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1. Introduction

In the last decade impressive progress has been made in®ecphyrhe BABAR and Belle
experiments produced many results testing the CKM mechaoishe Standard Model stringently,
and the two Tevatron experiments, CDF and DO, have produsesta interesting measurements
in the B sector. At this moment, the data show a striking agreemethi tive Standard Model.

On the other hand, the level of CP violation in the Standardi®leannot explain the absence
of antimatter in our universe. A new source of CP violatiogdred the Standard Model is needed
to understand this matter-antimatter asymmetry, implyiag physics. Particles associated to new
physics could manifest themselves indirectly in beautyelmrm-meson decays via their virtual
effects in loop diagrams and produce contributions thahgbhahe expectations of CP violation
phases. They may also generate decay modes forbidden itcthéa®d Model.

Therefore, the emphasis of the LHCb experiment has shiftegk o the search for physics
beyond the Standard Model. Thanks to the large b-quark sexson expected in p-p collisions at
LHC energies, the high event reconstruction efficiency efdbtector, and the flexible high-level
trigger based on software, the LHCb experiment is readygnifstantly extend the sensitivity to
new physics as the next generation heavy flavour experinfdregady in the first year of physics
data taking LHCb will contribute to an improvement of sevamgeresting measurements [1].

2. Detector description and performance

The LHCb experiment will exploit the highb cross-section of- 500ub expected at/s =
14 TeV energy of the colliding protons at the LMGSiven that theob pairs are mostly produced
in the forward or backward direction, the LHCb detector wasigned as a forward spectrometer,
covering a pseudo-rapidity range aPlk n < 4.9. Selecting B-mesons with transverse momen-
tum pr > 2 GeV/c, the b-hadron production cross-section-i230ub. In order to maximize the
probability of a single interaction per beam crossing, iswlacided to limit the luminosity in the
LHCb interaction region to 2 5x 10%2cm~2 s~1. This choice facilitates the study of B-physics
and has the additional advantage of reducing the radiatiamage due to high particle flux at small
angles. In these conditions one year of "normal”" LHCD rugriin 10’s) corresponds to 2 fi of
integrated luminosity and about #bb pairs produced in the region covered by the spectrometer.

The detector and the trigger of the experiment are espgaaligned to reach excellent per-
formance in the specific B-meson decays that usually havél 8remching Ratios (BR), while
rejecting the background, which is mostly due to inclusiseand inelastic p-p interactions.

A schematic view of the LHCb spectrometer is shown in Figur@lie detector is described
in great detail in [2]. The following sections provide a briaitline of the experimental setup and
summarize the expected performance.

2.1 Tracking system

The tracking system consists of the VErtex LOcator systefL®) and four planar tracking
stations: the Tracker Turicensis (TT) upstream of the 4 Tpoldi magnet, and stations T1-T3

1Thebb cross-section scales roughly linearly with the energy, rs® can easily scale the given cross-sections for
lower /s values.
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Figure 1: Schematic view of the LHCb detector

downstream of the magnet. VELO and TT use silicon microstiepectors. In T1-T3, silicon
microstrips are also used in the region close to the beam(piper Tracker, IT) whereas straw-
tubes are employed in the outer region of the stations (Outarker, OT).

The VErtex LOcator (VELO) provides precise measurementraifk coordinates close to
the interaction region in order to identify the displacedms®lary vertices which are a distinctive
feature of b- and c-hadron decays. It consists of 21 statraged along the beam axis, each
providing a measurement of the radial and azimuthal trakdinates. This detector allows to
reconstruct primary vertices with an excellent precisid@: (60) umin the transverse (parallel)
direction to the beam axis. The measurement of the impaetnpeter of tracks relative to the
primary vertex, a crucial parameter for identifying paeg originating from a B-decay, has a
precision ofgip = (14 + 35/ ) um (with prin GeV/c units). More details can be found in [3].

