Nagroda IEEE NPSS
im. Prof. Glenna Knolla

czyli moja przygoda z
detektorami
scyntylacyjnymi

Marek Moszynski
Narodowe Centrum
Badan Jadrowych,

Swierk



2018 Glenn Knoll Radiation Instrumentation Outstanding Achievement
Award of the IEEE Nuclear and Plasma Science Society

,For outstanding contribution to the modern scintillation detectors in
application to physics, medicine and homeland security”

Zakonczenie ceremonii wreczenia nagrody na konferencji IEEE w Sydney.
M.M. razem z Stefanem Ritt z PSI, Villigen, prezydentem IEEE NPSS i
Prof. Chiarg Guazzoni z Politecnico di Milano, przewodniczgcg komisji nagréd



IEEE — Institute of Electric and Electronics Engineers jest
najwiekszym na Swiecie stowarzyszeniem zawodowym
zrzeszajgcym ponad 423 tysiecy cztonkéw z ponad 160 krajow.
IEEE powstato w 1963 roku z potgczenia American Institute

of Electrical Engineers (utworzony w 1884 roku) i Institute of
Radio Engineers (od 1912 roku).

IEEE NPSS — IEEE Nuclear and Plasma Science Society jest
miedzynarodowym tematycznym stowarzyszeniem w |[EEE z ponad
3000 naukowcow i inzynierdw z catego swiata. IEEE NPSS
powstato w 1947 r. jako amerykanskie stowarzyszenie nalezace do
IEEE. NPSS organizuje kilka swiatowych konferencji naukowych,
wydaje wazne periodyki naukowe. Organizator Nuclear Science
Symposium and Medical Imaging Conference — pierwotnie w
USA, obecnie w roznych krajach na swiecie.



Outline

My talk will consist of three parts, the most representative for
my activity:

e Fast timing in nuclear structure physics and nuclear medicine
(PET)

* Energy resolution and non-proportionality of scintillator
response

e Neutron detection



The first 20 years

Fast timing with scintillation detectors

* Timing with plastic scintillators in application to live time
measurements of nuclear states, Aarhus University,

Denmark, 1969
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Time-of-flight PET

IIl World Congress on Biology and Nuclear Medicine is planned in 1982 in Paris
1979 CENG — LETI, Grenoble proposes the development of the first TOF PET.

They have got algorithms to improve an image due to TOF information, but it was
lack of a good scintillator to get at least 500 — 700 ps at FWHM.

Plastic — very low detection efficiency!!

Nal(Tl) — too poor time resolution



Fast timing with scintillation detectors

e CsF and BaF2, the first fast inorganic scintillators in the TOF
PET — LETI, Grenoble, 1980-82

+ The first TOF-PET o
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Fast timing with scintillation detectors

A method of picosecond half lives measurements of nuclear
states at BNL, H. Mach and M.M. 1987- 89
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The next decades
study of new scintillators
B YAG:Ce, YAP:Ce, LSO:Ce, LUAP:Ce, LaBr;, LGSO, LSO:Ce:Ca, LUAG:Pr,

LUAG:Ce, CWO, CaWO, LiCAF, GAGG, CeBr; plastic scintillators with PSD
capability and others

1000 5 120 ps BaF,

, T. Ludziejewski, M. Moszynski, et al.,
180 ps LSO IEEE TNS 42(1995)328: - 56 cytowan

»,The potential advantages of LSO
crystal in positron emission

NUMBER OF COUNTS
o
o

tomography were pointed out
earlier. The presented results of the
time resolution study seems to

TIME [ns] suggest that the time-of-flight PET
to be possible with LSO crystals.”
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Energy resolution, Non-proportionality

Intrinsic resolution
of scintillators
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Energy resolution, Non-proportionality
1998-2018

(1998 — a proportional response of YAP:Ce scintillator is reflected in the lowest \
intrinsic resolution — Maciek Kapusta et al.

2002 — 2004 — scattering of secondary electrons (0-rays) is dominating component
of intrinsic resolution

1999 — 2013 — influence of slow components of light pulses on non-proportionality
\ and intrinsic resolution (halide crystals) )

ﬂooz — 2008 — undoped Nal and CsI scintillators, influence of accidental impuritiesN
on intrinsic resolution and non-proportionality

2007 — 2008 — correlation of ,afterglow” and intrinsic resolution

2008 — deterioration of energy resolution by slow components of the light pulses
2010-2011 - Energy resolution and non-proportionality of Compton electrons

2012 — Swierk vs. Berkeley and Livermore: electron scattering or Landau fluctuations

2013 — The first test of nonproportionality of a Xe gas scintillator
2014 — 2018 — nonproportionality of separate components of the light pulses j

Results: about 65 papers, 7 invited talks, 5 review papers, >2100 citations
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Figure 7: YAP electron response R (=L/E ) measured using the
CCT. Data are normalized to unity at 445 keV.

