
Where do we stand?
June  2025 edition

Victor Coco (CERN)



1

From Velo UI to Velo U2
● U2  target is to cope with the high mu, while keeping/improving the U1 performances 
● In the “Considerations for the VELO detector at the LHCb upgrade II” LHCb-PUB-2022-001

○ showed that timing is mandatory and because of high eta constraints it cannot be achieved with timing planes 
○ showed that to cope with retracting in Rmin we need to improve of spatial resolution AND on RF shield material

● In the scoping document we investigated various alternatives based on:
○ Scenario X based on 3D sensor hybridised with 28nm CMOS IC
○ Rmin = 7.8mm as baseline (assumes 1.2GRad max fluence)
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https://cds.cern.ch/record/2800144/files/LHCb-PUB-2022-001.pdf


R&D path
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ASIC & Sensor: Thu. Aft.

Links and DAQ: Thu aft. / Fri morning

Scenario Xrmin

+ Module design implications
+ Vacuum and motion implications

Mecha: Wed. Afternoon

From the “Consideration for U2”, 
penultimate workshop (Feb 23) and
last workshop (Nov 24)

Simulation: 
Wed. Mor/Aft

In 6 months, some questions were answered, R&D was refined
⇒ the aim of this workshop is to review the status of the R&D and highlight the convergences toward TDR

https://indico.cern.ch/event/1228626/contributions/5238815/attachments/2588243/4465800/20230206_Pathway.pdf
https://indico.cern.ch/event/1459997/timetable/#20241128


The U2 keys:
Timing, rate and radiation hardness

● Sensors:
○ 3D technology display good timing / pitch and rad. hard. properties
○ BUT: still a lot to demonstrate in the VELO U2 application

■ specific geometry to achieve (σt, Q, C) 
■ behaviour with non-uniform irradiation

○ Several production on-going / to be started

● ASIC: 
○ R&D on 28nm ICs (picopix, IGNITE) showed that 30ps hit resolution is achievable.
○ Highlighted challenges that have to be tackled

■ σt uniformity at the full matrix level is very sensitive to the power distribution
■ close link to simulation and link development

○ Digital design studies gives better understanding of the rate limitations
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See Thursdayʼs session



The U2 keys:
spatial resolution
● Timing is required to reconstruct the events, but spatial 

resolution is what we do physics with.

● Spatial resolution 
○ What impact of 45um vs 50um pitch?
○ Was shown last workshop that optimised angle could give up to 

30% improvement in IP resolution at high momentum
○ How to exploit it realistically? 

    ⇒ some level of phi segmentation of the module
○ What impact on the timing?
○ What dependency to the in ASIC clustering method?

● The closer the better…
○ Keep possibility open to reduce Rmin if radiation hardness limit 

is shown to be less strict than 1.2GRad
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See Wed and Thur session

Rate likely not a 
limiting factor!



The U2 keys:
the RF shield
● Light RF shielding that provide protection in all VELO 

position is a technical challenge!
● Combined RF-shield and Vacuum barrier adds to the 

mechanical constraints 
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See this afternoon session

○ requires to hold balancing (+/-10mbar)
○ lifting this requirement means the sensors live in 

vacuum ⇒ primary/secondary vacuum barrier in the 
module

No “a-la Upgrade 1” solution !



● Box like:
○ 2 flanges
○ more material in the wings

● Iris like (see here):
○ ≥ 4 flanges
○ less material overall (?)
○ likely lower impedance when open

● Performance to be checked in simulation
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The U2 keys:
the RF shield

box like Iris like

closed

open

In both case sensors need to live in primary. 

See this afternoon session

https://indico.cern.ch/event/1440757/contributions/6097602/attachments/2915913/5117119/20240824_VELO_M0.pdf


● Inner material drives the IP resolution.

● Do we care about the material in the wings?
○ IP is not the only metric
○ Upgrade 1 study of hit efficiency by M. Waterlaat shows 

significant amount of “ghost” in those regions 

● Similarly the material in the module after the 
last hit affect the PID (slope resolution in RICH1) 
and the amount of conversions
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The U2 keys:
what metrics matters?

See this afternoon session



● Module need to be light
○ cooling substrate R&D
○ combined cooling and hybrid ?
○ impact on downstream detection 

● Readout concepts being demonstrated
○ VTRx+ (in secondary) or PIC (in primary) for readout 
○ Constraints of the links / routing / power distribution on the mechanical design

● Where should the vacuum barrier be?
○ Balance between the amount of copper to bring the power and the amount of material to do the barrier?
○ Link between ASIC and VTRx+ does not seem significantly limited by distance
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The U2 keys:
implication for the module

Thu. morning session 

Can (partly) decorellate the readout choice from 
the design of the vacuum barrier Wed. afternoon session 



● Flexible simulation infrastructure available:
○ we have an ecosystem with tools allowing to implement and tests option design / geometry
○ DD4HEP based description, from Gauss to Moore, LHCbPR tools to compare options
○ large effort on material description and digitisation refactoring 

⇒ will allow to understand better the impact of design  (sensor, pitch, angle)

● Reconstruction access to higher level variables: (single track IPchi2 background 
rejection, PV reconstruction efficiency, …) but also various figure of merit (ghost fraction 
/ amount of material)

● It also gives the opportunity to develop reconstruction tools early
○ 4D pattern reco, 4D PV reconstruction, 4D track fit…
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The U2 keys:
Simulation

This afternoon session 



Outlook
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● Some of the questions are answered since 
last workshop.

● Not all part of the project has to be at the 
same stage of development, but we 
should now have the schedule in mind to 
converge to the TDR end of 2026.

⇒ See Kazuʼs talk

● The conclusion of that talk beg. 2023 was:
               It is STILL the moment to be creative!
● Last workshop was:

               Letʼs make it happen!
● This time:

      Letʼs see where we stand.
[Scientist staring simultaneously at U1 and U2; Unk. artist, 2022;  humans, silicon, misc.mat.]



home.cern



● Radiation hardness expectation and cost (material and effort) to replace 
“frequently”, means we converged to a solution without frequent replacement.

 

● Several reasons to maintain the studies to build-in possible intervention/repairs/replacement:
○ in a radiation hardness dominated Rmin, being able to replace modules could buy us some performances
○ if the official schedule puts the end after 300fb-1, what the next 10y will bring is uncertain (FCC / LHC schedule)       
○ Need to intervene cannot be completely excluded: in terms of risk mitigation the cost of including “possible” 

intervention in the design might outweight the low probability, but dramatic cost, of some failure mode.

⇒ Might not end in the final design but where possible should be considered
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The U2 keys:
replacing the detector

BUT

See Wed afternoon session


