Functional Materials 13, No.2 (2006)

Organic and alkali-halide scintillation

Light yield non-proportionality of organic
and inorganic scintillators exposed
to alpha rays of various energy
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The influence of entrance surface for radiation state of Csl:Tl, Csl:Na, stilbene and
p-terphenyl scintillators on non-proportionality of light yield to the alpha-particle energy
has been studied. It has been shown that formation of disrupted near-surface layer results
in increasing microheterogeneity of specific light yield over the crystal surface and depth.
The organic and alkali-halide scintillator samples show considerable specific light output
variations depending on alpha-particle energy. These samples have essential structural
disruptions of entrance surface for radiation. A correlation is observed between the non-
proportionality and pulse height resolution: the less non-proportionality is, the less is the
pulse-height resolution value within the range of used alpha-particle energies.

VccnenoBaHo BIAUSIHUE COCTOSTHUSI BXOJHOU [JIsI MBJIy4YEHUs IIOBEPXHOCTU CIIUHTHUILISATO-
poB Csl:Tl, Csl:Na, crunnbena u n-repdenHusa Ha HENPOMOPIUOHAIBHOCTL CBETOBOTO BHIXOA
u sHeprum anab®a-uacturn. Iloxasamo, uTo 00pasoBaHWe IIPUIIOBEPXHOCTHOTO HAPYIIEHHOTO
CJIOSI TPUBOAUT K YBEJUYEHUI0 MUKPOHEOJLHOPOIHOCTE! YAeJLHOTO CBETOBOTO BBIXOJA IIO
MOBEPXHOCTU KPUCTAJJIOB U MO IMIybuHe. BoJbIMMu M3MEHEHUSMHU YAEJHLHOTO CBETOBOTO
BBIXOZIa B B3aBUCHMOCTYU OT 9SHEPruu ajb(a-uacTul] o6jagaoT ob6pasibl OPraHUYecKUX U
11eJIOYHO-TAJIOUJHBIX CIUHTUJIJISATOPOB, UMEIOI[Ne CYIeCTBeHHbIEe CTPYKTYPHbIE HAPYIIEeHUS
BXOJHOM [JIs1 MBJIydYeHUs MOBepXHOCcTU. MeKIy BEeJIUUYUHON HEeIPONOPIMOHAJBHOCTY U aMII-
JUTYIHLIM paspellleHreM HaOJI0JaeTcs 3aBUCHMOCTb: YeM MEeHbIIle HelPOIOPIMOHAIbHOCTD,
TeM MeHbIlle 3HaUeHWe PaspelleHNs B AUANA30He WCIO0JIb3YeMbIX dHEePTrUil alb(a-yacTuil.
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of reserved elastic energy and relaxation

crystals are widely used in production of
short-range radiation detectors. These crys-
tals are easy to treat. The necessary shape
of crystal samples is provided by grinding
and polishing. However, a disrupted layer is
formed at the crystal surface during the
treatment [1]. The disrupted surface layer
thickness is 10 to 20 pm at standard treat-
ment techniques. The disrupted surface
layer is characterized usually by high a con-
tent of defects and impurities that influence
the operating characteristics of the detec-
tors made using these scintillators. This in-
fluence is manifested itself in different
manners for organic and alkali-halide crys-
tals. The processes resulting in increasing
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processes causing its decreasing are realized
simultaneously at any stage of plastic defor-
mation [2]. This factor results in instability
of the scintillator treated surface condition.
It is possible to increase the service life and
work reliability of such scintillators apply-
ing the surface coating [3, 4]. However, the
surface coating application onto the radia-
tion entrance surface results in worsening of
the detector spectrometric characteristics in
the case of short-range radiation registration.
The property heterogeneity of organic and in-
organic scintillators in depth near to the free
surface manifests itself, first of all, as non-
proportionality of light vield to the registered
radiation energy [5, 6]. This, in turn, results
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Fig. 1. Experimental setup; I—alpha-particle source; 2 — collimator; 3 — scintillator; 4 — PMT.

in pulse-height resolution (R) worsening.
The increasing defect number in the surface
layer results in increasing slow decay com-
ponent contribution to the radiolumines-
cence at registration of short range radia-
tion [7, 8]. This causes increasing contribu-
tion of the scintillator light output
nonproportionality to the pulse-height resolu-
tion. The main goal of this work is to study
the influence of entrance surface for radia-
tion condition of organic and alkali-halide
scintillators on non-proportionality of the
light output to the alpha-particle energy.

