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The Ring Imaging Cherenkov system of the LHCb experiment is pe-
sented, with particular emphasis on the status of the projet.
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1. Introduction

In one year from now, CERN's Large Hadron Collider will startdelivering
the rst colliding proton beams. The LHCb collaboration [1] aims to fully
exploit the LHC potential in the b-quark sector, spanning from CP violating
phenomena to rare decays. The precision of these measurertewill be high
enough for contributions from TeV-scale New Physics to begue accessible
to experimental validation.

In order for this program to be pursued as extensively as po#se, the
LHCb detector has been designed to properly identify the desy products of
b-hadrons. Particularly challenging is the positive identication of K mesons
in the momentum range 1 100 GeV/c, relevant for B physics at the LHC.
Two Ring Imaging Cherenkov detectors with three radiators onstitute the
core of the particle identi cation system of LHCb. Fig. 1 shows the essential
contribution of particle identi cation to reduce backgrou nd in a sample of
B! K*K decays.
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Fig.1. Left: reconstructed invariant mass spectrum ofB2 ! K*K candidates
before any particle identi cation is applied. Right: the same, but with particle
identi cation criteria.

2. RICH 1

A schematic view of the RICH 1 detector [2,3] is shown in Fig. 2 The
detector optics is symmetric about the horizontal axis, wih two sets of
spherical and plane mirrors focusing the Cherenkov photonsnto two photon
detector arrays. Two Cherenkov radiators provide suitablerefractive indices
to cover the lower momentum range of interest for LHCb: solidsilica aerogel
for particles of momentum from 1 to 10 GeV/c and C4F19 gas for momenta
up to 65GeV/c.

A substantial e ort has been placed into the aerogel manufaturing pro-
cess to achieve a material with unprecedented optical quayi and world-
record tile size. In 2004, the rst sample of the nal aerogelproduction has
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Fig. 2. Schematic of RICH1 (left) and RICH2 (right).
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been veri ed for refractive index homogeneity by means of arlectron beam
and a table-top RICH detector [4]. Aerogel samples have alsbeen exposed
to several radiation sources to investigate possible degdations induced by
the high particle ux expected during operation. Protons, neutron and ir-
radiation, with uxes several times higher than expected oer the lifetime
of the experiment, did not result in a measurable degradatio of the optical
properties of aerogel [5].

Another technological challenge of the RICH 1 detector is te spher-
ical mirror system. It is placed inside the acceptance of theexperiment.
The fraction of radiation length X and nuclear interaction length | must,
therefore, be minimised, and at the same time safeguardinghe mechanical
integrity of the optics. An industrial carbon bre based composite mirror
has been chosen as the best compromise between cost, optiqahlity, sta-
bility and material budget. A prototype of the RICH 1 spherical mirrors
has been delivered early in 2006 and it has passed all relevamcceptance
criteria and compatibility tests with respect to ionising radiation and uo-
rocarbon environment. The production and testing of the at mirrors has
been successfully completed.

Magnetic shielding surrounding the photon detectors in RICGH 1 is crucial
to reduce the stray eld of the LHCb dipole magnet. The shieldng also keeps
the eld integral between the vertex detector and the rst tr acking station
high enough to be useful for the trigger [3].

The gas enclosure of RICH 1 has been manufactured and testedrf
gas leak tightness and mechanical precision. It provides omement of the
C4F10 gas radiator as well as mechanical support and reference ftine at
and spherical mirror arrays, the aerogel radiator frame, tle laser system for
alignment checks and the magnetic distortions monitoring @vice. It also
houses the interfaces to the VELO seal and the beryllium beamipe.

3. RICH 2

A schematic view of the RICH 2 detector [2] is also shown in Fig2. The
detector is in a very advanced state. The superstructure habeen assembled
together with the carbon bre polymeric foam entrance window and the
aluminium skin polymeric foam exit window. The magnetic shielding for
the photon detectors, mounted on each side of the superstrture, has been
mapped in the LHCb magnetic eld.

