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The LHCb Detector g

Figure 2: Layout of the upgraded LHCb detector.

maintenance and to guarantee access to the beam pipe.
The particle tracking system comprises an array of pixel silicon detectors surrounding

the interaction region called vertex locator (VELO), the silicon-strip upstream tracker
(UT) in front of the large-aperture dipole magnet, and three scintillating fibre tracker
(SciFi Tracker) stations downstream of the magnet.1 All three subsystems were designed to
comply with the 40MHz readout architecture and to address the challenges associated with
the increased luminosity. The upgraded VELO, based on hybrid silicon pixel detectors, is
described in Sect. 3, and the UT is described in Sect. 5. The SciFi Tracker, which replaces
both the straw-tube Outer Tracker and silicon-strip Inner Tracker systems used in the
downstream tracking stations in the original LHCb experiment, is described in Sect. 6.

The particle identification (PID) is provided by two ring imaging Cherenkov detectors
(RICH1 and RICH2) using C4F10 and CF4 gases as radiators, a shashlik-type electromag-
netic calorimeter (ECAL), an iron-scintillator tile sampling hadronic calorimeter (HCAL),
and four stations of muon chambers (M2–5) interleaved with iron shielding.2 The Scintil-
lating Pad Detector and Pre-Shower, which were part of the previous calorimeter system,
as well as the most upstream muon station, have been removed due to their reduced role in
the full software trigger compared to the former hardware L0. The upgraded ring imaging
Cherenkov detectors (RICHs) are described in Sect. 7, the calorimeters are described in
Sect. 8, and the muon system is described in Sect. 9.

1Upstream and downstream are intended in the direction of increasing z.
2 The muon detector consisted of five stations of which the first (M1) has been removed – see text. For
historical reasons the remaining stations kept their original names.
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Layout of the LHCb Upgrade I detector. LHCb-DP-2022-002.

• Single-arm forward spectrometer designed to re-
construct decays of beauty and charm hadrons

• Upgrade for LHC Run 3 to operate at five times
higher luminosity
–Trigger-less 40MHz readout & online selection
–New frontend & backend electronics

The LHCb Scintillating Fibre Tracker

and are used for determining the deflection of the charged particle tracks caused by the
magnetic field [75]. The inner two stereo layers, U and V , have their fibres rotated by
±5� in the plane of the layer for reconstructing the vertical position of the track hit.
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Figure 42: Front and side views of the 3D model of the SciFi Tracker detector.

Each station is constructed from four independently movable structures referred here
as C-Frames, with two C-Frames on each side of the beam pipe. The carriages of the
C-Frames move along rails fixed to a stainless steel bridge structure above the detector,
supported by stainless steel pillars. To simplify production, each station is built from
identical SciFi modules about 52 cm wide and spanning the full height, except for a few
modules near the beam pipe. The T3 station is instrumented with six modules on each
C-Frame. T1 and T2 stations have one less module on each side for instrumenting the
smaller acceptance at those locations due to the opening angle of LHCb.

6.1.3 Detector technology

The detector modules are constructed as a honeycomb and carbon-fibre sandwich con-
taining eight ⇠ 2.4m long and ⇠ 13 cm wide SciFi mats made from six staggered layers
of fibres. A thin mirror is glued to the fibre end to reflect additional light back to the
readout side [76]. In the experiment, these mirrors are located near the y = 0 plane. From
there, four fibre mats point upward and four downward, spanning a total height of almost
5m. Near x = 0, a few special modules are used in order to take into account the presence
of the beam pipe. Those modules have one mat shortened to accommodate the beam pipe
radius, as seen in the centre cutaway module in Figure 42. A more detailed description of
the modules is found in Section 6.3.

The optical signal from the scintillating fibres are detected by 128-channel arrays of
SiPMs with a channel pitch of 250 µm. The SiPMs are discussed in Section 6.4. At the
readout end of each module, 16 SiPM arrays are bonded to a 3D printed titanium alloy
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Front view of the 3D model of the SciFi Tracker. LHCb-DP-2022-002.

• Three stations with four layers each, covering a to-
tal active area of 340m2

• Eight 2.5m long six-layer fibre mats per module

–250µm diameter scintillating fibres
–11000 km of fibre used throughout the detector

• Readout by silicon photomultiplier (SiPM) arrays

–524288 readout channels in total
–Cooled to −40 °C to mitigate radiation damage

• Signal processingwith 40MHz readout electronics

–Custom ASIC (PACIFIC) for analogue processing
& digitisationwith three comparators per channel

–Online zero-suppression & clustering on FPGAs

Working Principle
Front End electronics - Clustering
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Reminder:
Each fiber does NOT have its own SiPM channel.

A SiPM channel covers a cross section of a fiber mat.

One channel with high charge.

Neighbor channels with some charge.

Input the 2 bit (no signal, low, middle, high) per
SiPM channel from the PACIFIC.

A single particle is therefore likely to induce signal in
more than one SiPM channel.

Basic clustering: A good signal

Cluster FPGA:

Tunable conditions to make a cluster.

Throughput at 40 MHz.

Maintain ~99 % efficiency.

Reduce noise from 14 MHz/channel to below
2 MHz/array (128 channels).

Performance (at full irradiated detector):

Noise is randomly spread over the SiPM pixels.

This is achieved by tuning the PACIFIC thresholds
and the clustering condition. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34

SiPM channel

Low

Middle

High

Illustration of cluster finding
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• Schematic representation of a charged particle
traversing one layer of the SciFi Tracker
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Threshold scan of one comparator. CERN-THESIS-2024-152.

• PACIFIC comparator thresholds are calibrated
by performing threshold scans with pulsed light

• Convert signal from digital values (DAC) to
photo electrons (pe) to set desired thresholds

Detector Occupancy
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Average number of clusters per SiPM per event for one quadrant
of the detector. LHCb-FIGURE-2024-016.

• Lower occupancy in the first ~500 channels due
to beam pipe cutout

• A few noisy channels contribute to a pair of
bumps along the distribution

Hit Efficiency
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Average hit efficiency across an SiPM in each layer of the SciFi
Tracker. LHCb-FIGURE-2024-016.

• Reduced efficiency in the middle and edges due
to gaps between neighbouring silicon dies

• Layer 10 unusually low due to some SiPMs ex-
cluded from data taking
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LHCb Preliminary 2024

After alignment

2c 0.001 GeV/± =  0.039 1Sσ
2c 0.004 GeV/± =  0.042 2Sσ
2c 0.008 GeV/± =  0.053 3Sσ

Data
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Background
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µ+µ- mass distribution. LHCb-FIGURE-2024-037.

• Track based alignment to a few tens of microns
to achieve best physics performance

• Achieve excellent mass resolution after global
alignment

Dark Count Rate g
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Dark count rate (DCR) per SiPM channel extracted from currents
in absence of collisions. LHCb-FIGURE-2024-039.

• Non-ionising radiation damage of SiPMs in-
creases dark count rate as expected

• Partial annealing at room temperature during
periods without beam
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