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Vertex Detectors
Reconstruction of
interaction point and
decay vertices

Tracking Detectors
Reconstruction of charged
particles in central and
forward part

Calorimetry

Energy measurement in the
outer (and forward) part
Subdivided in
electromagnetic (ECAL) and

Calorimeters

B. Dudar

Collider Detector — A HEP Event
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EPS: 61

Typical jet energies between 50 and several 100 GeV

Typical particle energies between 1 and 100 GeV
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Main Target Projects of Detector R&D in HEP

DRD Calo

HL-LHC after LS4
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/
5m / ;/
/

Calorimeters

SPDJé

\\,. ‘l‘l"\\
""‘ __\%
Acceptance

N dbehea

\

Tracking detectors

PC
— h (end-caps ,inner 2 barrel layers)

EM Calorimeter
Csl(TI), waveform sampling electronics

electrons (7 GeV) =

Vertex Detector
2layers Si Pixels (DEPFET) +
4 layers Si double sided strip DSSD

Central Drift Chamber
Smaller cell size, long lever amn

(side view)

Muon System

Particle Identification
Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (forward)

positrons (4 GeV)

K,rver

LAV 22-25 | MEG

Small-angle photon veto

LAV 16-21
UV/AFC LAV 1-15
e 7l |
el K, LU L
7 ﬁ LN T
1 P2
4
Fv cprv’
80 m from target 130 m 170 m PSD 2415m

12.8 m

Higgs Factories

aTcoil

Si Tracker

———— 106m ——

EiC

enkov TN [TEmcar | (e TSI WS (s Tocer |[7oF [ TPc [ TRD |
1-1.00 00.00

N g

. -

R=410cm

TRTFEem

G
/'

P

00 ® +100.0
electrons

hadrons
IP6 hall center

Seminar RPTU — July 2025

12 m

Reference

I3 1.10

Future hadron colliders
(including eh colliders)

m]
1{} n=0.5
9
8 337( Muon System
i 1

Main Solenoid

Radiation Shield

Ienoid
|

ard (EMF)

HCAL Forward (HF)

EMCAL Forws

superconducting
muon solenoid (4T)
chambers
tracking system
hadronic
calorimeter

shielding nozzles
(tungsten + borated
polyethylene cladding




"’JCLab The roadmap document(s) DRD Calo
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* ECFA R&D Roadmap
* CERN-ESU-017 https://cds.cern.ch/record/2784893
* 248 pages full text and 8 page synopsis

* Endorsed by ECFA and presented to CERN Council in December 2021

The Roadmap has identified
* General Strategic Recommendations (GSR)
* Detector R&D Themes (DRDT)
* Concrete R&D Tasks

* Timescale of projects as approved by European Lab Director Group (LDG)

THE 2021 ECFA DETECTOR
RESEARCH AND DEVELOPMENT ROADMAP

-~
ﬁﬁ? Qt’ The Eurcpean Committee for Future Accelerators
Q‘\b i%' Detector RED Roadmap Process Group
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Guiding principle: Project realisation must not be delayed by detectors
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* Roadmap implementation plan defined that CERN will host the
DRD collaborations

* ECFA Detector

* Approved by CERN SPC and Council in fall 2022 (CERN/SPC/1190 ; CERN/3679) Roadmap
* New committee created as reviewing body, the DRDC at the same level as
LHCC, SPSC and others
e Roadmap
implementation
* Most of the chapter's convenors (“Task Forces”) from ECFA Roadmap plan

process became part of Proposal Writing Teams for new DRD

collaborations «Q1/Q2: Community input by
. . . . . . open meetings
* Collected input from the communities in open meetings happening in the «Q3/Q4: Submission and
fiI'St ha]f Of 2023 review of proposals

e Approval, then:
Collaborations
started

« Approval of DRD collaborations by CERN Research Board:
« DRDI1,2 4 & 6 in December 2023
. DRD3, 5and 7 in June 2024
* DRD 8 in December 2024

N S
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[CERH Research Board ]---i- CERN COUNCIL

ECFA
Recommends
Community Approves
interaction
, Scientific and Resource Reporting and Review R
Roadmap Oversight and Detector Research and Development &.’“[ CERN SPC J
Community Interaction Committee (DRDC)

ECFA Detector Panel -
I I Includes members from: ECFA Detector Panel,

(EDP) CERN and LDG
Includes ex-officio- APPEC, | | grommmmmmmmmmmm e e e
NPECC andd ICFA (D Pana : jos Tnhmmﬂwm"m.d e E D ete CtO I R& D
represeniaurm / ot S e A SR e .
o Collab
CEAaratekn v / ollaborations

Detector nn (DRD) Collaborations

Bl

* DRD are hosted by CERN and are therefore legally CERN collaborations
* Significant participations by non-European groups is explicitly welcome and needed => World wide collaborations!

* The progress and the R&D will be overseen by a DRDC that is assisted by ECFA
* Thomas Bergauer of OAW/Austria appointed as DRDC-Chair
* The funding will come from national resources (plus eventually supranational projects)

Seminar RPTU — July 2025




W Cuob DRDs should cover strategic R&D DRD Calo
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Strategic R&D bridges the gap between the idea (“blue sky research”, »NASA"TRL levels:

low TRLs) and the deployment and use in a HEP experiment (TRL 8-9)

System Test, Deployment,
and Operations

Experiments

System Development

Covers the development and maturing of technologies, e.g.

N W s N ©

* Iterating through different options £ | Technology Demonstration
* Improving radiation hardness # | Technology Development
* Scaling up challenges: detector area, number of channels, layers,.. ' i
o @ | Fundamental Science/
TDR Basic Research
experiment Lol experiment funding approval EDR physics
“blue sky” R&D TRL3 (TRL6 engineerir13;.;;'ff-j /l
y . : e bt v
game changers mature concepts final devices and systems
new technologies explore performance phase specific to experiment concepts Didier Contardo
new paradigms space of technology options®
: i »
Thomas Bergauer - Venice Seminar RPTU — July 2025 .


https://agenda.infn.it/event/44943/contributions/263377/attachments/137562/207083/2025-06-ESPP-Venice-Bergauer_v4b.pdf

WCus

Iréne Joliot-Curie

Laboratoire de Physique
des 2 Infinis

The DRDs in a nutshell

DRD1: Gaseous Detectors

Large - Fast - eco-friendly
gases - MPGD, e.g. GEMs
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DRD3: Semiconductor Det.
Monolithic CMOS - LGAD:s -
radiation hardness - interconns.

DRD6: Calorimetry
Energy resolution - High
granularity - dual readout -
particle flow - sandwich - optical

Sampling EM/HM

DRD Calo

DRD7: Electronics

ADC/TDCIP Blocks - Opto-
electronics - packaging - power -
extreme environments - COTS -
intelligence on detector - foundry

Si-Fiber couplers

DRD2: Liquid Detectors
for Neutrinos - Dark Matter
- Ovbb

Noble Elements Liquid Scintillators || Water Cherenkov

« Argon & Xenon « Visible Scintillation, « Cherenkov light,

» lonisation charge light propagation

« Scintillator properties

light propagation
& transport « Doping for n-capture

» VUV Scintillation, light

« Isotope loading

" - —
; 7

propagation & detection

DRDA4: Photon detectors
vacuum, solid-state (SiPM), hybrid

single-photon and SciFi detectors -

applications in PID, RICH, tracking

il

DRD5: Quantum Sensors
Quantum dots - superconduct.
nanowires - bolometers - TES -
MMC - nuclear clocks
Applications in LEPP, first
projects in HEPP happening

1 TR
I

Intensity

T 1
! ' 41
2 ! B
=]
(shower profile via spectrometry)

DRD8: Mechanics
Ultra-thin beam pipes - CF foam and
new materials - curved, retractable

sensors - air & micro-channel cooling
- eco-friendly cooling fluids - robots -

augmented reality

Thomas Bergauer - Venice
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Homogenous Calorimeters . .
J Sampling Calorimeters

Beam
Entire shower passes active medium
Active medium = absorber medium | Only sample of shower passes active medium
Typically inorganic crystals with high photon yield Typically scintillating tiles from organic materials
with N 0n (t) ~ E = o(E) ~ VE (alternatives semi-conductor, gas counters)

Production of shower particles is statistical process
with N (t) ~ E = o(E) ~ VE

Master formula of
calorimetry

Seminar RPTU — July 2025 9



"’J.CE"“*’ Calorimeters in Nuclear and Particle Physics DRD Calo
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47t 'Germanium Ball' of
AGATA Experiment

ATLAS Detector

e S e
e e ettt

W
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e 3
3

| Tm - , ~10m
Calorimeters are employed in 'table top

experiments and in huge experimental apparatuus
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WCub Calorimeters @ LHC - Examples DRD Calo
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pASE: Calorimeters @ Future Experiments - Example DRD Calo

Laboratoire de Physique
des 2 Infinis

Examples:
e’ v
W Fusion with final state neutrinos requires i
reconstruction of H decays into jets W H
Jet energy resolution of ~3% for aclean W/Z separation W
e N\
Jets at LEP 3% Perfect
|||| 12D_Ilnll_ 300_||||_ = E;'HL'"
401 - [ ] |
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M. Thomson

Slide: F. Richard at International Linear Collider — A worldwide event
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W Ciob DRD Calo - Mission DRD Calo
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* The DRD-on-Calorimetry develops calorimeter concepts required for future high-energy physics experiments.

