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Composite RF shields
• Extensive R&D being performed by Oxford group 

into RF shields made from ultralightweight 
composite materials

• See talks this afternoon by Todd/Malcolm and David

• Potential during LS3 to replace the current RF 
boxes with a composite structure of similar 
corrugated shape

• For Upgrade 2, also investigating shield designs 
for alternative layouts, e.g. Iris
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Pictures from slides by Todd
at previous Velo U2 workshop

https://indico.cern.ch/event/1459997/contributions/6235188/attachments/2976180/5239106/VELO%20U2%20Workshop%20Presentation.pdf


Simulation of new RF shields

➢ Box-like design: 

• Current corrugated foil but 

with different materials

➢ Iris-like design: 

• Curving foil with support

• Closing to r=3.5mm

(radius of current cylindrical 

foil pipe)
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More flexible description of corrugated foil

• Corrugated foil description consists of two types of sections:
Station and Inter-Station

• Upgrade 1 description is entirely in xml and has fixed number of stations
• Scoping scenarios have more stations (28 or 32), so need more flexible description
• Reduce amount of xml and build volumes in C++ loop over number of stations
• Implementation required small updates to DD4hep: DD4hep#1263
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Code: Detector!557 (merged)

https://github.com/AIDASoft/DD4hep/pull/1263
https://gitlab.cern.ch/lhcb/Detector/-/merge_requests/557


Box-like foil

Implementation:

➢ Based on the current corrugated foil

• Modify the materials of the volumes in green 

(thicker) & red (thinner) parts

➢ To avoid position shifts, thickness of all parts are 

kept at 250µm

• The density of the materials are scaled 

accordingly to obtain desired material budget

➢ A mixture of materials for red thinner part

Code: Detector!648 (merged)

200um
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https://gitlab.cern.ch/lhcb/Detector/-/merge_requests/648


Box-like foil
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• Scans of radiation length before 
the 1st hit



Box-like foil
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• Scans of radiation length before 
the 2nd hit



Box-like foil
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• Scans of radiation length before 
the last hit



Box-like foil
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• Scans of radiation length after 
the last hit



• Curving part: 
inner radius R = L - t

• Straight part 1:
arbitrary length

• Straight part 2:
length = L + r – R

Iris-like foil: curving foil

➢ Curving foil: attached to the support
➢ 50µm Al + 20µm CF

• Consist of two parts: support and actual foil

Support

Modules

Foil

Cylindrical foil pipe (for reference)

Modules
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Iris-like foil: support
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➢ Support: plate with holes to accommodate the modules
➢ 3mm thick: 440µm CF (two layers), filled with foam

➢ Dimensions:

➢ Red part: foil



Iris-like foil

• Needed to cut notches in foil 
sections to accommodate 
edges of opposite-side sensors
• Avoids changes to sensor layout 

that would complicate 
comparison with Box-like foil

• Z-layout of support struts/holes 
still to be optimised
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Code: Detector!649

https://gitlab.cern.ch/lhcb/Detector/-/merge_requests/649


Iris-like foil
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• Scans of radiation length before 
the 1st hit



Iris-like foil
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• Scans of radiation length before 
the 2nd hit



Iris-like foil

11/06/2025 VELO U2 Workshop 15

• Scans of radiation length before 
the last hit



Iris-like foil
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• Scans of radiation length after 
the last hit



IP resolution comparison
• Comparison of IPx resolution vs 1/pt, η, φ
• Very similar performance overall
• Iris foil appears to perform slightly better
• Might be possible to improve further with tweaks to support 

structure layout
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Thanks to Tim Evans for running studies



Using CAD models

• To easily compare complex foil 
designs and/or materials, would like 
to directly utilise the CAD models

• DD4hep can use the Open Asset 
Import Library (assimp) to load 3D 
model files to create ROOT 
tessellated shapes

• These can then be converted to 
Geant4 tessellated solids

• Recent LCG releases have both 
assimp and DDCAD libraries built

• Recently started to explore using this 
approach
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https://github.com/assimp/assimp


CAD status and next steps
• Discussed idea with Core Software and Simulation 

projects at the SCB
• Both very supportive of us pioneering this technique – 

potentially has much wider application
• Initially to be explored for small dedicated productions, 

which covers our use case
• Can use the opportunity to assess the level of simulation 

performance degradation from tessellated volumes

• Have since successfully loaded STL files of the current 
VELO RF boxes into the VP geometry in Detector project

