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CFce Outline

e Requirements for tracking at FCC-ee

e Silicon tracking in the FCC-ee
Detector concepts

 |nner Vertex Detector layouts
e Challenges for outer trackers
e Conclusions and outlook

Disclaimer: cannot summarize in 20' all the ongoing R&D activities,
apologies for the R&D lines underrepresented in this overview

e Material from FCC-ee Feasibility Study Report, FCC inputs to the European
Strategy 2026 Update and recent FCC and DRD3 workshops

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


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

s Factories

~ 10
(73]
o
=
o
&
g 102
>
D
@)
=
e
S 10
—
1

Rich physics program at future Higgs Factories

— ZH, but also tera-Z, WW and tt 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
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Hit rate near to the beam-pipe
~200 MHz/cm? (background dominated)

Bunch spacing: 27 ns at Z peak
Z production rate ~100 kHz
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Detector Concepts

Well established design

- ILC — CLIC detector — CLD
Full Si VXD + tracker
CALICE-like calorimetry — very high
granularity
Coil outside calorimetry, muon system
Possible detector optimizations

- Improved o,/p, o¢/E

- PID: precise timing and RICH

arXiv:1911.12230

Still in early design phase
Design centred around High
granularity Noble Liquid ECAL

* Pb+LAr (or denser W+LKr)
Si VXD
Tracker: Drift chamber, straws, or Si
Steel-scintillator HCAL
Coil outside ECAL in same cryostat
Muon system

Eur.Phys.J.Plus 136 (2021) 10, 1066, arXiv:2109.00391

IDEA

r(m]

Muon chambers
Return yokes J

Coil ,

Silicon Wrapper ,

Vertex Detector _v_f_

Design developed specifically
for FCC-ee and CEPC

Si VXD; ultra-light drift
chamber with powerful PID
Crystal ECAL w. dual readout
Compact, light coil;

Dual readout fibre calorimeter
Muon system

' z(m)

7833

ILD

https://doi.org/10.48550/arXiv.2502.21223

Designed originally for

operation at the ILC

Together with SiD, ancestor

of CLD.

Main difference and

signature element:

- Large-volume time
projection chamber (TPC)
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Yoke/ Muon HCAL FTD
FCAL ECAL P

The International Linear Collider Technical
Design Report - Volume 4: Detectors
arXiv:1306.6329
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CFeo Detector Concepts

CLD

ot

8 inner vertex region (R=1-6 cm) IDEA
i * 3-5 pum resolution ) * Design developed specifically
Yoia . * rate 0(200 MHz/cm?) = l fc.)r FCC-ee anq CEPC.
. very low material <1% X, = ] > SEMED; ullracligntidntt
sranuiarty chamber with powerful PID
g ¢ Coil outside calorimetry, muon system * CoEsl ECA_‘L 9 dl_’al Ll
“ + Possible detector optimizations ot * Compact, light coil;
- Improved o,/p, o¢/E Be ot o * Dual readout fibre calorimeter
*  Muon system
Inecoherente*e—pairs production = 1o
$=91.2 GeV =10 & £ (s=365GeV =10 5 -
E Oy | 2 s D.,.llo, L — https://doi.org/10.48550/arXiv.2502.21223

particles / BX

particles / BX

1072

Coil outside ECAL in same cryostat

Muon system

ILD

7833

* Designed originally for
operation at the ILC

* Together with SiD, ancestor
of CLD.

