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Mixed-signal ASIC connected without interface 
to SiPM arrays: 
Current input with 4 selectable gains 
 ↳Tunable fast shaper to cut signal tail 
  ↳Double gated integrator (no dead time) 
   ↳Digitized with a 3-bit nonlinear flash ADC @40 MHz 
  ↳ Output sent to Clustering FPGA
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Prototype of the FE electronic and Sci-Fi read out scheme

 
  Front End electronics + cooling  
  SiPM at -40℃ 
 Flushed with Nitrogen 
 Light & thermally insulated

Exploded view of the Read-Out Box

Cooling plate

Master Boards

Clusterization Boards

PACIFIC Boards

SiPM and flex cables

Cold box

Scintillating Fibers
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SciFi Read-Out 

128 modules 
360 m  total area 
> 10.000 km of fibres 
550k SiPM channels 
Operations up to 50 fb 
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Carbonδz = 0.15 mm

Honeycomb
δz = 20 mm

Kaptonδz = 0.05 mm

Fibremodule
δz = 1.2 mm

Total width in z : 41.6 mm
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SiPMs and Front-end electronics
fibre mat
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(a) side view (b) front view 
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ts  Resolution < 100 μm (bending plane) 

 High detection efficiency ( 99% ) 
 Low noise ( < 10% signal rate) 
 X/X < 1% per layer 
 40 MHz readout without deadtime

0

3 stations x 4 detection planes 
10/12 modules per detection plane 
16 SiPMs/module (530 mm width) 
SiPM, FE electronics and services 
in a Read-Out Box 
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Sketch of the Scintillating fiber tracker for the LHCb upgrade

 
 

During LS2 (2018-2020) the whole tracking system 
will be upgraded to cope for the challenging 
conditions in Run III: 
                                                              
          Higher pile-up             Higher spillover  
        High occupancy           Aging (at least    50 fb  )  
Bottleneck for physics [1] from actual L0 HW trigger 
(40 ➛ 1 MHz read-out limit): 

Triggerless read-out system and full software event 
reconstruction at collision rate (40 MHz)!
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Channel pitch = 250 μm

2 x 64 channels per SiPM

4 SiPM per fibre mat

Custom 128-channel SiPM Arrays  
Fast signal response & short recovery time 
Dark count rate (DCR) after irradiation (kHZ⇒MHz):  
 Annealing @40℃: factor ∼1.6 /week 
   Cooling: factor ∼2 per 10℃ 
Operate SiPM at -40℃ to reduce noiseSi

PM
 fo

r 
Sc

iF
i

K
ey

 fe
at

ur
es

Wavelength [nm]
350 400 450 500 550 600 650 700 750

PD
E_

re
l

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

Em
is

si
on

 s
pe

ct
ru

m

0

0.05

0.1

0.15

0.2

0.25

0.3
NOL L191 (10cm)
SCSF-78 (10cm)

 V = 3.5V (H2014 Ref.)∆

 V = 1.5V∆

 V = 2.5V∆

 V = 3.5V∆

Fibers emission spectrum overlap to PDE of the SiPM 2015 devices.
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TestBeam results
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Single hit efficiency as a function of clustering seed threshold Hit resolution from test beam measurements

Hit efficiency:     99%  
Light yield: 16 p.e. at mirror 
(2014 SiPM, aluminised mylar mirror) 
Resolution: 70    80 μm  
Used to tune simulation 

Performances fit 
 the requirements
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Fibre winding machines: they control the speed, 
tension and the positioning of the fibre on the 
wheel. Alignment pins are embedded during the 
winding process.

250 μm

1 fibre mat =   
6 layers of fibres

Fibres and Fibre Mat

VELO (Pixel)

UT

Dipole 
magnet

LHCb tracking system for the upgrade

Read out outside acceptance 
Single technology 
Easy to operate 
High granularity 
Uniform material  

Downstream tracker replaced 
by twelve layers of scintillating 
fibre tracker (SciFi) read-out 

by SiPM [2] 

LHCb and its upgrade

LHCb detector side view 

(2 < η < 5 ) 

Summary

275 μm
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300 𝛾/MIP particle (5.3% captured) 
Attenuation length (𝚲₀    3.5 m) 
Core made of polystyrene base + dye + WLS 
6 layers of fibers stacked (1.35 mm) [fibre mat] 
Ionising radiation degrades the transmission property 
Expected up to 40% loss (innermost region) after 50 fb
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Results The project is currently at the transition to fibre mat and module 
series production from four different centers after the successful 
EDR [3]. 
Fibres production and delivery has started (150 km/week). 
SiPM production fulfill requirements, improvements expected. 
Full electronics read-out chain prototyped. 
SciFi planned to be installed starting from January 2019.
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High PDE( 𝛥V , λ )  
Noise:  Dark count    Direct X-talk      
    Delayed X-talk   After-pulses      
Radiation hardness: expected 1 MeV fluence 
up to  
2015 vs 2014 devices: higher PDE (50% vs 34%) 
but worse delayed X-talk.

FE box

Amplify, shape and digitize SiPM signals 

Double clad plastic scintillating fibre as active material 

Cooling system in confined space  

Single arm forward spectrometer 
to study b and c hadrons.