Alpha-particles with two different ener-
gies E; = 5 MeV and E, = 2 MeV were used
in the experiments. Pu-239 radionuclide and
collimators of different thickness were used
to obtain alpha-particles of those energies.
The experiment scheme is demonstrated in
Fig. 1. A Hamamatsu R1307 photomulti-
plier, a BUS-2-94 preamplifier, a BUS-2-97
amplifier, and an AMA-03F pulse analyzer
were used. The PMT photocathode sensitiv-
ity is in the wavelength range of 300 to
650 nm. The shaping time is 1 us for or-
ganic scintillators and 2 us for alkali-halide
scintillators.

Stilbene and p-terphenyl shaped as single
crystal disks with of 40 mm diameter and

3 mm thickness as well as disks of the same
materials and sizes manufactured by hot-
pressing [7] were chosen as the study ob-
jects. Crystal powders obtained by mechani-
cal crushing of the optical single crystals
grown from the melt are the initial materi-
als for pressing. For comparison, the same
investigations were carried out for a plastic
scintillator (SP) on polystyrene basis of the
same shape. The study objects except for SP
were exposed to mechanochemical treatment
(grinding and polishing).

Light output (V), pulse-height resolu-
tion, relative specific light yield n=V/E
and non-proportionality between the light
output and the alpha-particle energy A =
(V1/E{-V3/E5)/(V/E),, ((V/E),, is the aver-
age value of the specific light yield) were
determined. The non-proportionality charac-
terizes the deviation extent of a specific
light yield from a constant value. After the
measurements, the samples, except for SP,
were annealed at 80°C for 3 hours. Then
the measurements were carried out again.

The pulse height spectra obtained at
spectrometric characteristic measurements
by detectors on stilbene and p-Terphenyl
basis are shown in Figs. 2, 8. The average
values of specific light yield, pulse-height

Table 1. Specific light yield, pulse-height resolution and light yield non-proportionality values
for scintillators on stilbene and p-terphenyl basis at alpha-particle registration

Scintillator Specific light yield,| Resolution, % |Non-proportionality, Non-
r.u. % proportioqality
E, E, E, E, after annealing, %

Stilbene 0.69 0.79 10 16 138.5 12
Pressed stilbene 0.64 0.85 15 17 28 27
p-Terphenyl 1.28 1.48 11 15 14.5 18
Pressed p-Terphenyl 1.24 1.59 16 18 25 30
Scintillation plastic 0.26 0.26 25 30 — —
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Fig. 2. Pulse-height spectra at irradiation of
single crystal (1) and hot-pressed (2) stilbene
samples with alpha-particles of E; and E,
energies.

resolution and non-proportionality for sev-
eral samples of each scintillator kind are
presented in Table 1.

Consideration of results presented in the
Table shows the specific light yield of stud-
ied organic scintillators, except for SP, de-
creases with increasing alpha-particle en-
ergy. A more considerable difference of the
specific light yield (V/E) depending on E is
observed for the pressed stilbene and p-ter-
phenyl samples (about 28 %) than for sin-
gle crystal samples (about 15 %). Annealing
of stilbene samples did not change V/E es-
sentially for both E; and E, energies, while
for p-terphenyl, the non-proportionality
somewhat increases. High specific light
yield non-proportionality of the pressed sam-
ples results in worsened resolution as com-
pared to single crystal samples (see Table 1).
The alpha/beta-ratio for the pressed samples
is higher than for single ecrystals and
amounts 0.1 and 0.01, respectively.

The nonlinear light yield dependence on
the registered radiation energy was stud-
ied using Csl:'TI and Csl:Na samples of
@30x5 mm? size with equally treated lateral
surface and scintillation light output one. The
activator concentrations in the samples were
Cng = 51072 mass % and Cy; = 2-107! mass %.
The sample surfaces from the radicactive
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Fig. 3. Pulse-height spectra at irradiation of
single crystal (1) and hot-pressed (2) p-ter-
phenyl samples with alpha-particles of E; and
E, energies.

source side were polished by the standard
technique. After the measurements, these
surfaces were ground using a 0.5 um grain
abrasive without the further polishing and
the scintillation characteristics were meas-
ured again.

The values of the pulse-height resolution
and light yield non-proportionality deter-
mined immediately after treatment of Csl: Tl
and Csl:Na samples are presented in Table 2.
Consideration of those experimental results
evidences that the light yield non-propor-
tionality increases by 20 % at the forma-
tion of distrupted surface layer. The pulse-
height resolution changes insignificantly at
registration of alpha-particles with 2 MeV
energy and becomes worse by 1 or 2 % in
absolute value at registration of 5 MeV
alpha-particles. The non-proportionality de-
creases at polishing of Csl:TI and Csl:Na
crystals entrance surface for radiations due
to specific light yield decreasing for alpha-
particle energy E, = 2 MeV as compared to
the specific light yield for ground men-
tioned surfaces. These ratios remain essen-
tially constant for the Csl:Tl crystals and
change in time for the Csl:Na ones. At first,
the light yield non-proportionality for
Csl:Na crystals decreases, and then changes
its sign after 20 days of the sample holding