* The DRD-on-Calorimetry shares the development of tools and infrastructure of common
interest among the different projects.

* Electromagnetic and hadronic calorimeters are developed in a unified approach.

* The DRD-on-Calorimetry carries out test beam campaigns with prototypes of different sizes.
* The maturity of a concept will have to be demonstrated with full-scale prototypes.

* The Collaboration organises the task sharing between the prototype projects, to benefit from synergies
between them and maximise the use of common infrastructures, building blocks and frameworks, as well as
simulation code and data samples.

* |t also aims at enabling common test beams with electromagnetic and hadronic calorimeters.

Seminar RPTU — July 2025 13



W Cop From Proposal to Reality DRD Calo
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DRD 6: Calorimetry

Proposal Team for DRD-on-Calorim

e * Proposal: CERN-DRDC-2024-004; DRDC-P-DRDG6: http://cds.cern.ch/record/2886494

Martin Aleksa', Etiennette Auffray', David Barney!, James Bra Sarah Eno®,
Roberto Ferrari?, Gabriella Gaudio?, Alberto Gola®, Adrian Irles®, Imard Laktineh?,
Mareo Lucchini®, Nicolas Morange”, Watarn Ootani'® | Mare-André Ple
Philipp Roloff?, Felix Sefkow!'?, Frank Simon' Tommaso Tabarelli de F
Taille™, Hwidong Yoo'® (Editors)

r'! Roman Péschl®
is®, Christophe de la

LCERN, Geneva, SWITZERLAND

Wniversity of Oregon, Eugene, OR USA
3niversity of Maryland, Collage Park, MD USA
| ITAL

TALY

il * Proposal defines 40 Milestones (MS) and 39 deliverables (D)
* MS and D are resource loaded

Contents
1 Introduction 3
2 Organisation of the DRD-on-Calorimetry 3
2.1 Scientific organisation . . ... oL oLl e 4
2 R L P — 5
221 Executivebodies . ... ............. P 6
L] L] L] L ] L]
3 Work Package 1: Sandwich calorimeters with fully embedded electronies i .
31  Deseription . e enm e NS e s 7
32 Activities and objectives o e - ]
321 Task 1.1: Highly pixelised electromagnetic section 8
3.22 Task 1.2: Hadronic section with optical tiles . . . . . . ... .. .. 2 [ ]
3.23 Task 1.3 Hadronic section with gaseous readout 1n ‘ ’W Cal I ‘ ’ a ‘ E
33 Short-term applications 11
4 Work Package 2: Liguified Noble Gas Calorimeters 11
Al TISCEDEION. .o mzoon e me e e s e s G N e wganiag ey | NEE
42 Objectived . . v v oo o i v ia e ias s Noawe e aidie sy M
5 Work Package 3: Optical calorimeters 15 " u u L] L]
* Revision kicked-off at recent Collaboration Meetir 1J
3 Task 3.3: Hadronic sampling calorimeters . . . . . .. .. faaa e 17
4 Task 34 Materlals . . . . ... ... .. oo L oo ol oo n ol 18
5.3 Milestones and bles ... ... .. i i i i 19
54 Short-term applicalions . . . . . ... 19
6 Work Package 4: Electronics and readout 21
6.1 Deseription B B . B . B . B o B B .2
6.2 Ohjectives _ - - B - B - B - o - - 21

T Working Groups
7.1 Photodetectors . . . . .. 0oL o e
7.2 Testbeam plans, facilities and infrastrocture . 0 000000000000 L L

7.2.1 Thoughts on facilities and infrastructures

7.3 Detector physics, simulations, algorithms and software tools

Data models and data man:
DAQ software . . . ..o .
Simulation . ... .

Particle flow algorithms . . . . . .. . .
Machine learning approach . . . . . . .

7.4  Industrial connection and technological transfer

7.5 Mechanies and Imtegration . . . .. .. ... o oL 0oL e 26
& Interconnections with other DRDs 26
9 Conclusion 26
A Institute list 27
B Contact persons to other DRDs 32
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W) CLb DRD Calo in a nutshell DRD Calo
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* Calorimeters are key devices in each future HEP Experiments
* Collaboration comprises 128 institutes from 28 countries
* Scientific programme organised around four Work Packages

Sandwich calorimeters Liquid Noble Gas
With embedded electronics Calorimeters Optical Calorimeters Front end electronics
Charged :' g
Hadrons
o [N s ™% e M
~ | Hadron Readout
= electrode

* Coherence ensured by five working groups

* Recent highlight software tutorial
Seminar RPTU — July 2025 15



"’JCLab DRD Calo — Who and where we are DRD Calo
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W Cuob Collaboration Meeting(s) DRD Calo
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3 Collaboration Meeting at IJCLab Orsay (April 2025) 4% Collaboration Meeting at Ancona (Sept. 2025)

7

oration meeting

1-4 April 2025
Auditorium

Iréne Joliot-Curie R ) e - ; T RN e B 1
Building 100 5 Sane Sy o a4 , o W g

ha meeting

Interdipartimental
Crystal Research & Analysis Center

Faculty of Engineering 26'"-19*" September-wy

o P ) Lt (B | 3
: : .'

— ‘5‘ y
Lo/ =S el >

DRD6 Collaboration Meeting in Ancoha

https://indico.ijclab.in2p3.fr/event/11400/ https://indico.cern.ch/event/1551941/
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Charged :'
Hadrons

. |Neutral
~|Hadron

* Imaging calorimeters live on the high
separation power for Particle Flow

* One calorimeter - Subdivided into
electromagnetic and hadronic sections

[ System aspects

Larger prototypes demonstrating system-

embedded electronics
n—nh._‘_.-ﬂ'-—_

FE Electronics (incl. ASICs), data flow,
control, trigger and general back-end
solutions

N ———

g e
3 R S .ﬂ__-___'“_'__,f

Electronic, mechanical, thermal integration

level aspects of the technology - incl. fully

\
i_

L links to transversal
2 activities, possibly DRD7

Work Package 1 in a nutshell

N

DRD6 Work
Package 1

‘\

* Challenges:

F
]
M ;
I
i

DRD Calo

Sensor aspects
Development of calorimeter-specific
sensors and materials

Test and performance studies of mdmduali

,.-3 elements / cells

-...._ e it e
R e g e AT

:, links to transversal
activities, other
DRDs

f’#m““'“*--. E I T H_.,..----u
E. Overall system optimization

Simulation studies to establish main
performance criteria with system
relevance, including timing, granularity,
compactness and TDAQ concepts
W

&
’a
|
|

e B
i A —

* High pixelisation, 41 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)

Seminar RPTU — July 2025
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‘UCLab Work Package 1 - Tasks DRD Calo
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Task/Subtask Sensitive Material/ Absorber DRDT

Task 1.1: Highly pixelised electromagnetic section

Subtask 1.1.1: SIW-ECAL Silicon/ Tungsten 6.2
Elm. Subtask 1.1.2: Highly compact calo Solid state (Si or GaAs)/Tungsten 6.2
sections Subtask 1.1.3: DECAL CMOS MAPS/Tungsten 6.2, 6.3

Subtask 1.1.4: Sc-Ecal Scintillating plastic strips/Tungsten 6.2

Task 1.2: Hadronic section with optical tiles

Subtask 1.2.1: AHCAL Scintillating plastic tiles/Steel 6.2
Hadronic Subtask 1.2.2: ScintGlassHCAL Heavy glass tiles/Steel 6.2

sections Task 1.3: Hadronic section with gaseous readout

Subtask 1.3.1: T-SDHCAL Resistive Plate Chambers/Steel 6.2
Subtask 1.3.2: MPGD-HCAL Multipattern Gas Detectors/Steel 6.2, 6.3
Subtask 1.3.3: ADRIANOS3 Resistive Plate Chambers+Scintillating 6.1, 6.2, 6.3

plastic tiles/ Heavy Glass



W) Cuob WP1 - Subtask 1.1.1 and 1.1.2 — SiW ECAL and AHCAL DRD Calo
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Common testbeam March 2025 at DESY SiW ECAL Modules - Performance
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(Almost) no noisy cells Clear S/N Separation