RICH 2 has 56 spherical and 40 at mirrors which have been inslled
and aligned in a clean room. The mirror alignment has been veed after the
transport and installation of RICH 2 in LHCb. No signi cant m isalignment
has been detected. The estimated contribution from the miror system to
the single photon Cherenkov angle uncertainty is of the ordeof 0.1 mrad.
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4. The Hybrid Photon Detectors

The need for a fast and e cient photon detector operating at the LHC
speed of 40 MHz with a very high (63%) active surface fractiomnd a good
spatial resolution, lead to the development of a custom deci, the pixel
Hybrid Photon Detector (HPD) [6]. The HPD, designed and built in col-
laboration with industry, is shown schematically in Fig. 3. It consists of
a 83 mm diameter vacuum tube with a quartz entrance window. Tle inner
surface of the window is coated with a multilayer S-20 photoathode, biased
at a 20kV potential with respect to the anode, a pixelised silicon snsor.
Two intermediate electrodes, one at 19:7kV close to the cathode and the
second, which is part of the tube body, at 16kV, de ne the cross-focusing
electron optics and a demagni cation factor of 5. The anode ontains 8192
pixels each of areedb00 m 625 m, actively OR-ed by the readout elec-
tronics in clusters of eight to form 1024 square super-pixsl This gives an
e ective granularity at the entrance window of 25 2:5 mm?. An encapsu-
lated 40 MHz chip is bump-bonded to the silicon anode. The clpi performs
the shaping and digitisation of the signal, which is then roged out of the
HPD envelope. Arrays of 196 HPDs (RICH 1) and 288 HPDs (RICH 2)are
arranged in columns which also host the electronics, showm iFig. 3.
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Fig. 3. Schematic of an HPD (left) and mounting scheme and mdtanics (right).

The rst beam test with production HPDs, power distribution boards
and external readout (LO) boards has been carried out at the fascati Beam
Test Facility [7]. A total of 36 photon detectors mounted on production
RICH 2 columns, shown in Fig. 4, detected Cherenkov photonsritted by
the 500 MeV electrons passing through a Cherenkov gas volume

Data have been collected withN, as Cherenkov radiator to test indi-
vidual HPDs and time-align the LO electronics with the asyntironous beam
trigger signal. Runs with C4F 1o radiator have been also taken, giving a larger
emission angle, which allows the detection of Cherenkov phans on up to
four HPDs spanning three columns. A display showing Chererdv rings
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summed over many events, where the rings are distributed ovdour HPDs
on two columns is shown in Fig. 4. The background level of theamaining
HPDs is very low.

Fig. 4. Left: three columns of HPDs, taken from inside the tesheam gas enclosure.
Right: an event display for a run with C 4F19 gas radiator. The Cherenkov photons
emitted by 500 MeV electrons at the BTF facility are focussedonto four HPDs.

Extensive tests have been carried out in order to study the eect of
the magnetic eld inside the photon detector magnetic shietling. For elds
higher than 10 Gauss, a fraction of photoelectrons are dritd out of the
sensitive area of the anode by the Lorentz force. As a resulall HPDs will be
surrounded by individual high magnetic permeability cylinders which restore
almost eld-free conditions in the path of photoelectrons. The residual eld
is still high enough to cause a distortion of the mapping of tke photocathode
onto the anode. A system based on the projection of a well-d@ed pattern
onto the photon detectors is integrated inside RICH 1 and RIGH 2 to allow
a periodical correction of the magnetic distortions.

Operation of the HPD at high voltage requires great care in aranging
power routing and insulation. The high voltage distribution boards are
embedded in silicone rubber to guarantee no voltage leakagato the column
mechanical frame. A reliable insulation scheme based on Kégn has been
identi ed which ts in the 0:5mm gap between the 20kV HPD casing
and the grounded magnetic shield.
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The production of 484 HPDs required for the experiment is mag than
half way through. Two test stations have been set up for qualcation of
the photon detectors at the rate of 15 HPDs per station per moth. The
quality of the detectors is excellent, with a peak quantum e ciency 27%
and a rejection rate of only 3%.

5. Conclusions

The LHCb RICH project is in an advanced state. The constructon of
the RICH 2 detector is complete and the optics systems are matied and
aligned. RICH 2 is already placed in its nal position in the experimental
cavern. The columnwise modular mounting mechanics for the lppton detec-
tors has been manufactured and its population with HPDs, magetic shields,
readout and power distribution boards is ongoing. The RICH 1gas enclo-
sure has been manufactured, leak tested and recently insted in its nal
position. The carbon bre based spherical mirrors are beingnanufactured
and the complete production is expected to be nished by Deamber 2006.
The production of the photon detectors is about half-way complete and the
quality is excellent.
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