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Infroduction

Overview of FCC detector-related activities in Italy

rd fcc@lists.infn.if — attivitd FCC in Italia

FCC-PED-DetectorConcepts-ldea@cern.ch — detector concept IDEA

fcc roma2@lists.roma2.nin.it — mailing lost inferna a Roma?2

hitps://agenda.inin.it/event/490/6/ — collaboration meeting RD_FCC (12/25)

nitps://agenda.infn.it/event/50492/ - primo pomeriggio tematico organizzato
da Roma 1 (18 Maggio)

nitps://agenda.inin.it/event/50493/ - secondo pomeriggio tematico
organizzato da Roma 1 (15 Giugno)

https://indico.cern.ch/event/1552126/overview - FCC week
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RD_FCC in ltaly

Coordinatori WP
WP Nome Sezione

Acceleratori Manuela Boscolo LNF
SW and physics Patrizia Azzi Padova

Nicola De Filippis Bari
Rivelatori a silicio Attilio Andreazza Milano

Fabrizio Palla Pisa
Camera a deriva Margherita Primavera Lecce

Nicola De Filippis Bari
Calorimetri Roberto Ferrari Pavia

Marco Lucchini

Milano Bicocca

Rivelatore di muoni

Marco Poli Lener

LNF

Magnete HTS

Samuele Mariotto

Milano LASA

Rappresentanti locali (RL)

Sezione Responsabile locale
Bari Nicola De Filippis
Bologna lacopo Vivarelli
Catania Sebastiano Albergo
Ferrara Gianluigi Cibinetto
Genova Enrico Robutti
Lecce Margherita Primavera
LNF Andrea Ciarma
LNL Cristian Pira
Milano Romualdo Santoro
Milano Bicocca Marco Lucchini
Napoli Pierluigi Paolucci
Padova Patrizia Azzi
Perugia Giorgio Baldinelli
Pavia Alessandro Braghieri
Pisa Fabrizio Palla
Roma1 Stefano Giagu
Roma2 Francesco Giuli
Roma3 Biagio Di Micco
Torino Manuel Dionisio da Rocha Rolo
Udine Giancarlo Panizzo
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How to get involved

Group name Email Signup

Calorimetry FCC-PED-DetectorConcepts-Calorimetry@cern.ch click click Conce pt Studies
Luminometry FCC-PED-DetectorConcepts-Luminometry@cern.ch click click

Magnet FCC-PED-DetectorConcepts-Magnet@cern.ch click click

Muon FCC-PED-DetectorConcepts-Muon@cern.ch click click

TDAQ FCC-PED-DetectorConcepts-TDAQ@cern.ch click click ALFA
Tracker & PID FCC-PED-DetectorConcepts-Tracker@cern.ch click click

ALFA FCC-PED-DetectorConcepts-ALFA@cern.ch click click RELEGRE
ALLEGRO FCC-PED-DetectorConcepts-ALLEGRO@cern.ch click click CLD

CLD FCC-PED-DetectorConcepts-CLD@cern.ch click click

IDEA FCC-PED-DetectorConcepts-IDEA@cern.ch click click \DEA

ILD FCC-PED-DetectorConcepts-ILD@cern.ch click click ILD

e As a bonus, signing up to any of the above adds you to
"FCC-PED-DetectorConcepts@cern.ch”. For free! Not even a click Detector Subsystems
e Indico categories have been created for Detector Subsystems and
Concept Studies
e FCC-PED homepage with upcoming meetings
e Indico meeting calendar Calorimetry

Luminometry

Magnet

Qriginal presentation with all the links N

TDAQ

Tracker & PID


https://indico.cern.ch/event/1664040/contributions/6995582/attachments/3238779/5836763/Detector%20Concepts%20Monthly%20May%202026.pdf
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FCC integrated program - timeline

( ~2046 \l
- </
@ \TY'/;/

@) @ =) ® © 5
- | HL-LHC .
Feasibility Study Project approval by Coanibusilicn dissts d Operation of FCC-ee  Operation of FCC-hh
(geology, R&D on accelerator, CERN Council oncs (15 years physics exploitation) (~ 20 years of physics exploitation)

detector and computing
technologies, administrative
procedures with the Host States,
environmental impact, financial
feasibility, etc.)

