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The Institute for Scintillation Materials (ISMA) of the National Academy of 
Sciences of Ukraine is the country’s leading R&D centre for the 
development of luminescent and scintillation materials as well as the 
production of scintillation materials and detectors.

• Founded in 2002 

• 220 employees, including 12 professors and over 50 PhDs (candidates of 
science).

• Doctoral school trains yearly up to 8 students. 
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History of PWO invention

L. Nagornaya, V. Ryzhikov, Proc. of International Workshop on Heavy Scintillators for 

Scientific and Industrial Applications: Crystal 2000 (1992), 367-374.

L. Nagornaya, V. Ryzhikov, I. Tupitsina, Proc. of 1994 IEEE Nuclear Science Symposium 

(1994), 156-158.
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See today’s report by I. Tupitsyna: The PWO Scintillator: How the Story Began



NaI(Tl) BaF2 CsI(Tl) CeF3

BGO

Bi4Ge3O12

PWO

PbWO4

X0, cm 2,59  2,03  1,86  1,66  1,12 ☺ 0,92 ☺

, g/cm3 3,67  4,89  4,53  6,16 ☺ 7,13 ☺ 8,2 ☺

, ns 230 
0,6

620

☺


1050  30 ☺ 340  15 ☺

, nm 415 ☺
230

310

☺


550 ☺

310

340




480 ☺ 420 

LY, %NaI 100 ☺
5

16




85 ☺ 5  10 ☺ 0,5 

Experiment
Crystal 

Ball

L , GEM,

TAPS 

Belle,  

BaBar

BesIII

L3P L3, Belle LHC

Scintillators in НЕР calorimeters 
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See today’s report by V. Tarasov

P.Lecoq, et al «Inorganic Scintillators for Detector Systems», Springer Cham, 2017, 408 P., DOI 
10.1007/978-3-319-45522-8 



Call: H2020-MSCA-RISE-2014

Project Horizon 2020 644260: International and intersectoral mobility to develop 
advanced scintillating fibres and Cerenkov fibres for new hadron and jet 

calorimeters for future colliders (2015-2019)
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TD Action 1401 FAST : Fast advanced Scintillator Timing (FAST)
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YAG:Ce and LuAG:Ce fibers with an 
attenuation length of up to 1 m were grown
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Demonstration of simultaneous registration 
of Scintillation and Cherenkov emission

M. Lucchini et al. IEEE NSS/MIC, 2015



Call: HORIZON-WIDERA-2021-ACCESS-03

Project Horizon Europe 101078960: Twinning with ISMA to develop innovative 
calorimeters for high energy physics based upon advanced scintillation materials 

(2023-2025)
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R&D strategy for the ECAL upgrade II of LHCb
experiment

SPACAL technology 
40 modules, rad-hard up to 1 MGy => 

crystal fibres

A main decay time of up to 10 ns and a 

light yield of at least 10000 

photons/MeV are targeted

Modules will consist of ~200’000 fibres

of 5 and 10 cm length
Radiation limit of current 

plastic scintillators
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CERN-LHCC-2024-010 ; LHCB-TDR-026 https://cds.cern.ch/record/2903094?ln=it

https://cds.cern.ch/record/2903094?ln=it


Fibres allow flexibility in detector design

From block of fibers 

=> Requires large volume of 

fibres with high  density

To SPACAL

Could be multifunctional: mixed type of fibres

Cerenkov + scintillation +neutrons sensitive

Could play on sampling fraction
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⇒ requires less fibres, possibility to use 

materials with lower density

L. An et al., NIMA
1045 (2023), 167629



Fabrication methods and properties 
of garnet scintillators

GAGG:Ce YAG:Ce

Light yield, 
phot/MeV

60k phot/MeV Up to 30k

Decay time, ns ~60 ~55

Radiation hardness good good

Density, g/cm3 6.6 4.4

Cost $$$ $

CzochralskiMicro-pulling-down

13



# Light yield, 
phot/MeV

Rise time, 
ps

Decay 
time, ns

CTR, ps

YAG6 37700 100 73.5

YAG7 32800 62 47.4

YAG3 33300 91 49.2

YAG1 29200 55 37.8

YAG2 22850 30 26.4 131

YAG5 28200 60 31.2

YAGSc4-23 14000 21.2

Ca Mg

Codoping of YAG:Ce with A2+ cations
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Achieved parameters 
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GAGG:Ce,Mg Cz crystal growth
and cutting
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Results | GAGG R&D (ILM)