Layer 1, Chip 12, Memory None, Channel 13

104 3
Gaussian Fit for Pedestal
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Landau Fit for Signal
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¥ Cub WP1 — Subtask 1.1.2 — Highly Compact Calo DRD Calo
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Longstanding R&D for forward calorimeters LUXE

BeamCal LumicCal * Realisation of compact mechanical structures
* Sensor R&D

' Silicon (CALICE) |
Array of 5.5x5.5 mm2 |
Thickness 500um
10uwm between pads

p+ on n substrate
Produced by Hamamatsu

D i
Applied to LUXE (DESY Experiment, extreme QED)

electron - laser set up ()

Compton
photon

. € beam
e*e par  dump
gamma - laser set up (b)

% magnet
L magnet 9
}w

~ Galli
, et e o O 7
ar = &
.'_ —— - Yan Benhammou (DRD Calo Meeting April 202 B
, A u A '

; e beam )
converter ;
target dump e* & paif Seminar RPTU — July 2025
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£
= 30
=,
i
>

Clusters

18.2%
V EIGeY

P 27%

10

43 99 Data Sim.
: e 31% & %
g
X | | o

Hits
Clusters
Param.

Major challenges

» Development of dedicated sensor

WP1 - Subtask 1.1.3 - DECAL

» Local dynamic range: optimise granularity and bit depth

DRD Calo

» Power consumption, rate capabilities, data reduction, radiation, trigger capability(?), timing(?)

* Integration: preserve compactness for small Rm

» Cooling, cabling, etc.

.___I____,,__,__L_! ﬁ

:ﬂu_ﬂ o=

Laynut of SLAC prntntype
for WP1.2 2022

shared submission

on TowerSemi 65nm
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W) Cub WP1 — Subtask 1.1.4 — ScCECAL DRD Calo
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scintillator PCB eScW-ECAL technological prototype
' o Full layers (32 layers)
e Detection layer of 210x225mm< with 210 scintillator-strips
« 30 layers with single SiPM readout
2 layers with double SiPM readout
» Absarber plate (3.2mm-thick 15%-85% Cu-W alloy)

« Total material thickness 23.4 X,
eBeam test campaign at CERN in 2022/2023 (combined test with CEPC-AHCAL)

40GeV e- energy deposition for each layer
350 —

Red: simulation

3r:u:|§
- Violet: data

Energy [MeV]

| ‘Bliy
250

200/
150 |

1005
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®Cu WP1 — Subtask 1.3.2 — MPGD-HCCAL
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DRD Calo

«— MESH (bulk technique)

"~ Pilars
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e e |
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Sem
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HCAL prototype ~ 1 A, (8 active layers) tested under pion beam at PS
Data taking based on analog FE (APV25 + SRS)

Runs at different - energy (up to 11 GeV)

* Two TB campaigns: August 2023, July 2024

* Data analysis ongoing

* Developed G4 simulation for comparison with TB prototype
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®Cu WP2 — Overview DRD Calo

Laboratoire de Physique
des 2 Infinis

* Focused on R&D on noble-liquid calorimetry

* Main target on foreseeable future: sampling EM calorimeter for e+e- factories - one of key features of
“ALLEGRO" detector concept for FCC-ee (https://allegro.web.cern.ch/)

* highly granular calorimeter with absorber 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)

PCB (readout)
Current main focus of
Hardware development

........

2160 2170 2180 2190 2200 2210 2220
Radius (mm)

Readout
electrode

barrel endcap
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https://allegro.web.cern.ch/

"’).c%’b WP2 - R&D on readout electrode DRD Calo

Laboratoire de Physique
s 2 Infinis

» Signal traversing under other cells induces cross-talk Readout electrode prototypes
(x-talk) that worsens resolution e

» Can be mitigated by sandwiching signal traces

between grounded shields*
» Trade-off between x-talk and electronics noise
® Shields reduce x-talk but increase capacitance to
ground and hence noise d
» |n latest prototype PCBs baseline is 2x width shields above " ;
and below each signal trace g :
® Various other configurations being tested also i

~——— Signal pick-up

swwm— Cround shield

B ———— Signal extraction

: '_':_::- +— Ground shield

- Signal pick-up

Rt =0 Higll V()]t&g{t R e s e e e e o e e S SR B S !
11CAI 1 \I

A A RR] 1 W uun_y e\JJ 20

J. Pekkanen, DRD Calo Meeting, April 2025 *For details see httos://in2p3.hal.science/in2p3-04914287v1/document



https://indico.ijclab.in2p3.fr/event/11400/contributions/37662/attachments/25403/37350/wp2_electronics_juska_v0.pdf
https://in2p3.hal.science/in2p3-04914287v1/document

®Cu WP2 — R&D on Mechanics DRD Calo

Laboratoire de Physique

des 2 Infinis
"\_ ; r’)‘”‘-“a-" fﬂ'd de mﬂr—cp-u OWC)
" External ri S ™
— Extorogl rig o
e fmm l'm 5 i e
Internal ring g
i £ Tl

Cryostat rai

Maria Soledad Molina Gonzalez
Carbon composite cryostat

ATLAS ecal layout o - - «—— Directly connected

< - — — = Dependency

L WIRES AND COLD

ELECTRONICS

Tooling for
the prototype ABSORBERS

Pierre Karst (ST2410245 01)

INTERNAL RINGS

Absorber
Stainless steel Fiberglass
0.10 mm 1 8 mm Lead 0.05mm

External rings

Spacers will be pins,

W 3D printed mesh or
SIS paper honeycomb, as

AN in ATLAS experiment

Absorber cold test Internal rina ) LULETIGEIE N hitps://cernbox.cern.ch/s/10Ww7zzxiBODV7L
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S

F. A. Zarate, DRD Calo Collaboration Meeting


https://indico.ijclab.in2p3.fr/event/11400/contributions/37663/attachments/25400/37387/ALLEGRO_ECAL_20250403_DRD6_WP2_Mechanics.pdf

hASE: Work Package 3 — Overview DRD Calo

Laboratoire de Physique
des 2 Infinis

® |nvolvement from ~70 institutes working on 11 different projects
e The goal: explore, optimise and demonstrate with full shower-containment prototypes, new concepts of

sampling and homogeneous calorimeters based on scintillating materials

" Homogeneous EM Sampling EM RADICAL Sampling EM/HM

14 mm
HGCCAL pesian Design 2 = | | DRCAL
Crystal bars SiPM  FE+PCB > 5 ﬂ li ‘..
. W (2.5 mm) 3 I e |
- LYSO (1.5 mm) " =
i Quartz capillary
Monitoring fiber
Incident SiPM
particles
MAXICC e
W scintillator === mirror
S i = absorber s light guide
front back
—p» Beam direction GRANITA
e T X e L, : Light detector with ﬁuantun’a ;
= f. -_':'- ":‘.- .s-\g,., -# ~ - ':::ﬂ“i‘_-“‘.‘q Sensor
S i L P L i b e gAY :
A e I’ P ™ )
- 4 e - - - . — — — —
i'""“‘- g 8t A e g5 i B , it
S T, by S R e iy, | 1 emitter/a
.= {' -0 o= ":,_"—r" — :'.'__:""i".‘_-. w, g —e 1 1 bsorber
T T D e S T |_| []
e - — - - A - ~.
Active scintillating structure
Active veto for external radiation
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hASE: Work Package 3 — ScintCal Subtask DRD Calo

Laboratoire de Physique
es 2 Infinis

Common scintillating materials between projects

DRCal
CryoDBD Cherenkov
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W CLb Work Package 3 — Comparison of optical materials DRD Calo

Laboratoire de Physique
des 2 Infinis

#
¢ 4
HND-S2
L Bi',‘418 -

Plastic Scintillator Glass Scintillator Crystal Scintillator
Large density Large density Large density
High light yield High light yield High light yield
Energy resolution Energy resolution Energy resolution
Low cost Low cost Low cost
Fast decay Fast decay Fast decay
Large size Large size Large size

S. Qian, DRD Calo Meeting April 2025 Seminar RPTU — July 2025 30


https://indico.cern.ch/event/1531732/contributions/6445160/attachments/3042693/5375403/DRD6-WP1-GS%20progress.pdf
https://indico.cern.ch/event/1531732/contributions/6445160/attachments/3042693/5375403/DRD6-WP1-GS%20progress.pdf