(or alternative project selected)

Ambitious schedule taking into account:

U past experience in building colliders at CERN
Q approval timeline: ESPP, Council decision

Q that HL-LHC will run until 2041

O project preparatory phase with adequate resources immediately after Feasibility Study
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FCC layout

IS FCC Tunnels
I Experimental points
I Access points
e Service caverns
e Connection tunnels
IS Electrical alcoves
Klystron galleries
SN Tunnel widening
W Injection tunnels
I SPS/LHC

4 experimental areas
Point A
Point D
Point G
Point J

Large Experimental
L area

Collider SRF system

Beam Dump

Small Experimental
area

J

Small Experimental
area

F

Technical Access

H

Booster RF system

G

Large Experimental

[Not to scale ]
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Stage 1: FCC-ee

Consolidated main parameters FCC-ee functional layout

parameter z WW  H(zH) it soanter j o ke P

beam energy [GeV] 45.6 80 120 182.5 - s P

synchrotron radiation/beam [MW] 50 50 50 50 e EERGE

beam current [mA] 1294 135 26.8 5.1

number bunches / beam 11200 1852 300 64

total RF voltage 400/800 MHz [GV] 0.08/0 | 1.0/0 [ 2.09/0 | 2.1/9.2 P @ — - — o ‘\ PD

luminosity / IP [10% cm2s] 145 20 7.5 14 |7 B~

E::;I ;r;tggrated luminosity / IP / year 17 24 0.9 0.17

electrical power operation [MW] 250 275 297 381 PH | o

electrical energy per year [TWh] 117 1.32 1.41 1.85 (ée;:;:;:lrsa? SL:::(_;ﬁ;‘;M o (Tl;a:::g:t)
collmation

104 (@QWW) - 10° (@2Z) x luminosity/energy of LEP - sustainable physics
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The physics of FCC-ee
-

~ Precision SM ~ BSM direct

3 searches

» my 'z N, Ry, Agg, my, L'y / — . .
. . Axion-like particles, dark
» a, (with permille accuracy) photons, Heavy Neutral

* Quark and gluon fragmentation Leptons, LLPs
NP QCD

Tracking, resolution
(tagging), vertexing,
(flavour), jet resolution

Higgs physics

Higgs width, Higgs to
invisible, couplings
(including self-couplings)

Particle ID, detector
resolution,
systematics, stability

/’“\ ~ Flavour Physics | ”
- 10" 77: tau-based EW » Top physics |

Vertexing, Particle observables, lepton universality
Myops Tiop EW tOP

ID (tracking, calo) + 10" bb/cé pairs: flavour
observables, flavour anomalies, couplings

CKM, CP etc.
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Physics requirements

Higgs Factory Programme

* At Vs=240 and Vs=365 GeV collect 2.6M HZ and
150k WW— H events

* Higgs couplings to fermions and bosons

* Higgs self-coupling (~4 o) via loop diagrams

* Unique possibility: s-channel ete- — H at 125 GeV

Precision EW and QCD Programme

* 6x102Zand 2 x 108 WW events

¢ x 500 improvement of statistical precision on EWPO:
mz T2, Finw 5iN26y, Ry, My, Ny, -

e 2x10%tt events: Miops Mtop, EW couplings

* Indirect sensitivity to new physics up to tens of TeV

Heavy Flavour Programme

e 10%2bb, cc, 2 x 10121t (clean and boosted): 10 x Belle II
*  CKM matrix, CP measurements

* rare decays, CLFV searches, lepton universality

Feebly coupled particles Beyond SM

* Opportunity to directly observe new feebly interacting
particles with masses below m;

* Axion-like particles, dark photons, Heavy Neutral Leptons

* Long-lifetime LLPs

v 9 $

Momentum resolution o(p;)/p;= 103 @ p; ~ 50 GeV

- o(p)/p limited by multiple scattering — minimise material
Jet o(E)/E = 3-4% in multijet events for Z/W/H separation
Superior impact parameter resolution for b, c tagging
Hadron PID for s tagging

