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WP3

Scintillator based sampling

calorimeters (EM/HAD)

Dual Readout Fiber Calorimeter
for Higgs Factories

R&D on Spaghetti (EM) Calorimeter
technologies for LHCb Upgrade Il, Higgs
factories, FCC-hh

Fast-timing, ultracompact, radiation
hard, EM calorimetry (RADICAL)
for FCC-hh

High sampling fraction EM calorimeter
with crystal grains (GRAINITA) for FCC-ee

Scintillating Tile HCAL
for FCC-hh, FCC-ee

: optical calorimeter detectors

Homogeneous EM crystal Large mass cryogenic

calorimeters calorimeters

Maximum Information Crystal
Calorimeter for Higgs Factories
(MAXICC)
Large mass cryogenic
High Granularity Crystal Calorimeter for calorimeters
Higgs Factories for neutrinoless double
(HGCCAL) beta decay

Fast, sesgmented Crystal calorimeter for
Muon Collider (CRILIN)

Oriented Crystal Calorimetry
(OREOQ)

Courtesy M. Lucchini
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WP3: optical calorimetry tasks

Scintillator based sampling
calorimeters (EM/HAD)

Homogeneous EM crystal
calorimeters

Large mass cryogenic
calorimeters

Dual Readout Fiber Calorimeter
for Higgs Factories Maximum Information Crystal

Calariknatar fAr Uiame Cartarine

ScintCal: Scintillator materials for future calorimeters :
transversal activity through WP3

Muon Collider (CRILIN)
High sampling fraction EM calorimeter

with crystal grains (GRAINITA) for FCC-ee Oriented Crystal Calorimetry
(OREOQ)
Scintillating Tile HCAL
for FCC-hh, FCC-ee
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Common scintillating materials between projects

DRCal
CryoDBD Cherenkov
'(eO’L Cd\NOA
Ty s
MaxICC 24, %, SPACAL
CRILIN & 6)6\ 2 JQ; \
< % D O Granita S %
6,0 5 \ Garnets
& &
,b&
NS LWAG <
OREO o A

=> Common R&D between calorimeter projects and ScintCAL subtask
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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
+ any homogenous calorimeter

e Exploitation Scintillation and Cherenkov
MAXICC, DRCal

* Cost-effective inorganic scintillators:
MAXICC, CRILIN; HGCCAL, GRANITA, Radical, SPACAL, CryoDBDcal
e Ultrafast inorganic scintillators for ultrafast calorimetry

E. Auffray, 03/04/2025 5



Participants

22 participated instititutes

China:

IHEP

Czech Republic:

Institute of Physics of the Czech Academy of Sciences (FZU), Czech technical University (CTU),

Estonia: Institute of Physics, University of Tartu (IPUT),

France:

ILM & IP2] - CNRS & University Claude Bernard Lyon1, Centre for Particle Physics of Marseille (imXgam) (CPPM)
CEA Saclay / IRFU,

Germany:

FH Aachen, Giessen University

India: TIFR Mumbai

Italy:

Universita Politecnica delle Marche, Ancona, University of Milano-Bicocca, INFN Perrugia

Lithuania Vilnius University

Ukraine: Institute for Scintillation Materials NAS of Ukraine

Turkey: Istanbul University

USA:

Caltech, University of lowa, University of Maryland, University of Notre Dame, University ORNL, University of Virginia
Switzerland: CERN
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Ongoing Development

Fast and radiation-hard organic and inorganic scintillators:
« R&D on fast garnet materials: YAG, LUAG, GAGG, LUGAGG, GYAG
—> Accelerate decay time and preserving radiation hardness
Application SPACAL, RADICAL
 R&D on radiation hard plastic (Low cost detector)
=> Synergy with DRD4-WP5
 R&D on wavelength shifters
RADICAL groups

R&D for dual readout: Cherenkov and scintillation: PWO, BSO, BGSO
Ultrafast inorganic scintillators for ultrafast calorimetry:

* Exploitation of crossluminescence, Cherenkov
Cost-effective scintillators:

* Plastic, glasses, Nanocomposite based on nanoscintillators, new crystal growth

technology
=> Synergy with DRD5 for nanoscintillators
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@) R&D ongoing on ultrafast garnet materials R&D ;!4

