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Calos: “drivers” of new detector designs for Higgs

Factories (few examples) o
LD
: ~ ALLEGRO . International Large 14
A Lepton Lepton collider Detector (a Particle Flow i
Experiment with Granular Calorimetry detector)
Read'out ILD 7833

(built “around” a LAr calo)

_ g
: IDEA: . :
= Innovative Detector for E+e- sls (3 §
9 . Accelerator omtan| | o | 5
o) (built “around” a Dual ;
Ch— Readout calorimeter) *CLD, SiD, ClicD, CEPC R
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Calos: “drivers” of new detector designs for Higgs
Factories (few examples) *;
ILD:
ALLEGRO: International Large LJ

A Lepton Lepton collider Detector (a Particle Flow g

Experiment with Granular Calorimetry detector)
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High Granularity Calorimetry concept

aka sandwich calorimetry
aka Imaging Calorimetry

aka 5D calorimetry

aka Particle Flow Calorimetry
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High Granularity Calorimetry concept
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>R&D and proof of concept initiated by the CALICE and FCAL High Granular detectors |, ¢
collaborations, now a larger community within DRD6 Sc Tiles
AHCAL Sc-ECAL SDHCAL SIW-ECAL Lumi-CAL E£

2 m? RPC assembled T o EL

| (— O _ s =

i \\&/lh g2

Highly integrated (very) front end u

Electronics and RO §

>Exported to HL-LHC Upgrade of existing detectors (ALICE FoCAL pixel g
calorimeter, HGCAL with high granular Si and SC calorimeter systems ) ‘ ! i i jpm.mh éj
: eflective foil 2::;:1:#3] N

> Adapted to lower energy experiments __ i’l)
e Strong-Field QED experiments (LUXE) %

3

e Dark Photon, ALPs Experiments (LUXE-NPOD, EBES -KEK, Lohengrin gf)

- Bonn,..)

[ £

’ Achieved milestones in the past: FCAL, CALICE (and CALICE+CMS) beam tests campaign
r%»”lca Ie“,”s of large size prototypes

>
e




DRD Calo

> As of September 2025, the DRD Calo consists of 134 institutes from 27 countries.
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WORK PACKAGE 1 WORK PACKAGE 2
WORK

“CSIC

WORK PACKAGE 3 WORK PACKAGE 4

% Sandwich calorimeters with Liquified Noble Gas : : :
PAC KAG ES . fully embedded Electronics calorimeters Optical calorimeters Electronics and DAQ

WORKING
GROUPS:
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https://drdcalo.web.cern.ch/wp-content/uploads/2026/01/institutes-list-260126.pdf
https://drdcalo.web.cern.ch/wp-content/uploads/2025/09/DRD6-Annex1-to-be-updated.pdf
https://drdcalo.web.cern.ch/

DRD Calo
(- =

> As of September 2025, the DRD Calo consists of 134 institutes from 27 countries. ’
1

1L

MANAGEMENT: S
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WORK WORK PACKAGE 1 WORK PACKAGE 2 S —— WORK PACKAGE 4 o

P Ac KAG ES: E?Ed:r;c:egztéinggst?oxzz Liqu;i;a:ﬁ:\rl‘%k:‘laersGas Optical calorimeters Electronics and DAQ §
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https://drdcalo.web.cern.ch/wp-content/uploads/2026/01/institutes-list-260126.pdf
https://drdcalo.web.cern.ch/wp-content/uploads/2025/09/DRD6-Annex1-to-be-updated.pdf
https://drdcalo.web.cern.ch/

AITANA contributions in R&D

The TARDIS-Lab is a new installation at IFIC devoted to characterization
and hybridization of silicon sensors for high granularity calorimetry.
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It is a unique facility in Europe, key in the R&D programs of the DRD-Calo
and FCAL collaborations.

P pm=p pm= INSTITUT DE
I

Controlled access clean
Room with HEPA filters.

. Key installation for DRD Calo WP1
Qualified as 1SO7. Prototypes for ECAL barrel and Luminometers in construction at IFIC

Compatible with ISO5
with in-situ Stepping stone before any Higgs Factories: LUXE/ShiP/...
measurements of

particles bellow Tum

VNIVERSITAT
D VALENCIA

s craincas

SCSIC @

Single module set-up

with radiactive ‘
sources (Sra0 8kBq)

and cosmic rays

Probe-station with
dedicated electronics
to characterize
CALICE-Hamamatsu
sensors with IV/CV

l6t April 2026 - IFIC FCC open day

- ARRAY HGC Sensor -
Switching matrix e
- CALICE &-inc Probe Card i
e - Keithley 6487 R,
- - Keysight E4980A/AL
Programmable 3D robot (PDS-400-3) for positioning Work area and control PC: probe-station; PDS-400-3, N Ke?;hlgey 2470 .
and control of volumetric deposition (PreciFluid). readout modules for sensor commissioning. - i
Planetary Mixer and degassing PMIX100 Nozzles for N: injection.
Slow control monitoring (humidity, temperature) WIP: temperature cortrol i S
Usual epoxy-silver glues: epotek H20E, MGChem 9410 :

L Testbeam campaings: 2025 DESY
o 2026 CERN
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https://agenda.linearcollider.org/event/10594/contributions/57544/