The tracking stations TT and T1-T3 allow to measure the maumerof the charged particles
with a precision ofop/p = (0.4 + 0.001% p) % (with p in GeV/c units) with > 95% efficiency. The
overall performance of the tracking system allows to retroics the invariant mass and proper time
of B-mesons with a resolution @f,, ~ 15 - 20 MeV/& andag; ~ 30 - 40 fs respectively, depending
on the channel.

2.2 Particle identification

Particle identification (PID) is a fundamental requiremfent.HCb. It is essential for the goals
of the experiment to separate pions from kaons in selectbddden decays, and to determine the
B-flavour at production (B-tagging). Since the momentumcipen is rather soft at large polar
angles, while at small polar angles the momentum spectrumariger, the particle identification
system consistes of two RICH detectors to cover the full muoma range. The upstream detector,
RICH 1, covers the full LHCb acceptance and detects the lomemum charged patrticles in a
range of~ 1-60 GeV/c using aerogel andE o radiators, while the downstream detector, RICH 2,
has a limited angular acceptance and covers the high momenatoge from~ 15 - 100 GeV/c,
using a Ch radiator. The kaon PID efficiency is expected to be at thel Iei@8% (averaged over
the full momentum range) while pion contamination stay$atl¢ével of 3%.
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The calorimeter system of the experiment comprises a Batotipad-detector (SPD), a pre-
shower detector (PS), an electromagnetic calorimeter (B@G#d a hadron calorimeter (HCAL).
It provides the identification of electrons, hadrons andtraési (photons and®®) as well as the
measurement of their energies and positions. Its infolnas used at the first trigger level (LO) to
select particles from B-decays with a transverse energgsiefr > 2-3 GeV/c.

The muon system is designed to identify and select higimgons at trigger level LO, and to
provide offline muon indentification for the reconstructi@mmuonic final states and B-flavour tag-
ging. It consists of five stations (M1-M5) equipped mainlywinulti wire proportional chambers.
For the innermost region of station M1, which has a high plrtbccupancy, triple-GEM detectors
are used. For a muon PID efficiency of 90% the misidentificataie is~ 1.5%.

2.3 Trigger system

The LHCDb trigger is organized in two layers: Level-0 (LO) &hd High-Level-Trigger (HLT).
The LO trigger is a hardware trigger, implemented on custoatde electronics. It selects events
with relatively high g (typically > 1-4 GeV/c) electrons, muons, photons and haslia the final
state that most likely come from a B-decay. The decisionksrtawithin a latency of 4us at the
input frequency of 40 MHz with an output rate of 1 MHz.

The High-Level-Trigger selects exclusive B-decay modewelsas auxiliary signals for sys-
tematic studies, such as inclusive B-decays. The HLT is &avaoé trigger, implemented as se-
lection algorithms on a computing farm ef 1800 CPUs and runs asynchronously. It starts with
confirming the high pL0O-candidates, after which it selects events with fully artflly recon-
structed B-decay modes. The data acquisition rate aftddties 2 kHz and the event size 35 kB.
Therefore minimum bias (MB) data can be recorded at a maximatenof 2 kHz and MB physics
can be performed on early data with large data samples.

3. Commissioning

The LHCb commissioning strategy can be summarized in thieygss First, test- and cali-
bration pulses were used for the commissioning of the iddizi detector parts; in a second step
cosmic rays were employed by some subsystems, and finallgaimenissioning was done with
particle beams for the full detector.

3.1 Commissioning with test pulses

In the initial phase, each sub-detector was commissiongepiendently. Safety issues were
checked and hardware operations and controls tested. r@tadib pulses were used to test the
response of the hardware, including a check of the contmodt data-cables and testing of the
trigger signals. Calibration pulses were also used to clieelchannel mapping and to spot any
anomalous electronic channels (dead or noisy). Initidlregs for the time alignment were set to
reasonable values leading to coherence of the data prodocedch sub-detector. After some
debugging more than 99% of the electronic channels of edasystem were fully operational.

