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The effect of the non-proportionality in light yield and the radiation energy on the
radiometric characteristics of thallium-doped cesium iodide detectors and p-terphenyl ones.
The increase of the non-proportionality in the energy and light yield at the recording of
5 MeV and 2 MeV a-particles has been shown to result in an increased background
counting rate, decreased detector sensitivity and resolution. These changes in radiometric
parameters are influenced significantly by the state of the radiation input surfaces of the
CsI(Tl) and p-terphenyl detectors.

PaccmorpeHo BiMsHUE HEIPOIOPIIMOHAJIBHOCTH CBETOBOI'O BBIXOJA M 9HEPIHU MBJIYUYEHUS
[IPA PEerucTPaly MAaJIOIIPOHMKAIOIIEr0o M3JyUYeHHUs HA PALUOMETPUUYECKUe XaPaKTePUCTUKU
IeTEKTOPOB MOMMCTOro Ie3us, AKTUBUPOBAHHOI'O TAaJJMEeM, WJIH Ha OCHOBE n-repdeHmia.
IloxasaHo, 4TO yBeIMUEHNE HEIIPOIIOPIMOHAILHOCTA CBETOBOTO BHIXO/A W DHEPIHU IIPU Peru-
cTpamuu o-dyacTul, ¢ sHepruamMu 5 MsB u 2 MsB npuBosuT K yBeanmueHuno (POHOBOII CKOpoOC-
TH cueTa, YMEHbBIIeHNI0 UyBCTBUTEJIbHOCTH AETEKTOpa U ero pasielsdrolneit crmocodoHocTu. Ha
9TU U3MEHEHHUS PaJuoOMeTPUUYEecKUX MapaMeTpPOB CYIeCTBEHHOEe BIUAHNE OKA3LIBAET COCTOS-
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HUE€ BXOJHOW IJs maaydyeHus moBepxHoctru cuuHTUIAATOPOB CSI(TI) u n-repdennia.

The scintillation detectors used in radi-
ometry should provide a high sensitivity
and energy resolution. When recording the
ionizing radiation, these parameters and re-
lated to several physical characteristics of
scintillators and detectors based thereon.
First of all, these parameters will be influ-
enced by light yield and energy resolution
[1, 2]. Those characteristics depend in turn
on microscale inhomogeneities of conversion
efficiency and light collection in the scintil-
lators. A non-proportionality in the light
yield and energy of monitored radiation can
be observed in the field of low-penetrating
ionizing radiation. The non-proportionality
of light yield in scintillation materials ef-
fects considerably the energy resolution of
the detectors. Because the light yield non-
proportionality is defined by individual
properties of a crystal, its perfection, con-
tent of the activator and impurities, there
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are discrepancies in the non-proportionality
values estimated by different authors [3, 4].
The absence of a unique dependence between
the resolution and light yield non-propor-
tionality is obviously related to the fact
that the contribution of this factor to the
resolution is masked by the contributions of
other factors, in particular, light collection.
In the field of low-penetrating radiations,
the prevailing contribution to the resolution
is due to micro-inhomogeneities of conver-
sion efficiency. The contribution of light
collection inhomogeneity in that field is
small. As the energy increases, this contri-
bution must grow due to increase of the
crystal volume where scintillations are
formed and light collection inhomogeneity.
In case of low-penetration radiations record-
ing, the structure defects influence strongly
the transformation of energy in scintilla-
tors. At the crystal polishing and grinding,
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Table 1.
Sample Energy resolution, % Non-proportionality, %
T Ty 11, 14 12, 1y
E, E,y E, E,y
1 5.4 7.1 5.3 7.4 9 10
2 6.4 10.3 6.9 10.6 30 35
3 11.0 15.1 10.0 16.0 15 16
4 16.1 18.0 18.0 20.1 25 29
the defect layer is observed to depths up to Table 2.
40-50 ym. The presence of defects must
make a considerable contribution to diffu- Sample Sensitivity, Background,
sion mobility of impurities. This may result pulse/s Bqg cps
in an inhomogeneous conversion efficiency 1 0.035 0.01
and further deterioration of the energy 2 0.020 0.06
resolution.
It is note that we consider only one fac- 3 0.009 0.05
tor influencing the energy resolution which 4 0.006 0.09

is related to spatial inhomogeneities in scin-
tillator and, as a result, to non-proportion-
ality of the light output and energy of
monitoring radiation. It is of interest to
study the influence of non-proportionality
on radiometric performances of detectors
for some scintillators.