Eol: A Silicon-Tungsten ECAL for the FCC Detectors
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A Silicon-Tungsten ECAL for the FCC Detectors o

iIC

V. Boudry* (LLR), J.C. Brient (LLR), L. Diehl (CERN), A. Irles (IFIC - CSIC/UV), -
D. Lacour (LPNHE), R. Poeschl* (IJClab), E. Sicking (CERN), T. Suehara (U. Tokyo).
Ch. de la Taille (Omega), H. Videau (LLR), D. Zerwas (DMLab),

P. Dauncey (Imperial College London), A.-M. Magnan (Imperial College London), '“

J. Zhang (Argonne), A. Paramonov (Argonne), J. Brau (U. Oregon), C. Vernieri (SLAC) %

* Contact persons: Vincent.Boudry @llr.in2p3.fr. Roman.Poeschl@ijclab.in2p3.fr

https://indico.cern.ch/event/1529896/contributions/6436820/attachments/3036750/5363080/2025%E2%88%9201_FCC_Eol_det_SiW_ECAL_v4-040225.pdf

>Baseline ECAL for: ILD-ILC, ILD-FCC, SiD, CLD
>R&D developed within CALICE (until 2024) and DRDCalo (since2024) — Task 1.1.1
® Strong collaboration with FCAL (and FCAL-LUXE) Collaboration
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https://indico.cern.ch/event/1529896/contributions/6436820/attachments/3036750/5363080/2025%E2%88%9201_FCC_EoI_det_SiW_ECAL_v4-040225.pdf
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Barrel SIW-ECAL
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SiW-ECAL for FCC and DRD Calo
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>Goals stated in FCC - Eol (up to ~2028) >Milestones and deliverables of the Task 1.1.1 in
DRD Calo (up to 2027) lJ
e Uniform prototype — 20-24X0 https://cds.cern.ch/record/2886494 i
® Assessment (hardwareand * D: Revised 15 layer stack + Novel
simulation studies) of 5D calorimetry hybridization techniques (by IFIC)
capabilities (timing!) , _ . @
® D: Engineering module for Higgs Factory e
® Continuous Mode operation (assess . o o _ (_)
of cooling requirements, impact of ® M: Specification for timing & cooling 8
such in physics) >Very positive DRDC and Technical Board

e MAPS - feasibility of MAPs in the evaluation of the task

® Proposal in progress. Aligned with FCC Eol

The Si-ECAL proposal for FCCee has:
- and R&D program embedded in the DRD Calo - and supported by years of development
in CALICE
- strong synergies with detector concepts (ILD and CLD) and simulation studies.
- support from Europe (France/Germany/Spain/UK), Asia (Japan) and USA

l6t April 2026 - IFIC FCC open day
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https://cds.cern.ch/record/2886494

Testbeam at CERN (June 2026)

EXCELENCIA
SEVERO
OCHOA

(-]
“I’

CORPUSCULAR

FISICA

P P p P INSTITUT DE
T[S

Z
=
E
B
=
-

D VALENCIA

ECAL sstimation of run times.

Wed 17 8:00 — Thu 25 june (8 full days)
— 8 days “should be enough”

* Based on June 2022 Beam Tests,
2 weeks, but:

Plagged with a hard power cut and days of no-beam
— More complex system (ECAL+AHCAL)
— 1 day for synchronisation + days of calibration

— Noisier ECAL
— 1+ day for tuning and removing of noisy cells

“csic

Unexpected collective effect:
— HW modifications on site.

— Program being refined :
+ optimal statistics for the measurements (e.g. more stat at low E / high E for 6(E)/E )

» Being adapted on rates from 2022
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60 9x9cm”2 PiN diode sensor (Hamamtsu)

15 layers of 18x18cm”2

All sensors characterized at IFIC and all modules assembled at IFIC (work in progress as
rones today!)
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Eol: Development of a Compact SiW Luminosity
Calorimeter for FCC-ee Detectors
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Expression of Interest: Development of a Compact SiW Luminosity u
Calorimeter for FCC-ee Detectors ic

3 1 ¥ ey 7 . . . 5 ¥ ' 3
Jorgen B. Hansen!, Veta Ghenescu?, Marek Idzik®, Adrian Irles?, Patrick Janot®, Ulrik 1. Uggerhai®,
Contact persons: Yan Benhammon’, and Mogens Dam?

INiels Bohr Institute, Copenhagen University, Copenhagen, Denmark

“Institute of Space Science, Bucharest, Romania

*Faculty of Physics and Applied Computer Science, AGH University of Krakow, Krakow, Poland
NFIC, CSIC and Universitat de Valéncia, Paterna, Spain
“CERN, EP department, (Geneva, Switzerland
I
“Aarhus University, Aarhus, Denmark

"School of Physics and Astronomy, Tel Aviv University, Tel Aviv, Israel

https://indico.cern.ch/event/1529896/contributions/6436849/attachments/3036727/5363056/FCC_LumiCal_Eol.pdf

>Concept created for ILD (ILC and FCC), now under study for all detector concepts
>R&D developed within FCAL (until 2022) and DRDCalo (since2024) — Task 1.1.3
® Strong collaboration with SIW-ECAL and LUXE experiment
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https://indico.cern.ch/event/1529896/contributions/6436849/attachments/3036727/5363056/FCC_LumiCal_EoI.pdf

