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Disclaimer

To prepare these slides | used content from many friends
and colleagues, whom | wholeheartedly wish to thank.
Any mistake or misinterpretation is entirely my fault!

This project has received funding from the European U n i oHhiodzen Europe
Research and Innovation programme under Grant Agreement No 101057511.
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Physics requirements
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Istituto Nazionale di Fisica Nucleare

Higgs Factory Programme

e AtVs=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 e*te-— H at 125 GeV

Precision EW and QCD Programme

e 6x10%Zand 2 x 108 WW events

« X500 improvement of statistical precision on EWPO:
My 7, Finw SiN%0w, Ry, My, My, -

e 2x10%tt events: Miop, top, EW couplings

* [ndirect sensitivity to new physics up to tens of TeV

Heavy Flavour Programme

e 10%%bb, cc, 2 x 1021t (clean and boosted): 10 x Belle I
* CKM matrix, CP measurements

 rare decays, CLFV searches, lepton universality

Feebly coupled particles Beyond SM

« QOpportunity to directly observe new feebly interacting
particles with masses below m;

 Axion-like particles, dark photons, Heavy Neutral Leptons

e Long-lifetime LLPs
13/01/2026
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Momentum resolution o(p;)/pr= 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. },.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/t 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

M. Dam
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Detector requirements

Table 13: Summary of detector requirements.

Aggressive Conservative Comments
Beampipe X/Xo < 0.5% X/Xo < 1% B — K"t
o(do) = 3@ 15/ (p sin®? 6) um B B — K*tt
Vertex X/Xo <1% Be
0L = 5ppm - 01 < 10 ppm
op/p < 0.1% op/p < 0.2% O(;},[H_:ﬁl\lj:y
Tracking for O(50) GeV tracks for O(50) GeV tracks ZZ——> ;)M
t.b.d. g < 0.1 mrad 0I'z(BES) < 10keV
i Z. — v_Ve coupling,
E=3nivE E=10%/VvFE g
o5/ %/ VE on/ %/ VE B physics, ALPs
ECAL Az x Ay = R g By = T polarlcs)atlon
o _ 9 boosted nt” decays
2 X 2mm 5 X 5mm
bremsstrahlung recovery
)z = 100 pm, In-situ constraint with alignment tolerance for
ORmin = 10num (6 = 20°) dilepton/diphoton events 6L = 10~ with yy events
o5 /E = 30%/VE o5 /E = 50%/VE H=¥55, CI_CI‘NQ,Lg, invisible
HCAL B
X % £y = A x Ay = - i R
2 x 2mm? 20 x 20 mm? SS, cC, gg
Muons low momentum (p < 1GeV) ID - B, —w
; 30 K/n 30 K/n H — ss
vartice 10 p < 40 GeV p < 30GeV b
i tolerance 0z = 100 um, 0 R, = 1 um 0L = 10~ target
Ll acceptance 50—-100 mrad - (Bhabha)
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4 experimental areas

(4 experiments)

Point A
Point D
Point G
Point J

13/01/2026

FCC-ee layout

LHC

SPS

Injection Tunnel
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SR FCC Tunnels
IS Experimental points
N Access points
SN Service caverns
e Connection tunnels
IR Electrical alcoves
Klystron galleries
S Tunnel widening
SN Injection tunnels
e SPS/LHC
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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 6,/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

r{m]

Muon chambers
R

Return yokes

4 O

DR Fiber Calo gl

Coil ,,

DR Crystal Calo

Silicon Wrapper ..+

Vertex Detector

ILD

Yoke/ Muon

IDEA

 Design developed specifically
for FCC-ee and CEPC

 SjVXD; ultra-light drift
chamber with powerful PID

e Crystal ECAL w. dual readout

e Compact, light coil;

* Dual readout fibre calorimeter

* Muon system

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

(5] > [m]

 Designed originally for

Muon operation at the ILC

 Together with SiD, ancestor
of CLD.
* Main difference and

e TRC signature element:
Vertex - Large-volume time

projection chamber (TPC)

The International Linear Collider Technical

Design Report - Volume 4: Detectors
arXiv:1306.6329
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IDEA was proposed quite
some years ago by
several INFN researchers.
It was the first detector
concelved specifically for
FCC-ee.

Several International
collaborators have joined
In the past years.

It Is probably the most
ambitious of all 4 detector

concepts.

