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WHAT DOES A COLLISION LOOK LIKE
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MOTIVATION FOR AN ELECTRON-POSITON COLLIDER
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DIFFERENT SCENARII
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CLIC @ CERN
√smax =380-3000 GeV

ILC in Japan
√smax =250-1000 GeV

FCC-ee @ CERN
√smax =240-365 GeV

CEPC in China
√smax =240-360 GeV

Linear Collider 

Circular Collider 

e+ e-

Fcc overview

https://fcc.web.cern.ch/fr/overview
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THE FUTURE CIRCULAR COLLIDER (FCC)
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M. Selvaggi, FCC Week 2023

Physics Landscape @ FCCee

Detector requirement @ FCCee

AMBITION PHYSICS STUDIES
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https://indico.cern.ch/event/1202105/contributions/5396850/attachments/2659433/4606491/Detector%20Requirements%20from%20Physics.pdf
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WHILE WAITING: 5, 10, 15 YEARS …NEED FOR MILESTONES PROJECTS
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100 µs 10 µs 1µs 100 ns 10 ns 1 ns 100 ps 10 ps

Time resolution

ILC

Particle ID

Minimal
VXD requirements

~1-4 µs

FCCee

Others (ions, pp, etc.)

STAR-PXL detector 
185 µs - 2014

CBM-MVD
5 µs - Under development

ALICE-ITS2
10 µs - In construction

ALICE-Beyond LS3

CLIC bunch
500 ps

(Z) bunch
25 ns

MUPIX-
X 

(Mu3e)
<10 ns

HL-LHC
e.g.MALTA - 25 ns

CLIC 5 ns

backscatterred filter
10 ns

Z bunch
~ 20 ns

CLIC

Particle ID

Particle ID

CEPCVXD requirements
~1 µs Particle ID

ILC R&D

tt bunch ~ 3 µs

SIT &
Bunch tagging

300-500 ns

(H) Bunch
680 ns

VXD requirements
~1 µs

ALICE-Beyond LS4

Belle-II upgrade 
?

TIME RESOLUTION SCALE IN THE CONTEXT OF ELECTRON POSITRON COLLIDER
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Strong collaboration with

C4PI-Platform



CBM Micro Vertex Detector 
(MVD)

CMOS Monolithic 
Active Pixel Sensor* CBM – Experiment @ FAIR

The CBM – MVD will operate at:

100 kHz Au+Au collisions @ E!"# ≤ 10 𝐴GeV
10 MHz  p+Au collisions @ E!"# ≤ 29 GeV

(up to 100x higher rates in absence of MVD)

* Picture displays a Mimosa28 CMOS sensor. Indeed the final CMOS sensor used in the MVD will Mimosis.

THE MIMOSIS PROJECT – A MILESTONE SENSOR FOR FUTURE COLLIDER'S VERTEX DETECTOR
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MIMOSIS-1, 60µm thick
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MVD: Very inhomogenous particle flow in space and time

Simulation

Requirement

Spatial / time resolution ~5 µm / 5 µs

Sensor thickness ~50 µm

Radiation doses (non-ionizing) ~ 7 x 1013 neq/cm²

Radiation doses (ionizing) ~ 5 MRad

Rate capability (mean/peak) (20/80) MHz/cm²

Readout mode Continuous

Established by ALPIDE
(Sensor of ALICE ITS2 upgrade)

Incompatible with ALPIDE
> 20x internal bandwidth needed

per year

no safety factor

≈10 x ALPIDE

Au+Au @ 12 AGeV

Simulation

…in space.
…in time.