Forward Calorimetry (extreme compactness)
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>LumiCal for precise luminosity measurement (Counting Bhabhas)

/, Coll tion
[>BeamcCal for fast luminosity measurement (using beamstrahlung) | . ////// AR

>Technology choice: Si or GaAs/W sandwich calorimeters

ERSITAT

[>1 X0 absorber thickness per layer, 20 (30) layers in optimized for linear
colliders

VNIV

8) B VALENCIA

® Optimal geometries for FCC being studied 9
>Recent progress: >§
® investigation of new GaAs sensors with integrated signal routing - é
similar signal size to silicon sensor (Eur.Phys.J.C 85 (2025) 6, 684) §

® FLAMe and FLAXE ASICS development and production §
(ongoing) %
Production of a large scale prototype Wi QO 2
(adapted to LUXE) 4 TEL AVTV UNSVERSITY &

| Gl
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ForwardCalo for FCC and DRD Calo
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>Goals stated in FCC — Eol (up to ~2028) >Milestones and deliverables of the Task 1.1.2 in DRD Calo
(up to 2027) https://cds.cern.ch/record/2886494 &

® Engineering studies — mechanical : : o=
eaieflern @ T ® M: Test of FLAXE (LUXE) and FLAME (Higgs Factories) l&

P electronics with beam and real sensors. >

e Detailed engineering Iayout. o D: Partially Instrumented Stack tested in + Novel hybridization | -
(compactness, minimal services, techniques (by IFIC) @
Ineltieling serviess) ® M: Prototype of new sensors (si or GaAs) with strip readout. (_)

¢ Detalle,d Slmu!at!on studies ® D: Full Prototype tested in beam -» and adapted to be operated 8
(including radiation dosage, in LUXE.

occupancy...) » Sensor optimization. . , ,
>Very positive DRDC and Technical Board evaluation of

® Design and test of compact the task
electronics and test in beam test (full

scale prototype) >Beyond 2027

® Proposal in progress. Aligned with FCC Eol

The Luminometer proposal for FCCee has:
- and R&D program embedded in the DRD Calo and FCAL
- strong synergies with detector concepts (ILD and CLD) and performance studies.
- very strong european leadership (Israel/Poland/CERN/Denmark//Spain)
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https://cds.cern.ch/record/2886494

ForwardCalo for FCC and DRD Calo

=
O
fos
OEE
Deposited Energy vs Layer KBS
' =] F °"
1 ‘a:'j, 0_2,,: — 1.0 GeV g
1 to 5.6 GeV electron beam V. S ook —— 20w 5 3
Telescope: 6 planes with Alpide sensor 5 o8f e 238
ECALp: 11 Si-W layers (additional W in front) g ok - e L]
. . s 0_14: e . — E.B,Geff e
and 11 FEBs in compact mechanical frame i V7 \s, iC
10X0 & 5120cells O // »
3 thi 0.08[- £9
4.6x18x9cm? thick detector ook /4 E
( \ iy s
jiE Tungsten plate 0.02E~/
View from the top 0 2 ¢ 6 8 Ija(;-er (._.)5
4.7 mm plane pitch m i
0 200 400 600 800 Total AmpRfifde [MIPs]
I I I | | I | | I b E ) é 0-022;_ ‘FilS\‘:lis\i;(Ra:\qu:eau;Qu)‘ " I_._MHU;BVI O
 ooa T | |
| | | | | | | | | | | T s S ooy T e s ||
E E j § 001 8 ;— ::- :: ::: :: Mean=71 IS.uiﬂ\Sil: RMSilﬂﬂﬂ .U_uyM:aniD 12.9 Hal\oi;ja : ;::Z:: %}
\ Telescope Telescope Collimator 00141 - —e— 586V ©
(Planes 3-5) (Planes 0-2) (15x30 mm?) 0.012 %
‘ Active plane ‘ oot &
o.nos; 8
U.UOB% b
0.004— €
0.002 |
E f h Y L M 0
GU 2000 4000 6000 8000 1CIQIQ(Jt A 1??05) [ADC) §
. otal Amplitude
Testbeam at DESY in 2025 T
20 9x9cm”2 PiN diode sensor (Hamamtsu) %

10 layers of x2 individual sensors
waay All sensors characterized at IFIC and all modules assembled at IFIC
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AITANA contributions in detector concepts and
performance studies

Strong positioning in the ILD detector concept:
Institute Assembly Chair by A. Irles
Coordination roles for physics/technical positions LD tphnleal converprs

Contributions to physics and detector optimization studies.
Auguste Besson (IPHC)
Akimasa Ishikawa (KEK)
mi Marcel Vos (Valencia)

Paul Colas (IRFU)
§ar5tenpauess|e;|£gfsl\§; Central Design Shinya Narita (lwate)
: e oman Poesc al : Ivan Vila (Santand
Soltiaio P(?ySIff C;)o;gnatlon Technical Toshiaki Tauchi (KEK) & Integration van Vila (Santander)
s 0 oordinator/Depu 0 s :
Coordination ( ; 4 P ty) Coordination . Vincent Bqudr\/ (LLR)
=(Filip Zarnecki / Taikan Suehara) Sllyaes - Imad Laktineh (1P21)
Wataru Ootani (Tokyo)
Taikan Suehara (Kyushu) | Trigger & Felix Sefkow (DESY)
Jiri Kvasnicka (Prague) Data Acquisition M