®Cu WP3 — Subtask 3.1.1 - HGCCAL DRD Calo

Laboratoire de Physique

des 2 Infinis
e Crystal bars arranged in a grid structure ¥y - T separation for 5 GeV y and ™
o Optimal EM resolution; 2-3%/VE 100[ wremanstmma || esaesad |
o Fine segmentation for particle flow algorithms o 80F ]
e Some of 2024 highlights £ ':
o Well on track for (not only) 2024 milestones and deliverables £ " f
o A full HGCCAL physics prototype developed and tested 20;1 Postion eficiency ]
o New PFA reconstruction software for the long-bar design -
ot =
0'12;_ § 0.0253— Truth + Beam spread + Digi —f
0.15— 0_023_ —E
0.08— = i
0.063— 0'015;_ —;
004E 5 GeV muons oo #1841 GeV electrons -
0-02;— 0.005[- & -
- 900 1000 1100 1200 1300
Esum [MeV]
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®Cu WP3 — Subtask 3.1.3 — CRILIN DRD Calo

Laboratoire de Physique
des 2 Infinis

e A CRystal calorimeter with Longitudinal InformatioN for the future Muon Collider

o EM calorimeter: semi-homogeneous based on Lead-Fluorite (PbF2) crystals and SiPMs
e Targets EM resolution: 5-10%/~E

o Limited by beam induced background (BIB) and SiPM noise (due to radiation damage)
e First prototypes tested in beam tests

e Some of 2024 highlights
o Optimised number of crystals and layers using Geant4 simulations

o Work ongoing towards a large scale prototype
m Completion may be delayed due to delays in the funding

3. 2:"IT"I"‘I"'I"'["‘l"‘l"'l"’l"'l"': — - - =
= 1.8F %2/ ndf 4149/5 ) 9 cm
% 1 6:_ Prob 0.5282 I
.6F a 1473 +5249
° q4FE b 6.331 £0.4271 - X6 Layer
-] c 0.2855 +0.05538 -->25 X0
1‘25 = 1x1x4cm3
1;_ E = 4 ccx 25eur ~ 100eur
0.85— E 61 cry x 6 layers
0.6 = = 366 crystals (120 eur/each+VAT)
040 _a b — ~ 50keuro
028 E ECECC E \
A TR S U (NN TN TN T [N SN TN T (N TN NN T AN T TN SN NN TN SN [N T SN S (N T SO SN A U N NN N . .
0 20 40 60 80 100 120 140 160 180 200 publication
E [GeV]
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https://ieeexplore.ieee.org/document/10431739

WCus

Iréne Joliot-Curie

WP3 - Subtask 3.1.4 — OREO

L. Bandiera, V.V.Haurylavets, V. Tikhomirov NIM A 936 (2019),p.124-126
L. Bandiera et al.,

M. Soldani et al.

Laboratoire de Physique
des 2 Infinis

OREO joined DRD Calo during 2024

e Idea: Use oriented crystals
o The input photon or electron/positron showers can fully
develop in a much shorter depth with respect to the
current state-of-the-art detectors, with the same light
yield
e Some of 2024 highlights

o Two layer PWO-UF prototype fully assembled
o First experimental tests at CERN and data analysis

, arXiv:2404.12016v1

DRD Calo

Front. Phys. 2023 11:1254020. doi: 10.338R/pkhy.2023.1254020

(sim.) energy deposit, Egep [GeV]

1100

6 GeV electrons @ T9 PS

120 GeV electrons @ H4 SPS

:: 0.12] [—1 Random
0 5] 10 15 20 25 30 r [ Axial
! I =] T T T § k& g [ & & ¢ 1000 . = £0.10 E
103 + exp. random e % @
exp. on axis = ‘Et B ; 0.08 g
— 102 ‘g‘ . S 5006/ 5
3 : = £ 0.0a] 2
5 10! E N \‘ﬂ\ . 2 Q
5[.5 e \\ 0.02]
10°%F ___ im. random ": “ 4.6X sam le . - 0.00™ : : ' |
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=== Slm. on axis 'f ‘I ek j ~10000 -5000 [ 5000 10000 Energy deposit [GeV]
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(exp.) SiPM PH, Egep [ADC]
Alessia Selmi

The crystals are well inter-aligned! [lb

--------------------------------------------------------
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©Cu WP3 — Subtask 3.2.1 — GRAINITA DRD Calo

Laboratoire de Physique
des 2 Infinis
I

Typical sampling calorimeters: Crystal calorimeters :
o 10%—-15% og  1%—-2%

E \/E \ E '\/E
Shashlyk-type calorimeter /
ERE N EE

Requirements:
| | * fine sampling
] .' * scintillation light locally contained

\ / Main components :

, * Scintillating grains(e.g. ZnWO,)
i * WLS fibers

¢ Heavy liquid

i

Y Y
o o |
" L & 8 g e b b 2 o
5 s & 5 & 5 = & &8 & &
(s L .
z X X
xo = xo =
£ g
Y ¥ Y ¥
L b i b il |
b b o o m L b o o w L b o o L b 5 o w
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F = = P
x o S xo 5 xo Z xo =
] = 3 @
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Testbeam:

w w ry
2 3 8

Light is
confined to
fibre regions

Inspired by LiquidO (Commun. Phys. 4, 273 (2021))
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¥)Cub WP3 — Subtask 3.2.2 — SpaCal DRD Calo

Laboratoire de Physique
des 2 Infinis

arxiv:2205.02500

e Sampling EM calorimeter: scintillating fibres inserted in a high-density
absorber material

o Tunable energy resolution and time resolution of O(10-20)
picoseconds

e Some of 2024 highlights
o Tested prototypes with tungsten and lead absorbers

immmsm——— | ead absorber
| T <% piece (new!) |

o Time resolution better than 20 ps for high-energy electron beams

Energy Resolution (DESY & SPS, R14755U-100) Time resolution vs energy - SCSF-78 (blue) fibres
w 01— - 2 A —e— R11187
w = B §  DESY |l - Measurements = -
B DA o I —m— R9B80U
E B sPS  -Measurements % sol 7
D_DQE e Fit to the measurements g Bl S * R14755U
= | 10%1 0 1% £ - —¥— R7600U
- ' = MC Simulations - 20 error band
E L Constant Term: 0.011271 +/- 0.000147 H f(E) — a/\/E e b
om :_ :‘ ................................................................... s e s
0.05 :._ .l“ . SR SNSRI Ee e RESIE R IseaIEsdRBaAREseEsseas 0.03 £ L SN R R L SN B NS TR A e — i . ;
004
0_035_. R \.,‘\-.‘ ................................................................................................. 40 ‘ Fu" Ray‘[racing
= —— e 20t .
P I B IS B S - - Hybnd MC
0 20 40 60 80 100 |
LHCb TDR 24 Beam Energy [GeV] 00 " 1012 1014 L 10161 0,8.1 Ll 1 I .‘zlxzz x :I.t4|.1 x1..:6; T 1.1:3; == 2
' ' ' ' " time from pfiniary emission [ns]

20 30 40 50 60 70 80 90 100 35
Energy (GeV)
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https://arxiv.org/pdf/2205.02500

WCus

Iréne Joliot-Curie

Laboratoire de Physique
des 2 Infinis

WP3 - Subtask 3.2.3 — RADICAL

https://doi.org/10.1016/j.n

DRD Calo

iIma.2024.169737

. i i i | St | B
e Shashlik-type: crystal plates, tungsten plates, quartz capillaries with WLS .
material | 1 -
o Uses the scintillation and Cherenkov light ‘| fe
o Compact EM calorimeter with fast-timing MEL .
e Some of 2024 highlights A
o Prototypes successfully measured at beam tests al -
o Tested different wavelength shifters for timing measurements at | =
shower max
| :I]‘- ..SI:.:: .3-1;:J 25
100
W (2.5 mm) —— Downstream 4500] —— 29.4 mV/GeV .
LYSO (1.5 mm) 901 —+— Upstream ¢ Best Estimator
/ Quartz capillary - B BestPlus 4000 PP
Monitoring fiber 4 BestPlus-MCP =~ 2
= 70 —— (DW-UP)2 E 2348
-% _ —=— BestMinus g 3000 i~
E £ 2000
F 40 7 »
1500
30
Randy Ruchti f:’p::::,:l:;:g::::mm 20> 40 60 80 100 120 140 2'{}‘ 40 60 80 100 120 140 36
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https://doi.org/10.1016/j.nima.2024.169737

