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LHCb is a dedicated detector for b and c physics at the LHC. The construction and the
installation of the LHCb detector have been completed. This presentation reviews the status
of the commissioning and the various steps taken so far are described. The results of the first
beam-beam interactions recorded in the Winter 2009 are briefly presented.
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Introduction

The LHCb experiment 1 is a forward spectrometer dedicated to the study of heavy flavour physics
at the Large Hadron Collider. Its primary goal is to look for indirect evidence of new physics
in CP violation and rare decays of beauty and charm hadrons. During the 2009 data taking,
at s1/2 = 900 GeV, about 7 µb−1 integrated luminosity has been collected while the expected
integrated luminosity for the next 2010-11 long run is about 1 f b−1 at s1/2 = 7 TeV. In nominal
conditions, at an energy in the center of mass of 14 TeV, the expected integrated luminosity
in one year of data taking is 2 f b−1 /107 s, which corresponds to 1012 bb̄ pairs. The LHCb
experiment will exploit the high bb̄ cross-section of 500 µb, about 0.6 % of the total. Therefore
there will be a large amount of B and D mesons to be studied, but with a high background
rate. For this reasons the detector is required to have a highly selective trigger, a good vertex
reconstruction and a good particle identification.
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The LHCb Detector

The schematic view of the LHCb detector is shown in Fig. 1. Since bb̄ pairs are mostly produced
in the forward or backward direction, the LHCb detector was designed as a forward spectrometer,
covering a pseudo-rapidity range of 1.9 < η < 4.9. The LHCb experiment is made of several
detector subsystems. The two beams, called Beam1 and Beam2, cross inside the vertex locator
system, called VELO, which is a silicon detector. The Beam1 comes in the forward direction
of the LHCb spectrometer, from the VELO through all the detector, while the Beam2 comes
from backward. To achieve an excellent K π separation in the momentum range from 2 to
100 GeV/c, there are two Ring Imaging Cherenkov counters (RICH1 and RICH2), which use
Aerogel, C4 F10 and CF4 as radiators. The RICH1 is just after the VELO, while the RICH2 is
before the calorimeters system. Between the two RICHes the tracking system is located. It is
made up of a Trigger Tracker (a silicon microstrips detector, called TT) in front of the magnet,
and three tracking stations behind it, made of silicon microstrips for the Inner Tracker parts
(IT) and of Kapton/Al straws for the Outer Tracker parts (OT). The spectrometer magnet is
a warm dipole, providing an integrated field of 4 Tm. The calorimeter system is composed of a
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Figure 1: Schematic view of the LHCb detector, from the event display.

Scintillator Pad Detector and Preshower (SPD/PS), an electromagnetic calorimeter (ECAL) and
a hadronic calorimeter (HCAL). Finally, the muon detection system providing µ identification
and contributing to the Level-0 trigger of the experiment, is composed by five stations of MWPCs
except in the highest rate region, where triple-GEM detectors are used. The trigger architecture
is conceived in two levels. An hardware level, or Level0 (L0), reduces the effective input rate
of 12 MHz to 1 MHz. It takes information from the VELO, Calorimeters and Muon systems
at 40 MHz rate and it is based on the identification of muon, electromagnetic and hadron
high pT candidates while rejecting multiple interactions. The software level, called High Level
Trigger (HLT), is organized in two stages, the first one (HLT1) checks the L0 candidate using
information coming from the tracking sub-detectors and adds impact parameters and lifetime
cuts. The second one (HLT2) is able to perform global event reconstructions and decay channel
selections. The output of the HLT corresponds to a rate of 2 kHz and an event size of about
40 kB.
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Commissioning without beam

The LHCb commissioning started in 2007. The main purposes were initially to test and calibrate
each detector subsystem individually and finally run the LHCb detector as a whole. It is possible
to divide the detector commissioning into two phases: the first without beam while the second
with circulating beams and the first pp collisions. In the first phase, the hardware operations
controls and monitoring have been tested for each sub-detector individually. Calibration pulses
(using LED, radioactive source or test pulse) have been used to test the response of the hardware,
allowing to check cables connectivity, channels mapping and to spot any dead or noisy electronic
channel. An internal time alignment of about 1 ns between the electromagnetic and the hadronic
calorimeter was reached while each muon station has been internally aligned at about 3 ns. From
the data produced by each sub-detector, the initial settings of time and spatial alignment had
been set to reasonable values for each subsystem individually while no relative time alignment
was set among different sub-detectors.
3.1

