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LHCb SciFi tracker 

For the LHCb upgrade, the current Inner Tracker 
and Outer Tracker will be replaced with a 
scintillating fibre (SciFi) tracker [1]. 

LHC beam monitoring 

Using beam gas imaging technique, the LHC beam 
gas vertex (BGV) detector will provide real-time 
beam size measurements for other LHC 
experiments [2]. 

Each SciFi module contains two 
mats of 250˃ m-diameter fibres 
rotated by a 2° stereo angle with 
respect to each other. They are 
read out by SiPMs which can be 
cooled down to -40°C. 

Two SciFi applications 

In high energy physics experiments, SciFi trackers will have to withstand high irradiation. Focusing on SiPMs, a 
high neutron fluence is expected for the LHCb SciFi tracker whereas heavy charge particles will dominate 
radiation for the BGV detector. The effect of irradiation on SiPMs is a large increase in the dark count rate 
(DCR). Dark pulses are not distinguishable from true photon signal pulses and produce noise clusters through: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The setup available allows characterisation of SciFi 
modules and SiPMs under development for two 
LHC experiments: the LHCb SciFi Tracker and the 
BGV detector. 
SiPMs have the same response to signal injection 
after irradiation with neutrons. However, they 
have large noise cluster rate. This will be reduced 
with the next generation of SiPMs (lower cross-
talk) and with the front-end electronics with 
shorter shaping time.  

 
 
Scintillating light from the fibres is collected 
directly or via mirror reflection by multi-channel 
silicon photo-multipliers (SiPMs). 

 

 

 

 

 

 

 

 

 

The electron-gun contains a -̡emitting 90Sr source and 
produces signal in the fibre module. A magnetic field 
generated by a solenoid coil allows to select the energy of 
the electrons. The electron-gun is mounted on an X-Y table 
in order to scan the module. 

A trigger system made of short plastic scintillating fibres is 
placed at the exit of the collimator. 

Electrons are not focused. Depending on their angle, they 
deposit different amounts of energy in the fibre mat and so 
different amounts of scintillating light are detected. 

A UV LED can also be used to inject light but it produces a 
inhomogeneous light intensity due to the TiO2 loaded glue in 
the fibre mat. 

The SiPMs can be cooled down to -40°C. 
They are in contact with a cooling pipe 
connected to a liquid circulating chiller. An 
enclosure allows for their thermal isolation 
and dry air injection prevents water 
condensation. SiPMs are equipped with 
thermistor which allows temperature 
monitoring during measurements. 
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Read-out electronics 

Different front-end electronic chips are used to read out multi-channel 
SiPMs: 

Å The VATA64 [3] and SPIROC [4] specifically designed for SiPMs. 

Å The Beetle [5] designed to read out silicon strip detectors of LHCb. For 
the BGV SciFi modules, SiPMs signals are adapted to the Beetle inputs 
using attenuator circuits. The read-out is done with TELL1 [6]. 

Dark noise spectrum for non-
irradiated and irradiated detectors. 

 

DCR and cross-talk 

Light yield of a fibre module using 
irradiated SiPMs. 

 

Light yield 
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Working principle 

Experimental setup 

Irradiated SiPMs coupled to a SciFi module 

Conclusions 

Active area 

260x340mm 
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Channels are made 
of several pixels 

Pixels are put in parallel 
within a channel 250˃ m 

The passage of a particle 
generates signal in several 
channels of the SiPM. 

An algorithm clusterises 
the signals in order to: 

ÅCalculate the crossing 
position of the particle 
as the weighted mean 
of the cluster 

ÅSuppress noise 

Chip 
Read-out 
frequency 

Shaping 
time 

VATA64 4 kHz 200 ns 

SPIROC 1 kHz 70 ns 

Beetle 40 MHz 25 ns 

Correlated noise: 
Pixel-to-pixel cross-talk 

High DCR: 
Random overlap 
of dark pulses 

Electron-gun 

X-Y table 

Front-end 
electronics 

Fibre 
module 

Connections 
for cooling 

 

Noise cluster rate for 128-channel 
SiPMs read out at 40 MHz (different 
irradiation levels and clustering 
thresholds). 

Noise cluster rate 

 

No change seen in the mean shape 
of the clusters after irradiation. 

Signal clusters 

Require-
ments 

High hit 
detection 

efficiency >98% 

Operation 
at T=-40°C 

High 
PDE 

>39% 

Low 
cross-talk 

<10% 

Low 
radiation 
damage 

Irradiated at T=-40°C 

Non-irradiated at RT 

Noise clusters 

Constant 
light yield 

T=-40°C 

Similar signal 
clusters 

Dark noise 

 

Simulation of hit detection 
efficiency for fibre mats 
with different clustering 
thresholds. 

Detection efficiency 
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