Yan Benhammou (Tel Aviv) ‘

I > =
HiggS/EW Top/QCD/HF BSM/NP Valerl Saveliev (IAM Moskow)

(2 conveners) (2 conveners) (1 convener)
Junping Tian Roman Poeschl Mikael Berggren
Ivanka Bozovic Adrian Irles

?
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ECFA Higgs, electroweak, and top Factory Study
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The ILD Detector: A Versatile Detector for an Electron-Positron Collider at Energies up to 1 TeV
Eol by the ILD concept group for an experiment at FCC-ee

e etc

rodcale
i w>



https://inspirehep.net/literature/2936712
https://inspirehep.net/literature/2931409
https://indico.cern.ch/event/1529896/contributions/6436858/attachments/3036745/5363074/ILD_FCC_EOI%20V3-310125.pdf
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International Forums (some recent hightlights)

> oth FCC week- Munich - Talk on behalf DRD Calorimetry “Sandwich highly granular calorimeters with fully
embedded electronics”

FISICA
CORPUSCULAR

= p P8 INSTITUT DE

[>LCWS---2025: International Workshop on Future Linear Colliders 20-24 Octubre 2025 - Conference chairs by several d
contributions form AITANA L
[>13th Beam Telescopes and TestBeams Workshop 19-23 May 2025 -> Talk on Behalf the DRD-Calo collaboration
Testbeams for DRD6 on calorimetry £
>VCI2025 - The 17th Vienna Conference on Instrumentation: 17-21 February M.Almanza-Soto, poster awarded with B
"Young Scientist Award" a
>US-FCC meeting 2025 - Invited talk on Physics Performance with ggbar signatures. U
[>eeFACT 2025 - 70th ICFA Advanced Beam Dynamics Workshop o High Luminosity Circular e+e- Colliders 3-7 March v
2025 » Invited talk §
-

[>2023 International Workshop on the CepC - talk on behalf DRD Calo qé
QO

O

[>2022-2023 ECFA Higgs Factory Workshops (session convenerships) + several contributions in detector&physics S
sessions <
O

> 57th Rencontres de Moriond - EW+U 2023 18-25 March - Young Scientifics Forum talk: Detector Challenges of the %
strong-field QED experiment LUXE at the European XFEL §
&

[>2023 International Workshop on the CepC - talk on SIWECAL (on behalf CALICE)
c.,“m[?m,CAL|CE2022 organized in Valencia

drdcals
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Funding

INSTITUT DE

FISICA
CORPUSCULAR

>0Ongoing: L
e Plan GenT Doctor de Excelencia CIDEGENT/2020/021 (01/01/2021-31/12/2026) =

° P|ID2024 >>
> Recent: @
® Ayudas para Incentivar la Consolidacion Investigadora CNS2022-135420 (Agencia %
Estatal de Investigacion) (01/09/2023-01/09/2025) U}

* Si4HiggsFactories ASFAE/2022/015 (01/09/2022-31/12/2025)

e Plan GenT Doctor con Experiencia Internacional CDEIGENT 2019/003 (01/07/2020-
31/12/2020)

e CIPROM2021, PID2021

l6t April 2026 - IFIC FCC open day
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Summary

>Two Eol FCC sub-detector based on silicon-calorimetry

FISICA
CORPUSCULAR

e Common R&D in sensor hybridization.

= pmm INSTITUT DE

4
>Both are supported by years of R&D in FCAL, CALICE and now DRD Calo ==
® Projects are under continuous scientific scrutiny and evaluation
>Both are producing full scale imaging calorimeters. @
. . O
>The technology R&D and physics performance of compact/granular calorimeter opens many doors. m
>Several synergies/collaborations of detector R&D collaborations and experiments lepton colliders U
e Strong field QED experiments LUXE >
©
® Dark matter searches with fixed target experiments (LUXE-NPOD, Lohengrin, EBBES) %
> 0
Q
L
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Thanks for your attention
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Milestone  Deliverable Description Due date Egé
Task 1.1: Highly pixelised electromagnetic section LI
Subtask 1.1.1: SiW ECAL D1.1 Revised 15 layer stack 2024 E&
MI1.1 Specifications for timing and cooling 2025
D1.2 Engineering module for Higgs factory =>2026 Eg
e
Subtask 1.1.2: High compact calo D1.3 Updated set of compact detection layers 2024 e
M1.9 Prototype for GaAs sensors with strip 2026
readout Ui
D1.4 Set of validated GaAs sensors =>2026 ,_5
Subtask 1.1.3: DECAL M1.3 ge‘?‘f”‘fmem’? for DECAL-specific sensor 2024 Qi
esign established
M1.4 Full evaluation of (ALPIDE-based) EPICAL-2 performance 2025
Design for next-generation sensor with
M1.5 DECAL-specific optimisation (with 2026 >
machine-specific options) E
New sensors producted and evaluated o
= .
D1.5 in EPICAL-3 prototype >2026 S
e
M6 Improved components (engineering for 2024 O
Subtask 1.1.4: Sc-ECAL ) production, timing, active cooling, etc.) iy
D1.6 40-layer prototype and testbeam 2025 ©
S
a
g
<
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SiW-ECAL

SiW-ECAL (<2020)

* 15 layers 18x18 cm?