R&D to produce large-size and homogeneous Czochralski ingots &'mnEal %
3 lines of collaboration at CERN (Picocal & CCC collaboration, EP R&D) with:
« LHCb Chinese institutes and SiPAT
In Crystal Clear collaboration:
FZU and Crytur, Czech Republic
European project TWISMA including ILM, Lyon and ISMA, Kharkiv
=> Multiple crystal garnet compositions explored:
GAGG
e Several samples produced with Czochralski and u-PD technique
o Tuning composition to balance decay time and light yield
e Significant acceleration (decay 5 to 20 ns) achieved with homogeneity < 10% in the ingot
YAG
First samples produced accelerated to ~20 ns
e No Iridium crucible required
e Multiple dopings under test
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Development at FZU/CRYTUR
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In 2021: FZU demonstrated that ultra accelerated GAGG with 1ns 7.4 could be obtained

=> transfer to Crytur company
= In 2024 produced several ingots of 5/6cm
with T.¢ below 10ns
— 100 installed in TB SPACAL prototype Sept2024

T [m]

= Still tuning the composition
= Start production of longer ingot
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Light
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Vhehd [Phndey']

.Il'.li :-.-'
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Development @ISMA g I
@) Alternative to GAGG: YAG - ”

1 R&D
Correlation of 7.¢ and LO for YAG samples

YAG garnets:

alternative to GAGG w/ similar properties: 350001 ; : ® |
* Cheaper: Ir free crucible (Carbon) > 30000- ;,’Z ® S 5 §
. . . Q " S ":‘:,
® But slow scintillation (~ 100 ns) = ~ / ‘o ¥ - 3 B
e [ : L 2 25000+ / 0 ® g R
xploring combinations of dopants o 1 Y ) " g
2 20000 ¢ %o g8
Achieved YAG with accelerated scintillation k=) : : 8 s
Kinetics: 2 15000 : & =
inetics: 7.4 < 30ns > 1 * ) s3
o £ 10000- :5 E oraeeomd | BE
L_| - = g | n * 5 .Ce,Mg,Ca g8
= - 5000 : - Al ® YAG:CeMg,Ca £3
e i Lo ®l il [ Vhoces - ¥
= e U:F u ::5 % YAG,CeScCa .o

-2 = [=] G (S ) T T oy T T T T T

0 10 20 30 40 50 60 70 80

=
YAG2-2405 YAG3-2405 YAG4-2405
2%Ce 2,5%Ce 3%Ce

©: Courtesy of O. Sidletskiy (ISMA)

=> 100 Fibres with optimised
composition have been
0. Sidletskiy at SCINT2024 conference, July 2024, Milano recently produced

E. Auffray, 03/04/2025




R&D ongoing on crystal for dual readout

e Dual readout: exploitation Cherenkov and scintillation emission
* Need good Cherenkov emitter:
* Good transmission in UV
* High refraction index

* Need good separation scintillation/Cherenkov

* Investigation of heavy intrinsec scintillators:
* BGO, PWO, BGSO

E. Auffray, 03/04/2025 11




Measured BSO crystals bought in 2024 and 2025 from Siccas

SICCAS BSO characterisation @ INFN Perugia

e Worse transmittance in the 2025 samples and also higher cutoff wavelength
e Even for the 2024 batch, we see <50% transmittance for 15 cm in the 350-400 nm region (the
region for reading Cherenkov photons in DR)

2 £ & 8
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@) R&D ongoing on BSO/BGSO growth @ISMA ESRiAENS &VI

Transmission
Transmittance measurement - [$x 5% 2] mm’ BSO samples from ISMA - CERN (10/2023) E P R& D
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cea PWO scintillation properties study

Four PbWO, technologies available:
CRYTUR, Panda Il; SICCAS: CMS & Y Doped
EPIC: Undoped
Monte-Carlo Simulation (GATE-GEANT4)
Doped crystal yields + decay times
Doped crystals light yields ~ 330 g/MeV @

20°C N ... [, %

[ N ~

trast = 1.8 ns £ 0.1, tsiow =6.4+ 0.2 ns @ =1 i3 o —

20°C -.g | . x ¥ -3 0

n e 2 g

Undoped crystal é | N n W

Very slow component. tusiow = 20 £ 1. ns o ¥ Og [ =t

£ : . g o _ Q0

M. Follin et al, JINST 16 (2021) P08040, = ' L E

"Scintillating properties of today available lead I ———_ e —r—" =,
tungstate crystals” Tempaaten () Tomgerature ()