* Main difference and
signature element:
- Large-volume time

projection chamber (TPC)

The International Linear Collider Technical

L]

Eur.Phys.J.Plus 136 (2021) 10, 1066, arXiv:2109.00391

Design Report - Volume 4: Detectors
arXiv:1306.6329

Yoke/ Muon FTD

FCAL

HCAL |
ECAL
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Detector Concepts

outer vertex detector (R=10-70 cm)

f e ~7 um resolution * Design developed specifically
B e 27 ns timestamp | for FCC-ee and CEPC
8 material is still a concern ] v SUVED; uraslight duft
granumarty chamber with powerful PID
e * Coil outside calorimetry, muon system * Crystal ECA_‘L % dL_JaI Ll
© '« Possible detector optimizations =y * Compact, light coil;
- Improved o /p, o./E bbbl * Dual readout fibre calorimeter
o] 7
- PID: precise timing and RICH * Muon system
Xiv:1911.12230 “""""'"“WLJ_ https://doi.org/10.48550/arXiv.2502.21223
Y arAiv: 2 L e ere
Allegro i

» Stillin early design phase * Designed originally for

* Design centred around High Wi operation at the ILC
granularity Noble Liquid ECAL * Together with SiD, ancestor
* Pb+LAr (or denser W+LKr) SR of CLD.

e SjiVXD = eoa ° Main difference and
* Tracker: Drift chamber, straws, or Si . B signature element:
* Steel-scintillator HCAL Zim Vertex - Large-volume time

* Coil outside ECAL in same cryostat projection chamber (TPC)

*  Muon system

~
@

2 The International Linear Collider Technical
Design Report - Volume 4: Detectors

arXiv:1306.6329
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Yoke/ Muon HCAL FTD

Eur.Phys.J.Plus 136 (2021) 10, 1066, arXiv:2109.00391 FCAL  ECAL 3
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Detector Concepts

large area tracker (R,z up to 200 cm) IDEA
full Si tracker or Si wrapper around . * Design developed specifically
gas chamber % l for FCC-ee and CEPC
surface O(100 m?) " e voes ] «  SiVXD; ultra-light drift

chamber with powerful PID
* Crystal ECAL w. dual readout
. * Compact, light coil;
[ * Dual readout fibre calorimeter
*  Muon system

significant power consumption
~7 um resolution

- PID: precise timing and RICH

: D https://doi.org/10.48550/arXiv.2502.21223
IDEA tracker resolution o,,/pt T
OO0 ——— IDEA full tracker - 6 = 90°
0'00455_ -~ Multiple scattering only -
0.004 — - IDEA no Si wrapper - D 7833 ) o
o00as- * Designed originally for
Yoke/ "
0.003E- Muon operation at the ILC
4673 . .
ooousE- L a0 » Together with SiD, ancestor
E Coil
0.002 Lo
‘::0015E ‘ﬂHCAL of CLD.
oo @ . ¢ Main difference and
0.0005f-. o - signature element:
E N me———SIT .
oE———f % % % o e — —vnex - Large-volume time
—— O OUTSTOE T C AT T ST ey oSta T projection chamber (TPC)
* Muon system 3| 3 The International Linear Collider Technical
Yorelu i | fio Design Report - Volume 4: Detectors
oke uon B
Eur.Phys.J.Plus 136 (2021) 10, 1066, arXiv:2109.00391 FCAL  ECAL P arXiv:1306.6329
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Detector Concepts

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

gas chamber

surface O(100 m?)

significant power consumption
~7 um resolution

27 ns timestamp

option for TOF measurement

K/m separation (std)

Barcelona, 16 June 2025
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e TIK TOF Ng
— TIK dE/dX ng in Ar
— TIK cOMb. Ny

6=190.0°

flight distance = 2.2m

ToF resolution = 3.0e-11 s
dE/dx resolution = 2.2e-
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Yoke/ Muon

FCAL

Design developed specifically
for FCC-ee and CEPC

Si VXD; ultra-light drift
chamber with powerful PID
Crystal ECAL w. dual readout
Compact, light coil;

Dual readout fibre calorimeter
Muon system
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https://doi.org/10.48550/arXiv.2502.21223

Designed originally for

operation at the ILC

Together with SiD, ancestor

of CLD.