Commissioning with cosmic rays

Even if the cosmics rate related to the LHCb geometrical acceptance in a 100 m underground
cavern is less than 1 Hz/m2 , about 4 M events have been collected starting from the Spring of
2008. The cosmics are well visible only in the external regions of the large area sub-detectors:
the Muon, the Calorimeters and the Outer Tracker and were very useful to test the operation
of the trigger logic. In order to acquire cosmics events, a dedicated selection has been used for
the L0 trigger: thresholds on pT and ET have been lowered in order to be sensitive to minimum
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Figure 2: Beam-Gas interaction. Left: Beam1-gas; right: Beam2-gas.

ionizing particles (10 Hz rate); the coincidence of the two last muon stations (4 Hz rate) or the
central muon station alone (60 Hz rate) has been required; tracks have not been constrained to
point to any vertex. Moreover instead of acquiring a single bunch crossing (25 ns) per event, a
time windows of several bunch crossing centered on the triggered one was opened, to allow the
start of the time alignment among different sub-detectors. Calorimeters and Muon detectors
were aligned at 3 ns for forward cosmics tracks. An improvement of the Muon detector internal
time alignment was possible using cosmics data: the r.m.s. time distribution from 9 ns (first
cosmics 2008) to about 4 ns (last measurements 2010).
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Commissioning with beam

On September 2008 the beams started to circulate in the LHC. We could profit of the LHC
injection tests to continue the time alignment between sub-detectors and to start the spatial
alignment. The beam-gas interactions and the first beam collisions in the Winter of 2009 allowed
to tune the LHCb detector calibration and to see the commissioning results.
4.1

LHC injection test

Several injection tests have been performed by the LHC group. In the first-one the beam was
injected from the SPS into the LHC to test the new injection lines. The Beam2 was dumped
on the injection line beam stopper (TED) about 350 m downstream of the LHCb experiment:
the particles come from behind the detector and the fluence was about 10 particles/cm2 in the
center of the shower. In a second step, the beam was stopped 50 m from the LHCb detector
in a collimator/beam stopper (TDI) just after the kicker injection magnet: in this case the
fluence was 100 times higher. Finally, the beam was injected and passed through the LHCb
experiment. Beam induced data have been used to perform a more precise time and spatial
alignment, especially for those detectors which could not make use of cosmic events. In particular
was possible the check of the space alignment of the VELO in itself and the relative alignment
between the VELO and the TT, which is within the specifications: the track residuals correspond
to about 500 µm with offset between 150 and 300 µm, while the expected uncertainty in VELOTT extrapolation is about 300 µm.
4.2

Beam-gas interaction

The circulating beams interact with the residual gas inside the beam pipe. On November 2009
about 80 k interactions between the beams and the residual gas have been collected and then
reconstructed by the VELO. In Fig. 2 two events of beam-gas interaction are reported. On
the left there is one interaction related to the Beam1, where the event is triggered by the
Calorimeters. While on the right an event related to the Beam2 and triggered by the VELO
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Figure 3: Dimuons from 2009 runs. Left: one dimuon event; right: the dimuon invariant mass distribution.

backward silicon stations is shown. The VELO is made with retractable detector halves which
must be open (30 mm per side) during injection, to avoid detector damage, and can be closed in
stable beam condition (Ebeam > 2 TeV). During the 2009 runs (Ebeam = 450 GeV) the VELO
was open at 15 mm per side and a crossing angle of 2 mrad between Beam1 and Beam2 on
the [xz] bending plane have been reconstructed as expected with the full magnetic field, of the
LHCb dipole magnet, at Ebeam = 450 GeV.
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First Result from 2009 beam-beam collisions and Conclusions

In the 2009 runs about 7 µb−1 of integrated luminosity 2 of minimum bias triggers were recorded
with all the sub-detectors operational, which correspond to about 260 k pp collisions, beamgas subtracted, at Ebeam = 450 GeV. Several particles have been reconstructed, whose mass is
agreement with the PDG value, such as:
• π 0 , routinely monitored on-line, < m >= (133 ± 3)M eV /c2 , σ = (11 ± 4)M eV /c2 .
• Λ, reconstructed only with the tracking detectors:
< m >= (1115.6 ± 0.2)M eV /c2 , σ = (3.1 ± 0.2)M eV /c2 . Using the full tracking power,
including VELO (still open at 15 mm per side) was measured a σ = (1.4 ± 0.1)M eV /c2 .
More details on V0 production can be found in 3 .
• Φ, reconstructed using the RICH particle identification,
< m >= (1019.61 ± 0.22)M eV /c2 , σGauss = (1.75 ± 0.32)M eV /c2 .
The muon detector time resolution is in perfect agreement with expectation (σ = 3.6 ns) and
the invariant mass distribution of the dimuons events is reported in Fig. 3.
In conclusion the LHCb detector is in good shape! Cosmics data and the initial LHC
accelerator operation have been very useful for the commissioning of the LHCb detector. Beaminduced events and the first collisions were used to conclude the commissioning while high
statistics will be used to fine tune the calibrations.
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