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Detector Research and Development
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European Committee for Future Accelerators (ECFA) released 2021 

Detector R&D Roadmap: nine (technology) focus domains

=>Task forces developed into Detector R&D (DRD) collaborations:

• Gaseous Detectors (DRD1) [ex RD51]

• Liquid Detectors (DRD2)

• Semiconductor Detectors (DRD3) [ex RD50, RD42,..]

• Photodetectors & Particle ID (DRD4)

• Quantum Sensors (DRD5)

• Calorimetry (DRD6)

• Electronics (DRD7)

• Integration (DRD8)

DRDs are international (global) collaborations, hosted by CERN

Proposals describing the scope are on CDS – new ideas welcome!

Focus on strategic RnD to bridge the gap between “blue sky” research 

and deployment in a HEP experiment – includes targeted FCC R&D
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EMcal to enable photon and pion reconstruction
•10-15% / √E for photons (~25% of jet E) suffices for 

jets

•higher em resolution needed for flavor physics

and helps jet reco

•e/ɣ and e/π separation study needs full sim/reco

Aim for jet energy resolutions of ~3-4% at 50GeV:
•jet E reco via angles for kinematically constrained final 

states

•Particle Flow reconstruction (-> high granularity!)

•dual read out to correct for non-compensation

Challenges: operational stability, cost, compactness 

despite cooling

Ongoing studies:
•Calorimetry session, Tue 11:00h

•ALLEGRO s/w implementation, Wed 11:00h

•Software & Computing: Reconstruction, Thu 11:00h

https://indico.cern.ch/event/1090779/contributions/4592538/attachments/2335809/4037008/ECFA%20Detector%20R%26D%20Roadmap%20Synopsis.pdf
https://indico.cern.ch/event/1090779/contributions/4592538/attachments/2335809/4037008/ECFA%20Detector%20R%26D%20Roadmap%20Synopsis.pdf
https://cds.cern.ch/collection/DRDC%20Public%20Documents
https://indico.cern.ch/event/1307378/timetable/?view=standard#b-541426-parallel-2-detectors
https://indico.cern.ch/event/1307378/timetable/?view=standard#b-541426-parallel-2-detectors
https://indico.cern.ch/event/1307378/timetable/?view=standard#b-541434-parallel-3-joint-sess
https://indico.cern.ch/event/1307378/timetable/?view=standard#b-541434-parallel-3-joint-sess
https://indico.cern.ch/event/1307378/timetable/?view=standard#b-541441-parallel-3-software-c
https://indico.cern.ch/event/1307378/timetable/?view=standard#b-541441-parallel-3-software-c


DRD Calo Organization
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New

Coord.: B. François,

L. Pezzotti

Chair: R. Ferrari

SP: R.Pöschl, Deputies: M.C. Fouz, M.-A. Pleier

Chair:

W. Ootani

Chair:

G. Gaudio

Coordinators:

L. Masetti

A. Irles

Coordinator:

N. Morange
Coordinator: H. Yoo

Deputy: M. Lucchini

Coordinators:

C. de la Taille

C. Perez

Coordinators:

B. Francois, NN

Coordinator:

M. Ruzzarin

(tbd)

WG1

WG2 WG3

(Calorimetry
Projects)

(Transversal 
Activities)



FCC-ee Detector Concept Study Groups
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AGORA ALFA ALLEGRO CLD IDEA ILD

Vertex MAPS MAPS (ITS-3 like) MAPS (ITS-3 like) Si MAPS (ITS-3 like) Si

Tracker TPC + Si strips All MAPS DCH / Straw / SciFi + Si Full Si Drift Chamber + Si strip TPC + Si strips

ECAL Crystals
GRAiNITA 

(crystal grains)
Liquefied Noble 

Gas 
Si-W highly 

granular Crystals w. DR
Si-W highly 

granular

HCAL Glass scint. + steel Tile DR + steel yoke
TileCal 

(steel/scint.) Scint. sampling Fibre DR Scint. or RPC

Muon Scint. in yoke TBD TBD RPC in iron yoke uRWELL Scint. in iron yoke

PID tracker dN/dx (+ TOF) Cerenkov ARC tracker dN/dx (+ TOF) RICH (option) tracker dN/dx (+ TOF) tracker dN/dx (+ TOF)

Coil/B-
field

Outside HCAL
3T

Inside HCAL
3T

Inside HCAL
2T

Outside HCAL
2T

Inside HCAL
2T (3T HTS R&D)

Outside HCAL
3.5 T -> 2-3 T

…and all of them need a lumi-cal as well…

https://indico.cern.ch/event/1690381/
https://indico.cern.ch/event/1690381/
https://indico.cern.ch/event/1690381/


