter, they create cascades of secondary particles,
called showers [24]. By interacting, the incoming particle produces multiple new particles with lesser
energy, which at their turn interact to create other particles, and so on. Two types of showers exist,
electromagnetic and hadronic showers, which are detected in the Electromagnetic CALorimeter (ECAL)
and the Hadronic CALorimeter (HCAL) respectively (Figure 2.5).

Electromagnetic showers are produced by a particle interacting via the electromagnetic force, usually
an electron or photon. At energies above a few MeV, electrons and positrons primarily emit photons,
a process called Bremsstrahlung, while photons interact with matter predominantly via e+e− pair pro-
duction. The shower stops when the remaining particles have energies low enough to stop further
multiplication. From this point, the shower decays slowly through ionization losses for electrons or by
Compton scattering for photons. This change is characterized by the critical energy Ec in the absorber
material. For an incoming particle of energy E0, the average shower depth X equals:

X ∼ X0 ln(E0/Ec) (2.4)

where X0 is the radiation length of the material.

Hadronic showers are produced by hadrons and proceed mostly via the strong nuclear force. The pro-
cess is dominated by a succession of inelastic hadronic interactions. At high energy, multiple particles
are produced or emitted from nuclear decays of excited nuclei. Due to the large amount of π0 created,
hadronic showers also possess an electromagnetic component. They can be parameterized by a nuclear
interaction length, which is equivalent to the radiation length for electromagnetic showers. However,
nuclear interaction lengths in the detector material are typically much larger than interaction lengths.
Therefore larger amounts of absorber are required to stop the hadronic showers.
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The detection of different types of particles is explained in the following.

Neutral pions are detected through their decay products, which are two γ more than 98% of the time,
due to their very short mean life, τ ∼ 8.4 ·10−17 s [18]. In the ECAL, two neutral clusters or only one
are searched for [25]. Neutral clusters are selected by extrapolating all reconstructed tracks of the
event to the calorimeter and observe that no matching is possible between the clusters and the tracks.
Neutral pions reconstructed from two neutral clusters are called resolved π0. If the two clusters are
merged, only one cluster is effectively observed in the ECAL. In this case, the cluster is divided into
two sub-clusters. Each of the two sub-clusters is reconstructed as a single photon hypothesis cluster,
from which a π0 is reconstructed. Criteria based on the π0 energy, the neutral origin of the cluster and
a mass window are applied to select the neutral pions, which are in this case called merged π0.

Photon clusters in the ECAL must not be associated with any tracks of the event reconstructed by the
tracking system.

Figure 2.15: Energy deposition of 50 GeV e±
a) and π± b) in the Pre-Shower.

Two layers placed in front of the ECAL, the Scintillating Pad
Detector and the Pre-Shower, bring additional information
to separate different particles with close signatures in the
ECAL calorimeter.

As an example, electrons are distinguished from photons us-
ing the Scintillating Pad Detector information, where only
charged particles leave a signal through ionization.

Charged pions are distinguished from electrons using the
PS information, where electrons produce showers while pi-
ons do not. This is illustrated in Figure 2.15 showing the
energy depositions of 50 GeV electrons a) and charged pions
b) in the Pre-Shower.

Cherenkov Effect

When a dielectric medium is locally polarized by the passage of a charged particle, it emits photons
when it returns to equilibrium. This polarization is symmetric as long as the speed v of the particle is
smaller than the speed of light c/n in the medium of refractive index n (Figure 2.16, left). In this case,
the emitted photons interfere destructively with each other. If the particle speed v is bigger than the
speed of light in that medium, the emitted photons interfere coherently and form a wavefront at a fixed
angle θC with respect to the charged particle direction, resulting in a cone of light emission (Figure
2.16, right) [26].
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Figure 2.16: Medium polarization for v < c/n (left) and v > c/n (right) [26].

By measuring the angle θC, the speed v of the charged particle is deduced using Equation 2.5. Knowing
the momentum, its mass can then be determined, allowing for particle identification. The choice of the
medium, called radiator, depends on the required momentum range for the particle identification. A
smaller refractive index n is used to cover larger momenta values.

cos(θC)= 1
nβ

with β= v
c

(2.5)

Charged pions, kaons and protons have the same types of signature in the tracking system and the
hadronic calorimeter. To distinguish them, their masses are calculated. The mass is given as a function
of the momentum p as m = p/(γv) with γ = 1p

1−(v/c)2
the Lorentz factor. The speed v is determined by

the emission of Cherenkov light in RICH1 or RICH2 and the momentum is measured by the tracking
stations.

The detectors of the LHCb spectrometer contributing to particle identification are:

• The Ring-Imaging Cherenkov Detectors (Subsection 2.6.1)

• The Calorimeter System (Subsection 2.6.2)

• The Muon Chambers (Subsection 2.6.3)

2.6.1 The Ring-Imaging Cherenkov Detectors

Two Ring-Imaging Cherenkov detectors (RICH1 and RICH2) [27, 17] are used to discriminate between
decay channels with equal topology, such as in Bq → hh (h=pions, kaons, protons). A good π-K separa-
tion is also required for flavor tagging.

