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The LHCb RICH detectors have been operating successfully since 2010 and proven to be an
essential element of the experiment thanks to their excellent particle identification performance.
During the Long Shutdown II of the LHC in 2019 – 2020, the two detectors will be upgraded
in order to maintain their PID performance while operating at significantly increased luminosity,
aiming to collect 5 fb-1 per year. This will allow to greatly enhance the statistical precision of
physics measurements and to advance the search for very rare B- and D-meson decays.
To cope with the challenges of the 40 MHz readout rate and increased occupancy the two detectors
will undergo a major upgrade. The Hybrid Photon Detectors will be replaced by multi-anode
PMTs together with new front-end electronics capable of reading out every bunch crossing of the
LHC. Additionally, the optics of the upstream RICH detector will be modified. Following many
tests with particle beams and simulations, the LHCb RICH Upgrade is now in its final stage. The
current status of the upgrade will be presented.
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1. Introduction

The two Ring Imaging Cherenkov (RICH) detectors are providing particle identification (PID)
information crucial for the physics programme of the LHCb Experiment at CERN [1]. During the
planned shutdown between 2019 – 2020, LHCb is undergoing a major upgrade. The instantaneous
luminosity will be raised by a factor of five to 2×1033cm−1s−2 and the read-out rate is going to in-
crease to 40 MHz to match the proton-proton collision rate and allow for a full software trigger. The
resulting increase in data acquisition rate will allow for significant improvements in efficiencies, in
particular for hadronic decays which is crucial for the study of many rare decays representing the
LHCb physics goal [2].

2. PID performance

The PID performance is defined by the efficiency to identify a true Kaon as a Kaon and the
probability to misidentify a Pion as a Kaon or another, heavier, hadron. Figure 1a uses simulation
to compare the RICH performance in different scenarios. The current performance is shown in
black, the performance of the current system in the environment of increased luminosity in red,
and the performance of the upgraded system in the environment of increased luminosity in green.
One can see that due to the detector upgrade measures the current performance is maintained in the
environment of higher luminosity and data acquisition rate.

Expected performance

peak occupancy reduced to 30%

excellent PID performance foreseen
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Figure 1: (a) Simulated efficiency to correctly identify a particle as a Kaon as a function of the
probability to misidentify a Pion as a Kaon. (b) Schematic side view of the upper half of the
RICH 1 detector after the upgrade with indicated mechanical modifications to increase the focal
length.

3. Photon occupancy

In order to reduce the occupancy at the detection plane, the new spherical mirrors have an
increased focal length compared to the current ones. This requires the repositioning of the mirrors
and the move of the detection plane further away as indicated in Figure 1b. To replace the mirrors,
their entire support structure will be rebuilt. The spherical mirrors will consist of a light carbon fibre
composite material since they are placed inside the LHCb acceptance. Due to the spacial constraints
imposed by the magnetic shielding enclosure a compact opto-electronic system is required.
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4. Photon detection system

The current photon detectors will be replaced by two types of 8×8 channel multi-anode pho-
tomultiplier tubes (MaPMT) by Hamamatsu1: An 1 inch× 1 inch version for RICH 1 (R13742)
and the high-occupancy regions of RICH 2 and a 2 inch× 2 inch version (R13743) for the low-
occupancy regions of RICH 2. The photon detectors and their front-end electronics are combined
in modular units called elementary cells, which facilitates assembly and maintenance and allows a
similar opto-electronic design for both RICH detectors.
The front-end boards feature custom read-out ASICs called CLARO [3], arranged to ensure a simi-
lar signal path length for all channels. The signal is amplified and digitised while the threshold can
be set for each channel individually.
The magnetic stray field expected inside the RICH 1 and RICH 2 detectors will reach up to 25 gauss
and 5 gauss, respectively. Two options for magnetic shielding were investigated: a full shield sur-
rounding the MaPMTs of the EC and a cross-shield as shown in Figure 2a. Figure 2b shows in
red the degradation of the MaPMT performance averaged over all its pixels as a function of the
magnetic field and in purple the improved performance when using a cross-shaped shield.

Tooling

first PDM assembled using one of
the options suggested by Christoph
with the proper torque

Meca Torque PB 8316 M

no particular difficulty encountered, special
care with M1.6 screw head

new shield with insulation proposed as a
tool to check correct insertion of

MaPMTs:

allows to check spacing

allows to check planarity and depth
of insertion
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(a) (b)

Figure 2: (a) Photon Detector Module with magnetic cross-shielding. (b) MaPMT performance as
a function of the magnetic field strength, recovered by using magnetic shielding. The cross-shield
option will be used for the upgrade.

The elementary cells are arranged in Photon Detector Modules (PDM). Each PDM consists of
4 elementary cells with either four 1× 1 in2 or one 2× 2 in2 MaPMTs. Figure 2a shows a picture
of a PDM with 16 1× 1 in2 MaPMTs. The elementary cells are attached to a cooling bar and
interfaced to 2 digital boards per PDM, which programme the CLARO ASICs and process the data
to transmit it to an online computing farm [2].

1www.hamamatsu.com
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5. Cherenkov angle resolution

The individual contributions to the Cherenkov angle resolution and photon yield are shown in
Table 1. The quantum efficiency of the MaPMTs is shifted towards the green wavelength region
with respect to the currently used photon detectors which improves the chromatic error of the
experiment. The emission point uncertainty is caused by the mirror tilt and the pixel contribution
is a result of the detector granularity [4].

Uncertainties Chromatic [mrad] Emission point [mrad] Pixel [mrad] Total [mrad] Photon Yield

RICH 1 (current) 0.84 0.76 0.6 1.65 32

RICH 1 (upgraded) 0.58 0.37 0.44 0.88 42

RICH 2  (current) 0.48 0.27 0.19 0.76 24

RICH 2 (upgraded) 0.31 0.27 0.19 0.60 22

Table 1: Single photon resolutions and photoelectron yields for RICH 1 and RICH 2.

6. Conclusion

The preparations for the upgrade of the RICH detectors in the coming years 2019 – 2020
are well underway. At the time of writing, all MaPMTs and CLARO ASICs have been delivered
by the manufacturer and are currently in quality assurance phase. The individual components
of the upgraded system have been studied extensively in beam experiments [5, 6] and laboratory
tests [7, 8]. All elements of the Photon Detector Modules and the modifications to the mechanical
structure in RICH 1 have been successfully reviewed for production readiness.
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