WP 1: Sandwich calorimeters with fully 
embedded Electronics 

• Imaging calorimeters optimized for particle flow: 
high-resolution in 3D plus time and energy

• Proof of concept within the CALICE and FCAL collaborations

• Focus originally on linear colliders

• High pixelization & 4 hermeticity challenge room for services

• Three groups of tasks: 
• highly pixelized electromagnetic section, 

• hadronic section with optical tiles,

• hadronic section with gaseous readout

• Some technologies already adopted for HL-LHC upgrades
• CMS HGCAL with silicon pads and scintillator tiles
• ALICE FoCAL with MAPS 

• Adaptation to FCC-ee: examples of common tasks across concepts
• Readout to cope with continuous data taking

• Addition of active cooling

• Addition of timing capabilities for better particle separation
• Layout optimization within specific detector concept (e.g. CLD and ILD@FCC-ee)

5

⚫ Challenges:

⚫ High pixelisation, 4π hermetic -> little room for services

⚫ Detector integration plays a crucial role

⚫ New strategic R&D issues

⚫ Detector module integration

⚫ Timing

⚫ High rate e+e- collider (such as FCC-ee)

For a more detailed overview, see Lucia’s slides in Helsinki

https://indico.cern.ch/event/1552126/contributions/7126284/attachments/3291833/5886239/DRDCalo_WP1.pdf


WP 2: Liquefied Noble Gas Calorimetry

• Noble-liquid calorimetry: long history of successful 
deployment in HEP (DZero, ATLAS, …) due to its excellent 
energy resolution, linearity, stability and uniformity

• WP 2 focus: sampling EM calorimeter for ALLEGRO detector 
concept – LAr goes PFlow!

• Highly granular (ATLAS x 10) calo with absorbers planes inclined in 
r-phi (barrel) / arranged in turbine-like structure (endcap) 

• Readout by segmented PCB planes alternated to Pb (or W) 
absorbers, gaps in between filled with LAr (or LKr) 

• Work towards large (full em shower containment) prototype
• optimization of the detector material, geometry and segmentation
• overall detector mechanical structure and integration
• readout electronics (using cold elx to reduce noise & #cables - 150 

kW power dissipation in barrel cryostat)  
• prototyping and testing of various detector elements

• Next intermediate step: “mini-prototype”
• demonstrate mechanical feasibility: tolerances, ease of 

construction, tolerance for warm → cold transitions
• Can also be used to connect prototypes of readout electronics and 

test with sources, cosmics, test-beam

6For a more detailed overview, see Mikael’s slides in Helsinki

EndcapBarrel

Absorber cold test

Mini-Prototype

https://indico.cern.ch/event/1552126/contributions/7126285/attachments/3291752/5886081/NLC_FCC_Mieskolainen_100626.pdf


WP 3: Optical Calorimeters 
• Very diverse work package: 12 active projects, ~70 institutes

• Goal: explore, optimize and demonstrate with full shower 
containment prototypes, new concepts of sampling and 
homogeneous calorimeters based on scintillating materials

• Some effort pivoting from radiation-hardness focus to FCC-ee (e.g. 
CRILIN)

• R&D on scintillators (SCINTCAL) will turn into a working group in 
DRD Calo, connecting WP1 and WP3

• Examples as parts of FCC-ee detector concepts include:

• Dual-readout Crystal ECAL 
and Fiber HCAL (IDEA)

• Grainita ECAL and Dual-
readout HCAL in iron (ALFA)

• TileCal HCAL (ALLEGRO)

7For a more detailed overview, see Hwidong’s slides in Helsinki

https://indico.cern.ch/event/1552126/contributions/7126302/attachments/3291820/5886283/HDYOO_FCCWeek26_06102026.pdf
https://indico.cern.ch/event/1552126/contributions/7126302/attachments/3291820/5886283/HDYOO_FCCWeek26_06102026.pdf


WP 4: Electronics and DAQ

• Calorimeter electronics commonalities: large dynamic range (10-16 
bits), very low noise, high accuracy (< 1%), usually large capacitance 
(100’s of pF)

• R&D challenges for highly granular 5D calorimetry include
• reducing power dissipation down to ∼ 1mW/ch to enable increased granularity 

(WP1), cryogenic operation inside noble liquid (WP2)

• Improve the timing performance to sub-ns (WP3)

• Develop a family of ASICs, optimized for different subdetectors, sharing as much as 
possible common back-end and readout systems

• Process accessibility / stability can be an issue these days (TSMC 130 nm)

• Organization of DAQ in DRD Calo
• Aim to share HW/FW/SW + experience as much as possible