E. Auffray, 03/04/2025 14




CRYSTAL

~
B

Modelling the Cherenkov effect
for Anisotropic crystals

L’Ar_‘ AR

Some preliminary results:
* Extend the Frank and Tamm theory for Isotropic material to

Anisotropic crystals; polas plase
* Show that the electromagnetic wave is a combination of three I8 T2
orthogonal waves; \ g ‘P/v'k
* Combination depends on the particle direction with respectto & S\ =% *
the crystallographic axis; velocity ellpsoid ) B

* The Cherenkov cone is related to the characteristic velocity ___—
ellipsoid which is anisotropic for crystals like PWO;
* The Cherenkov angle is not unique and spans within a range; _0
* Multiple angle measurements allow for the particle direction v=|Q—-0| cosf. =
identification;
* The theory can be extend to account for the effects of residual
stress in the crystal;
* an example:PWO crystals.

See F. Davi presentation today
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CRYSTAL

e Development of cross luminescemce material in Tartu .
Z Q “LEAR
% [ _ ARy | 5 -
AR Development of advanced time-resolved luminescence
spectroscopy at FinEstBeAMS and FemtoMAX at MAX IV in
Band structure engineering Lund, Sweden, P23 and P66 beamlines at Petra Ill, DESY
Origin of fast emissions facilitating ultrafast emissions Photon Science, Hamburg, Germany with the time
. Y T T T e, resolution from 30 to 180 ps under excitation by VUV and X-
*r 6 569V~ (v) K3p — Ge 4p ] 1000 . 22222150“2:/ 3 ray p h Oton S °

0l 28eV

(i) K3p — Ge 4s
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J. Saaring, et al., J. Alloys Compd. 883 (2021) 160916.
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https://www.maxiv.lu.se/accelerators-beamlines/beamlines/finestbeams/staff/
https://www.maxiv.lu.se/accelerators-beamlines/beamlines/femtomax/

R&D on scintillating glasses

Development in Caltech/Calvision Development in Giessen with Schott company

Beam test results with marked high-
R energy photons
D srrrbbbtbabbbd b e @ MAMI June 2023
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: Cerium-doped Scintillating Glasses
THE

University  University of lowa, Istanbul Beykent University, Turkish Accelerator and Radiation Laboratory, Ankara, Turkey
OF lowa COE College, Cedar Rapids, Fairfield University, Fairfield, CT, USA

Measured at Clemson University- Optical Science Labs
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JUSTUS-LIEBIG-

ONVERSITAT R&D on organic scintillators at Giessen

GIESSEN ;
Set of films and bulk of polyethylene naphthalate 5 S L
(PEN) samples were tested 30x20x3 mm?3 PEN samples produced by injection molding in

the framework of R&D towards the LEGEND project (TU

_________________________________ 10 Munich, Germany)
80 27T eememssoey

90

70

60 T amee-

50 0.6

——Film 16 microns

40

——Film 100 microns

——Film 250 microns 0.4

= = -Bulk 3mm
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= = +Bulk 50mm 2
Luminescence (excitation at 325 nm)

30
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0.0 . .
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%OAK RIDGE

Narienal Laboratery

PEN-C

Thermoplastic

Scintillator with ~5500 ph/MeVee

Good VUV wavelength shifting
efficiency

Injection molded
Custom synthesis of PEN-G

for low background and scintillat:
applications

Improved wavelength shifting
Maintained scintillation

Future synthesis to produce
radiopure PEN-G

E. Auffray, 03/04/2025

Intensity [a.u.]

1.21

b
s

o
o

o
N

o
o

o
o

-

PEN-Cvs. PEN-G at RT
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PEN: Structural Scintillator for Low Bkg Applications

PEN-G 300 K—-87 K

—293-K
— 230K
— 200K
— 150K
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+(54  6)%
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(155 +13)%

Aexc =128 nm

Gdet - 4'5°

450 500
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PEN-C results published in Andreas Leonhardt et al 2024 JINST 19 C05020 [iopscience] 21


https://iopscience.iop.org/article/10.1088/1748-0221/19/05/C05020

JUSTUS-LIEBIG-

Toners™ Organic plastic scintillators produced by ISMA

5 types of plastic scintillator based on polystyrene : .
Optical transmittance spectra
were delivered by ISMA P P

—Blue

£

F

£ =

= —Green

S 4

H —Red

& 30

e
20
10 1 —Pure
0 - : : .