* 0.5x0.5 cm?Si cells

* 2.8+5.6 mm W (21 Xo)

* 100 kg, 0.4x0.4x80 cm?

* 15k channels

* Sensor delamination
issues
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S

Additional drying and humidity cycles
3x72 cycles during nine days at 90% and 30°C
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S|W ECAL (ongoing)

Goal 15 layers 18x18 cm?
- * New PCB generation & ASICs
g\ 0 A Y . * R&D on optmized hybridization

“\ g GASASAgAann i N

SCSIC @

* Ongoing studies on requirements

>
for Circular Colliders: o
F. * - high fluxes J
! = °« _ I §
T /Ml 256 p-1-N diodes cooling <
g 0.25 cm? each gg
- 9 x 9 cm? total area * 5d calorimetry
il EUDET layout

rdcals: Prototype from Hamamatsu

Ffr«@ KN




EXCELENCIA

SiW-ECAL beam test at DESY&CERN (2025/26)

>3 layers (1-chip on board, 2 new
FEV2.1 boards optimized for power-

pulsing)

®* New hybridization techniques -
developped at IFIC

o 372x32 cells of 5.5 x 5,5mm?
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>Two weeks of data taking

® ECAL standalone MIP calibration (and
TDC calibration)

e ECAL+HCAL » common data taking
using AIDA TLU + EUDAQ

During 2026
First integrations with CALOROC
e (see C. De La Taille talk)
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Towards a full 20X0 prototype

>Large sensors (9x9cm?2) and flexible PCBs (compact
calo)

>Material budget, thickness:

* Total bellow Tmm

® 200um CF + 320um sensor

e ~500um for fanout + HV kapton + 3 layers of
glue/Adhesive

>Same Si sensors as SIWECAL

. = * 9x9cm2, 256 pads
e
/New readout with FLAXE  for ﬁ:‘J MM} w }}hﬂ hMﬁ WJ
‘#=LUXE (based on FLAME) N }

Irgﬁ»ﬂlcalg‘% mmmmmmmmmmmmmmmmmmmmmmmmmmmm
e WS sensor #

‘ s l‘ £2h % VNIVERSITAT
W€ @ D VALENCIA
pem ettt &

l6t April 2026 - IFIC FCC open day
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Towards a full 20X0 prototype
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3
10Xo =4.5Cm
i
((
=
View from the top LUXE ECAL Dimensions in mm <

4.7 mm plane pitch o g (_‘E g : é é £ il

(5} o

|
3
i

3 : Beam

: : H
Telescope Telescope Collimator
(Planes 3-5) (Planes 0-2) (15x30 mm2)

20 sensors in 11 planes

Two running configurations:
1

H
1

@ without absorber (tracker mode) i~
e with 11 to 21 tungsten plates %”

l6t April 2026 - IFIC FCC open day
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Analysing the data -

Event Display - TLU: 657

ADC

700

Plane ID
>
(23
o
]

a .
8 L
> | 500
g |
L]
:' 400
-~
: . 300
0 : &
12 . 200
Sy, 10
S/]so" ? 100
moe 16 18
4 30 12 M gensor
2 6 8 5
0 g 2 4
1 " T " . Pl
entnes Signal distribution in channel (4.6) Plane 2 run 1491
?20] i
2000 | I\
1800 |
uw; |
1400 | |
el |
1000 | | |
|
o | |
A0 |
=
% £ a0 S T T T T N T T R

ADC

ion

recals
e wy

starting effort

Event 260000 run 1340

30
X ﬂ‘ane

5 GeV showers

Track Position on DUT surface

10.0 ch 123
i) Ch 124
Ch 125
5.0 - Ch 126
Ch 143
- 2579 Ch 144
£ Ch 103
E o0+
= Ch 145
il Ch 104
Ch 105
-5.0
7.5
-100 1, . .
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xr [mm]

Hough Transform
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Very Rich Physics Programme — Challenging Detectors

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 ) via loop diagrams

* Unique possibility: s-channel e*te” — H at 125 GeV

Precision EW and QCD Programme
* 6x10%Zand2 x 10* WW events

= x 500 improvement of statistical precision on EWPO:

mZ, rZJ rinw Sinzew, Rb! mWJ' rWJ e
+ 2 x10%tt events: Miopr Ntops EW couplings

* Indirect sensitivity to new physics up to tens of TeV

Heavy Flavour Programme

*  CKM matrix, CP measurements

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

* 10%2bb, cc, 2 x 102 1T (clean and boosted): 10 x Belle I :
* rare decays, CLFV searches, lepton universality

Momentum resolution o(p;)/p;= 102 @ 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, ¢ tagging
Hadron PID for s tagging

Absolute normalisation of luminosity to 10

Relative normalisation to < 10 (e.g. I},,4/T,)
- Acceptance definition to (10 pm)

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

44 Mogens Dam / NBI Copenhagen

r
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( Start of FCC-ee physics run |