..b),.c}cab Subtask 3.3.1: Dual Readout Calorimeter — The principle DRD Calo

Laboratoire de Physique
des 2 Infinis

# The Dual-readout concept: do not spoil em resolution to get e/h=1 but measure femevent by event — eliminate
effects of fluctuations in ferw on calorimeter performance

# Use 2 different sampling processes: Cherenkov light (produced by relativistic particles and dominated by the e.m.
shower component) and scintillation light production (for the total deposited energy):

l - -
140 i sfi . 1 S—»C
100 GeV C/S=1 C =FE f ¥ - 4 Univers
20[- [(eakage corr) _ff"‘ (em)f( f‘"")_ ~ e ¥ wiid!
E 100} | I 1 ]
=0) S =E o 1-
e, ) - (h/e),
z | < : with: J = 1—(h
& s . e.g. if: (e/h) = 1.3(S) vs 4.7(C) —(h/e)
o 40 P i C/S=0.5
O ok 3 i G £ +021(1-f. ) 115 mdf:pen;l:E:Ht of both:
e s~ _ - nergy
203650 "% 100 120 140 f‘;"’ +0.771 f”") * Type of hadron

Scintillator signal



©Cu WP3 — Subtask 3.1.2 — MAXICC DRD Calo

Laboratoire de Physique
des 2 Infinis

® Homogeneous EM calorimeter based on 10 GeV photon (green) conversion to electron (red)

segmented crystals with dual-readout
o High density scintillating crystals with good
cherenkov yield
o Promise 3%/E + DR capability

e Some of 2024 highlights
o Implementation in key4hep gearing up

o R&D to optimize dual-readout in scintillating
crystals using optical filters and SiPM progressing
well thanks to successful beam tests in 2024

CERN TB crew in H6 last week

P [ er10Gey, S
[ e+ eV, F :
o048 ac', 18 .. Front S SiPM
- ¥ ik ) - Rear S SiPM
0.47F /\ \ g 16« RearC SiPM
2 © C Sum (S front + S rear
0.46[ 4 cﬂé 1A4: S ( 1 : )
C r_./‘ \q' e 1 2 L : W—- i ;
0.45 > E 1 : :
T TR - S IR
£ ‘/I - R —
0.44 c
0.43¢ \ ® f /
i / \.\ 5 osf
0.42F% S oaf
Y o Y4
E e B I
0.41F- 0.2f
0 20 40 60 80 100 120 140 160 180 0% 40 e 8 100
Marco Lucchini angle [deqg] Beam energy [GeV]
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"’J.C%’b Dual readout calorimetry — Building Blocks DRD Calo

Laboratoire de Physique
des 2 Infinis

Cherenkov fibres

Scintillating fibres

Prototype development

®First step “electromagnetic prototype” 10x10x100cm?

sssatsssseenRRl

B occosssesnsose ® Qualification of

sssEeeaNteRReRed
S SRR RRReS
sesnesndeliessRe
sntBadBalanene e
YILIAEIT A EE L LA L

sesssdtdsnnsnane
asssstBetRRssRep
secsassaBrRReRRY
seseRRERARRARIREN
aaaaaa sRssanenas

(AR I TR A L LR 0

® Assembly procedure

ssasessdnRREaREN

® Readout systems

...............
(A R R AR TSR RERNNY
+ ! - "

Fast signals Slow signals

M4 MO M5

EMI M2 M3

Dual Readout 2023 test beam e’

%0.055:"""'“'"""""""'
P U(E] 15. Wo@1 1% * E
0.05F nfE] L E Electromagnetic energy resolution
0.045[ E E Taceb iy S In beam test
ifils 0.04_'— v
035 = 1
Dual readout to capture 00022_; PEPRPTIT S W % _ 5E% o 1.1%
. . R 3 _1'@_
Electromagnetic and hadronic - E
components of shower GiiaE. Preliminary - TB2023 -3

_ 01 015 02 025 03 035
Seminar - 39
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‘Uc“’b Dual readout calorimetry — Towards large prototype

Laboratoire de Physique
des 2 Infinis

Prototype with hadronic containment

®65x65x200 cm3
®17 modules in total

olEWE

®15 low granular (LG) modules equipped with PMTs

®2 central high granular modules equipped with SiPMs

Seminar RPTU — July 2025
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¥)Cub Intermezzo Catching f.. with Machine Learning - WIP  DRD Calo

Laboratoire de Physique
des 2 Infinis

Calos
ala
WP1

pi+ 149094GeV | © pi+_149.094GeV

Dual Branch 3D CNN ECAL Energy
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HCAL input
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Laboratoire de Physique

des 2 Infinis

108

T [ns]

Quantum Dots

e Traditionally crystal - fully absorbing calorimetry - has obtained the best energy resolution

O Highest refractive index O Lowest refractive index

Marco Lucchini
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gquantum well

e Huge range of possibilities through quantum engineering of materials

Seminar RPTU — July 2025
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DRD Calo
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M. Demarteau, DRD Calo Meeting
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https://indico.cern.ch/event/1449522/contributions/6203504/attachments/2959608/5205074/20241031-DRD5-for-DRD6.pdf

hASE: Quantum Dot Crystal Calorimetry DRD Calo

Laboratoire de Physique
des 2 Infinis

e T o
o— |5
()
g
g
o
e~ (100 GeV) n " (100 GeV) e & T (100 GeV)
: :
# L Chromatic Calorimetry
Agellow) C Agdiew) T EEes From: Devanshi Arora, CALOR’24
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https://indico.cern.ch/event/1471891/contributions/6276953/

©Cu WP4 — Electronics and DAQ DRD Calo

Laboratoire de Physique
des 2 Infinis

H2GCROC for the endcap CALOROC for EIC
calorimeter — Phase Il

Same ASIC structure (floorplan)
Same ADC and TDC
Same readout

6M of Silicon channels
(+ 240k of SiPM)

Radhard (200 Mrad)
Low Power (15 mW per chn)
Precise timing (25 ps)

Common interfaces

Total of 150k ASICs needed

HEP trend => imaging calorimetr
Pre-prod this year BING Y

. High number of channels
. Charge and precise timing (<100 ps)
J Low power + System-On-Chip

Based on H2GCROC, CALOROC will provide a versatile and low-power
solution for SiPM readout

C. de la Taille, DRD Calo Meeting Seminar RPTU — July 2025 44


https://indico.cern.ch/event/1449522/

b IASE WP4 — From pp -> eA, pp DRD Calo

Laboratoire de Physique
des 2 Infinis

 No more LVL1 : data streaming => auto-trigger and zero-suppress
— very interesting for future DRD6 readout ASICs !

Analog! Mixed | Digtal L1A |Fast commands|l@— Analog! Mixed | Digital NxL1A Fast commands [<—
| I + i port - | | i port ——
] | I ] [
»D—lb ADC o = ’I>_|‘MT" R
= | | A Data | 2 _ | A Daa | 2
-DD—1>M_3C—IF%—I-RAM‘I.—FM—F ks [ *D—@Tﬁg ™M™ B ™
- - | E Wil . I E—
| | = I | =
— ADC 3 : , — ADC/TDC {i{ —
DI e ] i
> A el —{ >—p{aDcToch |
I I Slow control [« | | Slow control [
I | port (RO - | 1 port (RO -
4 )
- Each event passing the threshold is readout
- Auto-trigger with N “samples” (1 to 7)
- Can be exercised with present HGCROC (multiple L1A- Example with N = 5
triggers)
\. J) — % Trigger
(Time) ~ —
DRD6 WP4 30 odt!202423 B,
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https://indico.cern.ch/event/1449522/

hASE: Working Groups DRD Calo

Our (DRD6) definition:
transversal activities needed by all the sub-tasks in the DRDG6 collaboration
* Avoid duplications (=> Save time and money)
* Share experience (=> Progress faster and better)
* Built the collaboration (=> connect people from different groups, projects, institutes)

* WGs are established progressively

Seminar RPTU — July 2025 46




"’JCLab Working Groups — Software DRD Calo

Laboratoire de Physique
des 2 Infinis

Data Acquisition and Monitoring Data/Event Processing (key4hep)

=sots osdag@FNAL Your favorite “F T T
Calo Prototype(s) Detector Geometry: DD4hep ]

j Event Data Model EDM4hepL

Analysis

struction

Vertexin

C++ PYWJ Overlay g
Re a I Digitization \ Jet Clusterlpg
Tracking | | Flavor Tagging )
- =

Physics output

Exploitation:
Pattern recognition, s/w compensation

From ®xperiments to geant-val, a winding road G4

Use training data with known labels

i
(often from Monte Carlo simulation) = T HCAL
: i ‘ Clusters T
—I N L f
H . = o
Learn to predict: . O -
y - f 0 x) ‘ i 1 5.". '-"’ oton
& 4
icle-fi <
Cpaoton | 4 ;
observable features truth label predicted energy
such as kinematics, (e.g. true energy)
tracks,...
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"’JCLBb Software — Co-design for detectors DRD Calo
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Shower xy profile, t= 1 [ns]
ECAL HCAL

—2000

= 1500

|

1000

From static pictures 500
. >
to movies .

