
Ukrainian contributions to particle physics: history and prospects - Український 
внесок у фізику елементарних частинок: історія та перспективи 

26.01.2026 12:26:22 

The PWO Scintillator: How the Story Began 
  Iryna Tupitsyna 

     
tupitsyna@isma.kharkiv.ua 



LHC ALICE 

26.01.2026 12:41:30 2 Ukrainian contributions to particle physics: history and prospects - Український внесок у фізику елементарних частинок: історія та перспективи  

Електромагнітний спектрометр ALICE/PHOS (2007) 



  NaI(Tl) BaF2 CsI(Tl) CeF3 
BGO 

Bi4Ge3O12 

PWO 

PbWO4 

X0, cм 2,59   2,03  1,86  1,66  1,12  0,92  

, г/см3 3,67  4,89  4,53  6,16  7,13  8,2  

, нс 230  
0,6 

620 

 

 
1050  30  340  15  

, нм 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 for HEP ​​calorimeters 
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P.Lecoq, et al «Inorganic Scintillators for Detector Systems», Springer Cham, 2017, 408 P., DOI 10.1007/978-3-319-45522-8 
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Development Group. 2012. 
From right to left: Yuri Vostretsov, Iryna Tupitsyna, 
Anna Yakubovskaya, Olexander Dubovik, Oleg 
Stryuver 

Leading Technologist Yuri Vostretsov  

Nagorna Development Group for Tungstate- and Molybdate-Based Scintillators 

 Head of the Group Ludmyla Nagorna 
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Spectrogram of a detector based on a 20×20×150 mm3 
PWO crystal when excited by 26 GeV electrons 

Development of PWO Scintillator  

26.01.2026 12:26:22 6 Ukrainian contributions to particle physics: history and prospects - Український внесок у фізику елементарних частинок: історія та перспективи  



Crystal 2000, 22-26 September 1992, Chamonix (France) 

1.Crystal2000, 22-26 September 1992, Chamonix (France) 

2.MRS94, San Francisco (USA) 

3.SCINT95, 28th August, 1st September 1995, Delft (The Netherlands) 

4.SCINT97, 22th-25th September 1997, Shanghai (China) 

5.SCINT99 16th-20th August 1999, Moscow (Russia)  

6.SCINT01, 16th-21th September 2001, Chamonix (France) 

7.SCINT03, 8th-12th September 2003, Valencia (Spain) 

8.SCINT05, 19th-23th September 2005, Kharkov (Ukraine):  

9.SCINT07, 4th-8th June 2007, Winston-Salem (USA) 

10.SCINT09, 8th-12th June 2009, Jeju (Korea) 

11.SCINT11, 12th-16th September 2011, Giessen (Germany) 

12.SCINT13, 15th-19th April 2013, Shanghai (China) 

13.SCINT15, 7th-12th June 2015, Berkeley (USA) 

14.SCINT 17 18th-22nd September 2017,Chamonix (France) 

15.SCINT19, September 29th  - October 4th, Sendai  2019 (Japan)  

16.SCINT22, 18th-23th September 2022, Santa Fe (USA) 

17. SCINT24, 8th-12th July 2024,  Milan (Italy) 

 SCINT 2026 will be held in Gyeongju, Korea  
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PWO for CMS 

2012 - Higgs boson discovered 
  Scientists at the European Organization for Nuclear Research 

(CERN) announced the detection of a signal from a new subatomic 

particle with a mass of 125 GeV, whose properties are consistent with 

those of the Higgs boson. 

Nagornaya L. and Ryzhikov V. Fast scintillators based on large 

heavy tungstate single crystals. In Proc."Crystal 2000" Int. 

Workshop on Heavy Scintillators for Scientific and Industrial 

Application (Eds F. De Notaristefani, P. Lecog and M.Schneegans), 

1993, pp. 367-375 
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Дорога Людмило! 

Яка кар’єра!  

Я знаю Вас з історії PWO, і Ви справді можете пишатися своїм 

неоціненним внеском. 

Як Ви знаєте, 100 тонн PWO в нашому калориметрі CMS «побачили» 

бозон Хіггса — про це було оголошено в липні цього року. Без Вас цей 

калориметр, можливо, взагалі не був би побудований! 

Мушу додати, що, окрім Вашого фантастичного наукового внеску, робота 

з Вами протягом усіх цих років була для мене справжнім задоволенням. 

З найкращими побажаннями 

Поль Лекок CERN Dept: PH/CMA 1211-Geneva-Switzerland 

Tel: +41 22 767 6558/ Mobile: +41 76 487 0268  Fax: +41 22 767 8930 
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PbWO4 for rare event searches 

Chain Nuclide  Activity 
              
             (mBq/kg) 

232Th  228Th                      13 

238U     226Ra                     10 

 210Po          (53-79)×103 

PbWO4, 182 g, 2.2 h 

The radioactive background level of these crystals is rather high and is determined by the presence of 
210Ро. ISMA carried out the work on synthesis of charge and growing of crystals with low radioactive 

background from the ancient (archaeological) lead. 
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 40K  <7  
 60Co  <0.2  
 137Cs  <0.5 
232Th 228Ra   <0.4  

 228Th   <1.2  
238U 234mPa                 <21 

 226Ra   <1 

 210Pb  <30 

 210Po () <0.3 

Radioactivity, mBq / kg  

Low background lead 
KIPT, Kharkiv 
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ARCHPbWO4 for 2b decay of 
106Cd with an enriched 106CdWO4  

 

 

HPGe  225 cm3 archPbWO4 light 
guides 

4 HPGe, ~ 225 cm3 each,in one cryostat 106CdWO4 in 
coincidence/anticoincidence with HPGe 
Detection efficiency ~ 5 – 7% 
Background expected:several events during a year 
 

PMT 

Starting from 
2012 the 
experiment was 
made at the Gran 
Sasso laboratory 

106CdWO4 
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[1] P. Belli et al., NIMA 615 (2010) 301 

[2] P. Belli et al., PRC 85 (2012) 044610  

Estimated sensitivity to two neutrino b+ and 
2b+ in 106Cd: T1/2 ~ 1020 - 1021 yr 

Theory:  22K   1020 - 5·1021 yr  

                 2b+   8·1020 - 4·1022 yr 



Prospects for the use of low-background arсhPbWO4 crystals for low background nuclear spectrometry 
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2 crystallization  

Coherent Elastic Neutrino-Nucleus Scattering 

Cryogenic detector of coherent interaction of neutrinos 

with arсhPbWO4  crystals (2.4 tons, RES-NOVA project) [1] 

 

[1] L.Pattavina et.al., Neutrino observatory based on archaeological lead, 

Phys. Rev D102 (2020) 063001 
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Scintillator Development History of Nagorna Group 

 

1986  CdWO4 

1992   PbWO4 
1992-2008   HEP (CERN) 

2006   ZnWO4 

2006-2022 2b decay and 

Dark Matter 

СT, digital 

radiography,  

spectrometry, 

radiation 

monitoring 

2007   ZnMoO4 

2008   MgWO4 

2009   CaMoO4 

2008   PbMoO4 

2011   PbWO4 - 

low-background 

2020 Coherent Elastic 

Neutrino-Nucleus Scattering 

2013 ZnMgWO4 

2018 LiMoO4 

2012 - 2019 nano, 

composite   

2022 ZnWO4 grains 

2024 CaWO4 grains 

2025 CaPbWO4 grains 

2022 new-generation calorimeter 

14 
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