RICH1 is located just behind the VELO at z = [99,216.5] cm. RICH2 is placed after the last tracking
station at z = [950,1183.2] cm. As shown in Figure 2.17, the Cherenkov light is focused using a combi-
nation of spherical and flat mirrors (top) and is projected as a ring image (bottom) onto a plane of pixel
Hybrid Photon Detectors (HPDs) located outside of the LHCb acceptance (Figure 2.18). The opening
angle θC is deduced from the ring radius.
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RICH1 RICH2

Figure 2.17: RICH1 (left) and RICH2 (right) detection principles (top) and typical simulated events (bottom).
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Figure 2.18: Detection principle of a pixel HPD.

The HPDs (Figure 2.18) contain 1204 pixels
each, corresponding to a granularity of 2.5×2.5
mm2, with a time resolution of 25 ns. As the
HPD performance is degraded by the magnetic
field, they are shielded from the fringe field of
the dipole magnet using iron plates. The de-
sign of the shields was optimized to reduce the
magnetic field as much as possible in the HPDs,
while not degrading it elsewhere in the LHCb
acceptance, especially in the VELO and TT for
the RICH1 case.

RICH1 uses two radiators, the silicon aerogel (n = 1.03) for the identification of low momentum particles
up to 10 GeV/c and C4F10 (n = 1.0014) for momenta between 10 and 60 GeV/c. It covers the whole LHCb
acceptance. RICH2 uses CF4 (n = 1.0005) for high momentum particles from 15 to 100 GeV/c, hence
covering only a limited angular acceptance where high momentum particles are produced (±15−120
mrad horizontally, ±100 mrad vertically). The design separation power of the different radiators is
depicted in Figure 2.19.

The resolution expected on θC receives four different contributions. First, it depends on the assumption
made about the photon emission point, σemission

θ
. Another source of imperfect resolution is the chromatic

dispersion in the refractive index of the radiator, σchromatic
θ

. The finite pixel size and the point spread
function of the HPDs gives also a contribution, σHPD

θ
. Finally, an additional uncertainty comes from

the reconstruction of the track direction, σtrack
θ

.

Figure 2.19: θC versus momentum for the three
RICH radiators and associated particles that can be
distinguished.

The different contributions are given in Table
2.4 for the three radiators. The resolution ex-
pected on θC is 2.6 mrad for the aerogel, which
is dominated by chromatic dispersion. It is 1.5
mrad and 0.7 mrad for the C4F10 and CF4 ra-
diators respectively.

Table 2.4: Different contributions to the single de-
sign resolution σtotal

θ
for the three RICH radiators.

The numbers are given in mrad.
Aerogel C4F10 CF4

σemission
θ

0.4 0.8 0.2
σchromatic
θ

2.1 0.9 0.5
σHPD
θ

0.5 0.6 0.2
σtrack
θ

0.4 0.4 0.4
σtotal
θ

2.6 1.5 0.7
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2.6.2 The Calorimeter System

The calorimetry system [28, 17] is used to distinguish electrons, photons and hadrons by measuring
their energies and positions. The reconstruction of neutral particles, such as photons and pions, is
also important for the LHCb physics program. Moreover, the calorimeter system provides information
about the transverse energy of hadron, electron and photon candidates to the first-level trigger.

The calorimetry system consists of four detector parts, the Scintillating Pad Detector (SPD), the Pre-
Shower (PS), the Electromagnetic CALorimeter (ECAL) and the Hadronic CALorimeter (HCAL). The
whole system is located between the first muon station M1 and the second one M2. They absorb almost
all the particles, except for the weakly interacting muons, which will be detected in the downward
muon stations, and neutrinos that escape detection.

The four parts of the calorimeter system are based on the same detection technology. High energy
particles going through the calorimeter system will interact with different parts depending on their
nature and charge. These interactions generate in scintillating plates photons that are collected us-
ing WaveLength-Shifting fibers (WLS) and transmitted to multi-anode PhotoMultiplier Tubes (PMT)
located at the periphery of the detector.

Figure 2.20: SPD/PS system.

Figure 2.21: SPD/PS scintillator pad.

The Scintillating Pad Detector

The SPD (Figure 2.20) is used to distinguish charged particles
from neutral ones. In the trigger, it is used to reject high-ET

π0 background. It is located just after M1 and is made of 6000
15 mm-thick squared scintillator pads (Figure 2.21), in which four
turns of WLS fiber are inserted in a centered round groove. Both
ends of the fiber are used to transmit the light to the PMTs via
clear fibers.

The main background of the SPD comes from photons that have
converted into pairs before the SPD. Consequently, they are iden-
tified as charged particles.

The Pre-Shower

A 12 mm-thick layer of lead separates the SPD from the PS (Fig-
ure 2.20). A signal in the PS indicates the electromagnetic char-
acter of charged or neutral particles. For instance, electrons can
be distinguished from charged pions, as illustrated in Figure 2.15.
The PS is composed of 6000 scintillators similar to the ones used
for the SPD (Figure 2.21). For particle momenta from 10 to 50
GeV/c, the pion rejection factor is ∼ 99.6%.