300 400 500 600 700 800 200
wavelength / nm
Type basic material prime activator WLS Luminescence, nm rise/decay time, ns
POPOP
Blue (1) polystyrene para-terphenyl(2 wt. %) (0.02 wt %) 425 0.2/2.1
Green (2) polystyrene 3HF (1.5 wt. %) with 2 introduced fluorine atoms no 530 0.5/7-7.6
5nf
Red (3) polystyrene 3HF (1.5 wt. %) with 2 introduced fluorine atoms (0.05 wt. %) 590
Green improved(4) polystyrene 3HF (1.5 wt. %) with 2 introduced fluorine atoms no 530 0.5/7-7.6
Pure (5) polystyrene para-terphenyl(2 wt. %) no 375
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R&D on organic Scintillators in frame of Picocal $... (§i&$

A- Quarantaet al, M.C.P. 137 (2013) 951-958 R&D on for organic materials radiation tolerant to 100-200 kGy

80+ In collaboration with:
® e Institutes (Milano-Bicocca, ISMA, FZU Prague, CEA Saclay)
S => Work on based materials
% s ] e Companies (Kuraray, Luxium, Eljen, Nuvia ...)
§ ——— EJ212 before irradiation => Evaluate new material and fibres

20 B e A Two main lines:

——— Sample $100 after 54 kGy e radiation-harder host materials (e.g. Polysiloxane)
o 200 500 00 700 e green/orange emitters alternative to 3HF

Wavelength (nm)

Plastic scintillator development

Plastic scintillator from Nuvia
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https://doi.org/10.1016/j.nima.2019.163294
https://doi.org/10.1016/j.nima.2021.165778

%OAK RIDGE

National Laboratory

bio-resins

Produced in a cleanroom

Fluorescent but not scintillating

(vet)
Cryogenic stability
Purifiable

Stereolithography with custom

resins

Formula based on ORNL R&D
S15: Scintillation of ~6000

ph/MeVee

S15: Some cryogenic stability

Future work investigate
radiopurity

E. Auffray, 03/04/2025

Additive Manufacturing:

S15 Printed Sample

-

Formlabs Bio-Resins

5000

Component printed with
Dental Clear

Light yield with Cs-137 Source

1000

*percentage of light yield
compared to BC408
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Credit: Tobias Woll, HS-RM
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R&D on radiation damage in plastic scintillators
(U. Maryland USA: )

Recent results:
Future plans:

* Dose rate effects in radiation-induced changes to

phenyl-based polymeric scintillators * Understand better oxygen penetration as a function of
*  https://www.sciencedirect.com/science/arti temperature, as the presence of oxygen has a strong effect on
cle/pii/S0168900222007379 . damage
* Measurements of damage as a function of . . .
dose rate * Measure the oxygen diffusion and permeantion constants
+  Reduction of light output of plastic scintillator tiles separately for PVT (never measured)
during irradiation at cold temperatures and in low-
oxygen environments Radical damage :::;2? e 1.000
e https://www.sciencedirect.com/science/arti 0975 15¢C [o¢C
cle/pii/S016890022300922 1?via%3Dihub Eo.s0
*  Shows strong temperature damage in low erncon §0_925‘
temperature scintillator Eo'goo‘
e Effects of oxygen on the optical properties of Z

.. . . . Oxygen 0.875{ \
phenyl-based scintillators during irradiation and ﬂ dsmage TV I
0.8501 Tyvek, 1.3 Gy/hr

recovery 0 20 40 60 80 100 120 ‘
e https://www.sciencedirect.com/science/arti Dose (Gy)
cle/pii/S0168900223009774?via%3Dihub T )
* Shows change in the index of refraction §1so
separately in regions with and without § P
oxygen g " P2 3

o
o
>

+ EJ200PS-1XIP
EJ200PVT-1X1P

1 10 10° 10° 10*
Dose rate (Gy/h)
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L

wfi Development of Radiation-Hard plastic Scintillators

UNIVERSITY
OF lowa University of lowa, Istanbul Beykent University, Turkish Accelerator and Radiation Laboratory, Ankara, Turkey

COE College, Cedar Rapids, Fairfield University, Fairfield, CT, USA

* Developing new intrinsically radiation-hard scintillators as mixtures of materials that are
already proven to be radiation hard:

Probed the performances of Polyethylene Naphthalate (PEN), Polyethylene
Terephthalate (PET) and thin sheets of HEM.