=500

-1000

-1500

_2{]00 I Il Il | | 1 | | I Il 1 1 I Il | | I 1 | | I 1 1 1 I | | | I | | Il I 1
1800 2000 2200 2400 2600 2800 3000 3200 3400

y, [mm]

Y. Padniuk, Master student
Technical University of
Kiyv

Raw reconstruction (raw signals to energy deposition) : NN on FPGA (hls4dml), GPU
Al in pattern recognition with timing as additional variable
Jet tagging, particle identification

Event identification

Data Quality Monitoring

David Rousseau + R.P.
Seminar RPTU — July 2025 48



WCus

Iréne Joliot-Curie

Laboratoire de Physique
des 2 Infinis

Software — Co-design for detectors DRD Calo

What does it mean in practice?

It means creating a full
parametric model of the
detector, plugglng in a

Detector parameters x

surrogate model of the X2 X + A dU/dx
physics, and a differentiable Utility evaluation and
model of the data derivatives dU/dx

reconstruction and inference
extraction

Then you can Physics surrogate
model

Reconstruction and
inference

_ following the
gradient of the utility function
— like in a NN

Dumbed down version of an optimization pipeline

Tommaso Dorigo, DRD Calo Meeting, April 2025
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".DJCLab Working Groups — Testbeams ... DRD Calo

Iréne Jollot Curie

Labor de Physique
d2|f ysiqu

Overall Planning

Generic Equipment and Tools

=

u Your favorite

Calo Prototype(s)

\\-

i

* Many items are common to
all projects

* Common coordination will
streamline beam test
programme
Seminar RPTU — July 2025




©Cu WG on Photodetectors - Kick-off DRD Calo
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WG2 - Photodetectors
March 2025 Survey — Common topics

Detector technologies: SiPMs are listed in most answers, but several groups are also working with PMTs and
MCP-PMT or on all technologies

Segmentation: pixels size down to?

Standard characterization methods and how to compare photodetectors: in particular, linearity, timing
PDE, radiation tolerance. Relevant topics: standardization, readout for low-gain detectors, VUV setup
availability.

Radiation tolerance: in certain applications - which levels?

Readout of photodetectors: several readout options, usually ASICs, are employed. Are they optimal? How to
choose between them?

Analog vs. Digital output: pros/cons?

Integration, packaging: what are the challenges / opportunities for the integration of sensor and readout and
for packaging, especially for large photon-sensitive areas? Light filter in package.

Scale-up and cost comparison: in volumes. Uniformity, reliability. COTS vs. custom technologies.

A. Gola, DRD Calo Meeting April 2025 Seminar RPTU — July 2025 51
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WG on Mechanics (?)

—
: '-Y..’ ‘ D, . Heat conduction from ECal sensor to cold plate Cooling
DECAL

Heatmap(K) - Duty cycle = 0.005

T-SDHCAL

Previous studies were performed on HARDROC (full regime) showed efficient heat absorption

. = — —— o] Using water circulating in cooper tubes in contact with the ASICs

E:fg z ST m' i = ILC % =10 We need to re do the studies with the new ASICs and the mechanical structure in mind

@ = E

T 140 E- o

E V ch'ﬂ" =
S 135 Flage =

=130 1

125 . . . . cm)
-60 -40 -20 0 20 40 60

* Dauty cycle - 0.07% (C3/CLIC) - AT ~ 0.5 -2 K

« Duty cycle - 0.5% (ILC) -AT~4-16K

+ Without power pulsing temperature blows up and needs active cooling

+ such as for FCC/CEPC

SIiD Digital ECal J: Brau - 31 October 2024

T

S —

AL B
TR pretea e e

|

Connections ? _

“Standart Slab™:

* B ASU (1440mm), 8192 ch/ 128 ASICs
* 128 W (TW/ASIC ~16 mW /ch)
Active cooling:

SiIW-ECAL

* Hollowed Cu of 4mm, with 1-/min of water @ 15°C
Adiabatic, but for heat bridge at the end

AT =12°C on Waler surface at I = =

* Could be used to kick-off WG5

Seminar RPTU — July 2025

:
- " . = B
> ==
- UTA, SLAC
e A ‘White DRDG October. 20

* Cooling seems to be a common topic for many projects (here WP1 but also relevant for WP3)

Study by UTA

undergraduates

DRD Calo
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¥ Cub Cross Talk DRD Calo
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DRDS5 talk at DRD Calo Meeting
Link Persons to other DRD

DRD2 DRD3 '
Liquid Detectors Solid State Det. DRDS5 for DRD6
l M. Artuso N. Watson Marcel Demarteau
Michael Doser

October 31, 2024

Contact: |.Laktineh

DRD7 talk at DRD Calo Meeting

A. Gola E'A”ﬁra:/ F-Simﬂﬂ\ K. Kriiger L
DRD7 Overview |l IT

" DRD4 DRD8
-Det. and PiD Mechanics}_/’

DRD6 Collaboration Meeting
Orsay, France 04/2025

Frank Simon

Karlsruhe Institute of Technology
Institute for Data Processing and Electronics

on behalf of the DRD7 Collaboration
https://drd7 .web.cemn.ch
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©Cu Conclusions DRD Calo
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* DRD-on-Calorimetry pursues strategic R&D for calorimeters for future colliders
* Partially new efforts, partially capitalising on existing activities

* Scientific Programme has started
* All four work packages fully active
* First deliverables either completed or in sight
* Working Groups are about being formed

* The main goal is that everyone feels the added value of being member of the DRD
* Great importance to mutual support to realise R&D goals
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"’),Clcab Current structure DRD Calo
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Chair: R. Ferrari

MANAGEMENT:

R.P., Deputies: M.C. Fouz, M.A. Pleier

Chair: W. Chair: G.
Qotani Gaudio

WORK WORK PACKAGE 1

PACKAGES:
Coord.: L. Masetti Coord.: N. Morange Coord.: M. Mlynarikova
Dep.: A. Irles. Dep.: M. Lucchini

Seminar RPTU — July 2025 56

NORK PACKAGE 2
ok . WORK PACKAGE 3 WORK PACKAGE 4
Lipuifeed MNobile Gas

Diptcal calormaars
calonmaters - -

Elsctiromnecs arnd D)

Coord.: C. de la Taille

WORKING
GROUPS:

Coord.: B. Francois,
L. Pezzotti




"’J,Clcab WP1 - Intermezzo — Adapting granular calos to continous r/oOpRD Calo

L boratoire de Physique
2I f

l’ _________ \ 1-6in{ ————— N upto "' _____ \ Sock: TH

: 36 ASIC | series | [ DIF ] : 48/96 | [ LDA ] , 44— Clock, Trigger,...
i i g

il S . Power | 14—/ <

I x4 :—>] — I DAQ

‘,__ HBU / '\ Interface !/ | Concentration »

e A carrier card for the Phase-2 upgrade of the CMS
experiment at the LHC at CERN.

e High throughput data processing (acting as a data
engine) up to 3 Tb/s with 128 (up to 192) 25 Gb/s links

e |pGBT provides I2C (3 I12C masters), GPIOs, ADCs,
DAC:s to tileboards.

e Versatile Link Development Board (VLDB), IpGBT and

VTRx+ on VLDB+
The DIF module will need to be redesigned to

Concentration communicate with Serenity.

& PIpGBT eLinks
mini HDMI)|

VLDB board for design new DIF

Kmodule

Frank Simon, DRD Calo Meeting April 2025 Seminar RPTU — July 2025 57



https://indico.cern.ch/event/1531732/contributions/6445161/attachments/3042779/5375797/DRD6-AHCALReadout.pdf

W) Cub WP1 — Subtask 1.3.1 — T-SDHCAL DRD Calo
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SDHCAL prototype was completed in 2011
and exposed to beam particles
at CERN PS, SPSin 2012, 2015, 2017,2018 and 2022

ct:

» Replacing the RPC with MRPC. Low resistive materials could be used to increase the
rate (Low resistivity glass, PEEK doped with Carbon Nanoparticles)

- We need to study how many gaps are needed to reach 100 ps taking into account
the cost on the cassette thickness.

