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Introduction

Goal: understand which VTX geometry choices drive tracking performance 

• Physics need: precise vertexing and tracking over a broad angular range 

• Geometry question: how much performance is gained from longer barrels vs additional 

end-cap disks? 

• Study strategy: use Delphes-based fast simulation with Kalman Filter calculations 
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Physics requirements and experimental constraints
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D. Dannheim FCC 2026

https://indico.cern.ch/event/1552126/contributions/7126062/attachments/3290814/5885186/Projects-for-Vertex-Detectors_FCC-week-2026_9Jun2026.pdf


Detectors Concepts
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ALFA



FCC acceptance constraints
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Francesco Fransesini FCC WS(01/2025)

The forward region is geometrically constrained, so end-cap disk placement must be optimized together with 
acceptance and service constraints.

https://indico.cern.ch/event/1439509/contributions/6289589/attachments/2995911/5278114/8th%20FCC%20Physics%20Workshop-Fransesini.pdf


IDEA Vertex Detector
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Default configuration: 

• 5 layers (barrel) with innermost radius ~ 13.7mm and 3 disks 

• Magnetic field: 2T (baseline) 

MAPS:  material budget: — 280 um Si ~ 0.3%  per layer 

Inner barrel: 25x25 μm  pixels 

Outer barrel: 50x150 μm   pixels 

X0

2

2



Default IDEA performance
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https://repository.cern/records/4qhzh-e4s53

• p resolution dominated by the DCH
• beyond cos(θ)> 0.7,  pT resolution degrades 

rapidly because tracks exit the DCH with 
fewer measurement points 

*In this study we will check the impact of geo VTX on the vertex resolution



Can we improve the current IDEA detector
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Mariarosaria D’Alfonso FCC2026

First Layer position 
13.7 mm → 11.7 mm on top of beam pipe 

gain up to 10% in d0

Short + Light barrel
With material changed to 0.24% X0

20% gain at low momentum

https://indico.cern.ch/event/1552126/contributions/7126064/attachments/3290977/5886660/FCCweek_dalfonso_June26.pdf


Can we improve the current IDEA detector

Inspired by ATLAS Inner Tracker design  and Alice ITS3— can we gain from short barrel+low-Z 

end-caps
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Geometry scan: barrel length, disk multiplicity, and disk placement
We perform a systematic scan of vertex detector layouts to isolate the impact of barrel length and end-cap 
coverage.  
Change the VTX low with short barrel and low-Z end-caps 
• The barrel length is scanned up to the approximate 12-inch stitched-sensor scale motivated by ITS3-style wafer 

stitching 
Material budget can be reduced to 0.25% X — Keep the material budget to be 0.25%X during the scan 
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VTX 
Low

Parameter Values scanned Motivation

Barrel half-length / z 
extent for VTX Low

Up to 12 inches 
10mm step

motivated by stitched 
MAPS sensor length

Number of disks  0-4 test end-cap coverage 
impact

 Track angle  8°, 10°, 30°, 45°  central-to-forward 
performance

 Momentum  broad p range separate MS-dominated 
and intrinsic regimes



Scans of layouts:  cover different barrel lengths and disk multiplicities
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Simplify the disk 
placement strategy by 
positioning the first 
disk close to the 
barrel, then adding 
subsequent disks with 
approximately 
uniform spacing. 



Forward tracks strongly benefit from added end-cap coverage

Forward Region:
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• For the very forward regions ( ), 3-4 disks  are needed to fulfill the requirements of 
minimal hits (at least 6 hits)

8∘
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pT = 1 GeV

Need >= 3 disks at Z> 80mm to 
recover hits for very forward region

θ = 8∘

Ndisk

σ (d0)

Z m
ax



Forward tracks strongly benefit from added end-cap coverage

Forward Region:
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•  For : longer barrel gives 1–2 additional hits that help, but disks are still 
essential

θ ≥ 10∘
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pT = 1 GeV pT = 10 GeV

σ (d0)

Ratio to 
baseline
*baseline geometry 
but with the same 
material budget 
assumptions 

pT = 100 GeV

for the Layer 1 
hits in barrel 

θ = 10∘

Ndisk

Z m
ax

Ndisk
Z m

ax

Ndisk

Z m
ax

Ndisk

Z m
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Z m
ax

Z m
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Above 20°, performance is less sensitive to barrel z length
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pT = 1 GeV pT = 10 GeV pT = 100 GeV
θ = 30∘

Barrel z-extension has weaker impact than in the 10° case

Low momentum: dominated by material budget — fewer disks help reduce multiple scattering.
High momentum: dominated by hit statistics — more disks improve track measurement precision.

σ (d0)

Ndisk Ndisk Ndisk

Z m
ax Z m

ax

Z m
ax



Geometry candidates performance comparison
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To isolate the effect of the geometry change, the material budget is set to 0.25% X₀ in the IDEA baseline.



Geometry candidates performance comparison
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Short barrel + disk discussion:     
• Improves forward-region 

performance, especially for   
• Partially recovers acceptance for very 

low-momentum tracks (0.1 GeV) 
•  Slightly degrades pT regime 5-20 GeV 

performance in the transition region 
due to extra material from the large 
disks. 

• Further disk optimization (R, X0) 
could help recover the low 
performance (to-do). 

θ < 20∘



Summary
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 The optimized short barrel + disk geometry maintains baseline-level 

performance for θ > 20° 

 At the same time, it improves tracking performance in the forward region.

Forward Region Zoom In

* Mechanical constraints on also need to be explored 



IDEA Baseline vs short barrel + disks model

VTX Performance:
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σ (d0) σ (z0)

σ ( )θ