• Allow common test-beams and maximize commonalities

• Electronics and DAQ are transversal activity across WPs - will be 
transformed (back) from WP to WG

8

CALOROC: 36 channels 

@ 15 mW/ch

CHARMS250: 1 channel 

@ < 10 mW/ch



Working Groups – Tying it all together

• WG1 – Software
• Detector R&D activities heavily rely on software tools: Simulation, Reconstruction, Analysis, … 

• Use common Key4hep software ecosystem to utilize synergies

• WG 1 coordinates activities, provides training and resources (DRD Calo storage, VO, Grid 
submissions)

• WG 1 will ensure efficient data analysis, data preservation, simulation improvement/validation 
with test beam data

• WG 2 – Photodetectors
• Photon detection crucial for many calorimeters (crystals and scintillators; Cherenkov vs 

scintillation light for dual-readout) - consolidate requirements across WPs, work in close 
connection with DRD4

• Work with vendors for upcoming prototypes: align sensor developments with detector R&D 
priorities, lower unit cost, foster synergies between photodetector R&D and front-end 
electronics developments

• WG 3 – Test-Beams

• Central hub for DRD Calo projects test-beam (TB) needs at CERN, DESY, KEK, SLAC, FNAL

• Promote smooth interactions with TB facilities coordination, optimal use of beam time 
(sharing/combining where possible), common tools (EUDAQ)

• Pursuing dedicated test beam area at CERN to optimize resources, streamline hardware and 
software setup, exploit synergies

9

Target: FCC-ee 

detector ALFA
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https://www.hamamatsu.com/us/en/product/optical-sensors/mppc/what_is_mppc.html
https://www.hamamatsu.com/us/en/product/optical-sensors/mppc/what_is_mppc.html
https://www.hamamatsu.com/us/en/product/optical-sensors/mppc/what_is_mppc.html
https://www.hamamatsu.com/us/en/product/optical-sensors/mppc/what_is_mppc.html
https://doi.org/10.1051/epjconf/202533701146


DRD Calo in action!

• Groups shared allocated beam time and/or organized combined ECAL/HCAL test beams

• See also presentations by Bob and Jim on Tuesday! 

Impressions from test beams at CERN this year:

10

https://indico.slac.stanford.edu/event/10213/contributions/15792/attachments/6837/17090/2026.09.USFCC-DR.pdf
https://indico.slac.stanford.edu/event/10213/contributions/15793/attachments/6836/17083/USFCC-Calo2-Brau.pdf


Conclusions

• DRD Calo pursues strategic R&D for calorimeters for future colliders, 
in particular FCC-ee and in close connection with the other DRDs

• Partially new efforts, partially capitalizing on pre-existing activities
• Large diversity of calorimeter technologies 
• No lack of challenges or areas to contribute!

• The scientific program is bearing fruit
• 59 talks/seminars, 10 conference proceedings, 10 papers so far
• Lots of test-beam data to analyze!
• Tangible benefits of the synergies for all: test-beam access, computing 

resources, shared software and hardware, …

• Next collaboration meeting @ DESY, October 6-9

• Visit our webpage: https://drdcalo.web.cern.ch/ 

• We are open for new members, ideas, contributions!

11

2026 collaboration meeting at CERN

134 institutes from 27 countries

https://indico.cern.ch/event/1705549/
https://drdcalo.web.cern.ch/
https://indico.cern.ch/event/1618975/
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Backup



Test Beam access in the next years
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DRD Calo Renewal

❏ DRD Calo was approved for 3 years at the end of 2023, with the 
option to extend
❏ We are now undergoing the “extension” procedure (for another 3 years)
❏ Two documents will be provided (Sep. 20th 2026)

❏ Status Report
❏ When were milestones and deliverable reached/fulfilled
❏ How were they reached

❏ Proposal Update: plans for the next approval period
❏ High-level technological goals, updated work plan, realistic funding estimates
❏ Prioritisation of developments aligned with the European Strategy outcome i.e. relevant 

for FCC-ee (more throughout the talk)

14



Reference Design Phase (2026-2028)

FCC has entered its Reference Design Phase to provide the CERN Council all the technical 

elements for an informed decision in 2028.

15

Date: Thu, 2 Jul 2026 05:31:22 +0000

From: Christophe Grojean 

<christophe.grojean@desy.de>

To: FCC-PED@cern.ch

Cc: Patrick Janot <patrick.janot@cern.ch>, Guy 

Wilkinson <Guy.Wilkinson@cern.ch>

Subject: Call for nominations for FCC PED 

Detector Studies work-package coordinators

Dear Colleagues (FCC-PED@cern.ch in Bcc:)

Following the recommendations of the European 

Strategy for Particle Physics Update, FCC has 

entered its

Reference Design phase to provide the CERN 

Council all the technical elements for an informed 

decision in

2028. In this context and in preparation of the call 

for FCC-ee detector EoIs in a few years, there is a

need to augment the Detector Studies work-

package leadership via the recruitment of two new 

coordinators (in

particular to replace Felix Sefkow who decided to 

step down from his coordinator role throughout 

the

feasibility study - thanks, Felix, for all your work!). 