wer - S I- '\"AIP:C; 7 ‘
12000 | source: ~Cs| | IEEE TNS 45 (1998) 456 — W. Mengesha et al.
] 10000 | -
5 NIM A421 (1999) 610 — M. Kapusta et al.
o BOOO -
% . YAP: 3, = (1.3 £0.5)%
E 2000 |- BeZkeV -
: A - : :
Z a0 f !‘ - Intrinsic resolution correlated with
- | \ f | -t ] (non)proportionality 16 keV < Ey < 1 MeV
00 ﬂllll 1I;00 15.00 2000 25l00 3DI00 35.00 4000

Channel number (ch) 73 citations



Avalanche photodiodes

Collaboration with Advanced Photonix, Inc. USA — Marek Szawlowski

Large Area Avalanche Photodiodes — @16 mm
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25 papers, about 840 citations
M.M. et al., NIM A485(2002)504-521 — 90 citations
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JThe results suggest that a selective doping of pure crystals or a co-doping
of other crystals may reduce the non-proportionality resulting in an

improvement of the energy resolution.”

11 papers — 354 citations



Nonproportionality and energy resolution of
Compton electrons

scintillator
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L. Swiderski, et al.,
TNS, 59(2012)22

Intrinsic resolution is created by
secondary electrons.




What is the origin of the contribution of the secondary
electrons to the intrinsic resolution of the scintillators?

According to Steve Payne and Bill Moses (Livermore and Berkeley), the
Landau fluctuations are responsible for the intrinsic resolution of
scintillators.

see S. Payne et al., ,,Nonproportionality of Scintillator Detectors:
Theory and Experiment. 11.”, IEEE TNS vol. 58, no. 6, pp. 3392, 2011

According to Swierk group the dominating process is related to the

scattering of secondary electrons (produced by y-rays).
See M.M. et al., NIMA, A805(2016)25

Oakland, Cal
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Slow components of the light pulses and
energy resolution
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Collaboration with:
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Invited paper to the special issue of NIM A dedicated to the
memory of Prof. Glenn Knoll

Nuclear Instruments and Methods in Physics Research A 805 (2016) 25-35

Contents lists available at ScienceDirect A wcuens
Nuclear Instruments and Methods in -3
Physics Research A -
journal homepage: www.elsevier.com/locate/nima g
Energy resolution of scintillation detectors @cﬂ,sm,k

M. Moszynski™®, A. Syntfeld-Kazuch, L. Swiderski, M. Grodzicka, |. Iwanowska, P. Sibczynski,
T. Szczesniak

National Centre for Nuclear Research, A. Soltana 7, 05-400 Otwock-Swierk, Poland



SiPMs in gamma spectroscopy with
scintillators
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SiPMs in gamma spectroscopy
with scintillators

| 3”x3” Nal(Tl)
~ and MPPC array
8% energy res.

Characterization of 3x3mm, up to 50 x 50
mm MPPC Array in scintillation spectroscopy

1cc700Ml1 234507880 23456

>15 papers in JINST, NIM A and IEEE TNS

«~ {33050C) MPPC
’n' | bosvlage a7
e 1

M. Grodzicka, M. Moszynski, T. Szczesniak,
Monografia: Radiation Detectors for Medical
Imaging. Rozdziat: Silicon
photomultipliers in detectors for
nuclear medicine,

CRC Press, USA(2016) e
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2014  Martyna Grodzicka — PhD thesis:

[=2]

p=1

(=]
T

2Na, 511keV 3.12%

a3

(=3

(=3
T

»Silicon Photomultipliers in Gamma
Spectrometry with Scintillators”.
2018 Martyna Grodzicka — nagroda NCBJ

Number of counts
=
S
S

[ "La, 32.2keV

|/

“Na, 1275keV T

Tomek Szczesniak — large LaBr3 and NaI(Tl) e N

Channel number




Invited paper to the special issue of NIM A addressed
to SiPM applications

Nuclear Inst. and Methods in Physics Research, A I (IR HE-HI

Contents lists available at ScienceDirect

Nuclear Inst. and Methods in Physics Research, A e

journal homepage: www.elsevier.com/locate/nima T

Silicon photomultipliers in gamma spectroscopy with scintillators
M. Grodzicka-Kobylka, M. Moszynski *, T. Szczesniak

National Centre for Nudear Research, A. Soltana 7, 05-400 Otwock-Swierk, Poland



Detekcja neutronéw

1962 — praca magisterska
1987 - Sciana neutronowa w NORDBALLu
1990 — 1992 DEMON — CRN Strasburg
1994 — 2000 Sciana neutronowa w EUROBALLu
Od 2007 — detekcja neutronéw w TJ3
- £. Swiderski ciekte scyntylatory z B-10
- Asia lwanowska — PhD
- matryce SiPM w detekcji neutronéw — M. Grodzicka
Od 2012 — NEDA



French — Belgian DEMON arrangement

Demon detector:
BC501A @16 cm x 20 cm at XP45212B

SLOW COMPONENT

TOTAL CHARGE

Response to 56 MeV neutrons

e

A — gamma rays, B — protons, not fully stopped

M.M., et al., NIM, A317(1992)262 C —recoil protons, D — Deuterons

M.M., et al., NIM, A343(1994)563 E — Tritons, F — Tritons and alphas
and more... G — 3He, H — alpha particles



Nuclear structure physics— EUROBALL

Neutron wall - Darmstadt, Goteborg, Stockholm, Legnaro,
Strasbourg, Swierk
Oe. Skeppstedt... M. Moszynski, Z. Sujkowski, D. Wolski, M. Kapusta...

