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3.3 Future Hosts For Fast and High Light Output Cerium Doped Scintillator*)

by M.Balcerzyk, Z.Gontarz1', M.Moszynski, M.Kapusta

We have examined the correlation between the
light output and distances inside the crystal: r\ -
minimum distance from metal ion to surrounding
oxygen ions, r2 = r\ - rM- r0, where rM and r0 are the
radii of metal and oxygen ion respectively r3 = r\ - rD

- ro, where rD is the radius of dopant ion,. R,(i = 1.. .3)
- denotes respective mean distances. We wanted to
determine how distances r, or /?f influence L. We sus-
pected that large misfit of a dopant into the host lattice
can positively influence carrier capture [1,2] and
hence L as it is observed for YaC^SrEu [3].

For dopants, the best correlation is generally ob-
served for minimum values of distance /",. The highest
value of correlation is for L(r3) fit for Ce dopant, very
close to a correlation for L(/?2) fit for Tb. For anion
types classification, the highest correlation is observed
for mean values of R. For orthosilicates it is for L{R\),
closely followed by correlation for L(R2) and L(i?3) for
fluorides. We have only 3 data points for oxyorthosili-
cates and fluorides, therefore the fit albeit of high IRI
is not reliable (low confidence value a). As the results
for dopant and anion type do not seem to be conclu-
sive, we check now the whole set of studied scintilla-
tors.
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Fig. 1. Light output of all examined scintillators vs. r3 (see text for
symbol description). Diamonds Ce, circles Eu, squares Tb dopant.

We are looking for the rule of thumb for choosing
compounds only, so we can roughly specify which r,
or Rj should be checked for unknown compounds
when looking for high L. From the above analysis we
can infer that for Ce dopant r3 should be checked. Let

us examine the correlation for each 77 and R, for all
examined scintillators taken together. The data on
L{r-}) are shown in Figure 1 as they have given the
tightest grouping of data points in the figures. Hori-
zontal dashed lines are helpful units of L of BGO
(8200 photons/MeV). Although the correlation is not
high, the grouping of data points is evident. For L(/?3)
63% of data points are grouped in the range of
-0.1 A < R-i < 0.1 A, for L(r3) 11% of data points are
grouped in the range of -0.2 A < r3 < 0 A and 56% in a
narrow range of - 0 . lA<r 3 <oA. In the last range
large spread of values of L is observed. That indicates
that there exists another factor(s) determining high
light output. The multiple linear regression analysis
(not presented) have shown that these are not other r,
or Rj nor bandgap (Eg).

The requirement formulated above for r3 and /?3 is
only a necessary one. Predictions for several candidate
scintillators will be published [4].

This work was presented as oral contribution at
ICL99, International Conference on Luminescence
and Optical Spectroscopy of Condensed Matter,
Osaka, Japan 23-27 August 1999, in print in Journal
of Luminescence (to appear in May 2000).
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3.4 Energy Resolution of Contemporary Scintillators. Quest for High Resolution Pro-
portional Detector *)

by M.Balcerzyk, M.Moszynski and M.Kapusta

We have measured nonproportionality and intrin-
sic energy resolution Dsc of several groups of scintil-
lators (Nal(Tl) and CsI(Tl); GSO, YSO and LSO;
YAP and LuAP; YAG and LuAG).

In pairs of compounds: YSO:Ce - LSO:Ce and
YAG:Ce - LuAG:Ce nonproportionality and Dsc

curves are practically the same. That indicates that
crystal structure is the most important factor, which
determines nonproportionality and hence Dsc. The
case of excellently proportional YAP and nonpropor-
tional LuAP may be caused by low quality of LuAP
crystal. It is characteristic for nonproportionality
curves, that one can easily see the positions of K and
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sometimes L lines of the heaviest elements. For LuAP
they are in 60 - 66 keV range. Lempicki et al. [1]
determined parasitic absorption at the emission wave-
length region of LuAP:Ce to be 2.3 cm"' at 343 nm -
the maximum of absorbed light spectrum. For 32 keV
X-rays, 95% of the flux is absorbed at 250 um. There-
fore when emission light is observed from the other
side of the sample, the mean path of light is 750 uin
for 1 mm thick sample and that light is attenuated to

exp(-2.3cm~' x0.075cm)=84% , the value we have
observed. Similar calculation for 122 keV gives 87%,
while we observe 93±6% proportionality. Parasitic
absorption can also influence intrinsic energy resolu-
tion, since it increases uncertainty of full-energy-peak
width by additional variation of scintillation pulse
height. However that should be checked by the direct
measurement of electron response.