Main difference and

signature element:

- Large-volume time
projection chamber (TPC)

The International Linear Collider Technical
Design Report - Volume 4: Detectors
arXiv:1306.6329
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Inner Vertex Detector EOI

Expression of Interest for a

lightweight vertex detector for FCC-ee

Involved Laboratories:
Italy: INFN - Genova, Frascati, Milano, Padova, Perugia, Pisa, Torino, Trieste-Udine
Switzerland: ETH Zurich, Paul Scherrer Institute, University of Zurich
United States of America: Brown University, BNL, FNAL, LBNL, MIT, SLAC, Stony Brook University

Expression Of Interest for a Vertex Detector at
FCCee :
FCC Snail-shape vErtEx Detector (FCC-SEED)

L Université de Strasbourg, CNRS, IPHC UMR. 7178, Strasbourg, France
2CNRS/IN‘ZPB7 CPPM, Aix-Marseille University, Marseille, France
*Institut de Physique des 2 Infinis de Lyon - CNRS/IN2P3, 69100 Villeurbanne, France
“Laboratoire de Physique Nucléaire et de Hautes Energies UMR 7585, France
Slaboratoire AstroParticule et Cosmologie, France

Expression of Interest for
e Depleted Monolithic Active Pixel Sensors (DMAPS)

: . FCC-ee Machine-Detector-Interface (MDI) Integration
e \Very thin sensors: curved geometries

Involved Laboratories

e Low power architectures: air cooling

Italy: INFN Laboratori Nazionali di Frascati, Pisa

e Integration with machine is a key aspect

United States of America: BNL, FNAL, JLAB, SLAC

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


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

OFCC IDEA vertex la out

Module based on LF110 nm DMAPS g ~ z640pixel : 32 mm -
— 25x%25 pum? (ARCADIA MD3 layout) Q £
e 3 barrel layers % e E_ Chip 1 Chip 2
— 13.7,23.7, 34/35.6 mm radii i v Readout

Chip

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

— Alice/Belle2 like stave approach

e Light truss structure to provide
mechanical rigidity to the stave

e Total detector weight 285 g

e 0.25% X, thickness per layer
— Chips ~0.05% X, readout and power bus ~0.06% X,
e Total power consumption 121 W

e Air cooling is possible

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

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



(O Fce

Curved vertex lavout (stitched sensors
e 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 mm? 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

R=33.65 mm Layerd ‘P i
1.25
R=27 mm 4 3 ¥

/BMg
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276_)”7 Longeron

n
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R=20.35 mm 0.47
' 2817 mpn 0.25

Lo 4 ) LR ALY N VIINON, A, S S,
R=13.7mm -1-0.80604020 02040608 1
cos(6)

L
173.3mm

216.7 mm

Flex circuit
(power & R/O)

Material budget x/X [%]
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. A.G. Besson and J. Andrea
e Low material and fully | gt rec physics week

hermetic layout

e Flexible in sensor size
and detector layout

Beam pipe inner radius ~10 mm
Beam pipe thickness ~ 1.7 mm
Perimeter ~73.5 mm

e Sensor developed within the DRD3 project:
OCTOPUS: Optimized CMOS Technology fOr

Pixel Matrix

]

Priority Aribter (APA)

nchronous

Asy]

Precision in Ultra-thin Silicon I — e[
— TPSCo 65 nm technology L =1 | [ e
— 3 um resolution — 20 um pixel pitch —
— fully asynchronous readout in the pixel H

matrix to reduce powe consumption § *
— 50 pm silicon material —

F. Guezzi
3rd DRD3 week

|

us Priority Arbiter (APA)

J

us Priority Arbiter (APA)

chrono

Asyn

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

Crec Silicon Tracking EOI

Expression of Interest for the development of modules for

.. _ _ , Monolithic Active Strip Sensors
Vertex detector and Silicon Wrapper with combined tracking

and timing capability in LFoundry 110nm technology Bonn University, DESY, FH Dortmund,
TU Dortmund, Siegen University, Freiburg University