2047 - —2047 258
2046 - 2046 289
Start accelerator commissioning Start detector commissioning l£
2044
((
2043 —~—
2042 )
End of HL-LHC Start detector installation
Start accelerator installation £5
Ze

Industrialisation and component production Detector component production U
Technical design & prototyping completed Four detector TDRs completed -
Start of ground-breaking and CE at IPs Detector CDRs (>4) submitted to FC*
End of HL-LHC upgrade: more detector experts available ill 2027-30
End of HL-LHC upgrade: more ATS personnel available « System demonstrators
FCC Approval: Start of prototyping work FC? formation, call for CDRs, collaboration forming T
European Strategy Update: FCC Recommendation ¥4
___ Detector Eol submission by the community v | 2024-27

\/ FCC Feasibility Study Report

* Optimisation
+ Component R&D

FCC-ee Detectors

[ FCC-ee Accelerator [ Key dates J
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Barrel ECALs
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PCB (FeV)

16 SK2 ASICs S
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SiW-ECAL

SiW-ECAL (<2020)

* 15 layers 18x18 cm?

* 0.5x0.5 cm?Si cells

* 2.8+5.6 mm W (21 Xo)

* 100 kg, 0.4x0.4x80 cm?

* 15k channels

* Sensor delamination
issues
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Additional drying and humidity cycles
3x72 cycles during nine days at 90% and 30°C

ComparisanMe asurements
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S|W ECAL (ongoing)

Goal 15 layers 18x18 cm?
- * New PCB generation & ASICs
g\ 0 A Y . * R&D on optmized hybridization

“\ g GASASAgAann i N

SCSIC @

* Ongoing studies on requirements

>
for Circular Colliders: o
F. * - high fluxes J
! = °« _ I §
T /Ml 256 p-1-N diodes cooling <
g 0.25 cm? each gg
- 9 x 9 cm? total area * 5d calorimetry
il EUDET layout

rdcals: Prototype from Hamamatsu
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SiW-ECAL beam test at DESY (2025)

>3 layers (1-chip on board, 2 new
FEV2.1 boards optimized for power-

pulsing)

®* New hybridization techniques -
developped by CNRS/IFIC

o 372x32 cells of 5.5 x 5,5mm?
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>Two weeks of data taking

® ECAL standalone MIP calibration (and
TDC calibration)

e ECAL+HCAL » common data taking
using AIDA TLU + EUDAQ

During 2026
First integrations with CALOROC
e (see C. De La Taille talk)

dcalg
T T




Forward Calorimetry (extreme compactness)

>LumiCal for precise luminosity measurement (Counting Bhabhas)

() EXCELENCIA
SEVERO
OCHOA

INSTITUT DE &
F " - FiSICA g
[ CorPUsCULAR 1

>BeamCal for fast luminosity measurement (using beamstrahlung) APRBRTE

>Technology choice: Si or GaAs/W sandwich calorimeters

[>1 X0 absorber thickness per layer, 20 (30) layers in ILC (CLIC)

ERSITAT

VNIV

8) B VALENCIA

e Optimal geometries for FCC being studied

>Recent progress: O
® nvestigation of new GaAs sensors with integrated signal routing - .
similar signal size to silicon sensor (Eur.Phys.J.C 85 (2025) 6, 684) §

® FLAMe and FLAXE ASICS development and production §

O

(ongoing) g
Production of a large scale prototype Qg univensiy @O@ gf
(adapted to LUXE) Eh ,f TEL AVIV UNIVERSITY ~

| Gl

radcals
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Towards a full 20X0 prototype

>Large sensors (9x9cm?2) and flexible PCBs (compact

calo)
>Material budget, thickness: E

* Total bellow Tmm
® 200um CF + 320um sensor

e ~500um for fanout + HV kapton + 3 layers of
glue/Adhesive

‘ s l‘ £2h % VNIVERSITAT
W€ @ D VALENCIA
pem ettt &

>Same Si sensors as SIWECAL

S
' °°':::,;§L . 5 ® 9%x9cm?, 256 pads §
ion voltage E
i
T | e ém‘J JM M+ mm Mﬁ hﬂgm +H +++ %
“/New readout with FLAXE for ) » ' ﬂ i ++ W#
=t UXE (based on FLAME) ol + +

Irgﬁ»ﬂlcalg‘% mmmmmmmmmmmmmmmmmmmmmmmmmmmm
e WS sensor #




Towards a full 20X0 prototype
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3
10Xo =4.5Cm
i
((
=
View from the top LUXE ECAL Dimensions in mm <

4.7 mm plane pitch o g (_‘E g : é é £ il

(5} o

|
3
i

3 : Beam

: : H
Telescope Telescope Collimator
(Planes 3-5) (Planes 0-2) (15x30 mm2)

20 sensors in 11 planes

Two running configurations:
1

H
1

@ without absorber (tracker mode) i~
e with 11 to 21 tungsten plates %”

l6t April 2026 - IFIC FCC open day
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Analysing the data -

