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Fig. 1 (Color online) Schematic diagram of garnet crystal struc-
ture, and local structures of cations at Wyckoff positions of
24c, 24d, and 16a.
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Fig. 2 Absorption spectra of a GAGG : Ce crystal measured at 9 K
under UV irradiation and non-UYV irradiation. (Reproduced
with permission from Appl. Phys. Express 9, 072602 (2016).
Copyright (2016) The Japan Society of Applied Physics.)
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Fig. 3 UV-induced absorption spectra of Lu;_,Gd,Al,Ga;0,, crys-
tals at 16 K. The data were obtained by subtracting unir-
radiated spectra from UV-irradiated spectra. The photon
energy of the UV-light was 3.31eV. (Reproduced from
Appl. Phys. Lett. 113, 041906 (2018), with the permission
of AIP publishing.)

20— . : :
18 Tetrahedral site : 5
_16r (24d site) ]
314- o ]
512- ]
[
g 10r ° AliGa -
s ]
% or (Al/(;a),o3
0 4r Octahedral site Gd3(A“Ga)5°12\
2} (16asite) ]
0
ot L 1 . Gd,0; .0 ]
A B C D,E

Points in pseudo-phase diagram

Fig. 4 (Color online) Solution energies for Gd solved for 16a and
24d wykoff positions in GAGG crystal. The inset shows a
schematic phase diagram of the Gd—Al/Ga—O system. The
solution energies were calculated under thermodynamic con-
ditions of A-E in the phase diagram. (Reproduced from
Appl. Phys. Lett. 113, 041906 (2018), with the permission
of AIP publishing.)
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Fig. 5 Decay curves of Ce 5d-4f luminescence for (a) GAGG : Ce
and (b) GAGG : Ce, Mg crystals, measured at 300 K under
pulsed excitation with 175 nm photons. The shading indi-
cates the pile-up component, which is caused by the accumu-
lation of phosphorescence persisting over the 177.6 ns pulse
interval. (Reproduced with permission from Appl. Phys.
Express 13, 085505 (2020). Copyright (2020) The Japan
Society of Applied Physics.)
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Fig. 6 (Color online) Schematic illustration of GiPALS experi-
ment.
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Fig. 7 (Color online) Photographs of GAGG, GAGG : Ce, and
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Fig. 8 (Color online) GiPALS spectra at 300 K of (a) GAGG, (b)
GAGG : Ce, and (c) GAGG : Ce, Mg crystals, acquired
with ultrashort gamma-ray pulses. (Reproduced with per-
mission from Appl. Phys. Express 13, 085505 (2020).
Copyright (2020) The Japan Society of Applied Physics.)

Table 1 Lifetimes t;, relative intensities ;, bulk lifetimes 7, and positron trapping rate x for GiAPLS spectra of GAGG,

GAGG:Ce, and GAGG:Ce,Mg crystals.

71 (ps) I (%) 7, (ps) L (%) 5 (ps) K (s7h)
GAGG 165.1£1.9 92.0+4.3 286420 8.0+4.3 17149 (2.0+1.2) x 108
GAGG:Ce 161.1+1.5 92.4+3.7 304+19 7.6+3.7 167+7 (2.2+1.1) x 108
GAGG:Ce,Mg 161.0+0.3 99.7+0.2 806+ 32 0.3+£0.2 161+3 (1.5+1.5) x 107
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Visualization of vacancy-type defect complexes
in garnet scintillator crystals by ultrashort gam-
ma-ray induced positron annihilation lifetime
spectroscopy
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Abstract Positron annihilation lifetime spectroscopy using ultra-short pulsed gamma-rays (Gamma-ray-in-
duced Positron Annihilation Lifetime Spectroscopy; GiPALS) is an excellent method for accurate-
ly detecting very small amounts of vacancy-type defects in bulk crystals. We have revealed the
presence of vacancy-type defects in a Gd;Al,Ga;0,,:Ce (GAGG:Ce) scintillator crystal with gar-
net structure by GiPALS. Because such vacancy-type defects have been considered to be the ori-
gin of the occurrence of phosphorescence unnecessary for scintillators, this finding is an im-
portant clue to improve the scintillator properties of GAGG:Ce crystals.
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