Detectors on the basis of single crystal
scintillators Csl(Tl) (Nos. I, 2) and p-ter-
phenyl (Nos. 3, 4) of @25x20 mm? size have
been used in experiments. The surface of
crystals subjected to radiation was treated
in various manners. The surfaces of samples
Nos.2 and 4 were grounded by an abrasive
containing electro-corundum of 20 um grain
size, while Nos.1 and 3 ones were polished
by the abrasive with 0.8 pum grain size. The
scintillators were examined under irradia-
tion with o-particles of E; =5 MeV and
E; = 2 MeV energies. The parameters were
measured using a Hamamatsu 1307 type
PMT at various times of pulse shaping
times: 1y =1 us and 19=2 us — for the

CslI(Tl) scintillator, 13 = 0.5 ps and 14, =1 us
for the p-terphenyl one. In Table 1, the
characteristics of non-proportionality and
peak resolution for the studied samples are
presented for variously treated input sur-
faces. The disproportion of the light output
and energy of incident radiation (A) as well
as amplitude resolution (R) which is propor-
tional to energy resolution were calculated as

Vi/Eq - Vy/E
=11 22 p_av/v,
(V/B),
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where V is the maximum of amplitude spec-

trum corresponding to photopeak; AV, full
width at half maximum.

It is seen from the Table that the dispro-
portion of the light yield and radiation en-
ergy in the presence of disturbed layer in-
creases by about 20 % for Csl(Tl) and about
10 % for p-terphenyl. The absolute value of
amplitude resolution gets worse by about
3 % both for Csl(Tl) and for p-terphenyl.
The larger is the pulse shaping time, the
larger light yield non-proportionality is ob-
served in crystals with ground surface,
while for crystals with polished surface, the
change is insignificant. Further, we defined
the sensitivity (1) and energy resolution (k)
of detectors based on the above-mentioned
scintillators. The geometry of measure-
ments was identical for all samples. The
sensitivity was determined for a Pu-239
o-particle source (E = 5.15 MeV) as

_N-N; (2)

n=—"4x >
where N is the number of pulses in the
energy window corresponding to peak of the
total absorption of peak spectrum, in cps;
Ny, the background counting rate in the cer-
tain energy window, cps; A, the source ac-
tivity of origin in Bq. It is to note that the
window width depends on the peak resolu-
tion.

In Table 2, values of sensitivity for 4
studied samples and of background counting
speed in corresponding windows are pre-

Functional materials, 15, 2, 2008



Yu.T.Viday et al. / Influence of inorganic ...

N, pulse/s
400T1

300

200

100

]
E, MeV

N, pulse/s
4001

300

200

100

Fig. Pulse-height spectra of samples No.l1 (a) and No.2 (b) obtained with 2 MeV and 5 MeV

o-particles.

sented. It is seen from the Table that if the
radiation is detected in the broken layer of
a scintillator, the sensitivity decreases and
background counting speed increases as
compared to the results for the polished
scintillator input surface.

The detector resolution (k) was deter-
mined as the sum of counting rates under
overlapped amplitude spectra of pulses at
detection of a-particles with E; and E, en-
ergy, under identical experimental condi-
tions and in the same energy range AE. The
energy range was in the middle between
photopeaks of overlapped pulse amplitude
spectra. In the Fig. 1, the overlapped spec-
tra of pulse amplitudes are presented at de-
tection of o-particles with energies E; =
2 MeV and E; =5 MeV for the sample
Nos.1 (a) and 2 (b). The energy range (dE)
where the cumulative count rate was deter-
mined is indicated by dashed lines. The en-
ergy resolution x of the sample No.2 is
more than two times worse than for the
sample No.1.