Involved Laboratories:
Italy: INFN - Bologna, Milano, Padova, Pavia, Perugia, Pisa, Torino, TIFPA . . ..
United States: FNAL Expression of Interest for a large-area tracking and timing layer

for an FCC-ee detector

Expression of Interest

Towards Time of Flight MCMOS tracking layers Involved Laboratories:
Italy: INFN
fOI‘ a deteCtOI‘ at F C C-ee Switzerland: CERN, Paul Scherrer Institute, University of Zurich
U.S.A.: Brandeis University Waltham, Brookhaven National Laboratory, SLAC National Accelerator
ICEA—Saclay, IRFU / DPhP, Université Paris—Saclay, 91191 Gif sur Yvette cedex, France Laboratory, University of California Santa Cruz, University of New Mexico

2CEA-Saclay, IRFU /Dedip, Université Paris-Saclay, 91191 Gif sur Yvette cedex, France
3Institut de Physique des 2 Infinis de Lyon - CNRS/IN2P3, 69100 Villeurbanne, France

Particle beam telescope with versatile DMAPS chip

Expression of Interest in Development of FCCee vertex detector demonstrator system
. nstituto Tecnologico de Aragon (ITA)
Large Area T‘raCklng Sy Stems for FCC-ee DeteCtorS 2Instituto Galego Fisica Altas Enerxias (IGFAE)
Santa Cruz Institute for Particle Physics 3Instituto de Fisica Corpuscular (IFIC, CSIC-UVEG)
University of California, Santa Cruz AInstituto de Fisica de Cantabria (IFCA, CSIC-UC)

e Emphasis on timing capabilities
e Pushing towards integrated solutions whenever possible
e Also looking at new technologies and system aspects

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


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
 n-in-p sensor 150 nm LFoundry technology Ef_sudf 72| 314 DRO3 week

e 150 um thickness, 75.5 um strip pitch . N
e Different formats through stitching technique
e Develop an alternative technology strip detector
fabrication for large area applications oy *j
e To fully profit from the use of a CMOS process the Center region Fegeregien

front-end should be implemented

. . A
— Ease of module building
— Reduction of material =
Q
14 T T ™ T T
Passive CMOS Strips -
1k CMOS Long Sensor: unirradiated b =
TP %
~— 10} . B A 4 .
gl lli!:u!;uz: :
< R -
O / 1
T 6f Regular strip implar
£
-]
O 4} :
— ¢ Regular0 ~® LD30-0 4 LD55 R -
¢ Regular-l #® LD30-1 ¢ LD5S5-1 L 7um e
2r ¢ Regular2 ® LD302 ¢ LDS55-2 7] ‘l 15um | Tl ‘ " muun;, g | ‘ 4 um
N T l:wglllax‘-.'}l lLD:f()-A:jl sl I;D‘S»Ti-ii 18 um le I 30/55 um 1 N
20 40 60 80 100 120 140 160 75.5 um B 75.5 um N
';' ™~ bl

Bias Voltage [V]
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https://indico.cern.ch/event/1507215/contributions/6541503/

CFco DMAPS Integration

e Prototyping with ATLASPIX3.1 sensors
— TSI 180 nm CMOS process

— Almost full-reticle size 2 X 2 cm?

— 150 mW/cm?

e Multi-chip modules
— Single LV and HV bias line

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

— Individual modules data-out LVDS lines

. OF " EgPCB T I T T T e
— AC coupling to DAQ o gggfﬁ’; -
e On chip SLDO regulator: building a serial = o

F  mmm Aluminum
r - IDEA CDR Vertex

powering chain

Material budget x/X_[%]
"

e Experimenting with Al power and data bus
to reduce X, thickness within the detector

- N W b
TEEE | (T T [TTTT[T

o

0.10.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
cos(0)

| THTRAE 7 EETwaann S
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CFcc Timing Measurement