» Replacing the HARDROC ASIC with a new ASIC

- We started with PETIROC as a first step but we will go for CALOROC in the near
future.

» Developing a cooling system.
The cooling system should not add too much dead zone. Could we use it with the
present SDHCAL mechanical with limited efforts?

-> we have done already some studies on this topic
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®Cu WP3 — Subtask 3.3.2 — TileCal DRD Calo
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Henric Wilkens

e High-granularity version of ATLAS TileCal hadronic calorimeter

o 5mm steel absorber plates alternating with 3mm scintillators
o SiPM readout through WLS

o Part of ALLEGRO — close collaboration with WP2

e Some of 2024 highlights
o Exploration of new scintillator materials
o Optimisation of WLS and SiPMs for readout efficiency
o Mechanical studies of the testbeam module
m First period of master and filler plate produced

EEEENENEE




WC Scintillating Materials — Glasses around the world DRD Calo

Laboratoire de Physique
des 2 Infinis

Development in Caltech/Calvision Main R&D Topic Light Yield
4.0
‘ Laboratory-fabricated sample produced in 2015
. 35 Valerii Dormenev — —
-
o 3.0
= 2.5 BGS glass industrially produced at Preciosa in 2019
)
:’ 2.0 Sample produced by Schott in 2021
Eﬂ 1.5 -—H
—_ 1o - N ) e e e PWO @RT
05 DSB (sample without Gd loading), 2014
0.0
0 1000 2000 3000 4000 5000
Integration time / ns
71 Density>6.0 g/cm? 7
/ LY>1000 ph/MeV i
E. Auffray IS e
. O Le VehpFiuore s Ced¥*glasseq
Sen Qian =, ® CERN ¥
. * GS Group
DRD Calo Meeting -+ » e
April 2025
44 - 4
3 ' . ; .Toh.okul ng . : . : .
0 1500 3000 4500 6000 7500
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©Cu WP4 — Electronics and DAQ DRD Calo
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CALOROC is a 36 chip to read out SiPMs for EIC calorimetry
— Streaming readout

— will pave the way for DRD6

* 2 variants

— CALOROC1A : conservative « a la H2GCROC » (SiPM)

— CALOROC1B : innovative « a la SPIROC » with auto-gain

» Study of a possible variant « a la HGCROC » for Si and LAr

* R&D proposal by ADRIANOS collaboration to develop R/O with CALOROC and FPGA concentrator (to be followed up)

C. de la Taille, DRD Calo Meeting
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‘Uc“’b Testbeam Facilities DRD Calo
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Testbeams at CERN in 2025

Task | Name | TB-AREA | Detail | Prototype Dates
. 8layer 20x20
* Test beam dedicated area 13.2 MPGD-HCAL |PS 710 cmA2 + 4 layer | 15-29.10
50x50 cmA2
* Resource optimisation
. 4 tile 4x4x1
* Both HW and SW setting up 3.1.1 HGCCAL PS To cmA3 + few 26.6- 8.7

layers 3x3 tiles

* Starting from CERN NA

* Discussion starting with SPS coordinator

. 5 (B, MAXICC SPS H6 full EM proto 17-30.9

3x3x2 crystal
prototype: final 7-13.5 and

* extend to other facilities? 1.5 GEHLIN SES i mechanics and 17-23.9
SiPM RO
* Test beam request organization S Cr
3.1.4 OREO SPS H4 st o 6-19.8
* coordinating requests among different projects PMT
I iliti LYSO:Ce and
and different facilities e e
. . 323 RADICAL SPS H6 DSB1, 10-16.9
* => find needed time for anyone LUAG:Ce and
flavonol WLS

* exploit synergies

. 3fib 6-19.8 d
* combined ECAL+HCAL performance 3.3.1 DRCAL SPS He S rolotysos 24,9710

To this adds testbeams at DESY, KEK, FNAL and other localtions
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®Cob Future Facilities and DRDT for Calorimetry
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Q
@f ék
g <§§
B
> & S
&2 & 2 &
G? @'Ob '3? “g ] \’.‘l.:'d o (‘?
& Sy o & SN
P eSS 80 F o g 9 S5S
CQG'Q?%;@ SRR VRN & QO& QUQ@
<2030 2030-2035 2035-2040 2040-2045 >2045

2030- 2035-
2035 2040

<2030

DRDT 6.1 Develop radiation-hard calorimeters with enhanced electromagnetic =~ ===
energy and timing resolution

for optimised use of particle flow methods

DRDT 6.3 Develop calorimeters for extreme radiation, rate and pile-up
environments

DRDT 6.2 Develop high-granular calorimeters with multi-dimensional readout e e )

ﬁ

DRD Calo

> 2045

* The Detector R&D Themes and the provisional time scale of facilities set high-level boundary conditions

* See backup slides for detailed R&D tasks
Seminar RPTU — July 2025
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hASE: WP3 — Projects DRD Calo
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Project Scintillator /WLS Photodetector DRDTs Target N
Task 3.1: Homogeneous and quasi-homogeneous EM calorimeters ’
HGCCAL BGO, LYSO SiPMs 6.1, 6.2 ete”

MAXICC PWO, BGO, BSO SiPMs 6.1, 6.2 eTe”

Crilin PbF,, PWO-UF SiPMs 6.2, 6.3 i

Task 3.2: Innovative Sampling EM calorimeters

GRAINITA Z/nWO,, BGO SiPMs 6.1, 6.2 ete”

SpaCal GAGG, organic MCD-PMTs,SiPMs 6.1, 6.3 e"e” /hh

RADICAL LYSO, LuAG SiPMs 6.1, 6.2, 6.3 eTe” /hh

Task 3.3: (EM+)Hadronic sampling calorimeters

DRCal PMMA, plastic SiPMs, MCP 6.2 eTe”

TileCal PEN, PET SiPMs 6.2, 6.3 eTe” /hh

Task 3.4: Materials

ScintCal - - 6.1,6.2,6.3 eTe /u p /hh
CryoDBD Cal TeO, ZnSe, LiMoO n.a. - DBD experiments

NaMoO, ZnMoO
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"’J,Cgab Collaboration Meetings 2024 DRD Calo
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e Ot _ 11t of April 2024 at CERN * 30" of October - 1*t of November 2024 at CERN
* https://indico.cern.ch/event/1368231/overview * https://indico.cern.ch/event/1449522/
* 133 participants, 67 on-site * 184 participants, 54 on-site
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Organised by Brieuc and Lorenzo during last collaboration meeting Detector implementation with DD4HEP

simplecalo1

48 Customer Portal 4 Red Hat && Red Hat Products D... 4 Red Hat Enterprise ... 4& Red Hat Developer ... »
b @® B 5 » B GL drawing

Z | search Q

Description Visi.. C.. Mat.. Calo
v @ world_volur - Air

v calovol 0 7 2 Air
> calotayen 7 o Ar CaloLayer
> calolayen 7 I Ar
> CaloLayenr [ V- Air
> CaloLayen [ V- Air
> CaloLayen 7 u- Air
> calotayern 7 S Ar
> calotayen 7 o Ar
> calotayen 17 o ~r sorid_volume 1/CaloVc oLayerVol 16/
;2“ > Calolayenn [ V- A?r tl S
ég‘ > calotayer 7 S Ar
2:5 > calotayen 7 I Ar
é:: > CaloLayen [ v- Air
= > calotayen 7 o A
é‘ > calotayen 7 o Ar
= > calotayen 7 HER Ar
§ > CaloLayen [ V- Air
= > CaloLayenn |, v- Air g
, > caoiayen 1 oI Ar e SensitiveLayer
> CaloLayer\ ™, _,- Air
5 > calosyen | 71 N v AbsorberLayer
simplecalo2
4 Customer Portal & Red Hat & Red Hat Products D... <@ Red Hat Enterprise ... & Red Hat Developer .. »
b @ s P % GL drawing
= | Search Q
Description Visi... Mat.
v world_volu - Air
v Calovol_0 w N Air
> CaloLaye - Air
> calotaye 17 . Ar
> calotaye 5 - Ar
v calotaye 1y [ Ar
AbsLa! Brass
v sensti 7 R Ar
Cell 1 Silic...
Cell wj Silic..
cel 7 Rk Silic.
cel 7 Silic... olume_1/CaloVol_0/CaloLayerVol_0/Se:
Cell 1 Rk Silic.
Cell [ Silic.
Cell [ Silic.
Cell [y Silic.
Cell [ Silic
Cell [ Silic.
Cell [ Silic.
Cell [ Silic.
Cell [ Silic.
Cell [ Silic.
Cell [ Silic. .
Cell silic... H
| siic.. A single cell
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THE 2021 ECFA DETECTOR
RESEARCH AND DEVELOPMENT ROADMAP

