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Outline
• Requirements for tracking at FCC-ee

• Silicon tracking in the FCC-ee 
Detector concepts

• Inner Vertex Detector layouts

• Challenges for outer trackers

• Conclusions and outlook

• Material from FCC-ee Feasibility Study Report, FCC inputs to the European 
Strategy 2026 Update and recent FCC and DRD3 workshops
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Disclaimer: cannot summarize in 20' all the ongoing R&D activities, 
apologies for the R&D lines underrepresented in this overview 

https://home.cern/news/news/accelerators/cern-releases-report-feasibility-possible-future-circular-collider
https://indico.cern.ch/event/1439855/contributions/6461493
https://indico.cern.ch/event/1439855/contributions/6461493/
https://indico.cern.ch/event/1439855/contributions/6461493/
https://home.cern/news/news/accelerators/cern-releases-report-feasibility-possible-future-circular-collider
https://indico.cern.ch/event/1408515
https://indico.cern.ch/event/1439855/contributions/6461493/
https://indico.cern.ch/event/1507215/sessions/598075/
https://indico.cern.ch/event/1516157/
https://indico.cern.ch/event/1439509/contributions/6298248/attachments/2994970/5277248/FCCee-SEED_FCCworkshopJan25-3.pdf


Physics requirement at Higgs Factories
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• Impact parameter resolution
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𝟏𝟓 μm ∙ GeV

𝒑sin𝟑/𝟐𝜽

• Momentum resolution
𝝈𝒑

𝒑
< 𝟐 ∙ 𝟏𝟎−𝟓GeV−𝟏𝒑 ⊕

𝒃

sin 𝜽

• Hit rate near to the beam-pipe
~200 MHz/cm2 (background dominated)

• Bunch spacing: 27 ns at Z peak

• Z production rate ~100 kHz

• Rich physics program at future Higgs Factories
– ZH, but also tera-Z, WW and t ҧt threshold

• Physics performance mostly determined by the Higgs physics program 

• Operating conditions (data rate, background) constrained mainly
from the high-luminosity at the Z pole



Detector Concepts
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Detector Concepts
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inner vertex region (R=1-6 cm)
• 3-5 m resolution
• rate O(200 MHz/cm2)
• very low material <1% X0

Incoherent e+e- pairs production



Detector Concepts
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outer vertex detector (R=10-70 cm)
• ~7 m resolution
• 27 ns timestamp
• material is still a concern



Detector Concepts
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large area tracker (R,z up to 200 cm)
• full Si tracker or Si wrapper around 

gas chamber
• surface O(100 m2)
• significant power consumption
• ~7 m resolution
• 27 ns timestamp



Detector Concepts
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large area tracker (R,z up to 200 cm)
• full Si tracker or Si wrapper around 

gas chamber
• surface O(100 m2)
• significant power consumption
• ~7 m resolution
• 27 ns timestamp

option for TOF measurement 



• Depleted Monolithic Active Pixel Sensors (DMAPS)

• Very thin sensors: curved geometries

• Low power architectures: air cooling

• Integration with machine is a key aspect

Inner Vertex Detector EOI
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https://indico.cern.ch/event/1529896/contributions/6436857/attachments/3036741/5363070/Expression_Of_Interest_for_a_Vertex_detector_at_FCCee-january2025.pdf
https://indico.cern.ch/event/1529896/contributions/6436857/attachments/3036741/5363070/Expression_Of_Interest_for_a_Vertex_detector_at_FCCee-january2025.pdf
https://indico.cern.ch/event/1529896/contributions/6436818/attachments/3036739/5363068/FCC%20MDI%20EOI%202025Feb16.pdf


IDEA vertex layout
• Module based on LF110 nm DMAPS

– 25x25 m2 (ARCADIA MD3 layout)

• 3 barrel layers

– 13.7, 23.7, 34/35.6 mm radii

• Sensor loaded on thin carbon-carbon 
support and flex PCB for powering and 
readout

– Alice/Belle2 like stave approach

• Light truss structure to provide 
mechanical rigidity to the stave
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• Total detector weight 285 g

• 0.25% X0 thickness per layer

– Chips ~0.05% X0, readout and power bus ~0.06% X0

• Total power consumption 121 W

• Air cooling is possible

• Mockup construction and testing of the concept 
ongoing (LNF, Pisa, Perugia)



Curved vertex layout (stitched sensors)
• Curved layout inspired by ALICE ITS3 developments

