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The IDEA Concept
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Requirements

• Interaction region detectors must be integrated with the beam pipe 
• The vertex detector innermost radius should profit of the reduced beam pipe diameter 

(2 cm) and should cover 𝑐𝑜𝑠𝜃 < 0.99

• Must not interefere with the Luminosity Calorimeter  (clearance of ~120 mrad)

• Support structure should house the luminometer

• The mounting of the vertex and the outer tracker must be done inside the support tube

• Minimize the radiation lengths 
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Vertex and Outer Trackers 

• Inside the same volume of the support tube that holds also the LumiCal
• Vertex detector supported by the beam pipe
• Outer Tracker (2 barrel layers and 6 disks) fixed to the support tube

• Minimal number of detector module variants
• One module type only for the Vertex 
• One module type only for the Outer barrel and disks
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Conceptual layout

Vertex detector:

Modules of 25 × 25 µm2pixel size

3 barrel layers at 
- 12, 20 and 31 mm radius

Outer tracker: 

Modules of 50 × 150 µm2pixel 
size

• Intermediate barrel at 15 cm 
radius (improved reconstruction 
for pT > 45 MeV tracks)

• Outer barrel at 31.5 cm radius
• 3 disks per side 
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Vertex detector modules
• Module concept inspired by ARCADIA INFN R&D

• Pixel size 25x25 µm2

• Active area 640 pixel (16 mm) in z and 256 pixels (6.4 mm) in r − 𝜑

• Chip periphery plus an inactive zone: total 2 mm in r − 𝜑

• Chips are side-abuttable in z  

• Assume total thickness of 50 µm 

• Composed of 2 pixelated parts: total of 8.4 mm (r − 𝜑) × 32 mm (z)
• Power budget not established yet: assume 50 mW/cm2

z 640 pixel

R
-p

h
i 2

5
6

 p
ix

el

https://indico.cern.ch/event/995850/contributions/4411851/attachments/2274796/3864124/20210701_IDEATracker_FCCweek.pdf
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Half-ladder layout – layer 1
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Layer 1 ladders are placed at 12 mm radius
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Half-ladder layout – layer 2
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Layer 2 ladders are placed at  20 mm radius
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Half ladder layout – layer 3
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Layer 3 ladders are placed between 30.5 and 31.05 mm radius 

Overlapping in 𝑟 − 𝜑:2 parallel ladders separated by  500 µm
- see engineering drawings later 

Passive parts on the sides

z=0

Chip 1Chip 2 Chip 1Chip 2Chip 1Chip 2 Chip 1Chip 2

Chip 1 Chip 2 Chip 1 Chip 2Chip 1 Chip 2 Chip 1 Chip 2

0.2 mm0.2 mm 0.2 mm0.2 mm

z=0

257.5 mm

z=0

Chip 1Chip 2 Chip 1Chip 2Chip 1Chip 2 Chip 1Chip 2

Chip 1 Chip 2 Chip 1 Chip 2Chip 1 Chip 2 Chip 1 Chip 2

0.2 mm0.2 mm 0.2 mm0.2 mm



F. Bedeschi – FCC Physics Workshop – Krakow, Jan. 2023

Layer 1
14 overlapping staves of 6 

modules each

Pinwheel geometry: all 
modules at the same (smallest) 

radius

Power budget ~11 W 

DISCLAIMER:
Mechanical supports very 

preliminary, mainly for MDI 
integration at this stage (for all 

layers)

Mechanical supports are being 
optimised for material budget

Power and signal distribution yet to 
be fully engineered
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Layer 1 stave detail

Reticular lightweight support to provide 
stiffness

• Thin carbon fiber walls interleaved 
with Rohacell

• 2 buses (data and power) 1.8 mm 
wide each per side.

Sensors facing interaction point w/o 
any other material in front

Readout chips either sides

Air cooled 
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Layer 2
22 overlapping staves 
of 10 modules each

Pinwheel geometry
Counter-rotated wrt 
layer 1 to mitigate 
charge-asymmetry 

effects in track 
reconstruction

Power budget  
~30 W
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Layer 3
18 overlapping staves 
of double 16 modules 

each

Lampshade geometry. 
Charge symmetric 

track reconstruction 

Power budget 
~77 W
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Vertex layer supports

• Conical carbon fibre shaped structure, held by the beam pipe
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Carbon fibre support details

Ladders supports

Being engineered. 
It will also bring air ducts for refrigeration
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Air cooling for Belle-II upgrade 
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Overall Vertex layout

Layer 3 is lampshaded
Layer 1 and 2 are pinwheel

Total power ~120 W – Air cooled

11
11
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Mounting 2 halves 
(in 𝜑) on the beam 

pipe cooling 
manifolds 
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Outer layers modules

• Based on ATLASPIX3 R&D 
• 50 x 150 µm2

• Up to 1.28 Gb/s downlink
• TSI 180 nm process
• 132 columns of 372 pixels 

• Active (total) length (r-phi x z)
• 18.6 (21) mm x 19.8 (20.2) mm

• Module is made of 2x2 chips – total length:
• size 42.2 mm x 40.6 mm 

• Power budget not established yet: 
assume  100 mW/cm2

Power Data IN/OUT

HV
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Intermediate Tracker Barrel
At 15 cm radius

24 staves of 8 modules each.

Lightweight reticular support 
structure (ALICE/Belle-II like)

Readout chips either side
Power budget

~370 W

Water cooled (2 pipes of 2 mm 
diameter)
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Stave detail
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• Similar structure of Belle-II oVTX L5



F. Bedeschi – FCC Physics Workshop – Krakow, Jan. 2023

Outer Tracker Barrel
At 31.5 cm radius

50 staves of 16 modules each

Lightweight reticular support 
structure (ALICE/Belle-II like)

Readout chips either side
Power budget

~1370 W

Water cooled (2 pipes of 2 mm 
diameter)
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Outer Tracker Disk 1
2 sides (front and back) each with 4 

petals. 

One petal is made of  different staves 
of overlapping modules

Total modules per disk: 196

Power budget ~335 W

Cooling using 1 water pipe (2 mm 
diameter)

Similar geometry for the other two 
disks (only change the inner radius)
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Typical disk module stave

Cooling pipes
Lower modules

Upper modules

Front

Carbon fibre spacer

Carbon fibre pacers

Back

Electrical bus
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Overall layout
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• All elements in the interaction region (vertex, Tracker and LumiCal) are mounted 
rigidly on a support cylinder that guarantees mechanical stability and alignment
• Once the structure is assembled it is slided inside the rest of the detector

Support cylinder
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Conclusions

• A preliminary layout of the interaction region with LumiCal, vertex and outer tracker of the IDEA 
detector is being engineered

• Feasibility studies of vertex and track integration successfully made
• LumiCal conceptual integration done

• Next steps: 
• Vertex detector 

• Optimise the support mechanics
• Evaluate material budget
• Study the routing of the services (readout and power cables)
• Dimensioning the air cooling system

• Outer Tracker
• Study the routing of the services (readout and power cables, cooling manifolds) 

• Lumical
• Engineering and assembly

• Simulation
• DELPHES geometry updated, material still to be revised

• Geant4 geometry update on-going (see Armin Ilg talk on Wednesday) Joint Detector/Software 
session
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Backup
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Layer 1
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Layer 2
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Layer 3
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Inner tracker
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Medium Tracker
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Stave outer tracker
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Outer tracker
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Disk 2



F. Bedeschi – FCC Physics Workshop – Krakow, Jan. 2023

Disk 2
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Disk 3
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Disk 3