The Eurapean Committes for Future Accelerators
Detector RED Roadmap Process Group

) ‘ ECFA
European Strateqy, Furapean Commites
Upaate for Future bzl eratnrs

Explorin
thep :

Quantum
Universe

- DRD implements and/or connects to
strategies in Europe, US and Asian
Countries

- Interlink with US programme see next
pages

The bigger picture

Pathways to Innovation
and Discovery
in Partlcle PhyS|cs
Report Project Prioritization Pan

Seminar RPTU — July 2025

DRD Calo
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hASE: Requirements for calorimetry at future colliders DRD Calo
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e*e” colliders Radiation _ HL-LHC

tolerance

Precision physics benefits from
exploiting the best possible
energy and time resolution

FCC-hh

Setting the toughest challenge
on radiation tolerance

Energy and pileup conditions
resolution

Very high energy
{longitudinal
containment)

Strong interaction

*u” collid
experiments (e.g. EIC) U Y colliaers

High beam induced background

Requiring the highest energy Low energy Time and radiation levels, need for
resolution for low energy photons resolution ambitious time resolution
& granularity

Inspired from hitps./indico.cern.ch/event394685/

M. T. Lucchini, 1t Calo Community Meeting Seminar RPTU — July 2025 68



"’),Clcab Categories of R&D DRD Calo
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Technology Innovation = Incremental Process

1. Strategic R&D via DRD Collaborations m

(long-term strategic R&D lines) =
(address the high-priority items defined in the Roadmap " e

Components

via the DRDTSs) —
2. Experiment-specific R&D | + "' MEP Application Proot ot
(with very well defined detector specifications) m . _Perfofmance Potential
(funded outside of DRD programme, via experiments, Pocwsoed A Prototoes
usually not yet covered within the projected budgets for ¢ Enaiceningprofof incil
the final deliverables ) ——
3. "Blue-sky” R&D agllity ? P
(competitive, short-term responsive grants, nationally —
0 rganiEEd } Integration Commissioning
AlDAinnova Physics
Transitions Blue-sky — Strategic — Specific expected ke T 24 il 89
Cross-fertilisation desired ° > 1o o

F. Sefkow, CALICE Meeting and ECFA Higgs/top/EW Factory Meeting
Seminar RPTU — July 2025 69



‘U.thab Calorimetry- Identified Key Technologies and R&D Tasks pRD Calo
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i ) (?G. = - &
. . iy 24 oA g}ﬁ f{ﬁ
* Key technologies and requirements are Fi86 5‘3@?%@ gﬁﬁf F&s
. . g . F& 3 4 & ¥
Identlfled In ECFA Roadmap DRDT < 1030 2050-2035 e Z080-2045% . >2045
* Si based Calorimeters Low pows 6263 eccgee oo
. Noble Liauid Calorimet i e S ssssse8 oo
oble Liquid Calorimeters i, bl eescees -
* Calorimeters based on gas detectors i mem 6263 c00 o0 o
» Scintillating tiles and strips - e & eoese E
. . prerre e Low nolse 616263
* Crystal based high-resolution Ecals Acanced mechanics 616263 @ S 8 o00 o
. Ern. regatution Q535 616263 & ]
* Fibre based dual readout i PR gt (0 6265 ¢ T Q2 %% o
detectars High rate capabiity 6263 200 &
| | e s e 3838 8°% 8
* R&D should in particular enable e P phtcssectrs 6 s
° . . . . High u LA '. . .
Precision timing - :I.En;f%?f?%?m E“ ®o o o ! e
° Rad|at|0n hardneSS WIthg.Erea::autquH 6263 ° [ ] : [ ] 8 =
ey | °
readout Timéing far z positon b2
* R&D Tasks are grouped into e ‘2 o0 o0 o
« Must happen R e b e o4 32
US pp m Upt;:lﬂ‘ﬁ'n“:E:NQ 5.1:6.2 e @ L ] L ] &8 L0 La *®
¢ Important Excellent EM :;:au;JM :fﬁz [ ] e
energy reselution
[ ]
.Mmuuppm af main physics goals cannot be met 0 Imnportent o meet seversl physics goals Desirable b enhance physics reach ) RED needs being met

* Already met
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WP1 - Subtask 1.2.2 — ScintGlassHCAL

DRD Calo

- L] - -
- -
; T Glass scintillator R&D: Light yield
Upper cover: 2 mm
PCB+ASIC chips: 3.2 mm b
Scintillator cell: 3.2 mm CERN Muon-beam (10 GeV muon) DESY Electron-beam (5 GeV electron) IHEP Cosmic Muon (3 GeV muon)
o Bottom cover: 2 mm 11 glass tiles tested at CERN (2023/5) 9 glass tiles tested at DESY (2023/10) 4 glass tiles tested at ITHEP (2024/4 )
- CALME-CERC cakorimetesr prototypes Py Ewarnits
mm Baam pariclas - —  S—
Fe Absorber: 16.8 mm ) *‘NR
£ . Glmss Tiley | £ ' € ambens Uwiggare
Sampling fraction ~ 1.6% N . 1 ! T
" tel ool Tabde .-’-'
(e-TB,MC) S ——
GS-AHCAL 5”'_ e : Juf
T+ | Upper cover: 2 mm st - MI L
| B BN : ol i
R pca+ASIC chips: 3.2 mm - . . “t [
TR o At e e | A i = ul N8
27.2 Seintillator cell: 10.2 mm : Il l l | l![
mm m: I ' "' f '.I.'II T,
Bottom cover: 2 mm =f- : E : . / x-"“!d....-_,_-._-_-u, s
k: - . = AS0 VOUUE U FUUN VDI FOUOR 00 T0vet oo vl AR+ B ™
Fe Absorber: 9.8 mm B i Ll £ SRR SR R
v Sampling fraction ~ 31% (MC) » Typical Light Yield: ¥ Typical Light Yield:

# Typical Light Yield:
500 — 600 ph/MeV
» Typical MIP response:

600 — 700 ph/MeV
¥ Typical MIP response:
70 - 80 p.e/MIP

500 — 700 ph/MeV
»# Typical MIP response:

.......

GS-HCAL performance simulation

-
* Key parameters to energy resolution are studied: light yield, threshold, Birks
constant, attenuation length.

a0y By, :i-i'ﬁﬁ-:u W e % 2 Tresh, 6 o 55 A 4 i
ad T ettt R et
E i _1_ A4--|-:a=lfllli’—"; T b, e "'l i ::;gm:::m::'f::'}- ;lsﬁ:-h
'l':" * £ I B =03, -'J-'.‘GI-‘u-HH- fml-w-wrl
; LS iy i T e * Plan in next years: follow DRD6 and CEPC Ref-Det TDR timeline.
e, S * 2024 - 2025: detector design and optimization, 4x4x1 cm? tile R&D, SiPM and electronics

performance test
* 2026 - 2027: prototype construction and test.

PR PRETEN BTSSR 1 i i
% W02 a0 M &
Incident particle enargy [Gay]
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®Cob WP1 — Subtask 1.3.3 - MPGD-HCCAL DRD Calo
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1 Cerenkov radiator: 3x3x2 cm?® lead-glass tiles Presentation in April
Since then: funding

(typical size)

2 Scintillator component: 3x3x 0.5 cm?® TS N N L
scintillating tiles (typical size)

2 Neutron component: 10x10x1 cm?® doped RPC

- Tiles readout: on-tile sipm

- RPC readout: pads

mmmmmannnns

NEEIEIEIEIEIEIEEIEIE D
BB EBEEEEEEE
le[elo[e]als]ala[s]a]s]9]

elelefaja[als|a]a]a|alol

[ele]elalslo[a]o]a]alalad

Seminar RPTU — July 2025

72



pASE: Novel optical materials DRD Calo
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®Radiation hard optical materials with
ultrafast tlmlng response are reCIUired for | GlasstoPower development on quantum materials
new detectors in HEP, nuclear medicine and |
iIndustry

® A time resolution below 30 ps or even in the
sub ps domain requires a better understanding
of the fast signal production mechanisms in
detection materials

®|nnovative test suites required for the combinatio
of fast timing and radiation tolerance will be y //// R\
developed for the characterisation and e ) . _
classification of materials

® Scalable and cost effective production techniques for the novel
materials have to be explored together with the industrial partners
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