– adapted to the FCCee interaction region geometry and tracking coverage

– DMAPS in TPSCo 65 nm technology

– 20.5x21.7 mm2 stitched pixel-matrix cell (MOSAIX-like)

– 4  layers

– Highest radii layers split in two sections due to wafer size and staggered to 
recover hermeticity

– drastic improvement in material budget
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baseline layout at cos()=0



Snail-shaped vErtEx Detector (SEED)

Barcelona, 16 June 2025 A. Andreazza - FCC-ee Silicon Tracking 12

• Low material and fully 
hermetic layout

• Flexible in sensor size 
and detector layout

• Sensor developed within the DRD3 project:
OCTOPUS: Optimized CMOS Technology fOr 
Precision in Ultra-thin Silicon 

– TPSCo 65 nm technology

– 3 m resolution → 20 m pixel pitch

– fully asynchronous readout in the pixel 
matrix to reduce powe consumption

– 50 m silicon material

 A.G. Besson and J. Andrea 8th FCC Physics Week

A.G. Besson and J. Andrea
8th FCC Physics Week

 F. Guezzi 3rd DRD3 week

F. Guezzi
3rd DRD3 week

https://indico.cern.ch/event/1439509/contributions/6298248/attachments/2994970/5277248/FCCee-SEED_FCCworkshopJan25-3.pdf
https://indico.cern.ch/event/1507215/contributions/6540426/


• Emphasis on timing capabilities

• Pushing towards integrated solutions whenever possible

• Also looking at new technologies and system aspects

Silicon Tracking EOI

Barcelona, 16 June 2025 A. Andreazza - FCC-ee Silicon Tracking 13

Monolithic Active Strip Sensors  Bonn University, DESY, FH Dortmund, TU Dortmund, Siegen University, Freiburg University

Monolithic Active Strip Sensors
Bonn University, DESY, FH Dortmund, 
TU Dortmund, Siegen University, Freiburg University

https://indico.cern.ch/event/1439855/contributions/6461674/
https://indico.cern.ch/event/1529896/contributions/6436854/attachments/3036732/5363061/ARCADIA_EoI-160225.pdf
https://indico.cern.ch/event/1529896/contributions/6436819/attachments/3036737/5363066/EoI_timinglayer_v4-130325.pdf
https://indico.cern.ch/event/1529896/contributions/6436817/attachments/3036725/5363053/FCC_EOI_SCIPP-100325.pdf
https://indico.cern.ch/event/1529896/contributions/6436834/attachments/3036756/5363087/2025-01-30_EOI-Tracker_v2.pdf


Monolithic Strip Detectors

Barcelona, 16 June 2025 A. Andreazza - FCC-ee Silicon Tracking 14

 I. Gregor 3rd DRD3 week

I. Gregor 
3rd DRD3 week• n-in-p sensor 150 nm LFoundry technology 

• 150 m thickness, 75.5 m strip pitch 

• Different formats through stitching technique

• Develop an alternative technology strip detector 
fabrication for large area applications

• To fully profit from the use of a CMOS process the 
front-end should be implemented 
– Ease of module building 

– Reduction of material 

https://indico.cern.ch/event/1507215/contributions/6541503/


DMAPS Integration
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• Prototyping with ATLASPIX3.1 sensors
– TSI 180 nm CMOS process

– Almost full-reticle size 2 × 2 cm2

– 150 mW/cm2

• Multi-chip modules
– Single LV and HV bias line

– Common data-in LVDS lines: 
command, clock, synch, trigger

– Individual modules data-out LVDS lines

– AC coupling to DAQ

• On chip SLDO regulator: building a serial 
powering chain

• Experimenting with Al power and data bus 
to reduce X0 thickness within the detector



• dE/dx or dN/dx confusion region 
at 1 GeV
– timing measurements at 30 ps level in the 

wrapper can solve the ambiguity

• Improve /K separation at low 
momentum
– light flavour tagging in 𝐻 → 𝑞 ത𝑞

– Flavour physics

• Low pT particles not reaching the central 
gas tracker
– timing in the outer vertex layers

– it can extend coverage to momenta below 
100 MeV

– particularly relevant if magnetic field 
increased to 3 T

Timing Measurement
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VTX ToF at 15 cm
B = 2 T
t = 30 ps

VTX ToF at 35 cm
B = 3 T
t = 30 ps

VTX ToF

Wrapper 
ToF

 P. Schwemling FCC-ee Tracking WS

P. Schwemling
FCC-ee Tracking WS

https://indico.cern.ch/event/1516157/contributions/6444525/


AC-LGADs for Tracking and Timing

• Standard pixel detectors
– space resolution: 30% pitch (binary),

  15% pitch (charge interpolation)