Absolute normalisation of luminosity to 104

Relative normalisation to < 10 (e.g. My.4/T¢)
- Acceptance definition to O(10 um)

Track angular resolution < 0.1 mrad

Stability of B field to 10°

Superior impact parameter resolution

Precise identification and measurement of secondary vertices
ECAL resolution at few %/VE

Excellent n°/y separation for t decay-mode identification

PID: K/m separation over wide p range — dN/dx, RICH, timing

Sensitivity to (significantly) detached vertices (mm — m)
- tracking: more layers, “continous” tracking
- calorimetry: granularity, tracking capabilities

Precise timing

Hermeticity
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Detector requirements

Table 13: Summary of detector requirements.

Aggressive Conservative Comments
Beampipe X/Xo < 0.5% X/Xo < 1% B— K1t
o(do) = 3@ 15/ (p sin®? ) um B B — K*tt
0L = 5ppm - 01 < 10 ppm
op/p < 0.1% op/p < 0.2% ?;},[H_:frl\kl:\\//
Tracking for @(50) GeV tracks for @(50) GeV tracks ZZ_—> ';“
t.b.d. g < 0.1 mrad 0I'z(BES) < 10keV
‘ Z — Vv_Ve coupling,
— 20 —10% e s
og/E =3%/VE og/E =10%/VE B physics, ALPS
ECAL ’ Ty ] e T polarisation
é" % Ay B Az >1Ay 2 boosted 1 decays
2 X 2mm 5 x 5mm
bremsstrahlung recovery
)z = 100 pm, In-situ constraint with alignment tolerance for
ORmin = 10um (6 = 20°) dilepton/diphoton events 6L = 10~ with yy events
or/E = 30%/VE os/E=50%/VE D% i nyisible
HCAL HNLs
Az XAy = Az x Ay = H — &8 c6. var
2 x 2mm? 20 x 20 mm? B8 €Ly B8
Muons low momentum (p < 1GeV) ID - B,—»w
. 30 K/n 30 K/n H —ss
Elasich A1y p < 40GeV p < 30GeV b 8V, ...
. tolerance 6z = 100um, 0 R, = 1 um 0L = 1074 target
LampiCal acceptance 50—100 mrad B (Bhabha)
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FCC-ee detector concepts

»  Well established design IDEA _ -
- |LC =~ CLIC detector — CLD * Design developed specifically

*  Full Si VXD + tracker for FCC-ee and CEPC

* CALICE-like calorimetry — very high Ratirn ol Si VXD; ultra-light drift
granularity 3 chamber with powerful PID

Crystal ECAL w. dual readout

* Compact, light coil;

Dual readout fibre calorimeter
*  Muon system

riml

DR Fiber Cato | |

* Coil outside calorimetry, muon system|

« Possible detector optimizations gos
- Improved o,/p, o¢/E Sicon Wrapper
- PID: precise timing and RICH

Now we have a new Kid onnthe block: ALFA|

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

7833

» Stillin early design phase o * Designed originally for
* Design centred around High operation at the ILC
granularity Noble Liquid ECAL * Together with SiD, ancestor
*  Pb+LAr (or denser W+LKr) of CLD.
* SiVXD * Main difference and
» Tracker: Drift chamber, straws, or Si signature element:
* Steel-scintillator HCAL . = Verex - Large-volume time

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

* Muon system

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

‘Yoke! Muon 28
Eur.Phys.J.Plus 136 (2021) 10, 1066, arXiv:2109 00391 FCAL  ECAL arXiv.1306.6329

&

o 1 2 3 4 5 o
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Silicon fracking in IDEA

7

Coil ,,

DR Crystal Calo

Silicon Wrapper :.