“The EUROBALL neutron wall — design and performance tests of neutron detectors’
Nucl. Instr. and Meth., A421(1999)531. - 107 cytowan
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Fast and thermal neutron detection in
liquid scintillators

n/y discrimination in B-10 loaded

. . N fast neutrons
liquid scintillators

240

200
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neutrons \

gamma
rays

ZC time (arb. units)

0 40 80 120 160
Pulse height (channels)

o 40 w60 A 2D plot of ZC time vs. pulse
Pulse heighbichaonels) height measured with EJ309B5
under irradiation of Pu-Be and

BC523A2 — n/y discrimination 241 A
L. Swiderski, et al., IEEE TNS — 3 papers, NIM A — 1 paper, osiggniecie IPJ w 2010



B)

Neutron/gamma discrimination in plastics
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See Asia lwanowska, , The comparative studies of neutron
detectors in the crisis of 3He supply”, PhD thesis 2016
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Granty, kontrakty...

Granty KBN —x 5
Grant stosowany KBN — x1

MAEA + SPUB - 2 x 3 lata

Kontrakty:

- Photonis, Francja

- Target/IcX/FLIR, Niemcy

- Photonis Materials, Szkocja
- IKF Julich, Niemcy

- ADIT, USA

- Legnaro, Wtochy

Granty UE

- BioCare + SPUB
- EURITRACK + SPUB
- MODES + SPUB

- TAWARA + SPUB

- C-bord

COST

Grant ,CEMENT” — RaM-ScaN
AiD
Detektory CdTe(Mn), grant IFPAN

1993 - 2005
2007 — 2009

2004 - 2010

2002 - 2008

2004 — 2012
2003
2002 — 2004
2015
2015

2004 - 2008
2004 - 2008
2012 - 2014
2014 - 2016
2015 -2018
2010- 2014

2014 - 2016
2009 - 2013
2018 - 2020

ok.. 180 kUSD
ok.. 500 kUSD

ok.. 370 kUSD

200 k€

310 k€
10 k€
85 k€
13 kUSS
15 k€

150 k€ + 400 kPLN
150 k€ + 440 kPLN
290 k€
390 k€

4020/2625 kPLN
ok. 80 MPLN
ok. 2 MPLN
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Brawo Tomek Szcze$niak!!




Publikacje, cytowania

Publikacje powyzej 300,
gtownie Nucl. Instr. Meth., IEEE Trans. Nucl. Sci.

Suma cytowan — ok. 7300, WEB of Science
Srednie cytowanie w ostatnich 10 latach — ok. 400/rok

Czynnik H =43



Doktoraty po 1990

1998 — Marcin Balcerzyk
Nowe materiaty scyntylacyjne do detekcji i spektrometrii
promieniowania y

2005 — Maciek Kapusta

Detektory scyntylacyjne dla pozytonowej emisyjnej tomografii komputerowej
oparte o matryce fotodiod lawinowych

2009 — Antek Nassalski
Wspdlny detektor do tomografii pozytonowe;j i rentgenowskiej

2012 — Tomek Szczesniak
Optimization of detectors for time-of-flight PET

2014 — Martyna Grodzicka
Study of silicon photomultipliers in gamma spectrometry with scintillators

2015 — Asia Iwanowska
The comparative study of neutron detectors in the crisis of He-3 supply



Nagrody, wyroznienia

1982 — M.M. et al

2000 - M.M.

2000 — M.M.

2005 - M.M.

2006 — M.M.

2007 — M.M.

2007 — EURITRACK

2018 - M.M.

Von Hevesy Prize at 11l World Congress of Nuclear
Medicine and Biology, Paris, 1982

IEEE/NPSS — Merit Award

Nucl. Instr. Meth. A — Member of Advisory
Editorial Board

IEEE Fellow
Editor in JINST

nagroda Ministra Nauki i Szkolnictwa
Wyzszego w kategorii badania na rzecz
rozwoju gospodarki

Nagroda Trophy senatu Republiki Francuskiej

IEEE/NPSS — Glenn Knoll Award
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Prof. Glenn Knoll wrecza nagrode Merit Award na konferencji
IEEE NSS-MIC 2000 w Lyonie
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Prof. Sewerynski, minister NiSzZW wrecza nagrode Ministra — 2007 r



Nagroda Senatu Republiki
Francuskiej dla tworcow
EURITRACK’a — 2007

CEA et ses partenaires

o Projet EURITRACK 6F PCRD

11 mai 2007
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Serdeczne podziekowania dla licznych
naszych partnerow i przyjaciot w Kraju i
roznych laboratoriach na swiecie!!!

Ale specjalne podziekowania kieruje do
srodowiska fizyki jadrowej w Swierku i na
Hozej, ktore nauczyty mnie znaczenia
publikacji i byty tryggerem w dalszej
mojej karierze.