• Resistive silicon detectors:
– space resolution: ~5% of the pitch (deterministic 

charge sharing)

– time resolution: 40 ps for 50 m thin sensors 
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10 m resolution
with 200 m pitch

<40 ps time resolution

N. Cartiglia et al.
 arXiv:2301.02968



• Many manufacturers and multiple flavours

– strip, square pixels, triangular pixels

• Very high flexibility in detector design 

– developments for ePIC TOF systems

• Also DC-coupled electrodes

• Very active community in DRD3

AC-LGADs for Tracking and Timing

Barcelona, 16 June 2025 A. Andreazza - FCC-ee Silicon Tracking 18

 WG2 session at 3rd DRD3 week

WG2 session at
3rd DRD3 week

FBK

HPK

BNL

CNM

https://indico.cern.ch/event/1529896/contributions/6436819/attachments/3036737/5363066/EoI_timinglayer_v4-130325.pdf
https://indico.cern.ch/event/1507215/sessions/598075/


CACTUS Chip Family
• LFoundry 150 nm node

• 60 ps reached without 
internal amplification

• Now testing the 
addition of a gain layer

Monolithic CMOS Sensors for Timing
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t=60 ps

MiniCACTUS_v1

• small detector prototype 
designed in order to 
explore the possibilities of 
timing with non amplified 
large electrode designs

• FE integrated at column 
level

MiniCACTUS_v2

• ~ 2 times larger than MiniCACTUS

• 0.5 mm x 1 mm (baseline), 1 mm 
x 1 mm and  0.5 mm x 0.5 mm 
diodes

• 3 different preamps 

• New multistage discriminator 
with programmable hysteresis

 P. Schwemling FCC-ee Tracking WS

P. Schwemling
FCC-ee Tracking WS

https://indico.cern.ch/event/1516157/contributions/6444525/


NAPA: NAnosecond Pixels for Large Area sensors
• TPSCo 65 nm node

Monolithic CMOS Sensors for Timing
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NAPA_p1 performance

NAPA_p2 

• Further improve timing resolution & power trade-off: goal is to achieve 
x10 improvement over current state-of-the-art

• Design of compact, low-power Time-to-Digital Converter (TDC).

• The chip contains a novel low-power and small-area Vernier delay line, 
which is the core building block of a sub-ns TDC, with a programmable 
time resolution as low as 20 ps.

 C. Vernieri FCC-ee Tracking WS

C. Vernieri
FCC-ee Tracking WS

https://indico.cern.ch/event/1516157/contributions/6444498/


Monolithic CMOS Sensors for Timing
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 M. Mandurrino FCC-ee Tracking WS

M. Mandurrino
FCC-ee Tracking WS

MADPIX: Monolithic CMOS Avalanche 
Detector PIXelated Prototype for ps 
Timing Applications

• LF 110 nm node

• 8 matrices of 64 pixels

• 250 × 100 µm2 pads

• 0.18 mW/ch

https://indico.cern.ch/event/1516157/contributions/6444527/


Monolithic RSD for Si Tracking
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 M. Mandurrino FCC-ee Tracking WS

M. Mandurrino
FCC-ee Tracking WS

https://indico.cern.ch/event/1516157/contributions/6444527/


Summary and outlook
• The full exploitation of the FCC-ee physics potential of poses different challenges for the silicon 

tracking systems.

– Extremely high-resolution and low-mass are needed for the vertex detectors

– System issues will be the focus topics for the large area detectors

• DMAPS may be a material-effective and 
high-performance solution for the vertex region 

• Many different options (strips, DMAPS, RSD) are 
investigated for the outer parts of the tracker

• The R&D program is well integrated within the 
DRD collaborations set up to implement the 
ECFA Detector R&D Roadmap, DRD3, DRD7 and DRD8

– Framework for strategic R&D

– Benefitting also from the developments for 
the upgrades of existing experiments and new machines

• Plenty of fascinating electronics design and sensor development will be needed to arrive to build a 
state-of-art detector within the time scale of future e+e- factories

• At the same time, it is possible to start addressing system aspects with already existing detectors  
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we are here



BACKUP



Accelerator parameters
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Overview of Detector Requirements
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Inner vertex layout
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Layer 1

Layer 2 Layer 3



Outer Vertex Stave prototyping
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Prototypes built for Belle II upgrade in Pisa
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