N |

1.5+

1.0+

0.5+

Vertex Detector

Barrel Endcap

The IDEA detector
concept for FCC-ee
arXiv:2502.21223

Silicon tracking in different regions
(IDEA concept shown here, but general considerations are
valid for all layouts)
e inner vertex detector (R=1.4-3.3 cm)
— 3-5 um resolution, 0(200 MHz/cm?), very low material

e outer vertex detector (R=13-31 cm)

— ~7 um resolution, 32 ns timestamp, 0(40-100 kHz/cm?)
— material is a concern

e silicon wrapper/TOF (R/z = 200 cm)
— ™7 um resolution, 32 ns timestamp
— 100 m?(2 layers): ~2.5 105 chips, ~100 kW power

IDEA tracker resolution o,,/pt

0.005

~—— IDEA full tracker - 6 = 90°
0.0045;

E Multiple scattering only s
0.004 ;— — IDEA no Si wrapper et
0.0088 -
0.003— - L
E G
0.0025 P 55
E < e
0002 - 7
0.0015— A =
E F e
0.001— e i
W
0.0005fF—-
IR 2
v 20 40 60 80 100
pt (GeV)

» Attilio Andreazza (Milano), Fabrizio Palla (Pisq)

» 2028 — 2030: Narrow down 1o just a couple of vertex detector concepts as
input to detector CDRs, and to be studied in more detail in the TDR phase
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IDEA (and ALLEGRO) layout

IDEA — Original FCC-ee vertex |ayout Armin llg's presentation

Detailed simulation studies in Mariarosaria D'Alfonso's talk

— Also
currently used

A { for ALLEGRO

® v = 13.7 mim

@ Three inner barrel single-layers (0.25% Xp),
two outer barrel layers and three disks

@ Engineered design (INFN-Pisa) integrated into
machine-detector interface (INFN-LNF [4] )

o IDEA baseline: ARCADIA [5] (inner barrel, o Assume 3pm / 14 x 43 pym resolution
25 x 25 um?) and ATLASPix3 [6] (outer barrel for performance studies
and disks, 150 x 50 pm?) sensors

» ARCADIA - TO, PD » System integration - PI, LNF

» ATLASPix3 2> MI » Air cooling - P
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The drift chamber

Tracking with drift chamber (similar in concept to MEG Il chamber).
Requirements mainly arising from recoil mass measurements and Z
boson width.

Minimising multiple scattering, adding only 2% Xo to material in front
of calorimeter.

INFN Bari,
Lecce

Single point precision better than ~ 100 um. Up to 112 on each track.
Max drift time 350 ns.

Particle ID via cluster counting technique yields interesting
performance.

IDEA tracker resolution c,/pt
0.005

——— |DEA full tracker - 6 = 90°
0.0045

0.004

— - |IDEA no Si wrapper -

0.0035

0.003

0.0025

0.002

0.0015

0.001

IlrllllllllllllIIIIIIII|IIIIIIIII|IIII|II|I

0.0005—-

== Multiple scattering only ~

100
pt (GeV)
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The IDEA Silicon wrapper

In the IDEA concept, the drift chamber is surrounded by a thin external tracking layer

In the original design, its main purpose
is to:

Preshower
- improve p; resolution — high hit

senre=200ca  1OS0lUtiON in @;

[ , - provide absolute reference for tracks
DCHRin = 35cm i 2

polar angles (= acceptance) — high hit
resolution in z;

IDctcctor height 1100 cm

- extend tracking coverage at large |n|,
where the drift chamber has less hits;

Cal Rin = 250cm

ol Rout - as0em ~ POSSIDly provide timestamp to

associated tracks in the vertex detector
Yoke 100 cm " . = relax power requirements
Magnet z = + 300 cm
Instrumented surface:
» Enrico Robutti (Genova)  _,_om:
- |z| < 2.4 m;
- Inl<2.6 = Total number of channels: ~ 150 x 10°

= Total area for a single layer: ~90 m2
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Resistive Silicon Detectors

Originally conceived to improve geometrical acceptance (“fill factor”) of LGADs:

- single gain layer spanning the whole sensitive area

- = readout via capacitive coupling with metal pads = AC-LGADs

- = aresistive layer is needed for charge collection

DC contact
ntt p-stop ntt AC pad n.1 AC pad n.2 AC pad n.3
2 ™ coupling
trad{%’g?)l p*-gain jte” P -gain » RSD resistive n* p'-gain i
Nptt pt+

- = amplified hit signals get shared among nearby electrodes

- Similar concept to gas detectors such as RPCs

Gain structure inclusion in CMOS
process already demonstrated in CMOS-RSD
ARCADIA production n* xide  AC_ N,

From simulations, RSD technology
can be implemented in standard
CMOS platform




From analytical evaluations:
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HTS magnets
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Roughly 1.5 X, of material between

the calorimeters

« B=3T, R=25meL=6 m — 18.65 MA-turns

Peak field on the conductor equal to 3.37 T

stabiliser.