YAP and YAG from compositional point of view
are similar. The electronic properties of the Y-A1-0
system cannot be simply scaled according to cation
ratio, and any of the fundamental properties cannot be
transferred from one crystal to another [2]. Again,
proportions of component elements, even at the high-
energy interaction as y absorption, are secondary to
electronic properties of the crystal. Nonproportionality
curves are specific to crystal structure. It would be
interesting to check for proportionality differences due
to different dopants in the same host, especially Ce,
Tb and Eu. Mengesha et al. [3] have shown that for
CsI(Na) and CsI(Tl) nonproportionality curves (pre-
cisely, electron response) are of similar shape with
different values of maxima at 10 keV and 12 keV
respectively [3]. The pair of LuAG:Ce and LuAG:Sc
[4] is not different in nonproportionality. That sug-
gests that dopant choice is not important for nonpro-
portionality or Dsc.

Assuming that nonproportionality is determined by
crystal structure, no predictions can be given on non-
proportionality of light-element-containing scintilla-
tors. Of them YAP:Ce is proportional and ZnSe:Te
almost proportional [5].

Dsc is determined by (i) nonproportionality curve
and (ii) quality of the crystal, (i) can be seen in
YAP:Ce, YSO:Ce and LSO:Ce cases. For (ii), if we
compare CsI(Tl) and YAG:Ce, we see, that YAG:Ce
proportionality curve varies in a smaller range than for
CsI(Tl), however Dsc curve has lower values for the
latter scintillator.

Ce is proportional down to 12keV,
LuAG:Sc down to 8 keV [4], LuAG:Ce slightly
worse. Based on YAP:Ce curve, LuAP:Ce is expected
to have a better proportionality curve with improved
technology. There are above-mentioned candidates for
proportional and high-resolution scintillators, but, by
now, the search for the new ones is based on trial and
error.

This work was presented as oral contribution at
SCINT99, Fifth International Conference on Inorganic
Scintillators and Their Applications, August 16-20,
1999, Moscow, Russia, in print in Proceedings of the
Conference.
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3.5 YSO, LSO, GSO and LGSO. A Study of Energy Resolution and Nonproportional-
ity*}

by M.Balcerzyk, M.Moszynski, M.Kapusta, D.Wolski, J.Pawelke", C.L.Melcher2)
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We have studied nonproportionality and intrinsic
energy resolution of cerium doped YSO, GSO, LSO
and LGSO crystals. While LSO and YSO have similar
light output, GSO and LGSO have ca. 70% and 20%
lower light output than LSO, respectively. YSO, as a
compound containing fairly light elements, was ex-
pected to be proportional at light output vs. energy
scale, like YAP:Ce. Surprisingly it exhibits almost the
same nonproportionality as LSO and GSO. Nonpro-
portionality of YSO is accompanied by large values of
intrinsic energy resolution. The comparison of non-
proportionality of YSO - LSO and YAP - LuAP pairs

indicates that high proportionality of scintillator is !
connected with the structure of the crystal and not '
with the presence of light elements. To our knowl-
edge, this is the first study of nonproportionality and
intrinsic resolution for LGSO.

Energy resolution of LSO, GSO and YSO is com-
parable, somewhat worse one is observed for LGSO.
However this is the newest crystal and its technology
cannot be sufficiently good yet. It is worth to note a
good energy resolution of 8.4% measured with
LSO(l) for 662 keV y-rays from a 137Cs source. Com-


