
Upgrade of the LHCb tracking system:
some French-biased perspectives

Stefano Matthias Panebianco
CEA – Université Paris Saclay

1



THE LHCB UPGRADE 2

• An ambitious program implying the upgrade of almost all detectors
• Structured in two phases
• Consolidation and enhancement phase in LS3 (formerly called Upgrade Ib): no luminosity change (baseline)
• Main installation phase in LS4 (the so-called U2): luminosity increase

• Detailed in a Framework-TDR being completed in the coming months (for LHCC November session)
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THE TRACKING SYSTEM UPGRADE

VELO
Pixel with timing

Upstream Tracker
From strip to CMOS Magnet stations

Tracking on magnet sides

Mighty Tracker
Combine SciFi & CMOS
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THE VELO UPGRADE

Tim Evans
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THE VELO UPGRADE
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THE VELO UPGRADE

Push the limits of Frontend ASIC

Limit the radiation damage (1016 1 MeVneq/cm2/year)
• Optimize position, pitch and material
• Several scenarios under study
• The most critical point seems to be the foil 
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THE UT UPGRADE – FROM STRIPS…
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The present UT upgrade



THE UT UPGRADE – FROM STRIPS…
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pp collisions 
► Instantaneous Luminosity 2 × 1034 cm−2s−1

67% of BX have beam-beam collisions
O(10) tracks per pp collision

Average hit rate in UT: 5.9 hits/cm2/BXcoll

Pb–Pb collisions
► Instantaneous Luminosity up to 1028 cm−2s−1

Pile-up: negligible
O(1000) tracks per central Pb–Pb collision
Average hit rate in UT: 2.9 hits/cm2/BXcoll
Maximum hit rate in UT: 52.5 hits/cm2

Lighter ion collisions
► Allow larger integrated luminosity

Still no significant pile-up (except O–O)
Smaller track densit than Pb–Pb

Hit density, pp

Hit density, central Pb–Pb



THE UT UPGRADE – FROM STRIPS… TO PIXELS
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UT is key to connect VELO and MIT track segments
UT is essential for Upstream and Downstream tracks
Possibility of standalone UT track segment
► Will likely require three UT stations
► Could improve and speed-up track matching
► Could provide momentum estimation

Need of timing is being studied
► Minimum requirement: BX identification, few ns time resolution
► Tracking: e.g. background rejection, sub-ns time resolution

Need to handle high-occupancy of most central Pb–Pb collisions
Solution: replace the Si strips with CMOS MAPS 
Large interest within the French HI community and beyond…
► LLR, LPNHE, Irfu, Subatech,…
► Several labs in China 

UT

MIT   

VELO



THE UT UPGRADE – FROM STRIPS… TO PIXELS
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Main advantages
• Excellent space resolution
• Low budget
• Good radiation hardness
• High integration in monolithic 

technology

Main challenges
• Readout architecture for very high hit 

rate
• Provide high radiation tolerance
• Improve time resolution (eventually to 

sub-ns range)
• Keep low power consumption

Final choice on MAPS technology will 
be based on refined and consolidated 

detector specifications

Large collection electrode Small collection electrode

Two main CMOS options under development

• Typical pixel size: 50 x 150 µm2

• Circuitry inside the collection well 
(requires high field: HV-CMOS)

• High radiation hardness
• Higher noise (high capacitance)
• Higher power consumption
• Possible cross-talk (digital to 

sensor)
• Presently developed under AMS-

180 (MuPix, ATLASPix) and LF-
150 technologies (Monopix2)

• Typical pixel size: 30 x 30 µm2

• Circuitry outside the collection well 
(requires low/moderate field: LV-
CMOS)

• High radiation hardness thanks to 
process modification (increase of 
depletion zone)

• Lower noise (low capacitance)
• Lower power consumption
• Less sensitive to cross-talk
• Presently developed under TJ-180 

(Monopix2, MALTA2)



THE UT UPGRADE – IMAGINE A SETUP
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A possible setup, very preliminary

Jianchun Wang



THE UT UPGRADE – IMAGINE A SETUP
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Jianchun Wang



THE UT UPGRADE – TRACKING PERFORMANCES
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pp conditions Pb-Pb conditions

UT standalone performances (Cristina Agapopoulou)
• Small pixels required to reduce ghost rate (especially 

in Pb-Pb) and improve efficiency at low momentum
• Similar efficiency achievable in pp and Pb-Pb



THE UT UPGRADE – TRACKING PERFORMANCES
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Matching studies (B. Audurier, G. Legras, M. Winn)
• All very preliminary!!!!
• Efficiency in most central Pb-Pb can be kept

reasonably high, even at low momentum
• Impact of pixel size negligible on efficiency but 

essential for momentum resolution



THE UT UPGRADE – TRACKING PERFORMANCES
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Matching studies (B. Audurier, G. Legras, M. Winn)
• All very preliminary!!!!
• Efficiency in most central Pb-Pb can be kept

reasonably high, even at low momentum
• Impact of pixel size negligible on efficiency but 

essential for momentum resolution
• Momentum resolution sensibly increase the efficiency

VELO+UT UT standalone



THE UT UPGRADE – WHAT’S NEXT
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2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

R&D phase Pre+production phase

• Preliminary studies and performances included in the F-TDR
• Proto-collaboration being consolidated (high impact of French labs)
• In the ~3 years to come

• Consolidate the performance studies and apply them to the largest set of physics cases (quantify projections)
• Start the R&D on the CMOS with a preliminary design (LV/HV?) to qualify under beam test
• Implement a technical solution of the mechanical setup (power distribution and cooling) and the readout scheme
• Complete the R&D by a Technical Design Report (together with a detailed cost/funding assessment)
• Attract new labs (within and eventually from outside LHCb)



THE MAGNET STATIONS
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Cesar Luiz da Silva



THE MAGNET STATIONS
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Cesar Luiz da Silva



THE MAGNET STATIONS
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Cesar Luiz da Silva



THE MIGHTY TRACKER
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Fred Blanc



THE MIGHTY TRACKER
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Fred Blanc

SciFi enhancement



THE MIGHTY TRACKER
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Fred Blanc

The MightyPix



THE MIGHTY TRACKER
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Fred Blanc

SciFi-CMOS integration



Conclusions
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• HL-LHC conditions require a major upgrade of all LHCb trackers

• Very important effort in prospecting solutions which use innovative techniques

• Preliminary studies (physics cases, tracking performances, technological solutions) have been made and 

integrated within the Framework-TDR

• Large interest of several French labs in contributing to the Upstream Tracker upgrade

• Leading role in performing preliminary studies and accreting a proto-collaboration

• Ambitious physics program thanks to the complementary role of Mighty Tracker and (eventually) 

Magnet Stations

• The R&D program is being started and will gain momentum in the coming 3 years

• Exciting physics and technological developments ahead of us and important occasion to significantly 

enhance the impact of the French community in the HI program for the Run5 and beyond…