Internal radius increased to allow for EM Calorimeter.
Dual readout ferromagnetic HCal implemented in the computation

model!

Bore Field 3[T]
8068 [A]
Coil Thickness 91.7 [mm]
Turns 1760 (220x8)
Inductance 12.4 [H]
Stored Energy 402 [M]]
19.41 [kJ/kg]
Operating 20 [K]
Temperature
Considering HTS REBCO tape in pure aluminum or aluminum alloy
INFN
Romal,
Milano
, : ' T
=S ==y
E T \ = 4
an : = 3.5
= - >
: 1 2.5
= =NEE
] : 1.5
L ——f——— HaN 1
[ —— e X | T FYas
. g u

Axial Position (m)
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Hybrid dual-readout calorimetry

e A cost-effective homogeneous E |
dual-readout segmented crystal
EM calorimeter in the IDEA detector

Yoke

e First studies and concept descriptions in:

DR Calo
o  Conceptual design: 2020 JINST 15 P11005
o Jet performance: 2022 JINST 17 P06008
o New IDEA baseline since March 2025: = Cr::!:;l —
arXiv:2502.21223 ' 1
e Activity at 360 degrees: b
o  Simulation studies (from standalone to full sim)

o R&D on technology and proof-of-principle e
o  Prototyping of a calorimetric module :

---------

55 z[m]

¢ Measure simultaneously:
Alternate > Scintillation signal (S)

0000 e 0'e O U O | Cherenkov fibers > Cherenkov signal (Q)
0 el e e Scintillating fibers

+» Calibrate both signals with e-

% Unfold event by event {_ to obtain
corrected energy
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Hybrid dual-readout calorimeiry

' ABSORBER

hadron

........................

Non-em
component

: 1 nuclear fraemen
i X . nTa RUclear fragment

» Non-compensating calorimeters: response
to em part different from that to non-em
part > h/e <1

» <fem> energy dependent - Non-linear
calorimeter response to hadrons. The
response depends on the shower details:
different response for different parficle

types

» HiDRa project (Bologna, Catania, Milano,
Paviq, Pisa, Roma 1, TIPFA) — test beam

Em
component

sl

- —a— ECAL+HCAL (w/o DRO) -

—=o— ECAL+HCAL (w/ DRQ)

L sl

il aliiy

Liy slisy |
25 30 35 40 45
Particle energy [GeV]

| I
5 10 15 20

By measuring fem event-by-event
one recovers the linearity

100 GeV
pions
protons
neutrons
kaons

140
Reconstructed energy (

160
GeV)
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Muon detector: uRWELL

The p-RWELL is a Micro Pattern Gaseous Detector (MPGD) composed of only two elements: the u-RWELL_PCB and the
cathode. The core is the unRWELL_PCB realized by coupling three different elements:

1 [ Saialai] Modular assembly with a large array of 50x50 cm?2 2D u-
() RWELL detectors (tiles)

kapton
Drift gap @ 'E
n G S 09F
‘© E
4 = 08
DLC layer (<0.1 um) D c
p~10+100 MQIT 0.7g
L —— 0.6 -
RB Eg i * - 0sE- reference
n Rigid PCB - } 0'4%_ 02x1D
electrode 0.3 - / oCs
. . 0.2F ® TOP
n a WELL patterned kapton foil acting as g WRGroove
amplification stage (GEM-like) 0.1E
ot U e b e b by

E a resisitive DLC layer!” (Diamond Like Carbon) for discharge 400 450 500 350 600 650 700
suppression w/surface resistivity ~ 50+100 MQ/o

Tensione (V)

