Functional Materials 7, No.3 (2000)

Outlook for development of a scintielecton
detector with improved energy resolution

S.V.Naidyonov, V.D.Ryzhikov

Institute for Single Crystals, National Academy of Sciences of Ukraine,
60 Lenin Ave., 61001 Kharkiv, Ukraine

Received March 17, 2000

The development prospects have been considered of a scintillatior-photodiode type
detector with improved energy resolution attaining several per cent (R = 1+2 %). The main
contributions to the scintielectron detector energy resolution have been analyzed theore ti-
cally and their theoretical and physical limits determined. Experimental data have been
presented on properties of scintillators of promise confirming the possibilities to mini mize
each of the resolution components. New ways are proposed to optimize the detector
statistical contribution and the scintillator intrinsic resolution. A special role of the latter
is outlined as the critical factor for the spectrometric possibilities (threshold) of scin tilla-
tion-photodiode type detector with improved energy resolution at energy values Ey from
662 keV to 10 MeV.

PaccMoTpeHbI ITepPCIeKTUBBI CO3MAaHUSA NEeTeKTOpa TUIA CIUHTUJIATOP-POTOAMON € YIyd-
IIEHHBIM SHEPreTHUYECKUM paspellleHneM, MOCTUTAIOINM eAWHUIl mporeHToB (R = 1+2 %).
IIpoBesen TeopeTMUecKMWii aHaJNW3 OCHOBHBIX KOMIIOHEHT OSHEPreTHUYEeCKOTO pasperieHus
CIIUHTUAJIEKTPOHHOTO JEeTEeKTOPA, YCTAHOBJEHBI UX TEOPETHUUECKUIl U (U3NUYECKUH Ipeaesibl.
IIpuBeneHbl 9KCIepUMEHTAJIbHBIE HAHHBIE O CBOMCTBAX IEPCIEKTUBHBIX CIUHTUJIIATOPOB,
MOATBEP K IAI0IIe BOBMOKHOCTh MUHUMM3AIINN KaKA0N M3 KOMIIOHEHT paspelneHus. IIpen-
JIOKEHBI CIIOCOOBI ONMTUMM3AIlMU CTATUCTUYECKOTO BKJAZa MeTeKTopa M COOCTBEHHOTO paspe-
MIeHUsA CIUHTUJIATOpa. BhigeneHa ocobas poJib BHYTPEHHETO Da3pelleHus CIIUHTHIISITOPA
KaK OIPEeJeJAIOINIero CIIeKTPOMeTPpUYeCKe BO3MOMKHOCTH (IIOPOT) JeTEeKTOpa CIIMHTUJIATOD-
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doroamon c YAYUIIeHHBIM
Ev = 662 keV+10 MeV.

Solid state detectors of scintillator-PMT
(S-PMT) and scintillator-photodiode (S-PD)
types are used widely along with semicon -
ductor ones (SCD). In the latter type, the
ionizing radiation is converted immediately
into charge carriers while in scintielectron
S-PMT and S-PD ones, a two-stage conver -
sion takes place: first into optical photons
(in the scintillator) and then into charge
carriers (in the photoreceiver). The two-
stage conversion causes energy losses and
redistribution (dissipation), thus, in the
case of small-volume detectors, the SCD
sensitivity and energy resolution are one
decimal order higher. An S-PD detector
comprising a traditional Csl(Tl) scintillator
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of about 1 cm3 volume and a silicon or Hgl,
photodiode has the energy resolution 5 to
6 % at room temperature for 662 keV line
[1, 2].

While the energy conversion in scintilla -
tors has been considered comprehensively
enough and several models have been pro-
posed to date describing that process satis -
factorily [3—6], there are no works consider -
ing possible correlation between integral
characteristics of that process (quantum ef -
ficiency, conversion one, self-absorption,
etc.) and energy resolution of the scintilla-
tor itself and of the scintillator-containing
detection system as a whole; the same is
true for theoretical consideration of the at-
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