• Next will look at Oxford box designs for LS3

• Have run tests to:
• Visualise the geometry – works very nicely (see right)
• Check material scans – does not work (I think as expected – 

to be discussed with ROOT TGeo experts)
• Dump to ROOT/GDML files – works well

• ROOT files might be compact way of storing tessellated shape
• Avoids storing large STL files and having to convert on each load

• Next steps:
• Work with Simulation to get geometry loaded and converted 

to Geant4 volumes in Gauss-on-Gaussino
• Try first simulations…
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Summary

• Implemented two new composite material foil options:
• Corrugated box-like foil
• Iris-like foil + support structure

• Rather more realistic than cylinder foil included in scoping studies

• Give similar performance in terms of IP resolution (to each other and to 
cylinder)
• Iris slightly better than Box

• Working on functionality to load CAD models into simulation
• Very promising progress so far
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Backup
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Scoping document scenarios

• Scenarios based on a 
similar design to 
current detector

• Rectangular sensors
• Volumes for 

substrates, hybrids, 
LV/HV/data cabling, 
cooling, module 
support

• Cylindrical foil
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Scoping document scenarios
Baseline
• 32 stations
• Inner radius = 7.2 mm
• Pixel size: 50 µm
• Time resolution: 50 ps per hit
• Cylindrical 75 µm thick foil placed at r = 3.5 mm
• Other thicknesses:

• Sensors: 200 µm
• ASICS: 50 µm
• Substrate: 400 µm
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Low ("Heavy")

As per baseline except…
• Thicker foil: 150 µm
• Double material of substrates

(emulate e.g. 3D printed Ti)
• Remove 4 stations

32 → 28



Performance studies: IP resolution

• Main difference between Baseline and Low here is foil thickness
• Key take-away is to make the foil as light as possible
• Cylinder foil generally does better than box, except at high eta
• Also, while not a (de)scoping argument, clear benefit from optimising single-hit resolution
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Iris design
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• Split phi into more sections
• Allow more fine-grained optimisation of sensor angles while keeping modules simple
• Maintain phi coverage when VELO open
• Smooth RF shield position between open and closed

Slides by Victor

https://indico.cern.ch/event/1447269/#11-iris-geometry


Iris design: motion

• "Shutter"-like movement allows smooth transition between open and closed positions for 
both RF shield and modules

• Can be achieved with small movements of flanges (possibly rotation or translation)
• Centring on beam in x-y achieved by movement of whole VELO (as done for Y at present)

11/06/2025 VELO U2 Workshop 26

Slides by Victor

https://indico.cern.ch/event/1447269/#11-iris-geometry


➢ To improve the uniformity in phi: Concentric layout 

➢ Current design: Orthogonal layout, Square shape

➢ Further improvement possible:
trapezoid shape sensors

Phi coverage:

More considerations in Jan and Malcolm’s slides:
https://indico.cern.ch/event/1416968/

Concentric designs
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https://indico.cern.ch/event/1416968/
https://indico.cern.ch/event/1416968/
https://indico.cern.ch/event/1416968/


Concentric designs: cooling substrate

28

➢ For outer ring modules ➢ For inner (half) ring modules

From Malcolm’s slides

• In simulation, cooling substrate represented by a plate with averaged material
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https://indico.cern.ch/event/1416968/contributions/5956291/attachments/2865426/5028250/ConcentricConcept_May24.pdf


Total area

Orthogonal:

Outer

Inner

Concentric:

Concentric design: implementation
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Total radiation length in Substrate

➢ Improved uniformity in phi
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Code: Detector!576

https://gitlab.cern.ch/lhcb/Detector/-/merge_requests/576


Inner ring of modules

Outer ring

Implementation: a short section of the pipes:

➢ Outer and Inner pipes:

➢ Outer pipe: cylinder, fixed position, arc slot at each module position (left-right difference)

➢ Inner pipe: half cylinders, move in and out with inner modules

Concentric foils

Code: Detector!576
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https://gitlab.cern.ch/lhcb/Detector/-/merge_requests/576
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