. . P. Schwemling 7 o
e dE/dx or dN/dx confusion region FCC-ee Tracking WS | 107 e e e
VTX ToF radius = 0.15m
at 1 GeV e Patobdlon = 8 00eaT s
— timing measurements at 30 ps level in the g Wrapper
. § ToF
wrapper can solve the ambiguity g 101 0
e Improve /K separation at low 5 VTX ToF |
momentum - wegatsom | 1| LA
i : . — 10 { —~ dN/dx
— light flavour tagginginH - qqg |- TOF rapper R=220.0 cm O = 301
— Flavour physics - —
B=30T
o o TPC outer radius = 2.20m
e Low pT particles not reaching the central TPC inner raius = 0.40m
- wrapper ToF radius = 2.20m
gas tracker g ToF resolution = 3.00e-11 s
— timing in the outer vertex layers 5 101
— it can extend coverage to momenta below ¢ A
100 MeV e e 611 FASBAME /X TOF at 35 cm
. . L ---- ToFyrx R=35.0 cm : : B=3T
— particularly relevant if magnetic field WP e 8 6,=30ps
increasedto 3T

101 100 101
p (GeV)
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https://indico.cern.ch/event/1516157/contributions/6444525/

’’’’’

L4 s

zzzzzzz
ra

Pixel size
~ 250 x 250 ppm?

_______________
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e I ~ 50 T f \ Ul I JTE
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. N Contact Metal N* Contact Metal
|

1

1

Passivztion l ’ /v\ ) ) UL F l

— S A ¥ =

CStop Guard pstop N
Ring p-type Multiplication Layer

Standard Silicon Detector

e Standard pixel detectors

— space resolution: 30% pitch (binary),
15% pitch (charge interpolation)

e Resistive silicon detectors:

— space resolution: ~5% of the pitch (deterministic
charge sharing)

— time resolution: 40 ps for 50 um thin sensors
N. Cartiglia et al.

Barcelona, 16 June 2025
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Resistive Read-out Detector

Spatial resolution [um]

e 4
’ $ 4 y
rd
a-———r| Resistiveimplant
1

p-type FZ wafer

| - Z waf
b\ ow p p-type CZ wafer

Metal

RSD2 crosses: spatial and temporal resolutions
when total AC amplitude = 60 mV (gain = 30)

arXiv:2301.02968

0

<40 ps time resolution
B |
- I PSS
mym-----% L
10 um resolution {3
with 200 um pitch .-~
"_.""-_ u Spatial resolution
. o Temporal resolution 1°
200 400 600 800 1000 1200 1400

Pitch [um]
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e Many manufacturers and multlple flavours | —

— strip, square pixels, triangular pixels
e Very high flexibility in detector design
— developments for ePIC TOF systems & USSENES B8 N
e Also DC-coupled electrodes |
e Very active community in DRD3

for an FCC-ee detector

Involved Laboratories:
Ttaly: VPN

Switzerland: CERN, Pa
U.S.A.: Brandeis University Waltham, Bre rator
Laboratory, University of California Santa Cruz, Universit y of New Mexico

niversity of Zurich

Expression of Interest for a large-area tracking and timing layer

WG2 session at
3rd DRD3 week

Barcelona, 16 June 2025
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n+ contact

DC pad

resistive n+

gain implant

v
DC-RSD

Combined position resolution
B One-channel position resolution

Combined position resolution
One-channel position resolution
Two-channel position resolution
Time resolution

70F- N

Time resolution

Position resolution [um)
Time resolution [ps]
Position resolution [um)

T

FNAL 120 GeV proton beam SH4, 180V 100,ENAL 120 GeV proton beam PH4, 116V

Two-channel position resolution =80

1 Eol Loadds 1 1 1 1 i L
— 95 0 95 1 15 08 06 04 02 0 02 04 06 03
Track x position [mm] Track x position [mm]

DC-RSD design:

» Signal confined through containment
structures and low resistivity paths towards
a predetermined number of readout electrode

» Leakage current removed locally through each
electrodes

» No-bipolar signal: of 1-2 ns of duration in
time as in standard LGADs

A. Andreazza - FCC-ee Silicon Tracking
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https://indico.cern.ch/event/1529896/contributions/6436819/attachments/3036737/5363066/EoI_timinglayer_v4-130325.pdf
https://indico.cern.ch/event/1507215/sessions/598075/