GAGG is radiation hard (needed for HEP applications) but commercial one has decay of 50 ns → 
need for accelerated scintillation to cope with high rate of events in LHC at CERN

Valerii Kononets et al., Optical Materials, Vol. 169, 2026, 117547



Scaling up of garnet crystals by the 
Czochralski and fabrication of fibers
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1x1x50 mm3 garnet fibers
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Average Time Resolution Results on 
YAG fibers and 9.5 cm copper block 

placed in front for different e⁻ beam 
energies @ 40 V bias voltage*

Tests of SpaCal prototype with SiPMs

Average Time Resolution Results using W 
absorber for different e⁻ beam energies
@ 40 V bias voltage

*The absorber to host the YAG fibers is under design

GAGG YAG



Motivation
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LY, ph/MeV τ, ns ρ, g/cm3

PWO 400 15 8.2

BGO 8000 300 7.1

BSO 1600 100 6.8

● Dual-readout method : Estimation of the electromagnetic fraction of
the shower fem by measuring the scintillation (S) and Cerenkov (C)
event-by-event.

● Objective : Exploring innovative methods to maximize the
information obtained from electromagnetic calorimeters based on
scintillating crystals (e.g. BGO, BGSO, PWO) studying novel
materials and pulse shape analysis techniques.

E. Auffray, June 2024



Optimization of BSO scintillator

BSO grown in optimized conditions
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❑ Dynamic atmosphere:  Ar-Air
at heating, air during 
crystallization to avoid Pt 
oxidation

❑ Optimization of crystal 
pulling and rotation rate - 0.8
mm/h, 6 rpm

❑ Crystal with the cylinder 
length up to 160 mm were 
grown

❑ Post-growth annealing to 
eliminate color centers

Crucible with melt after the process

Scaling up BSO technology

BSO 10x10x50 elements were produced for 
prototype testing



DRD6 Testbeams 2025 –
Collaboration with MAXICC

(Maximum Information Crystal Calorimeter for Higgs Factories)

● Location : SPS North Area; 2 weeks : from Sept 14 to Oct 1 , 2025
● Prototype 1: 1.3×1.3×15 cm3 PbWO4 (PWO) crystal, coupled on 

one side with R7600U-M4 Hamamatsu, and on the other side 2 SiPM 
(one filtered for Cherenkov light).

● Run : Angular scan using electron and muons beams to study the 
feasibility of the PSD technique using either PMT or SiPM.

23

● Prototype 2 :
○ Front : 8 BSO (from TWISMA) + 1 central PWO 

of 1x1x5cm3

○ Back : 1 PWO of 1.3×1.3×15 cm3

● Run : 
○ Test of the new electronics
○ For each BSO separately : 1 with electrons and 2 with 

muons (at 0° and 90°)

BSO PWO

Many thanks to the MAXICC team for the great collaboration.
Figure from L. Borriello’s presentation at CERN 
MAXICC TB Analysis Meeting
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Thank you for your attention !


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7: YAG:Ce and LuAG:Ce fibers with an attenuation length of up to 1 m were grown
	Slide 8
	Slide 9
	Slide 10
	Slide 11: R&D strategy for the ECAL upgrade II of LHCb experiment
	Slide 12: Fibres allow flexibility in detector design
	Slide 13: Fabrication methods and properties  of garnet scintillators
	Slide 14: Codoping of YAG:Ce with A2+ cations
	Slide 15: Achieved parameters 
	Slide 16: GAGG:Ce,Mg Cz crystal growth  and cutting
	Slide 17: Results | GAGG R&D (ILM)
	Slide 18
	Slide 19
	Slide 20
	Slide 21: Optimization of BSO scintillator
	Slide 22
	Slide 23: DRD6 Testbeams 2025 –  Collaboration with MAXICC (Maximum Information Crystal Calorimeter for Higgs Factories)
	Slide 24

