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The concept
The LHCb-RICH detector at the LHC at CERN [1, 2, 3], requires a robust calibration, alignment and monitoring system to provide essential
information for its proper operation, independent of the data-taking, while also ensuring redundancy. The LHCb UPGRADE II is an even
greater challenge as previously small and neglected systematic effects can become critical in view of the targeted accuracies. A collimated laser
beam running a few cm above the entrance window of the photo-sensors arranged in a column-like structure (see figure 1) provides a thin
uniform source of Rayleigh scattered light with known kinematics which can be straightforwardly used for relative comparison of the ≈ 106

pixels. A collimated laser beam in nitrogen in standard conditions scatters a fraction ≈ 10−6 of photons almost isotopically resulting, for
average power of a tens of µW, in tens of kHz detected rate on a pixel of the MAPMT used in the LHCb-RICH at a few cm distance. The
thin, linear and uniform source is a strong advantage. The setup is planned for relative gain, efficiency and time measurement for the LS3E of
the LHCb-RICH. It will allow absolute efficiency measurements at the LS4 of the LHCb-RICH thanks to absolute laser beam measurements.

Scheme

Fig. 1: Scheme: laser beam running in front of one column of RICH2

Concept validation: simulations
Toy simulations have been developed to study the intensity and time distribution of scattered photons.
• A collimated laser beam, taking into account its timing profile, while the Gaussian transverse profile is negligible,crosses a gas volume (air,

will be pure nitrogen in the experiment).
• The scattering position is sampled uniformly along the laser path (equivalent to an exponential distribution with mean free path

λ ∼ 25 km ≫ Lcolumn ≃ 60 cm in lab).
• Scattered photons are generated according to the Rayleigh angular distribution: dσ

dΩ (θ) ∝ 1 + cos2 θ with uniform azimuthal angle
• The photon path length ℓ1 + ℓ2 from emission to detection and the corresponding time of arrival tToF = (ℓ1 + ℓ2)/cair is calculated.
• Photosensor TTS (σMCP = 17 ps and σMaPMT = 120 ps) is included in the simulation.
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Fig. 2: Intensity vs distance to the beam.
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Fig. 3: Time of arrival at distance X to the
beam.
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Fig. 4: Time spread vs distance to the
beam.
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Fig. 5: Photon time of arrival on different
pixels on the EC (no laser timing profile
and MaPMT TTS).
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Fig. 6: Photon time of arrival on different
pixels onto the EC taking into account laser
timing profile and MaPMT TTS.
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Fig. 7: Detected Raylegh Scattered pho-
tons per laser pulse (40 pJ) on the EC
(ϵtot = ϵgeo × ϵQE × ϵtransm = 0.36).

It is concluded that the beam should pass as close as possible to the photo-sensor, both to gain intensity and because at larger distances the
time of arrival distribution becomes wider and asymmetric; distance ≲5 cm is needed for a time resolution O(100) ps. See figs 3 and 4.

Laboratory

Fig. 8: Setup #1 with MCP PMT (Hamamatsu R3809U-052) used
for time measurements.

Fig. 9: Setup #2: MCP PMT and the LHCb-RICH Elementary cell
(EC) equipped with 4 Multi-anode PMTs (MaPMTs) are visible.

Concept validation: measurements

 / ndf 2χ  9.352 / 9
Prob   0.4054
Constant  113.2
Mean      37.01
Sigma     0.02947

36.8 36.85 36.9 36.95 37 37.05 37.1 37.15 37.2 37.25 37.3
 dt [ns]

0

20

40

60

80

100

120

 / ndf 2χ  9.352 / 9
Prob   0.4054
Constant  113.2
Mean      37.01
Sigma     0.02947

Fig. 10: TMCP PMT - Tlaser . MCP PMT on the beam, low
laser intensity.

37.2 37.3 37.4 37.5 37.6 37.7 37.8
 dt [ns]

0

1

2

3

4

5

6

7

8

9

x(MCP PMT) = 40 mm

x(MCP PMT) = 50 mm

Distance from the laser beam

scattered
photons

Fig. 11: TMCP PMT - Tlaser . MCP PMT off the beam, low
laser intensity.
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Fig. 12: TMCP PMT - Tlaser . Rayleigh photons MCP PMT
time distribution, high laser intensity.

Time measurements have been performed in the laboratory. The MCP PMT (Hamamatsu R3809U-52) was used as a photo-sensor (circular active area with d=11 mm). First, the sensor was placed on the beam axis and
its time resolution was measured to be 30 ps (laser contribution included, fig. 10). Then the sensor was placed at a distance of few cm of the beam and a peak corresponding to scattered photons has been observed for low
(fig. 11) and high (fig. 12) laser intensity. The double peak structure on the right plot is related to laser properties at high intensity. A resolution of σ ∼ 30 ps is obtained also for the sensor for Rayleigh scattered photons.

Validation of the technologies
Part of the system will be installed in the proximity of the RICH
sensors, in a place highly irradiated (integrated dose at the end of
Run-5 up to ≈ 3 × 1013 neutrons/cm2, in absence of shielding). In
order to validate the technological solutions of the proposed calibra-
tion system irradiation campaigns are foreseen for the elements that
will be placed inside the detector boxes (fibers, mirrors, collimators,
beam-dumps, calibrated sensors and other possible opto-mechanical
components). Two activities are considered:
1. Place some samples in the LHCb environment during Run-3

data taking (in 2026) in positions were the irradiation is
known/measured.

2. Send samples to irradiation facilities where doses can be evaluated;
the planning is being finalized.

The relevant performance will be measured to assess the compliance.

The environment
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Planning
ID Task

Mode
Task Start

260 LS3-E 01/06/2023
300 CalAliMon (1) 01/01/2025
301 R&D: performance, design optimiztion, stand-alone SIM01/01/2025
302 kick-off 01/01/2025
303 stand-alone SIM 01/01/2025
304 time resolution 01/01/2025
305 relative efficiency 13/08/2025
306 gain/eff monitoring 25/03/2026
307 design, prototyping and testing mechanical adapters02/06/2025
308 single column setup 01/01/2025
309 single column setup development01/01/2025
310  first laser + single column setup ready for ComLab20/04/2027
311 multi-column setup 01/01/2025
312 laser to multi-fibers design, proto, test01/01/2025
313 executive design mechanical adapters05/04/2027
314 EDR/PRR 17/09/2027
315 production/procurement04/11/2026
316 laser, fibers, and optics procurement04/11/2026
317 mechanics procurement20/09/2027
318 assembly on columns 06/09/2028
319 ready for install 12/10/2029
326 UPG2 01/01/2021
404 CalAliMon (2) 12/10/2029
405 system upgrade for upg2 12/10/2029
406 R&D include calibrated sensor for absolute pde12/10/2029
407 radiation and ageing monitoring and tests29/03/2030
408 decision on upgrade 02/01/2034
409 if upgrade=yes do upgrade12/10/2029
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