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An extremely biased (French/QGP oriented) view… with a lot of stolen material
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Add 4D!
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Add 1D!
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• Project in very early stage
• Proto-collaboration including labs from China and France

• R&D is only starting and the main technological choices are still open
• Could certainly benefit from synergy with the Mighty Tracker project
• Next major milestones:

• Scoping document: September 2024
• TDR: end of 2025
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From the present UT…
• The UT detector in phase-I upgrade (P1UG) consists of 4 planes of silicon strips. The design 

was optimized for a peak luminosity of L=2´1033 cm-2s-1 (max occupancy of 1.4%) and can 
handle a data rate of ´1.5 higher
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From the present UT…
• The UT detector in phase-I upgrade (P1UG) consists of 4 planes of silicon strips. The design 

was optimized for a peak luminosity of L=2´1033 cm-2s-1 (max occupancy of 1.4%) and can 
handle a data rate of ´1.5 higher

… to a high luminosity concept
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 density than Pb–Pb

Hit density, pp

Hit density, central Pb–Pb



UT

21

Preliminary specifications
• Concept presented within the F-TDR: well received by the LHCC
• First tentative list of specifications
• To be further consolidated and detailed: work in progress

Characteristics Specification 

Hit rate in hot event and region 160 MHz / cm2 pp
(~52.5 hits / cm2 / BX for Pb/Pb)

Time resolution O(1 ns) for BX tagging

Pixel size O(30´30 µm2)

Power consumption O(100-300 mW/cm2)

Radiation dose for 350 fb-1 3´1015 1-MeV neq/cm2, 240 Mrad

Close to ATLAS CMOS outer layer specifications



PIXEL SIZE
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A lot of requirements to be consolidated
• Pixel size 

• Occupancy
• Space (→ momentum) resolution
• Tracking performances (ghost rate)



INVESTIGATION OF CMOS TECHNOLOGIES
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https://indico.cern.ch/event/1285479/contributions/5417480/attachments/2651634/4591280/2023-05-23_Migthy-UT_CMOS.pdf

► MightyPix (AMS180nm)
Most advanced sensor : almost full functionality prototype
Designed specifically for LHCb (readout)
With the present demonstrated specs: not fully suitable for UT (readout rate, radiation dose)
Interest in China to participate to the qualification and tests

► MALTA family (TJ180nm)
Pixel size : 36.4 ´ 33 µm2

98% “in-time” tagged data from test-beam without ToT ( = less data to be sent - tbd)
Proven 3 ´ 1015 1-MeV neq/cm2, 100 Mrad @ -20°C
Malta 2 (2021): enlarged transistors for lower noise and higher gain
Malta 3 (ongoing design): on-chip time tagging, serial output, daisy chain readout
Strong interest from developers to include UT specifications
Irfu participated to the chip qualification, LLR is joining the effort

► DPTS (TJ65nm)
Large development group at CERN involved for ALICE ITS3
Proven working after 1 ´ 1015 1-MeV neq/cm2  @ room temperature
Test vehicle for digital asynchronous readout
Working point ~ 99% efficiency at acceptable fake-hit rate
Strong interest from Irfu (and IPHC) to submit in ER2 (mid 2024)

https://indico.cern.ch/event/1285479/contributions/5417480/attachments/2651634/4591280/2023-05-23_Migthy-UT_CMOS.pdf
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§ Similar layout for small pixel or large pixel CMOS solutions
§ The UT system consists of 4 (or 3) planes

A lot of requirements to be consolidated
• Pixel size 
• Chip size, detector position, number of planes

• Dead areas (keep below 1%) → efficiency
• Tracking performances
• Data rate (also depending on the readout scheme)
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A lot of requirements to be consolidated
• Pixel size 
• Chip size, detector position, number of planes

• Dead areas (keep below 1%) → efficiency
• Tracking performances
• Data rate (also depending on the readout scheme)

Det Pixel size Bits 
per hit Chip area Data rate of the hottest chip

1 30 μm x 30 μm 31 4,72 cm² 15,3 Gbit/s

2 50 μm x 150 μm 29 4,23 cm² 10,8 Gbit/s

3 50 μm x 300 μm 29 19,66 cm² 27,2 Gbit/s

Det
1

Det
3

Det 1

Det2

Det 3



THE READOUT SCHEME
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A lot of requirements to be consolidated
• Pixel size 
• Chip size, detector position, number of planes

• Dead areas (keep below 1%) → efficiency
• Tracking performances
• Data rate (also depending on the readout scheme)



THE GEOMETRY IN THE SIMULATION
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A lot of requirements to be consolidated
• Pixel size 
• Chip size, detector position, number of planes
• Chip thickness and global material budget

• Position (→ momentum) resolution, multiple scattering
https://indico.icc.ub.edu/event/163/contributions/1626/attachments/663/1321/LHCbU2_WS2023_UT.pdf 

https://indico.icc.ub.edu/event/163/contributions/1626/attachments/663/1321/LHCbU2_WS2023_UT.pdf


THE MATERIAL BUDGET
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A lot of requirements to be consolidated
• Pixel size 
• Chip size, detector position, number of planes
• Chip thickness and global material budget

• Position (→ momentum) resolution, multiple scattering
https://indico.icc.ub.edu/event/163/contributions/1626/attachments/663/1321/LHCbU2_WS2023_UT.pdf 

https://indico.icc.ub.edu/event/163/contributions/1626/attachments/663/1321/LHCbU2_WS2023_UT.pdf
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A lot of requirements to be consolidated
• Pixel size 
• Chip size, detector position, number of planes
• Chip thickness and global material budget

• Position (→ momentum) resolution, multiple scattering
https://indico.icc.ub.edu/event/163/contributions/1626/attachments/663/1321/LHCbU2_WS2023_UT.pdf 

https://indico.icc.ub.edu/event/163/contributions/1626/attachments/663/1321/LHCbU2_WS2023_UT.pdf
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COST AND DESCOPING
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PLANNING



35



CALORIMETRY
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DAQ & RTA
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FRENCH IMPLICATION
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