We are therefore soliciting nominations of

candidates*. Self-nominations are welcome. The 

new coordinators will preferably not be prominent 

figures of

the currently studied six detector concepts. 

Deadline for nominations is set to 31 July, 2026 

and the new

coordinators are expected to join the PED 

coordination group by early September. The 

mandate of the FCC

Detector Studies work package is available 

athttps://indico.cern.ch/event/1623118/

Please also circulate this call to other relevant 

persons or groups. Being already involved in FCC 

is not a

pre-requisite.

Do not miss this opportunity to play a key role in 

the early days of the very promising FCC project 

and help

us making it the next flagship project as 

recommended by the European Strategy Group.

Best Regards,

Christophe, Guy and Patrick (coordinators of the 

FCC Physics-Experiment-Detector pillar).

* https://forms.gle/CGHfmr8Xxm91chKu5

[Michael Benedikt’s Helsinki slides]

https://indico.cern.ch/event/1552126/contributions/7113531/attachments/3289711/5881847/FCC-260608_FCC_Status_Benedikt.pdf


Get involved in Detector Concepts!

● Signing up to any of the above e-groups adds you to the overall "FCC-
PED-DetectorConcepts@cern.ch" e-group as well

● Indico categories are available for Detector Subsystems and Concept 
Studies 

● See indico meeting calendar for upcoming meetings

Group name Email Signup Indico

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

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

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

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

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

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

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

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

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

mailto:FCC-PED-DetectorConcepts@cern.ch
mailto:FCC-PED-DetectorConcepts@cern.ch
mailto:FCC-PED-DetectorConcepts@cern.ch
mailto:FCC-PED-DetectorConcepts@cern.ch
mailto:FCC-PED-DetectorConcepts@cern.ch
https://indico.cern.ch/category/20278/
https://indico.cern.ch/category/20285/
https://indico.cern.ch/category/20285/
https://indico.cern.ch/category/5251/calendar
https://e-groups.cern.ch/e-groups/EgroupsSubscription.do?egroupName=FCC-PED-DetectorConcepts-Calorimetry
https://indico.cern.ch/category/20280/
https://e-groups.cern.ch/e-groups/EgroupsSubscription.do?egroupName=FCC-PED-DetectorConcepts-Luminometry
https://indico.cern.ch/category/20282/
https://e-groups.cern.ch/e-groups/EgroupsSubscription.do?egroupName=FCC-PED-DetectorConcepts-Magnet
https://indico.cern.ch/category/20283/
https://e-groups.cern.ch/e-groups/EgroupsSubscription.do?egroupName=FCC-PED-DetectorConcepts-Muon
https://indico.cern.ch/category/20284/
https://e-groups.cern.ch/e-groups/EgroupsSubscription.do?egroupName=FCC-PED-DetectorConcepts-TDAQ
https://indico.cern.ch/category/20281/
https://e-groups.cern.ch/e-groups/EgroupsSubscription.do?egroupName=FCC-PED-DetectorConcepts-Tracker
https://indico.cern.ch/category/20279/
https://e-groups.cern.ch/e-groups/EgroupsSubscription.do?egroupName=FCC-PED-DetectorConcepts-AGORA
https://indico.cern.ch/category/21753/
https://e-groups.cern.ch/e-groups/EgroupsSubscription.do?egroupName=FCC-PED-DetectorConcepts-ALFA
https://indico.cern.ch/category/21437/
https://e-groups.cern.ch/e-groups/EgroupsSubscription.do?egroupName=FCC-PED-DetectorConcepts-ALLEGRO
https://indico.cern.ch/category/20289/
https://e-groups.cern.ch/e-groups/EgroupsSubscription.do?egroupName=FCC-PED-DetectorConcepts-CLD
https://indico.cern.ch/category/20287/
https://e-groups.cern.ch/e-groups/EgroupsSubscription.do?egroupName=FCC-PED-DetectorConcepts-IDEA
https://indico.cern.ch/category/20286/
https://e-groups.cern.ch/e-groups/EgroupsSubscription.do?egroupName=FCC-PED-DetectorConcepts-ILD
https://indico.cern.ch/category/20288/


Timescale towards FCC-ee
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