P. Schwemling
FCC-ee Tracking WS

=5mm

ww §'€=

MiniCACTUS vl

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

e FE integrated at column
level

=4 .6 mm

CACTUS Chip Family Tl

e LFoundry 150 nm node
e 60 psreached without .

internal amplification sipalwivo =
e Now testing the ) ol E
addition of a gain layer - .;.“’.‘.
| ﬁ Time Résolution of CACTUS DUTG6 versus HV
MiniCACTUS_v2 S o
e ~2times larger than MiniCACTUS g w | ’ _ ¢ : ’ .
e 0.5mmx1mm (baseline), 1 mm % | R
x 1 mmand 0.5 mm x 0.5 mm ; T

diodes . ‘ 3 B IA Gt=60 pS
) L ¢
3 different preamps '

New multistage discriminator
with programmable hysteresis

HV (V)

Barcelona, 16 June 2025
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https://indico.cern.ch/event/1516157/contributions/6444525/

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

NAPA_p1l performance

Specification

Simulated NAPA-p1

Time resolution {1 ns-rms 0.4 ns-rms \/
Spatial 7 um 7 um

Resolution \/
Noise <30 e-rms 13 e-rms \/
Minimum 200 e- ~ 80 e-

Threshold \/
Average Power |<20 mW/cm2 (0.1 mW/cm?

density for 1% duty cucle \/

C. Vernieri

FCC-ee Tracking WS

8 8 8 3
(=) o o o
Threshold (el.)

~
=
=

100

Carrier Board /

Digital Board

Left Matrix: Right Matrix:
Nominal Pixel Pixel Variant with
Variant DC leakage current

compensation

NAPA_p2
Further improve timing resolution & power trade-off: goal is to achieve

x10 improvement over current state-of-the-art

251

204

151
0

10 1

Left Matrix
Median: 15.454033225313648 el
RMS: 3.8051375430764547 el
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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.
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MADPIX: Monolithic CMOS Avalanche
Detector PIXelated Prototype for ps
Timing Applications

e LF110 nm node

e 8 matrices of 64 pixels

e 250 X 100 um2 pads

e 0.18 mW/ch

fully-depleted MAPS

PWINW|PW PWINWIPW
DPW DPW
n-epi

High Resistivity Si

ALICE3 TOF detector:

= high-resolution tracking
= particle ID at low p; = g; ~ 20 ps

— Absorber

Muon chambers

M. Mandurrino
FCC-ee Tracking WS

CMOS-LGAD
PWINWlPW W PW|NW]PW

n-epi

High Resistivity Si
add-on p-gain implant
(gain target: 10 - 30)
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M. Mandurrino
FCC-ee Tracking WS Spatial resolution ~3% of sensor pitch
CMOS integration of the LGAD technology (allowing to relax the channel density)
already demonstrated (in LF11is) Time resolution similar to standard
LGADs: 30-40 ps
REN Niop AC-pad AC-pad AC-pad DC-contact
“’”lﬂ! = 1 = !Elu'u. . - 7 00 0 % coupling
ﬂ—{?pi " p-gain deep p-well ~ | prgatn nt-cathode J1E axide
HR-Si p+"‘~5
Phack
s r oxide  AC Niop Detector layout and
Plausible concurrent targets: [FER = . g process flow design
= g,=10-20 ps n_ep{ \ p-gain deep p-well— | activities are ongoing
" pm-level o, . pt First prototypes in next
= 100% FF HR-Si \ " _
: ' silicon production runs
pending patent and Prack (Std. CMOS process)

extent of protection
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CFce Summary and outlook

