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Introduction: The LHCb Experiment
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THE LHCb EXPERIMENT
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LONG STORY SHORT

ÅThe LHCb Experiment: 

üDesigned to investigate  CP  
violation  and indications of 
physics  beyond  SM

üFocused on flavour physics and 
precision measurements

üRequires  outstanding  vertex  
and  tracking  systems

üRecorded Integrated luminosity 
ρπ Ὢὦ  in LHC Runs 1 & 2

https://cds.cern.ch/record/2805358


Introduction: SciFi Tracker Motivation
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UPGRADED LHCb

Higher
Luminosity

LHCb UPGRADE I: A NEW ERA

ÅLHCb UPGRADED  for LHC Runs 3 & 4

ü υὼ Run 2 instantaneous luminosity:

üFurther  improve Physics Research, but...

ü... to cope with increased luminosity...

ü...LHCb must deal with higher  occupancy

üSubstantial increase on readout rate:

üFrom Hardware to Software trigger (τπὓὌᾀ)
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VELO, UT, SciFi

https://cds.cern.ch/record/2805358
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The LHCb SciFi Tracker: Design Overview

ÅLarge Instrumented  Area:
üσ τ Layers, στπά  active area

ÅOutstanding Requirements:
ÅHigh Tracking Performance:

üHit  detection efficiency ωωϷ;

üSpatial resolution ρππ‘ά

ÅLow Material  Budget:

ü ρͯϷὢ per layer

ÅChallenging readout electronics:

üVery-high-density (Channel pitch ςυπ‘ά) 

üυςτςψψ SiPM channels among ςυφ FE-Boxes

üZero-suppressing algorithm in FPGA
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LHCb
Magnet
Dipole

LHC Beam Pipe
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The LHCb SciFi Tracker: Installed Detector

SciFi
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The SciFi Tracker in Details: Modules (Scintillating Fibre Mats)

DOI: 10.1016/j.nima.2010.07.059

Hit

http://dx.doi.org/10.1016/j.nima.2010.07.059
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The SciFi Tracker in Details: Readout Principle

ςυπ‘άMulti -pixel 
SiPM Channel

Fibre Mat

Electrical Signals From 
SiPM Channels

A Cluster
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The SciFi Tracker in Details: From ionizing particles to Hits

Typical SiPM responsePACIFIC - FEE 1st stage: SciFi readout ASIC

Light
иA >MIP produce photons 

in scintillating fibers

Signal
иPhotons arrives at SiPMs 

and produce signals

Cluster
иSignals are digitized and 

grouped into clusters

Hit
иClusters are decoded as 

hits on LHCb software

Hit Eff.
иThe ability to make the 

overall process happen

Cluster
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The SciFi Tracker in Details: Front -End (on-detector) Electronics

SciFi has τπωφρςψὧὬὥὲὲὩὰ SiPM  Arrays

JÊáÕààK æÙáÕæß:

A lot of data !
Even after zero -suppression

Entire SciFi has 4096 data links
at Ȣ╖╫▬▼ each: Ȣ╣╫▬▼

(40 MHz trigger -lessreadout)

DOI:10.1088/1748-0221/19/02/C02081

https://doi.org/10.1088/1748-0221/19/02/C02081
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How is SciFi Tracker doing: Occupancy

SciFi Quarter
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https://cds.cern.ch/record/2904659/
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How is SciFi Tracker doing: Occupancy
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How is SciFi Tracker doing: Occupancy

A few

comments ȣ

Calibration 
ongoing

Broken 
Control 
Fiber

High 
Occupancy 

Region
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How is SciFi Tracker doing: Occupancy
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https://cds.cern.ch/record/2904659/


JÄÀÅ» Ë¿¼ ¾¸ÇK
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How is SciFi Tracker doing: Hit Efficiency
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How is SciFi Tracker doing: Hit Efficiency

σ τ
ρςÌÁÙÅÒÓ
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Conclusions
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½ŜƘǳŀΩǎ ǘŀƭƪΥ

presented by Giulia

presented by Renato

ά¢ƘŜ [I/ō aƛƎƘǘȅ ¢ǊŀŎƪŜǊέ

LHCb SciFi Tracker: The largest of its kind ever built  □ ȿ ▓ channels

Successfully installed in the LHCb detector: Taking physics data since 2022

Commissioning A huge enterprise! Tons of software & dedicated tools

& Calibration : More than half million  channels to calibrate (See Zehuaӛs talk : 16h45)

 29k7 sub-nanosecond clock lanes to be fine-tuned

Performing well within  specifications: A few data links off ( ρͯϷ) to be fixed next TS

(as earlier presented by Giulia ) Hit  efficiency >  99% in most of the SciFi area

Looking forward to Upgrade-II  (as presented by Renato)

    Also: Donӛt miss ӞThe LHCb Mighty  Trackerӟ Tai-Huaӛ poster

https://indico.cern.ch/event/1291157/contributions/5876960/
https://indico.cern.ch/event/1291157/contributions/5876969/
https://indico.cern.ch/event/1291157/contributions/5876959/
https://indico.cern.ch/event/1291157/contributions/5878533/


Photo taken by the end of 
Upgrade-I installation (2022)
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Thank you !

u.carneiro@cern.ch
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Backup Slides
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The SciFi Tracker in Details: Modules (Scintillating Fibre Mats)

DOI: 10.1088/1748-0221/10/08/C08005

http://dx.doi.org/10.1088/1748-0221/10/08/C08005
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The SciFi Tracker in Details: SiPM s (Silicon Photo-Multipliers)
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The SciFi Tracker in Details: Front -End (on-detector) Electronics

A SciFi  HALF  Readout Box: HalfROB  (2 HalfROBs  = Front -End Box: FEB )
ρφυȢρςὋὦὴί
ψρȢωςὋὦὴί

Clustering
(zero-suppression)

ψ τȢψὋὦὴί
σψȢτὋὦὴί

A lot of data !
Even after zero -suppression

JÀ Ê¸À» Ë¿ÀÊ ¹¼½ÆÉ¼ ¶¶¶K

Entire SciFi has 512 HalfROBs
σψȢτὋὦὴίυρς Ȣ╣╫▬▼

40 MHz Readout (No L0 trigger!)


