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Applications

O Medical imaging
O Security systems
O High-energy physics

0 Well-logging




Oxide scintillators for HEP
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Scintillation characteristics
of some Ce-doped oxides
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Motivation

v" Need for dense, faster and brighter scintillators for PET,
security scanning systems, HEP, etc.;

v" Slow decay (>300 ns) in halide scintillators (Csl(Na), Nal(Tl)...)

and oxides with intrinsic luminescence (Bi‘i_Ge?’Oﬁ_’ CdWO,...).

High cost of Lu- containing crystals (LSO, LYSO, LUAG).

v' The required properties can be combined in mixed crystals
Ce3* or Pr3* doped complex oxides with fast 5d-4f
luminescence.




Growth facilities

- Induction heating setups of “Oksid” and “Kristall” series for growth of
crystals by the Czochralski method

- Induction heating;

- Ir crucibles

- Controlled vaccum chamber

- Diameter control by weight sensor
- Crystallization temperatures — up to
~2200°C;




GSO:Ce up to 2” in dia.
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The light output (solid dots, left scale) and the energy resolution (open dots, right
scale) as a function of the lutetium fraction in LYSO
[J. Chen et al.IEEE Trans. Nucl. Sci., 52, 2005) 3133]

Tm (LSO) = 2150 °C
Tm (LYSO) = ~2000-2050 °C

Gd,,Y,.,Si05:Ce — improvement of mechanical properties compared to GSO:Ce at 0.8<x<1
[V. Bondar et al. Proc. of SCINT2005]




Light yield vs. Ga fraction
in Al-Ga substituted garnets

Gd3(A|xGa1_x)5012:Ce
(GAGG)

Kei Kamada, et al / Cryst. Growth Des. 11 (2011), 4484—4490.
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Lu,Y,AlO;:Ce (LuYAP)

Amplitude distribution of
scintillation pulses under Cs
X-ray excitation:

u)

(a) LUAP:Ce,

(b) (b) LuYAP(70%Lu):Ce,
(c) YAP:Ce.

(d) Light yield measured in
Ce-doped Lu Y AIO crystals
of various composition.
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Scintillation characteristics of LGSO:Ce crystals

LGSO:Ce
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Bandgap engineering in rare-earth garnets
RE;(AlL,Ga,,)s04,:Ce
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FIG. 1. (Coloronline) Schematic of the band structure of undoped VB
LuAG (left-hand side), with a band gap of =7 eV and an antisite trap
depth of 0.29 ¢V, compared to the proposed band shift due to Ga
doping (right-hand side), where the antisite defect is no longer in the

forbidden gap, but rather is enveloped by the CB. Energy level SChem.e _
related to the material design

Ce¥*

M. Fasoli et al. Phys. Rev. B 84, 081102(R) (2011)




LGSO (90 % Lu) - Transmission and X-ray luminescence
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LGSO (90 % Lu) irradiation with 137Cs

LGSO + 137Cs rate: ~ 10480 ¢!

LGSO intrinsic rate: ~ ~ 5650 ¢! (53.9%) ‘_Ml measurements done with:

LGSO crystal with
dimensions 20x20x50mm?3
= EMI9813 PMT
= ADC 2249W (LeCro

=15.07 %
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LGSO energy resolution due to gamma 1rradiations
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LGSO decay

= ADC gate width varied from 40 ns to 500 ns
= 22Na peak positions measured for each gate width

Fit gives a fast component decay time ~ 44.7 ns

LGSO: Na-22 peak positions x* I ndf 56.48/4
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Distribution coefficient of Ce

A
Cs

Cs = KoCo(1 — g)gKo=P

Additivity line
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30.11.2012 18



BbiBOObI

0 OkcuaHble CUMHTUNNATOPbI LUMPOKO NCMOSb3YIOTCA B 9KCNepUMeEHTax onU3nKu
BbICOKMX 9Heprnn bnarogaps BbICOKOW MIAOTHOCTU U Zgg, HETMIPOCKOMUYHOCTH,
ObICTPOMY 3aTyXaHWI0, XOpoLlen pagnaunoHHOW CTONKOCTM.

O HepocTtaTtkamn OKCUAOHbLIX CUNHTUIIIATOPOB ABIAETCA BbICOKaA CTOMMOCTb (LI,J'IFI
BbICOKOTEMMNMEPATYPHbIX KpI/ICTaJ'IJ'IOB) N OTHOCUTENBLHO HEBbLICOKMIA CBETOBOW BbIXO[,

U HepasHo Obinn paspaboTaHbl HOBblE CMELUaHHbIE KpUCTansibl C yNny4lleHHbIMU
CUMHTUIIIALNOHHBIMY NapaMeTpamMu;

- LGSO:Ce — CB go 34000 do1/MaB, R(662 KeV) = 6.4 %;

- GAGG:Ce — CB po 65000 gpot/M3aB, R(662 KeV) = 4.6 %;

- YAGG:Ce — CB go 25000 go1/M3B;