Once all the subsystems were basically ready, the systeraxeasised as a whole. The LHCb
experiment has been read out at a maximum hardware triggeeofd MHz in 2009 and the data
storage at 2 kHz output rate has been tested.
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Figure 2: (Left) Event display of a cosmic event reconstructed by tiie@alo and Muon systems.
(Right) Time distribution of muon hits in stations M1-M5 wibackward (left) and forward (right) tracks.

3.2 Commissioning with cosmic rays

Several cosmic runs have been performed to commission gfahe experimental setup. Al-
though the configuration of the LHCb experiment is not weltexiifor cosmic runs (the rate of
tracks within+250 mrad from horizontal is well below 1 Hz), several milliogeful cosmic events
have been recorded. In order to acquire cosmic events, thdECAL and MUON trigger has
been slightly relaxed: the thresholds opgnd E have been lowered in order to be sensitive to
minimum ionizing particles and the coincidence of only twaan stations has been required. Cos-
mic events have also been extremely useful to commissiotrifgeer, since the same logic as for
real data has been used.

Cosmic runs allowed us to achieve a good spatial alignmeshibacoarse time alignment for
the big subsystems (Calorimeter, Muon and Outer Trackam)Figure 2 an event display of a
reconstructed cosmic event is shown together with the tiisteilsitions (residuals with respect to
the trigger time) of hits in muon stations M1-M5 for recomstied muon tracks. The trigger was
given by the SPD and HCAL detectors and the timing has beerstadj for forward tracks. The
obtained time resolution of 4 ns is according to expectation

However, not all the detectors could be aligned with thishodt in particular, the VELO, TT
and IT detectors are too small or too far away from the detegmviding the trigger to participate
in the cosmic runs.

3.3 Commissioning with beam induced events

As part of the LHC machine commissioning, beam synchroitiraests have been done dur-
ing which a single bunch of protons was directed along a tearisie between the SPS accelerator
and the LHC, and dumped onto a beam absorber before entberigHC tunnel. As beam dump
served the TED (Transfer line External beam Dump) whichéated about 340 m downstream of
the LHCb detector. Secondary (and tertiary, etc.) trackeelling at small angles were detected
and reconstructed by the VELO, TT and IT subystems. The flievas about 100 particles/ém
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Figure 3: (Left) Single/noise ratio for an IT-module as function oéttrigger delay.
(Right) Reconstructed tracks of a high-multiplicity eveaen by LHCb on September 10, 2008

These events have been used to perform a more precise tiohaspatial-alignment. For the time
alignment of the silicon microstrip detectors, runs wetketawhere the delay between the sam-
pling time and the trigger time was varied in steps of a few m the most probable value of the
the signal/noise ratio was determined for each detectdr gdre delay time for the subsequent
data taking was then chosen as the one with the highest sigisa ratio, as illustrated in Figure 3.
After this procedure the detectors were time aligned withrexigion better than 2 ns. Details on
the spatial alignment of these subdectors can be found.in [3]

Finally on September 10, 2008, proton bunches circualtethiofirst time in the accelerator.
Besides some beam-gas events, several so called splashlexembeen recorded with the detector,
where the beam hit a collimator (TDI) about 50 m upstream ofCbH First collison events have
been recorded in the LHC pilot run, which took place in the kgegsubsequent to the HCP 2009
conference and which demonstrated the readiness of the ldd@lotor for physics.

4. Conclusion and outlook

The installation of the LHCb detector is completed, andaiisystems are commissioned and
ready for physics data taking. Cosmic rays and beam inducedt® were very useful to com-
mission the various subsystems. The full detector has asa bead out at a maximum hardware
trigger rate of 1 MHz and LHCb is fully operational for the figghysics run in 2010.

Large Minimum Bias data samples will be collected at a rat@ kifiz, as soon as the LHC
delivers p-p collisions. The first data will be used for cedition of the detector, followed by a first
exploration of low g physics at LHC energies and the commissioning of the fudiger. A few
observables sensitive to NP, such as the BR +Bu*u~and the CP asymmetry oflB- Jy o,
should be already accessible at the end of the first year dfighylata taking.
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