Event Display - TLU: 657

ADC
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starting effort
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WPI@IFIC - Si ECALS
> Silicon Electromagnetic Calorimeters is one of the most robust and advanced . 3
_ J _ concepts, optimal for Flavour physics, Higgs/EW physics, QED (luminosity)
=, ; . St S EGAL barrel proposals E
= e E | ® Optimal for Particle Flow Higgs Physics and High Precision Flavor Physics ‘-
bié : - ® refs ILD for ILC ILD for FCC and LC SiW-ECAL for FCCee (Higgs) 5;:

e %" > Si-ECAL for Luminometers

® Crucial for all physics program — speciall the EW physics program of FCC

* Results in close-by / overlapping
electromagnetic and hadronic showers

® Si-ECAL for FCCee (lumi)

> Prototypes are also adapted for Strong-FieldQED and direct Dark Matter
experiments (LUXE, LUXE-NPOD, Lohengrin, ShiP, EBBES)

= 107

S

©
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Q
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» 3
§ W' ® Phase-0 E L
* ' @ Phase-1 e @)
T N —wIQED 5y <
o g o pert QED i |
= 2] corr. error - (o)
ot N S
oy b 107" N

10 g E =

i o - o
g - 1w Q
10 R <

10* Nog=0.01EX, N, =10 ) i ‘tio

Lohengrin, 4x10* ect, SR1 SMBG 3
Lohengrin, 4210** eot, SR1 Zero BG X
m,Jm, =3, 0, = 0.5 =

1

Ratio 1o QED
o = m
Enes g i
T

ik

=

=]

1 1
Gollabort w0’ 107 107" 1
SRR m, [GeV]

LUXE and LUXE-NPOD Lohengrin https://arxiv.org/pdf/2410.10956 A

r”I Cd I"~ https://arxiv.org/pdf/2308.00515



https://arxiv.org/abs/2003.01116
https://arxiv.org/abs/2506.06030
https://indico.cern.ch/event/1529896/contributions/6436820/attachments/3036750/5363080/2025%E2%88%9201_FCC_EoI_det_SiW_ECAL_v4-040225.pdf
https://indico.cern.ch/event/1529896/contributions/6436849/attachments/3036727/5363056/FCC_LumiCal_EoI.pdf
https://arxiv.org/pdf/2308.00515
https://arxiv.org/pdf/2410.10956

WPI@IFIC - Si ECALS
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T

Event display (hits & ACTS tracks) g OB
> » Simulations with 50 GeV PG, 20 layers of each detector
‘JCLab A S |W Ecal for S N D’) My Hough seeding can discard showers and retain the muon tracks!

Iréne Joliot-Curie

CORPUSCULAR

FISICA

Laberatoire 4« Physique
dac 2 Ininis.

P P p P INSTITUT DE
T[S

quoted dimensions
refer to sensitive

volumes
Electronic bords ~10cm
around
' Siicon/ | TR k11 | -gntiaior
| | \ECC \

Emulsion Target Silicon Target icrdiicinl RoRciing Daiemete:

NIVERSITAT
VALENCIA

0.75 cm

ol
0

;\\ '——_——)ﬁﬁ__‘ em

e o = J. P. Marquez | DRDCalo 2026 drdcale
EMULSION TARGET SILICON TARGET l:‘"‘m ““c":;‘“ cAL

bk _"’ :‘t‘; :: ;';;"':" :2 Scintillator |e2 11

SciFi 5 SciFi 42

Woght 05 ton Weight 1210 Wegm 3510

* Questions * Where would it fit?
« How many SiW Ecal layers and where? * MTC — Up to 3cm!

* Comfortable
* Could increase number of sensitive layers
and/or render MTC more compact
* | hope that we won't need cooling (-> power cycling of FEE)
Si target — 7mm between W layers (see Christian’ talk)
eetng SIBIE;

Roman Paschl SHiP Collaboration N

* Rear part of target or MTC or both

l6t April 2026 - IFIC FCC open day

o

o ?ttps://indico.cern.ch/event/1618975/contributions/7004462
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https://indico.cern.ch/event/1618975/contributions/7004462/
https://indico.cern.ch/event/1618975/contributions/7004462/

The LUXE ECAL systems

>LXUE Dedicated to Strong Fields Quantum Electrodynamic studies

® Makes use of 17.5 GeV Eu.XFEL electron beam colliding with intense optical laser pulses

® Dedicated searches of BSM profiting from intense gamma beam (non-linear comnton)

ECAL-NPOD

¥aLp. detector (TBD) J}' "-:I
ALPs A=t/

. , . dump
Backscattering calorimeter -~

.

e-laser setup
(Not in scale)

Shielding D
B y-profiler
’F

Scint. screen y L
el
Dipole magnet 2

ECALp

Shielding
Electron beam dump

y-converter

»

ton y's
“'ff/' Cherenkov counter
- behind a Scint. screen

¥

Electron beam
from the XFEL ¢

p Layout optimization for the LUXE-NPOD experiment
‘Quispe, Trevisani et al) https://arxiv.orglabs/2507.17716

recals
T oy

e +nw; e +e +e’

e//wwi

Positron-electron pair

production not

accessible in “standard” QED...