e 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

o D.MAPS may be a mater.lal-effectlve and | we are here ‘ P . @f
high-performance solution for the vertex region e fes. S )| Y 4
. . : TS sdlksds
e Many different options (strips, DMAPS, RSD) are CIFTITITTETINOP LS
DRDT <2030 2030-2035 2040045 >2045
investigated for the outer parts of the tracker S P (] R—
‘ . o towwxo ;f;i ‘ | X | KX KX X XN )
e The R&D program is well integrated within the - onn i eeelee’Sc9%3%2
. . detector? Large area wafers? 3134 o0 o [ ] o
DRD collaborations set up to implement the et 52 o o g o
ECFA Detector R&D Roadmap, DRD3, DRD7 and DRDS8 S o Sodobie
. Low X/X, 3134 o0 @ ¢ ()
— Framework for strategic R&D Low pover st e © ope
. . Tracker® Large area wafers3) 3:113 4 ‘
— Benefitting also from the developments for b 2 o o
Radiation tolerance NIEL 33
the upgrades of existing experiments and new machines Radiaton tlerance T 33

e 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

e At the same time, it is possible to start addressing system aspects with already existing detectors
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Accelerator parameters

Working point Z pole WW thresh. ZH tt

V'S (GeV) 88,91, 94 157, 163 240 340-350 365
Lumi/IP (10** ecm™2s71) 140 20 7.5 1.8 1.4
Lumi/year (ab— 1) 68 0.6 3.6 0.83 0.67
Run time (year) 4 2 3 1 4
Integrated lumi. (ab™ 1) 205 19.2 10.8 0.42 2.70

2.2 x 10° ZH 2 x 10° tt

Number of events 6 x1012Z 2.4 x10* WW - + 370k ZH

65k WW — H +92kWW — H

Z WHW— ZH tt
Beam energy (GeV) 45.6 80 120 182.5
Luminosity / IP (103t cm~2s71) 145 20 7.5 1.41
Beam current (mA) 1294 135 26.8 5.1
Bunch number / beam 11200 1852 300 64
Bunch spacing (ns) 27 163 1 008 4725
o (pem) 0.5 21.8 12.6 36.9
o, (nm) 40.1 447 31.6 43.6
o, (mm) SR/BS 4.7/ 14.6 3.46/5.28 3.26/5.59 1.91/2.33
o5 (%) SR/ BS 0.039/0.121 0.069/0.105 0.102/0.176 0.151/0.184
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Overview of Detector Requirements

Aggressive Conservative Comments
Beampipe X/ Xy < 0.5% X/Xp<1% B— K1t
o(dy) =3 @15/ (psin®? #) um B B—K't
Vertex JL’I.-"I.»Y{] < 1% R
4L = 5ppm - o1, < 10 ppm
oy /p < 0.1 op/p < 0.2% o = e
Tracking for O(50) GeV tracks for O(50) GeV tracks EZ_—> :.U.
t.b.d. ag < 0.1 mrad 8Tz(BES) < 10keV
. . = Z — v Ve coupling,
- E = 3%/ B S = o7 | Ve £
oge/E =3"/VE or/E =100%/vE B physics, ALPs
ECAL Az x Ay = Az x Ay = 7 polarisation
. - _ - boosted n" decays
2 x 2mm- 5 x Hhmm* _ ’ _
bremsstrahlung recovery
dz = 100 um, In-situ constraint with alignment tolerance for
dRpin = 10um (8 = 207) dilepton/diphoton events 4L = 10~° with yy events
R . R H — s8, cT, gg, invisible
og/E =30%/VE op/E =50%/VE St
HCAL HNLs
Axr x Ay = Ax x Ay = H s 5. cE. 0w
2 x 2 mm? 20 x 20 mm? 78S, CC, BB
Muons low momentum (p < 1 GeV) ID - B, —+w
. 30K/n 3aK/n H—ss
Particle ID p < 40GeV p < 30GeV b — svv, ...
. tolerance 4z = 100 pm, d Rpin = 1 pm 4L = 10~* target
LumiCal acceptance 50-100 mrad B (Bhabha)
Acceptance 100 mrad - ere 7

ete™ = ete 17t (cT)
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Inner vertex lavout
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Prototypes built for Belle Il upgrade in Pisa

L.F water-jet cut (by WatAlJet Company)
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