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Production and quality assurance of scintillating fibre mats for the LHCb tracker upgrade 

The SciFi Tracker

The LHCb detector will be upgraded during the second Long Shutdown of the LHC in order to cope with the increased instantaneous luminosity and data taking at a 40 MHz rate using a trigger-less readout system. The current tracking sub-systems, the inner and outer tracker positioned before and after the LHCb dipole magnet are unable to support the increased occupancy.

They will be replaced by the upstream and the Scintillating Fibre (SciFi) trackers, composed respectively of high-granularity silicon micro-strip planes and scintillating fibres read out by silicon photomultipliers (SiPM). The SiPM technology was proposed by EPFL.

The SciFi tracker consists of three stations each composed of four detection layers. The first and last layer in each station present no stereo angle relative to the y-axis while the two others are tilted by ±5 • . Each detection layer is composed of 12 modules which are themselves composed of 8 fibre mats. This contribution presents a description of the techniques developed to produce 2.5 m-long mats consisting of 6 layers of 250 µm diameter fibres and their associated quality assurance tests.

Design requirements after 50 fb -1 , i.e. 10 years of operation:

• Hit resolution < 100 µm

• Hit efficiency > 98%

• Radiation length: x/X 0 < 1% per plane

• Noise hit rate: < 10% of signal rate SciFi detector:

• 8 600 km of ∅ 250 µm plastic scintillating fibre

• 340 m 2 total active area

• 550 k readout channels
The detector production is performed in several institutes. 

Fibre Properties (SCSF-78MJ)

The energy deposit of an ionising particle in the polystyrene (base material of the fibre) produces a non-radiative excitation of the primary scintillator molecules. An almost instantaneous deexcitation of the primary scintillator produces UV photons which propagate to the nearby secondary scintillator. The task of the secondary scintillator is to shift the wavelength from the UV to the blue wavelength to allow for smaller attenuation. The attenuation length of the blue light is of the order of 3.3 m inside the fibre. The resulting spectrum peaks at 450 nm which matches well the SiPMs sensitivity. The required high light yield and the fast decay time makes the SCSF-78 fibre the only viable option for the SciFi project.

SciFi Station Design

Fibre Mat Production and Quality Assurance

A fully automated Winding Machine, specifically developed for the SciFi project, is used to lay and glue 6 layers of fibre onto a threaded wheel. Accurate and reliable control over the speed, tension and position of the fibre is guaranteed using PLC-based system. The resulting fibre mat is cured during 20h in a controlled environment. It is then tempered during 2h at 40 • C to remove any transverse bending. Kapton foils are glued on both sides of the mat to provide mechanical and optical protection.
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Polycarbonate Endpieces are glued at the ends of the mat to provide reference pins for coupling and to fix the mat inside a module. This procedure is performed on a precision jig set at a temperature which aims to cancel any thermal expansion of the mat.

Optical-quality Cuts are made on both ends of the mat. A diamond milling tool is used in order to maximise the light transmission through the cut surface.

An Optical Scan is performed on both ends of the mat using a high-resolution scanner. It allows to control the geometry of the mat (fibre pitch, planarity, matching with the SiPM), the quality of the transverse cuts and the optical transparency of the fibres. Finally, each mat is reviewed and its performance is assessed based on its optical and mechanical properties. 

FIBRE•

  is glued on the non-readout end of the mat. It provides an increase of 60 to 80% of the signal detected by the SiPM. A Light Yield (LY) measurement quantifies the mat response to ionising particles. Electrons from a 90 Sr source traverse the mat and the number of photons reaching the readout end is measured. The following checks are performed: Relative detection efficiency • Increase and uniformity of LY • Attenuation length of the fibres
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  The scintillating fibres are delivered from Kuraray in Japan to CERN where they are qualified and processed. The Winding Centres then produce the desired SciFi mats and perform quality assurance tests. The finished mats are finally sent to the Module Centres where they are assembled together with the SiPMs and cooling.
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The EPFL group will produce approximately a quarter of the total mats needed for the SciFi project. The group is also in charge of the development, procurement, qualification and testing of the SiPM detectors.