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Overview

e CALOR 2026 at Santa Fe, New Mexico, five-day conference between June 1st and June 5th: https://
indico.cern.ch/event/1572594/contributions/

> The 21st CALOR conference, now held every two years, with the first one @Fermilab in 1990

> Around 70 participants, 17 sessions, including 45 talks + 7 posters

> Each day has a focus: current experiments (Monday), preparation for HL-LHC (Tuesday), calorimeters @ future colliders
(Wednesday), generic R&D (Thursday), and future calorimetry (Friday)
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Current Calorimeters @ LHC

* Three examples:

> ATLAS TileCal by T. Davidek.

>

>

- Steel + scintillator sampling calorimeter for HCAL, barrel

CMS ECAL by B. Hirosky

- Crystal ECAL, barrel and endcap

CMS HF by E. Glilmez

- Steel + quartz-fiber Cherenkov calorimeter, forward region

* Focus on the experience and performance from the current
experiments, and projections for HL-LHC:

>

Excellent efficiency (>99%) during Run-3 data taking

Combined calibration from radiation source, laser, minimum-
biased events, and/or charge injection system

Stable performance across different years during Run-3

Expect good performance at HL-LHC (after upgrade)
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Upgrade Calorimeters for HL-LHC
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Upgrade Calorimeters for HL-LHC
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Upgrade Calorimeters for HL-LHC
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e ALICE Forward Calorimeter (FoCal) by H. Kano

» New forward calorimeter: high-granularity Si+W sampling

calorimeter for ECAL, and scintillating fiber + Cu + SiPM
spaghetti HCAL

> Test beam results confirmed good performance; mass
production and final reviews ongoing

e LHCDb SpaCal (ECAL) by M. Salomoni

> In LS3, center part of ECAL becomes spaghetti calorimeters

(SpaCal): scintillating fibers + W/Pb, single-sided readout

> Energy resolution 6(E)/E = 11.0 %/\/Z_Z P 1.2 %and
timing resolution of 20ps above 40GeV

e LHCb PicoCal (LS4 Upgrade Il) by A. Bordelius

» SpaCal-W plastic fibers replaced with crystal (GAGG)
fibers; double-sided readout and timing information with
new electronics

SpaCal (double-sided readout)

1 scintillator
I obsorber

[ mirror
1 light guide

B==—

=P

front

back

Time Resolution [ps]

Time resolution (DESY Il & SPS North Area)

100

90 E; ......................................................... — DESY - Front .....
- —a— DESY - Back

BO [ —— DESY - Weighted Average |~

70 i ....................................................... —e— SPS-Front |
E —=— SPS - Back

60 :_ ......................................................... SPS _ Weighted Average .....

50 :_ ..........................................................................................................
- LHCb-TDR-024

40 :___ .......................................................................................................

30 E_ .................................................................................................................................................
- £

20 :___.,.........._.___,__ U U LU S U - P ——— o
= 20 ps

10 :_ .................................................... ' .......................... A PSR . RTTTER - ......

otk | L 1 Lo 0 1

0 20 40 60 80 100

Beam Energy [GeV]


https://indico.cern.ch/event/1572594/contributions/7078789/
https://indico.cern.ch/event/1572594/contributions/7052968/
https://indico.cern.ch/event/1572594/contributions/7052970/

Calorimeters @ ePIC/EIC

ePIC Longitudinally-segmented Forward
HCAL (LFHCAL) by E. Pottebaum

» Steel + scintillator, SiPM-on-tile

> Prototypes assembled; beam tests in 2025
and 2026. Preparation for the final design
review

ePIC Barrel Imaging Calorimeter (BIC) by B.
Kim

> Pb+SciFi sampling calorimeter with two-
sided SiPM readout + AstroPix MAPS
imaging layers

> Pb+SciFi and AstroPix performance
demonstrated; more beam tests planned for
the final design review