= “smoking gun” for non-linear
processes... A
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https://arxiv.org/abs/2507.17716

Challenges - proposed solutions

>(main) Challenges SF-QED

® Two modes with expected number of positrons
varying from 1074107

® EM shower overlap at high multiplicity

®* |Low multiplicity showers immersed in low energy
widely spread background

LUXE TDR Eee [Malipad] LUXE Egap [Me\ipad]
e-laser (beam only) ECAL 20 e-laser (5 GeV e+) ECAL 20
x [‘:;‘r! ‘.5 M:xm 548 MeVipad e £ [I::'w] _‘.5 1 = Mt:xa 02 MeV'pad -
5, # : 5.
0 0_”
‘0.' 1.0 |[;|.i 1.0
yipad] °| o ypad) 5|
100~ A 100 / Lk
S:J S‘IJ
x[pad) : y * [pad] SO o
°  LUXE TDR (2023) .
[>Similar solutions for both
e Compact sampling calorimeter »
e Small Moliere radius

rgwltaﬁb)egranularity
T wuw

>(main) Challenges BSM searches

* Very low multiplicity of events,

® |Low mass ALPs decaying into two photons (E~1-
3GeV)

® Background rejection capabilities

Yetector
Photons Magnet Detector
Dump
¢ .<:Y
e-laser int.
chamber < i .
Lp Ly

A

EXCELENCIA
SEVERO
OCHOA

?

CORPUSCULAR

FISICA

P pm=p pm= INSTITUT DE
I

VNIVERSITAT
D VALENCIA

@

S
©
c
@
Q
o
3
g
O
<
|
N
Q
a
=
Q
6




EXCELENCIA
SEVERO
OCHOA

ECAL-NPOD (aka SIWECAL)

CORPUSCULAR

Layout optimization for the LUXE-NPOD experiment https://arxiv.org/abs/2507.17716v1
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ECALpP (aka. HighCompactCalo - FCAL)

o--
>Positron calorimeter
>Highly compact and modular calorimeter to minimize the l._l
Moliére radius. I
> Design based on the concept considered by the FCAL
collaboration for compact calorimeters
® 2] tungsten plates of 1 X0 (_)

® 1 mm sensor gaps between Sg

® 20 active planes with 6 sensors per plane

®* Front-End-Boards (FEB) above the sensors Hv-Toum ] L g

® Requires dedicated sensor sandwich design (designed _ -\ Conductie %
and produced at IFIC) St szoum / ek E

e dedicated FEB, readout scheme and mechanics. z
>Realistic design presented in LUXE TDR. o _ e %
>Tests of the first prototype took place in June 2025. crom Fr o 6

Total: 760um
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ECALpP (aka. HighCompactCalo - FCAL)

o--
>Positron calorimeter
>Highly compact and modular calorimeter to minimize the l._l
Moliére radius. I
> Design based on the concept considered by the FCAL
collaboration for compact calorimeters
® 2] tungsten plates of 1 X0 (_)

® 1 mm sensor gaps between Sg

® 20 active planes with 6 sensors per plane

®* Front-End-Boards (FEB) above the sensors Hv-Toum ] L g

® Requires dedicated sensor sandwich design (designed _ -\ Conductie %
and produced at IFIC) St szoum / ek E

e dedicated FEB, readout scheme and mechanics. z
>Realistic design presented in LUXE TDR. o _ e %
>Tests of the first prototype took place in June 2025. crom Fr o 6

Total: 760um
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TARDIS-Lab for ECAL hybridization
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TARDIS-Lab for ECAL hybridiztio

/

™ T meuﬁ‘lﬂ_‘... A
7o RS |

Today, IFIC is the leading center in the DRD-Calo on
Silicon-calorimeter sensor assembly and characterization
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SiW-ECAL beam test at DESY

O--

>3 layers (1-chip on board, 2 new FEV2.1
boards optimized for power-pulsing) lJ
®* New hybridization techniques - E

developped by CNRS/IFIC
® 32x32 cells of 5.5 x 5.5mm?
>Two weeks of data taking

e ECAL standalone MIP calibration (and TDC
calibration)

e ECAL+HCAL » common data taking using
AIDA TLU + EUDAQ
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Context: comparing FCC-ee vs HL-LHC

Compare triggered HL-LHC (ATLAS/CMS) vs FCC-ee T/DAQ variants
- Assume a single HL-LHC event is 4 MB, and a single FCC-ee event is 0.2 MB
- Assume the full FCC-ee physics rate at the Z pole is 200 kHz

Trigger » Filter input Filter » Storage input

HL-LHC 40 MHz 160 TB/s 1MHz 4TB/s 10 kHz 40 GB/s

FCC-ee 50 MHz 10TB/s 0.5MHz 0.1 TB/s 200 kHz 40 GB/s
Streaming, with filter 50 MHz 10 TB/s 500 kHz 100 GB/s
Streaming, no filter 50 MHz 10 TB/s

Raw input

DAQ is capable of FCC-ee streaming readout: compatible with triggered HL-LHC
- However, streaming no-filter readout straight to disk may take too much space
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The precision demands of the FCC-ee

FCC-ee physics case demands exqusite precision of the trigger system, if used
- Trigger efficiency uncertainty must be negligible compared to luminosity

- Any trigger bias between event types must be controlled to 1 part in 10‘5'@
- These constraints motivate a streaming readout

0’5‘6\

HL-LHC DAQ hardware is perfectly capable of FCC-ee streaming readout
- However, this comes with a lot of associated material and power
- DAQ hardware for streaming readout may therefore degrade physics potential

Very preliminary assumptions on data size
Occupancy levels
(specially in the inner and forward tracking systems)
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