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LHCb tracking at Run 3-4 (Upgrade I)

Upstream Tracker (new detector) is essential to: 
• Speed-up and strengthen VELO-SciFi matching

• Reduce the ghost rate

• Reconstruct long-lived particles

LHCb: Single-arm spectrometer dedicated to heavy flavor studies at LHC 
• Upgrade phase I completed in March 2023: 2x1033 cm-2.s-1 (x5 w.r.t Run 2)

• Tracking with LHCb UI: VELO (CMOS pixel ASICs) + UT (silicon-strip sensors)               

+ SciFi (Scintillating Fibers)

M. Guittière
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LHCb tracking at Run 5 (Upgrade II)

HL-LHC era: 
•Aim at inst. luminosity of 1.5 x 1034 cm-2s-1 (x8 w.r.t Run 3-4) 
•Expected accumulated luminosity ~300 fb-1 (end of LHC operations)


‣  ↗ pile-up: 1 → 5 (UI) → 40 (UII)


‣↗ multiplicity (high occupancy)


‣↗ radiation damage 

Current detectors cannot operate safely in 
HL-LHC conditions 

➡ New design/technologies required

M. Guittière



15th FCPPN/L workshop, Bordeaux - 11/06/2024 4

LHCb tracking at Run 5: Upstream Tracker

M. Guittière
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LHCb tracking at Run 5: Mighty Tracker

M. Guittière

Inner + Middle + SciFi Tracker  
=  

Mighty Tracker
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MAPS sensors R&D: 2 CMOS families

M. Guittière
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Several parallel R&D on CMOS sensors

•More stringent requirements 
for UT sensors 
➡ Candidate matching UT 
specs will fulfill MT ones


•Wish to use same sensors for 
both UT and MT (cost and 
complexity optimisation)

➡ UT-MT synergy in MAPS-
based R&D 

M. Guittière
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MALTA - TJ180 S. Panebianco

M. Guittière
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MightyPix - AMS180 S. Panebianco

M. Guittière
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SPARC - TPSCo65 S. Panebianco

M. Guittière
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COFFEE - SMIC55 Y. Li

M. Guittière

• Ongoing tests and first results

•Breakdown voltage up to -70V 

•Capacitance scalps with sensor area

•Diodes irradiated to ~1014 neq .cm-2 
(ongoing analysis)


•Ongoing developments
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UT baseline geometry

• Preliminary design:


•4 detector planes, at Z positions similar to the 
current UT


•Plane: 12 staves, covering ~1672 mm in X, with 2 
mm overlap


•Stave: 36 modules, covering ~1355 mm in Y


•Module: 2x7 sensors of ~ 2´2 cm2


‣ In the outer regions of each plane, dual modules are used


•Central hole (beam pipe) of (±39mm)x(±37mm)

M. Guittière
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UT preliminary design

M. Guittière
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UT readout scheme design 

M. Guittière
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Simulations

Disposition : Titre et contenu

S. Panebianco - 7th Workshop on LHCb Upgrade II - 25/03/2024 14

Detector modeling

M. Guittière

Disposition : Titre et contenu

S. Panebianco - 7th Workshop on LHCb Upgrade II - 25/03/2024 14

Detector modeling

Disposition : Titre et contenu

S. Panebianco - 7th Workshop on LHCb Upgrade II - 25/03/2024 14

Detector modeling

UT baseline geometry description 
implemented in LHCb Run 5 
simulation framework: 

• 4 planes, 12 staves

• Design with only 3 planes and/or 10 

staves implemented as well (descoping 
scenarios)


• HV-CMOS-based geometry

• LV-CMOS is work in progress
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Preliminary tracking studies

M. Guittière

Test with only kaon tracks and Run 3 conditions 

Velo+MT only:

•Total efficiency = 50.2±0.4%

•Ghost rate = 34.24±0.1%

Velo+UT+MT:

•Total efficiency = 94.4±0.2%

•Ghost rate = 4.5±0.01%

The UT is essential
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Preliminary tracking studies

M. Guittière

Efficiency Ghost rate
pp 90 % 24 %

PbPb 
(Central) 80 % 39 %

Efficiency Ghost rate
pp 85 % 27 %

PbPb 
(Central) 78 % 38 %

Long tracks (V+UT+MT)

Downstream tracks (UT+MT)
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Material budget studies

M. Guittière

The amount of material creates a strong interplay 
between tracking detectors, affecting (not limited to): 

•Benchmark performance metrics such as parameter 
resolution


•Track slopes and invariant mass resolution


•Momentum resolution 


•Amount of secondaries (driving up cost), ghost track 
performance, data processing cost…
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Material budget studies

M. Guittière

Too high!  
It must be close to 1%X0 per 
plane and not everything is 
including: 

• Optical fibers

• DCDCs

• Cooling and mechanics

• …


➡ Ongoing studies to estimate the 
MB more precisely and to explore 
possible solutions.
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Summary and outlooks
• Upgrade of LHCb UT and MT based on MAPS 
• Several parallel R&D 

• Small electrode/pixel: MALTA-TJ180, SPARC-TPSCo65

• Large electrode/pixel: MightyPix-AMS180, COFFEE-SMIC55

• Choice will be driven by radiation hardness and data rate capabilities

• Power distribution/consumption and cooling solution will be challenging

• Module, stave, readout chain design in progress (with still several sensor options)

• Material budget reduction (essential to keep good momentum resolution) 


• Simulations  
• UT (MT) geometry implemented in LHCb Run 5 simulation 

• First tracking studies show encouraging results

• Many ongoing studies dedicated to descoping scenarios


• Important French-Chinese combined efforts on hardware and software R&D studies for UT UII

M. Guittière
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Additional slides

M. Guittière



15th FCPPN/L workshop, Bordeaux - 11/06/2024 22M. Guittière

Mighty Tracker preliminary design 
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Mighty Tracker preliminary design

M. Guittière

~1m
~4m
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UT module readout scheme design 

M. Guittière



15th FCPPN/L workshop, Bordeaux - 11/06/2024 25

Descoping scenarios

M. Guittière
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Material budget studies
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Material budget studies C. Renard

M. Guittière
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Material budget studies removing components C. Renard

M. Guittière
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Material budget studies removing components C. Renard

M. Guittière
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Material budget studies thiner chips C. Renard

M. Guittière