Electron Endcap EMCal
e -3.5<n<-1.7

* 0.05-18 GeV ,
* PbWO4 crystals

* Scattered electron

Negative HCal
e -4<n<-1.2
* U, neutral detection;

improved jet energy reco
* Similar design to LFHCal

Electromagnetic Hadronic
Calorimeters Calorimeters

Hadron Endcap EMCal
¢ 1.4<n<3.7
* 0.1-100 GeV

detection

—

* Tungsten powder +
scintillating fibers (SPACAI

* e,y detection; hadronic
final state char.; M0, y

Barrel HCal

* Inl<1.1

» Steel + scintillator;
upcycled from sPHENIX

* U, neutral detection;
improved jet energy reco
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Calorimeters @ Future Colliders
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Calorimeters @ Future Colliders

e Dual-readout calorimeters (by A. Pareti, K. Lee, G.
Cummings, Y. Feng, W. Jin)

> Crystal ECAL + fiber HCAL

>

>

ECAL: testing different crystals; waveform analysis
for ECAL to separate C vs S

HCAL: testing absorbers, fibers, and readout; also
exploring timing information

e Algorithms:

>

5D calorimetry information for particle flow:
particle ID, software compensation, reduced
confusion, jet energy resolution and identification

5D calorimetry and PF by R. Poeschl

¥ vs photon separation by Y. Lee
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More R&D —
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e CRILIN @ ¢"¢™ colliders by R. Gargiulo

> Crystal+SiPMs, ~20ps timing
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Beyond Colliders

e ECAL @ Mu2e experiment by |. Crescimbeni

> Csl crystal + SiPM readout
> Used for PID, seeded track finder, and trigger

> System installed and first results look good: expect <100ps timing
resolution and ~6% energy resolution at 100MeV

e High-granularity pointing ECAL @ SHIP by S. Ritter

» Sampling ECAL: plastic scintillator strips + lead absorber + SiPM readout

> Need excellent pointing resolution to reconstruct the decay vertex of
neutral particles

Few TeV electron Few TeV proton HPL HPLs
e HERD calorimeter by P. Betti

> LYSO crystals + photodiodes on the _
China Space Station (~2029), for i
high energy cosmic rays (High F
Energy cosmic Radiation Detection)

1
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Collaborations and Interactions

 DRDCalo meeting, and overview and highlights of DRDCalo

TASK FORCE for the RENEWAL Process
Update of the ESPP implementation of th for 2027-2029 period
Road Map in place

12.2023 2029

2020 09.2022 12.2026

ECFA R&D Roadmap DRD6 ( DRDCalo) HIC SUNT LEONES
Implementation approved
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ree Z-Scans

WORK PACKAGE 1
WORK
D Sandwich calorimeters with
PAC KAG ES - fully embedded Electronics

N, =)\ e o )
! Y | : Sl calibration \:[,'/ wrement =
S AR L WORK PACKAGE 3 WORK PACKAGE 4 <ol " = :
Liquified Noble Gas : . e A =
e Optical calorimeters Electronics and DAQ 4 oy :
< ’.:.‘.‘. g j," y e ——
i -~ : iy . w 'i"i
Y : ’ ' | : p = -
— A o P : b SoSSS
"-.‘ ~tOe ‘ ‘. N YT NP . | LTI - " : ~ -7:-':.; |
- 4 \

et e e L

i

WORKING
GROUPS:

12



Summary

Run-3 is finishing

> LHC calorimeters stayed above 99% efficient, with aging effects measured and corrected at (sub)percent level

HL-LHC upgrades are in production

> ASICs are made, boards and modules are being built, and installation runs 2027-2029

ePIC for EIC is coming
> Forward SiPM-on-tile HCAL, barrel Pb/SciFi + MAPS imaging calorimeter

> Many synergies between NP and HEP, especially on detector/calorimeter

Calorimeters for future colliders and experiments are maturing

Timing is now a “standard” observable

> Per-hit timing information for clustering, and per-shower information for particle and higher-level reconstruction

Al/ML and new materials widen the design space

> GNN/CNN reconstruction, scintillating glass, oriented crystals, etc.
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