MIMOSIS REQUIREMENTS
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CHARACTERIZATION OF CMOS SENSORS @ CERN, DESY

Mathieu
Specht
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Goffe

Ali Al-
tingun

Ben 
Arnoldi

Michael 
Deveaux

Vital requirements

MIMOSIS-2.1 telescope Experiment room
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https://doi.org/10.1016/j.nima.2017.07.046

https://iopscience.iop.org/article/10.1088/1748-0221/14/05/C05013
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EXPLORING NEW TECHNOLOGIES : TPSCO (65 nm)
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Multi-Layer Reticle

https://doi.org/10.1016/j.nima.2017.07.046
https://iopscience.iop.org/article/10.1088/1748-0221/14/05/C05013


A or D (std) C (mod) B (mod_gap)

Prevent circuitry’s nwells from 
collecting charge To obtain a full depletion

To overcome the weak electric field 
near the edges
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CRICUIT EXPLORATOIRE-65 nm VARIANTS
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Telescope:
Reference Arms : 4 ALPIDE planes for track reconstruction
DUT : CE65
TRG : DPTS 

Test beam:
May 2022 at CERN-PS

10 GeV π − 
Refe

ren
ce

 

Data acquisition:
EUDAQ2

Event reconstruction 
algorithm and data analysis 

framework:
Corryvreckan

Noise run-Beam run:
correlated double sampling 

method (CDS)

4 frames for 
each event 

Pedestal map
Noise map

Calibration file

Support provided by Alice Collaboration
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16
BEAM TEST SETUP
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Seed charge is affected by 
process modification

A. Kumar, AIDAinnova 2024

NWELL 
COLLECTION 
ELECTRODE 

PWELL 

DEEP PWELL 

P= EPITAXIAL LAYER 

P+ SUBSTRATE 

NWELL PWELL NWELL 
DEEP PWELL 

PMOS NMOS 

DEPLETION BOUNDARY 

DEPLETED ZONE 

Standard
15 um

NWELL 
COLLECTION 
ELECTRODE 

PWELL 

DEEP PWELL 

P= EPITAXIAL LAYER 

P+ SUBSTRATE 

NWELL PWELL NWELL 
DEEP PWELL 

PMOS NMOS 

DEPLETION BOUNDARY 

DEPLETED ZONE 

Standard
25 um

17

PIXEL SIZE IMPACT
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https://indico.cern.ch/event/1307202/contributions/5498695/
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PROCESS MODIFICATION IMPACT
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B4, HV10A4, HV10

PROCESS MODIFICATION : CHARGE SHARING

Charge sharing (std) > Charge sharing (mod)
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PROCESS MODIFICATION : SPATIAL RESOLUTION

Residual (std) < Residual (mod)
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• AC-coupled only
• Three processes variants (STD, GAP, BLANKET)
• Three pixel pitches values (15um, 18um, 22.5um)
• Arrangement variants 

• An option for window readout
• Beam tests @ SPS (April 2024) & DESY (May 2024): ongoing data 

analysis
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THE DETECTOR CONCEPTS
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*G. SADOWSKI PhD
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FCCee activities @ IPHC : Tracking performance with CLD*

CLD-Like detector



FCCee activities @ IPHC : Tracking performance with CLD*

*G. SADOWSKI PhD

vertex spatial resolution on

VXD spatial resolution = 3 𝝻m
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FCCee activities @ IPHC 

*S. Rejai Internship in collaboration with CMS (E. Conte)
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FCCee activities @ IPHC: Mastering the workflow of the feasibility study 

*S. Rejai Internship in collaboration with CMS (E. Conte)
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• Phenomenology*
• Delphes simulation
• FullSimulation: dd4hep
• Reconstruction:  key4hep, Gaudi
• FCCAnalysis
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And more…



BEAM MONITORING & PROFILING FOR RADIOBIOLOGY

31 mm

17 m
m
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MIMOSIS @ CYRCÉ : BEAM MONITORING
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Localized irradiation
for radiation tolerance studies
In case of heterogeneous exposure
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DISPERSION ESTIMATION AND HOMOGENEITY
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MIMOSIS @ CYRCÉ : READOUT CAPABILITY
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• Saturation level depends on the cluster multiplicity as expected.
• Max bandwidth at around 18 MHz/cm2 – Average 15, max 70 MHz/cm2

• Reminder : there is two outputs on used chips, not 8 à 18 MHz/cm2 x 4 = 72 MHz/cm2



34

MODELING CHARGE CARRIERS TRANSPORT: TCAD AND ALLPIX2 SIMULATIONS
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Hasan Darwish, DPG 2024
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https://www.dpg-verhandlungen.de/year/2024/conference/giessen/part/hk/session/27/contribution/3
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Thanks for your attention
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