* Developing a new elastomer-based scintillator material SX:

Peroxide-cured polysiloxane bases were doped with the primary fluors p-terphenyl (pTP),
p-quarterphenyl (pQP), or 2.5-Diphenyloxazole (PPO) and/or the secondary fluors 3-HF or
bis-MSB.

The scintillation yield of the pTP/bis-MSB sample as well as its radiation hardness
was measured.

The in-lab production of scintillators offers significant advantages on the fine tuning

of its parameters. R&D is directed towards exploring various compositions and their
performances as radiation-hard scintillators.

E. Auffray, 03/04/2025
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Time-resolved photoluminescence spectroscopy of

“1579« ‘Y’?

Vilnius

plastic scintillating fibers
e Kuraray 3HF Kuraray 78MJ
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8 8
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Scintillator and Wavelength Shifters
optimization for timing, position and energy of EM Showers

Caltech, Coe Coll, U lowa, Istanbul U, Istanbul-Cerrahpasa U, U Notre Dame, U Virginia, Yildiz Technical U

Existing or proposed materials for study in RADICAL modular structure and tested in electron beam. WLS filaments
are housed in quartz capillary waveguides. Other new scintillator and WLS materials welcomed for testing

Candidate Scintillator Plate Material Candidate Matched Wavelength Shifter Filment

(emission wavelength, type) (emission wavelength, type)

LYSO:Ce (420nm) inorganic crystal, read out with > DSB1 (495nm) organic filament

LYSO:Ce (420nm) inorganic crystal, read out with > LUAG:Ce (510nm) ceramic filament

Lu,03:Yb (370nm) ceramic, read out with > Flavonols (530-560nm) organic filament

LuAG:Ce (510nm) ceramic, read out with > Quantum Dots (580nm) glass or organic filament

LUAG:Pr (310nm) ceramic, read out with. > Flavonols, Butyl-PBD, (364nm) pTP (338nm) organic filament

W+Scint Plates
WLS for shower

energy

W+Scint Plates
WLS for timing &
shower position

WLS in Cap Tubes run the WLS in Cap Tubes located at
full length of the module EM Shower Maximum

i~

E. Auffray, 03/04/2025



: 3HF+Meltmount injected TeflonAF 800pm ID CdSeZnO nanodots in Sylgard 184
THE m r Injected into Capillaries Teflon; AFQuartz

UNIVERSITY
OF lowa

P

Fai;f ield

UNIVERSITY

0.35

0 5 10 15 20 25

Distance from detector{cm) CdSeZnO Nanodots in Sylgard 184
for hot injection intq _capillaries
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Synergy with DRD4

e WP4.5 & WG4.5: SciFi and TR Detectors: look for radiation hard plastic scintillators fibres
Together we launch initiative to bring together HEP community and expert in organic materials to
better understand the Chemistry/physics of these materials:
1t meeting with small group of persons on March 14:

Afternoon: other applications

Morning HEP End-users experts in Chemistry and Physics

[LE L — 09:10 Welcome, Introduction E1om @ - -

Speaker: Etiennette Auffray Hillemanns (cer)
m-' 14:10 i of plastic sci for hadronth and dosimetry E30m @~

—09:40 short tour de table presentation EH3om @ Speaker: Angela Di Fulvio

Speaker: everybody
m = 14:40 State of art of Chemistry of organic scintillator: E3om @~

~10:10 R&D and requi for LHCb SCIFI i Esom (o - Speaker: Dr Guillaume Bertrand (c24)

Speakers: Guido Haefeli, to be confirmed
m —+15:10  State of art of physics of organic scintillato E3om (@~

—+10:40 R&D experience and requirements for LHCh Spacal EH3om @~ Speaker: Vdclav Cuba (Gzech Technical University In Prague)

