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)/ WP3: a variety of optical calorimeter concepts
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}/ Common scintillating materials between projects
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Overview of WP3 proposed calorimeter concepts

S
Project Scintillator/WLS Photodetector DRDTs Target
Task 3.1: Homopeneous and quasi-homoggneous EM calorimeters
HGCCAL BGO, LYSO SiPMs 6.1, 6.2 ete”
MAXICC PWO, BGO, BSO SiPMs 6.1,6.2 ete”
Crilin PbFy, PWO-UF SiPMs 62,63 e
Task 3.2: Innovdtive Sampling EM calorinjeters
GRAINITA Z/mWOy4, BGO SiPMs 6.1, 6.2 Ter
SpaCal GAGG, organic MCP-PMT's,SiPMs 6.1, 6.3 ete” /hh
RADiICAL LYSO, LuAG SiPMs 6:1,6:2,16.3 ete” /hh
Task 3.3: (EM-+)Hadronic sampling calorijneters
DRCal PMMA, plastic SiPMs, MCP 6.2 ete”
TileCal PEN, PET SiPMs 6.2 6.3 ete” /hh
Task 3.4: Materjals
ScintCal - - 6.1,6.2,63 eTe /uTp~/hh
CryoDBD Cal TeO, ZnSe, LiMoO n.a. - DBD experiments

NaMoO, ZnMoO

BGO, ZznW0,, CdWO,
Plastic scint.
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All based on inorganic or organic scintillators



N Main Requirements

~

e Fast and radiation-hard organic and inorganic scintillators:

SPACAL, RADICAL, CRILIN, TICAL

+ any calorimeter based on scintillators in high radiation environment
* Radiation-hard wavelength shifters

RADICAL, TICAL,

+ any calorimeter using wavelength shifters in high radiation environment
* Dense

MAXICC, HGCCAL, GRANITA; CryoDBDcal
* Exploitation Scintillation and Cherenkov

MAXICC, DRCal
* Cost-effective inorganic scintillators:

MAXICC, CRILIN; HGCCAL, GRANITA, Radical, SPACAL, CryoDBDcal
* Ultrafast inorganic scintillators for ultrafast calorimetry

=> Common R&D between calorimeter projects and ScintCAL subtask
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y Ongoing Development

S
 R&D on garnet materials: YAG, LUAG, GAGG, LUGAGG, GYAG, etc.. O
—> Accelerate decay time and preserving radiation hardness @(’}9 &
<
B S
* R&D on exploitation Cherenkov in scintillating materials \Qd“oAaoQ
* Improve transmission in UV QAQV&’/
* Investigation of the readout of both signal L QQS)
¥ 4
/4
 R&D on crossluminescence for fast timing calorimeter and time tagger_| meV"QS
N c&e\|e\o(;5_\‘e
* R&D on radiation hard plastic a@\OYe (\(\a(\ocomp(s
Synergy with DRD4-WP5 => need to work together Wi -\(\{\\\a"o

R&D on radiation hard wavelength shifters

e R&D of scintillating glasses or Ceramics
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CRYSTAL

y Acceleration of GAGG emission AIDA -
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@\ Acceleration of GAGG emission
Heavy co-doping Ce3*/Mg?*

\ Fyzi kélni ﬂsEav . .
(9.; FZU &0z, First results obtained by Crytur Company
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Measured by FZU, M. Nikl

No slow component, decay time below 10ns!
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)/ Exploitation of Cherenkov/scintillation o
7~ in intrinsic scintillating crystals e

Decay time spectra of BSO under 511 keV excitation
BGO and BSO

e without & with filters
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y Mixed Material: BGO-BSO (Bi4(GeXSi1-x)3012 ) R&D CRi

~l

TNISMN

Light yield versus Ge fraction Effective decay Time versus Ge fraction ~ Coincidence time resolution @511Kev
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BSO (BGSO) may be a good candidate for Dual Readout:
Better transmission in UV than PWO and BGO (higher Cherenkov among),
better Light Yield than PWO and faster thanBGO
R&D on production on going

R. Cala et al, NIMA, A 1032 (2022) 166527
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)/ Exploitation of Cherenkov/scintillation oot
7~ in intrinsic scintillating crystals -
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CRYSTAL

y Crossluminescence material '

S BaF, emisison spectra CLEAR
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y Crossluminescence recent Developments
R&D to shift the emission in UV Visible

Emission spectra
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Data for BaF, from M. Laval et al., NIM Phys. Res., 206 (1983) 169-176
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Development of Fast Ceramics

Novel Lu,0;:Yb Ceramics
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Lu,O5:Yb ceramic of 9.4 g/cc shows an ultrafast decay time of 1.1 ns by Am-241

with negligible slow component observed in integrated light output measurement
11/30/2023 Presented by Ren-Yuan Zhu, Caltech, in RMD Inc., Boston
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M Development on Scintillating Glasses

Sl

* Since some years new developments on glasses within different projects (eg ATTRACT project, EIC R&D)
* Oxyde and Fluoro glasses

* Attempt to increase the density and the radiation hardness Fluorophosphate AFO glasses
* Progress in production scale Timing resolution with mip
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V. Dormenv et al, NIMA, 1015, 2022, 165762
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Development on Scintillating Glasses
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y R&D for Organic Scintillators

S Polyethylene Naphtalate(PEN)
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A. Quaranta et al. NIM B, 268, Issue 19, 2010, Pages 3155-3159
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https://www.sciencedirect.com/journal/nuclear-instruments-and-methods-in-physics-research-section-b-beam-interactions-with-materials-and-atoms/vol/268/issue/19
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j/ R&D on Wavelength Shifters

S
Some examples of studied wavelength shifters in RADICAL subtask

Example Scintillator Material Candidate Matched Wavelength Shifter
(wavelength, type) (wavelength, type)

LYSO:Ce (420nm) inorganic crystal DSB1 (495nm) organic filament

LYSO:Ce (420nm) inorganic crystal LuAG:Ce (510nm) ceramic filament
LUAG: Ce (510 nm) crystal, ceramic Quantum Dots (580nm) glass or ceramic
LUAG:Pr (310 nm) crystal, ceramic pTP (350nm) organic filament
CeF5(330nm) crystal pTP (350nm) organic filament
CeF;(330nm) crystal Flavonols (530-560nm) organic filament
Lu,03:Yb (370nm) ceramic Flavonols (530-560nm) organic filament
BaF,:Y (220nm, fast component) crystal TBD

E. Auffray, 10/04/2024 19




Y Conclusion

~

* Many developments on scintillators are ongoing
=> Need input/requirements from all the subtasks to direct the research

e Common family of materials planned to be used by various subtasks
=> Need to mutualise the effort R&D on these materials

 Need multidisciplinary expertise
e Crystal growth, material, scintillation, instrumentation

* Synergy with other DRDs
—> DRD4 for radiation hard plastic scintillators
—> DRD5 for nanomaterials
— Need to communicate and work together

E. Auffray, 10/04/2024 20