— 400
~E5 350 E—
n a standard readout PCB o TF
© - ®2x1D
N 300E- ocs
& 250 f_ \ ®TOP
[0) - uRGroove
g 200:—
The results are promising and the layouts already satisfy the % :
performance requirements, although some optimisations are possible i3
100
5()5—
M. Ali, G. Bencivenni, D. Cabiati, F. Chiapponi, C. Cibinetto, E. De Lucia, - | i | |

E. Di Fiore, D. Falchieri, R. Farinelli, M. Gatta, P. Giacomelli, M. Giovannetti, F. Giulietto, °“20 "5 "500 550 60 60 700
M. Greco, F. M. Melendi, G. Mezzadri, G. Morello, M. Poli Lener, M. Scodeggio Tensione (V)


https://iopscience.iop.org/article/10.1088/1748-0221/20/06/C06064
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Muon detector: LEMUR

« Scintillator bars with readout through Wavelength-Shifting Fibers (WLS) and Silicon Photo-
Multipliers (SiPM) are a good option for future muon detectors at colliders

A muon detector module:
squared drift tubes + triangle scintillator strips

el An example of a mugn detector module
Scintillating strips -~~~ === == A== t-,f_f_f_t:._“._f_» AR b AVAVAVAVAVAYAVAVAVAY,
TSI NEE o m T 0T ponubes
Yy l[
Spacer
Z
Scintillating stri Orifttubes
cintillating strips Akakas
Auunuuu“‘““ A\VAWAVAVAVAS.AVAS
Long-lived particle deca P inti i ;
£504.10448 Vgnle b \:ay st y Drift tubes: Scintillator bars with WLS

- other coordinate

- Oz~1 mm

- Ooxy~40 mm (two side readout)
- timing: 200 ps or better

- precision coordinate
- Oxy~100um
- track segments

- Robust and cost effetcive solution

- Drift tubes for precise segment reconstruction: improve muon-ID association in non
isolated cases (e.g. heavy flavours), displaced vertices from Long-Living Particles

- Scintillators with O(100 ps) timing resolution for trigger, BC identification,
complementing = ToF for LLPs

Next step is to do more detailed studies

Universita di Roma La Sapienza at the DRD4 test beam in July 26

INFN Sezione di Roma



https://arxiv.org/abs/2504.10448
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Muon detector: Resistive Micromegas

» Eol ID0084 Resistive Micromegas detectors for Muon systems at FCC-ee

All Resistive Micromegas HEX.1
- 3 trackers T;?f:frri'r‘)"SM el
- 6 Detectors under test

HEX-2
Hexagonal
shape
12 mm diam

TrackerMM
XY strips
0.4 mm pitch

TrackerMM
XY strips

shape 0.4 mm pitch

20 mm diam

0.4 mm pitch

Gas Mixtures:
- Ar-CO2-iC4H10 (93-5-2)

p1
Paddy2000-2/
TMM_RM3 )

z © < o
- Ar-CF4-iC4H10 (88-10-2) : g i £ 3
_a. =
- Ar-iC4H10 (98-2) =— N g
S1
Front-end/DAQ: A
- APV25 / SRS
CS-2000-1 CS-2000-2
: . Paddy2000-1 Paddy2000-2 Large size Large size
Trigger:
] Large size Large size 50x40 cm? 50x40 cm?
- Two scintillators 10x10 cm* 50x40 cm? 50x40 cm? with with
Capacitive-sharing | | Capacitive-sharing

INFN
Roma Tre
&

Napoli

» Setup for the SPS-§4 test beam in November 2025
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IDEA full-simulation status

Detector fully simulated in FCC software (key4hep)

A new calorimeter system simulation made of dual-readout crystals and
optical fibers in absorber tubes was developed and led to the creation of a

new full-simulation: IDEA_option2

Preliminary results on IDEA_02 calorimetry performance are encouraging
The IDEA drift chamber software is evolving towards a more refined
digitization that fixed the simHit to digiHit relation, and a ML-based

reconstruction algorithm is under development

The vertex simulation is mature and a refined digitizer for charge sharing in
pixels is under development

The IDEA muon system simulation showed excellent performance in terms of
efficiency and promising results in terms of momentum resolution