Speaker: Loris Martinazzoli (GERN)
m” 15:40 of nano ite as ive of “classical” plastic scintillator H3m &

m ~+11:10 Coffee break & 30m Speaker: To be defined

R = 16:00 coffee break [® 20m
—+11:40 R&D experience and requirements for TILECAL R&D [E3om @~

Speaker: Rute Pedro (Laboratory of Instrumentation and Experimental Particle Physics (PT))

m—- 17:30 Opened discussion/conclusion E1h3om @~
—12:10 R&D experience and requirements for CMS R&D [E30m @ v v

Speaker: Sarah Eno (University of Maryland (US))

Next steps: larger workshop to combine or not with a DRD meeting

E. Auffray, 03/04/2025 30




CRYSTAL

@) Plastic Scintillators based on Nanomaterials

Various Class of nano scintillators (CsPbBr, CdSe, ...) characterised by:
e Ultrafast scintillation (~1 ns)
e Intrinsic radiation tolerance (tested up to 1 MGy)

To be embedded in plastic to replace organic dyes:
=> Synergy with R&D on plastic scintillators

Intense R&D ongoing in the Crystal Clear Collaboration community in particular CERN with
CTU, FZU and Unimib

= Synergy with DRD5

— New concept of calorimeters
— Nanocal and Chromatic calorimeter

E. Auffray, 03/04/2025 31




Preparation of bulk nanocomposites and
embedding nanocrystals in novel matrices @CTU

Bulk polystyrene nanocomposites CsPbBr; nanocrystals in epoxy resin

E. Auffray, 03/04/2025



CRYSTAL

~
B

@) Synergy with DRD5 By

WP2: Quantum materials (0-, 1- and 2-D materials)
Development on scintillators based on nanomaterial, nanocomposite scintillator for particle
physics applications: alternative to standard organic scintillators?
Proposal for standardization of characterization: setting-up standard protocol, identify reference

bench

WP4: Scaling up quantum
Concept of detector using material developed on WP2

Example Chromocalo: Calorimeter with nanocomposite

counts ©

€Y Ps T s
oO—

uozew.loul
|es3dads

M. Doser et al., Frontiers Phys. 10:887738,

E. Auffray, 03/04/2025


https://www.frontiersin.org/journals/physics/articles/10.3389/fphy.2022.887738/full

@)\ DRD5/Chromocalo .

Y Haddad et al.,
Jan22, 2025

Option 1: Directly embedding QDs in high- Option 2: Hybrid approach (heterostructure*)
Z crystals polymer layers doped with QDs interleaved with
crystals.

=> We set-up a small team to develop single cell prototype

See: D. Arora et al. Calor2024, M. Salomoni et al., IEEE/NSS/MIC 2024

E. Auffray, 03/04/2025 34



https://indico.cern.ch/event/1339557/contributions/5898554/attachments/2861335/5006159/Calo_Conf_2024JP----23_5_2024.pdf

@) DEVELOPMENT of BGO@ZnO HETEROSTRUCTURES

AS ULTRAFAST SCINTILLATORS

Adam
3 Mickiewicz

University of
NanoBIOMEDICAL

Pozna n o CENTF(E
Centre of
Excellence, B
2+ [+] oO 00

Warsaw —> o o%
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Characterisation facilities @CERN

Time Resolutlon Sc1nt111at10n k1net1cs
Readout boards ‘ f Y Crystal + SiPM @ el
(left & right) lleft & right)

—

-Gundack‘er, . (2019). Physics in Medicine & Biology, 64(5), 055012. R. Cala’, Ph.D thesis, 2024, Milano Bicocca. / Pagano, F. (2022). Frontiersin Physics, 10.
Light Yield Transmission

e,

R2059 R10755
H66 10

\

Sources

Mirrors o
@ nghl beam
L

Collimating ..

iris, _,.,-..-'-r-v-'-v 4
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Characterization facilities at CEA
Detector Calibration and Properties

Laser Single Photo-Electron Calibration 22Na detector performance test
Vs Position SiPM+LYSO in coincidence
Vs Position

S. Sharyy & A. Galindo-Tellez
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"

w. Deep understanding of scintillation @ Vilnius

University

0 e vl

e

o b &%
Sras VS

Example: Energy transfer between Gd**, Th3*, and Ce3?* in Tb,Gd, Al O,,:Ce single-crystalline films