Table 2. The values of light yield non-proportionality to alpha-particle energy and pulse-height
resolution at polished or frosted (ground) surfaces of Csl:Tl and Csl:Na crystals

Scintillator and Light yield non- Pulse-height resolution, %
treatment method proportionality, % E E
1 2
Csl:Na (polished) 7 4.8 6.1
Csl:Na (ground) 25 5.9 6.4
Csl:Tl (polished) 8 5.3 7.4
Csl:Tl (ground) 33 6.9 7.6
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in normal conditions, i.e. the specific light
yield becomes substantially lower (30 %)
for alpha-particle energy E, than for E;.
Such light yield degradation is more pro-
nounced in the crystals with ground en-
trance surface for radiation. Thus, the con-
dition of that surface influences on the con-
version efficiency, which decreases in the
depth of Csl:TI and Csl:Na crystals. This
distinction is already appreciable for erystal
depth about 4 um and about 16 um, corre-
sponding to alpha-particle free path at en-
ergy 2 MeV and 5 MeV, respectively.

The increasing of defect concentration in
the distrubted surface layer seems to result
in increasing luminescence center concen-
tration in the scintillators, thus favoring
the decreasing migration loss at the energy
transfer in the radioluminescence process.
The scintillation characteristic instability of
Csl:Na surface layer is connected with
higher hygroscopicity of this material as
compared to Csl:Tl.

Thus, in the study of light yield propor-
tionality to the registered radiation energy,
it is shown that in organic and alkali-halide
scintillators with essential structure disrup-
tions of the entrance surface for radiation,
the specific light yield changes stronger as
a function of energy. It is shown that light
yield non-proportionality at registration of
short-range radiation is an inherent prop-
erty of the scintillation material. The sur-
face treatment of the studied scintillators
results in increased specific light yield in

the near-surface layer as compared to the
bulk. A pronounced correlation is observed
between the degree of non-proportionality
and pulse-height resolution. The resolution
is minimum at the minimum non-propor-
tionality in the range of the used alpha-par-
ticle energies. Comparing the non-propor-
tionality values for the polished organic and
alkali-halide crystals, it is seen that in the
latter, the light yield non-proportionality
value is substantially lower. No significant
changes of spectrometric parameters was
observed in time for p-terphenyl and Csl:TI
samples with polished surfaces. The stable
condition for ground surfaces of the men-
tioned scintillators, the stable condition was
settled after one day.
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HeniniiiHicTh CBITJIOBOrO BMXOAY IIPHU peecTpaii
aabda-BUIIPOMiHIOBAHHA Pi3HOI eHepril JeTeKTopamMu
Ha OCHOBI OpPraHiYHMX i HEOPraHIYHMX CIIHHTHJIATOPIB

B.B.I'punvoée, B.O.Tapacoe, I0.T.Budaii,
O.M.Kyodin, JI. A.Andprowenko, I.B.Kunumuwyx,
A.O.Ananenxo, JI.C.I'opdienko

ITpoBemeno mocaimKeHHs BILIMBY CTAHY BXiZHOI IJid BUIIPOMiHIOBAHHS IIOBEPXHI CI[MHTH-
aaropis Csl:Tl, Csl:Na, ctunbbeny i n-repderinsy Ha HempomopuiliHicTs ¢BiTI0BOrO BHXOIy i
eneprii anpda-uacTox. [lokasaHo, 1[0 YTBOPEHHS IIPUIIOBEPXHEBOrO MOPYIIEHOI'O IIapy IIPH-
3BOAUTH OO0 301JBLIIEHHS MiKPOHEOIHOPigHOCTEell MHTOMOI'O CBITJIOBOTO BHXOIY B3JOBXK IIO-
BepxHi Kpucranis i 3a rimubunuoo. Beauki sMiHM IMTOMOrO CBiT/IOBOIO BHUXOIY, B 3aJI€KHOCTL
Bix emeprii amb(a-4yacToK, XapaKTepHi /s 3pas3KiB opramiuHmx i JyKHO-raJOiJHUX CIMHTH-
JISTOPiB, AKi MaAOTL iCTOTHI CTPYKTYpPHI MHOPYIIEeHHS BXigHOI A8 BUIIPOMiHIOBAHHS IIO-
BepxHi. MiK BeIMUYMHOIO HEIIPOHOPIifHOCTI i aMILIiTygHMM POBIIJIEHHSM CIOCTEPiraceTbecs
3aJIeKHICTh: YMM MEHIIIe HeIPONOPI[ifHIiCTb, THUM MEHIIe 3HAYEHHS PO3[iJeHHs y AiamasoHi

eHepriii anpda-4acToK, I0 BUKOPHUCTOBYIOTHCS.
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