13/01/2026

Muon System

Solenoid Dual-readout Fiber HCAL Dual-readout Crystal ECAL

Beampipe
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LumiCal

Drift Chamber

Endplate Absorber

Silicon Wrapper

Vertex Detector
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IDEA detector new baseline layout

Beam pipe : RD1.0 cm % _
Vertex:
Muon chambers
5 MAPS layers Return yokes |
R=1.3/KE1.5
Drift Chamber : 112ayers

4 m long, R = 3300 ¢m

DR Fibre Calo __
Outer Silicon wrapper A

R = 20215 cm \
Coil ,.| _
DR crystal ecal : ~ 22 X PPN

v R'\v- _— A —
YI)PI r OOriL/ =

D =
R = 21550 cm Si:icO\Wrappem

3T, RD2.52.8m
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Dual-Readout Calorimeter : \ -
R = 28460 cm Vertex Detector |~ | | | 1 p—

YOke + MUOn Chambers 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 z(m)
R =46eb70 cm
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General Integration

F. Palla

13/01/2026 The IDEA detector for a future circular e*e- collider - Paolo Giacomelli



(&l Silicon tracking in IDEA <i

Istituto Nazionale di Fisica Nucleare

Silicon tracking In different regions

Coil . ] (IDEA concept shown here, but general
DR Crystal Calo considerations are valid for all layouts)
Silicon Wrapper - A inner vertex detector (R=1.4-3.3 cm)
i 3-5mm resolution, O(200 MHz/cm?), very low
LS material
A outer vertex detector (R=13-31 cm)
I ~7 mm resolution, 32 ns timestamp, O(40-100
kHz/cm?)
I material iIs a concern

Vertex Detector

A silicon wrapper/TOF (R/z = 200 cm)

I ~7 mm resolution, 32 ns timestamp
i 100 m?(2 layers): ~2.5 10° chips, ~100 kW power

IDEA tracker resolution c,/pt

0005 — IDEA full tracker - 6 = 90°
0.0045 ---—--- Multiple scattering only ~
0.004 — - IDEA no Si wrapper - |
0.0035

0.003

----

IIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

3 A B 0.0025
it l® | The IDEA detector o
Barrel ~ Endcap Sl | conceptfor Fec-ce
= arxiv:2502.21223 0001
O
e e w0
pt (GeV)
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- - ex i
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25
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Drift chamber
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IDEA: Extremely transparent Drift Chamber

w Gas: 90% He 10% 1GH; o
w Radius 0.3% 2.00 m

w Total thickness: 1.6% opat 9C°
W All stereo wires (56448 cells, 343968 wires)

w Tungsten wires dominant contribution
w 112 layers for each 2@azimuthal sector

w max drift time: 350 ns

13/01/2026

L =4m
o
Z
IDEA DC B (FEF included)
0.20 m active area
0.045 X, 0.016 X,
r=2.00m
0.050 X,
112 layers 9214°
Front Plate 12-15 mm cell width
‘—-—' r=0.35m
inner wall 0.0008 X, _
Z-aXlIS
56,000 cells B HES R
340,000 wires
(0.0013+0.0007 XD/m) """
wires gas
outerwall|0.012X, | poooorrs
/™ Gas: 90% He, 10% iC,H,, 2=200m
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Drift chamber dN/dx
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Entries 150
2022 test-beam data 2 30 Mean 2788
g - Std Dev 64.07
5 25 o :
JINST 20 P11019 | € [ Resolution = £rgy') = 237 = 0.16% Measured resolution
= 20—
Improved dN/dx resolution: S l 3.01% \
1. better event cleaning -
- time span of clusters 10— \ .
- rejecting abnormally wide and noisy waveforms - \ More tght event
: s cleaning
2. mitigation of recombination and attachment effect N T T m
electrons can possibly recombine with the positive 1ons 2650 2700 2rsh 2800 Al e e
reducing the cluster count (more impactful with more drifting) , TR S o l 2 37 0, \
o IO | — — . Entries 150 *
g’ 25 [— Er:g:s 11.523_2 % - Mean 4024
o Mean y 16.31 |, g = Std Dev 92.33
& - Std Dev 51.67 || - 5 25
3 20— 5;:! Devy 4732 |} o -
o [ TR Enmdf ey \ é } HﬁﬂlUtiﬂﬂ:%:lEE:ﬂ.ﬁ% Recom. & attachment
E 15| ! o +1 AT AR sl = I Z 20— correction
E [ FTe +_+Jr J( . -
< 10— T - -
3 JV N 15—
5 = - /
u ] B 0
055 00 750 200 250 300 10 / l 2.28% \
Time of First Cluster found [ns] -
. 5[ /
dN/dx shows a better resolutionP8+ 0.16% - 7
Gfrf P R R T (N SR N TN T NN TR TR TR S NN S N SRR N R B s |
3800 3900 4000 4100 4200 4300
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Mumber of clusters
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Instrumented surface:
- r=2m;

- |z| < 2.4 m;

- |n| < 2.6

= [otal area for a single layer: ~90 m?

Baseline design uses same MAPS detectors
as original vertex detector design:

- 25 um x 25 pm pixel size = 7 pym resolution In
both coordinates

— [otal number of channels: ~ 150 x 109

13/01/2026 The IDEA detector for a future circular e*e- collider - Paolo Giacomelli 14
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RSD developments for Silicon wrapper
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