Thus, at grinding and polishing of or-
ganic and alkali-halide crystals during
manufacturing detectors, a disturbed layer
is formed on the surface. Its influence on
scintillation performances of detectors is
seen, in particular, at detection of low-pene-
trating radiations (o, B, y, X-ray, etc.). In
the spectrometry, it is manifested in non-
proportionality of the light yield and radia-
tion energy that will negatively influence
the energy calibration of spectrometers. As
is seen from the obtained results, the light
yield disproportion influences the radiomet-
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ric parameters of the detector, incrementing
background counting rate and reducing the
detector sensitivity. So, increase of light
yield and energy disproportion for the sam-
ple No.2 at detection of ca-particles results
in sensitivity decrease by a factor of 1.75 in
comparison with that parameter for the
sample No.1 and by a factor of 1.5 for the
sample No.4 in comparison with the sensi-
tivity value for the sample No.3. The in-
crease of disproportion worsens essentially
the detector energy resolution at recording
o-particles with two energies E; =5 MeV
and E, = 2 MeV.

The increase of light yield disproportion
at increase of pulse shaping time for scintil-
lators with the disturbed surface layer testi-
fies that the contribution from slow scintil-
lation components to radioluminescence in-
creases. The absolute wvalue of peak
resolution is worsened by 38-5 % at dis-
turbed layer formation. Simultaneously, the
light yield increases at detection of radia-
tion in the disturbed layer. The contribution
to the resolution connected with micro-inho-
mogeneities of conversion efficiency de-
pends on the a-particle energy, and thus on
energy of secondary electrons. It is known
[5] that resolution is in inverse proportion
to a square root from electron free path.
Hence, the resolution is inversely propor-
tional to energy of a-particles.

R ~1/VEa.

Because we used low-penetrating o-radia-
tion, the energy of secondary electrons is
insignificant, as a result, the resolution will
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depend on concentration of micro-inhomogenei-
ties in the surface layer of a scintillator.
Thus, the grinding of radiation input
surface for Csl(Tl) and p-terphenyl scintilla-
tors results in formation of a disturbed sur-
face layer that, in turn, increases the dis-
proportion of the light yield and energy of
monitored radiation in comparison with the
polished surface. The disproportion between
the light yield of Csl(Tl) and p-terphenyl
scintillators and energy of monitored a-ra-
diation worsens radiometric parameters of
detectors on their base. The increase in
light yield disproportion and radiation en-
ergy with pulse shaping time increase at
o-particle detection for scintillators with
ground surface testifies that in their radio-

luminescence the contribution of slow scin-
tillation components increases.
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BniiuB HenmpomopuiiiHOCTI CBITJI0BOTO BUXOMY
CHMHTHJIATOPIB Ta eHeprii ioHi3yr04Yoro
BUIIPOMiHIOBAHHS, 1[0 PEECTPYETHCA, HA pagioMeTpPHMUHI
mapaMeTpH JEeTEKTOPiB Ha IX OCHOBI

I0.T.Budaii, B.O.Tapacos, T.€.I'op6auoéa

PosrisHyTO BIJINMB HEIPOIOPIIIMHOCTI CBITJIOBOro BHUXOAY Ta eHeprii BUIPOMiHIOBAHHSA
npu peecrpalfii HM3bKONPOHMKHOI'O BHUIPOMIHIOBAHHS HA PaJiOMETPHUYHI XapaKTepPUCTUKU
IeTeKTOPiB Ha OCHOBI Momimy 1esis, aKTHBOBAHOI'O TAJi€M, Ta HA OCHOBiI n-repdeniry.
ITokasano, 110 30iJbIIeHHS HENPOMOPI[IOHAJIBLHOCTL CBIiTJIOBOrO BHUXOAY Ta eHeprili mpu
peecrpanii o-gyactuHOK 3 eHepriamum 5 MeB i 2 MeB mnpusBoguts m0 30inbiieHHA (PoHOBOI
MIBUAKOCTI pPaxyBaHHs, 3MEHIIIeHHSA YyTJIMUBOCTL meTeKTopa Ta iioro posainbHOi 3gaTHOocTi. Ha
mi smMiHM pagioMeTpUUYHMX IIapaMeTPiB CYTTE€BUU BILIMB YMHHUTHL CTAH BXiJHOI IJIsi BHUIIPOMIi-
HIOBaHHA noBepxHi cuuHTUAATOPiB CSI(TI) Ta n-repdeniny.
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