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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 Il 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 ~ 10°
pixels. A collimated laser beam in nitrogen in standard conditions scatters a fraction =~ 10~ ° of photons almost isotopically resulting, for
average power of a tens of uW, 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.

Concept validation: simulations

Toy simulations have been developed to study the intensity and time distribution of scattered photons.

e 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).

e The scattering position is sampled uniformly along the laser path (equivalent to an exponential distribution with mean free path
A~ 25km > Legumn =~ 60 cm in lab).

e Scattered photons are generated according to the Rayleigh angular distribution: 3—6(9) x 1 4 cos? @ with uniform azimuthal angle

e The photon path length ¢; + £5 from emission to detection and the corresponding time of arrival t1op = (£1 4+ £32)/cair is calculated.

e Photosensor TTS (omcp = 17 ps and onapvT = 120 ps) is included in the simulation.
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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 (EC) equipped with 4 Multi-anode PMTs (MaPMTs) are visible.

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.

Concept validation: measurements
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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 o ~ 30 ps is obtained also for the sensor for Rayleigh scattered photons.
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