. . . . . . - 1 c TE \

Time-integrated luminescence a =05 1 ; \\\
spectra (a), decay of spectrally- — 200t x=1.3| 1 E
integrated photoluminescence > x=1.5| E'
intensity in the range dominated by % 150F Ce3* *aé 0.1
emission of Th3* (b) = £ x=05
and Ce3* (c) @ 100+ S e
in Tb,Gds,AlsO,, with different Tb E 0100 200 __300 400
content x (indicated) after excitation £ 50} % Energy transfer (ET) eIﬁ”g?e(,qg{, depends on Tb
at 275 nm. X content in Th,Gd;_,Al:0;,:Ce:

550 600 \650 700 o At low Tb content, the transfer rate is low, the

avelength (nry) major part of excitations recombine

X=05

ER x=1.3 M radiatively at Tb3*.
< . M Th3+ R o As the Tb content increases, the rate of
= T E . . — Ny D, excitation transfer to the emitting Ce3* ions
g 20 49 - o, X7 becomes laeger than the radiative
E 010 il B = T > recombination rate at Tb ions.
% *'l")[l'a ™ : £ £ % Efficient energy transfer via the Tb sublattice
= b ’ n”'l*M'"“M”J,l.lidllhﬂhLIIJ}J & s does not enhance the total luminescence
0 100 Tiﬁgg(ns)aoo 400 S §=:: __z:i efficiency; probably, because of excitation
-~ o Ces+ channeling to nonraditive recombination centers

that is evidenced by a subnanosecond decay
Energy level scheme of ions Gd3*, Tb3* and y

E. Auffray, 03/04/2025



CRYSTAL

CLEAR

Development of optical technique for
crystalline lattice misorientation detection

(a) (b)

* Sample is scanned point by point
* 633nm HeNe polarized laser source
* Obtaining a calibrated image '

Typical conoscopic images
observing the sample along the a
crystallographyc axis.

X 2412.88
Y 1093.19

The image analysis is addrssed to measure the
position and the tilting angle of the typical fringes;
Informations that are linked to the lattice orientation

E. Auffray, 03/04/2025



roton Facil

@) Proton Irradiation Facility (IRRAD) LIRRA%%

* Proton facility located on the T8 beam-line at the
CERN PS East Hall.

* Primary proton beam with a momentum of 24
GeV/c extracted from the PS ring.

Mixed-field Facility
(CHARM)

* Fluences > 10 p/cm?
Doses > 1 MGy reachable

e B3

* Running April-October

Proton Facility
(IRRAD)

From Pres. J. Delenne

E. Auffray, 03/04/2025



Irradiation Facilities in India

® TIFR Pelletron facility: Heavy ion beam(including protons) @ 22 MeVbper nucleon.

e Two separate electron irradiation facilities, with electron beam energies of upto 5 and 10 MeV
respectively. The beam structure is in the form of pulses that are 500 microseconds wide and we can
choose to have 2--25 pulses per second.
O The beam size, depending on how close to the beam opening we place the sample, can be
between 2-4 inches in diameter with a gaussian beam profile. The dose delivered within this area
can be chosen to be between 1 - 100 Rad per second.

® A neutron irradiation facility from the Apsara-U reactor at BARC. This is a swimming pool type reactor
with a total power of 2 MW. The sample to be irradiated has to be inserted within a 20 cm diameter tube
at a distance of choice from the core.

® A Co-60 source that can deliver 50 Rad per hour. This has a space limitation in that the inner
diameter of the cylindrical chamber where the sample is placed is ~16cm.

E. Auffray, 03/04/2025 41




Milestones and deliverables

Milestones:

 M3.19: Dataset of scintillation and radiation hardness properties of various
scintillation materials studied (due end of 2026)

 M3.20: Material selected for future detectors ( >2029)

Deliverables:
 D3.15: Samples of a set of scintillators produced and characterised (due end of 2026):

 D3.16: Samples of most promising glasses produced and characterized ( >2026)

= Many groups are currently characterising many scintillators
= this work may be summarised in a report

E. Auffray, 03/04/2025 42




Conclusion

* Alot of development on scintillators are ongoing
* Need input/specification from other subtasks

* In our subtask, available expertise in:
* materials and scintillation physics who could help to develop the “idea
detectors
* Characterisation and simulation tools available in different institutes

|”

material for future

E. Auffray, 03/04/2025 43
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