Functional Materials 20, No.3 (2013) © 20183 — STC "Institute for Single Crystals”

A method of digital processing of the shape
of impulses applied to investigation
of promising scintillators

S.S.Markochev, N.V.Eremin, V.I.A rbuzov*

_ FSUE "CNIIHM", 115487 Moscow, Russia
"FSUE SIC "S.Vavilov State Optical Institute”,
199034 St. Petersburg, Russia

Received March 12, 2013

Spectrometer on the basis of digital storage oscilloscope Tektronix TDS 7704B for the
study of scintillation characteristics of promising scintillators is described. Digital wave-
forms of anodic impulses from PMT photomultiplier were stored and processed in off-line
mode. The measured maximum counting rate of impulses was 1.8-10° imp./s. The results
of the experimental research of the scintillation characteristics of enriched SLi-silicate
glass, manufactured in SIC "S.Vavilov State Optical Institute”, is presented. The energy
resolution (FWHM) of the peak from OLi (14 ,0rm OT reaction of thermal neutrons with 6L
was 23 %. Scintillation times of the glass for o- and Yy-sources were measured; the
possibility of additional discrimination of thermal neutrons and y-quanta by the shape of
impulses is presented.

Omnncan CIeKTpoMeTp Ha OCHOBe IM(PPOBOro 3amoMmHAaIOIero ociuinaorpadga Tektronix
TDS 7704B pis uccaegoBaHUA CIUHTUJIANNOHHBLIX XapPaKTEePUCTUK TEPCIEeKTUBHBIX CITHH-
TUAAATOPOB. I{ndhpoBLEIE OCIUIIOIPAMMBI AHOAHLIX UMITYyJbcoB DY sanmomMuHamTea U o6pa-
GaTniBatoTea B pesxuMe off-line. MakcuMaanLHaA CKOPOCThL PETHMCTPAIMY MMITYJILCOB COCTABU-
na 1.8-10% umm. /cex. IIpuBegeHE Pe3YAbTATH HKCIEPUMEHTANBLHOTO HCCIeLOBAHIA CI{MHTHLI-
JANMOHHBEIX CBOMCTB oBorarieHHoro °Li-iurueBoro crekia, merotosiaentoro 8 HIIK I'OU uwm.
C.BaBusioBa. DHepreTUUECKOe paspellleHre TMHKAa TEMJIOBLIX HEHTPOHOB OT 6Li(nﬁm,m,oc)T pe-
aknuu ¢ OLi cocraBuno 23 %. VsMepeHbl BpeMeHA BBICBEUUBAHUS MMIYJILCOB OT O- U
Y-UCTOYHIKOB, [IOKA3aHA BOSMOXKHOCTH AOIOJHUTEIHHOI'O PAa3LEeJeHUs TEILIOBBIX HEHTPOHOB
U Y-KBaHTOB 10 (popMe UMITYJIhCA.

Memod yugppoeoi o6pobru dopmu imnyavcié y 3acmocyeéanni 0o docnidyxcenna nep-
cnexkmuenux cyunmuaamopié. C.C.Maprowes, H.B.€pvomin, B.I.Ap6y3o06.

OmmcaHo CIEKTPOMETP Ha OCHOBI ImudpoBoro 3amam’ aToBylouoro octujorpada Tektronix
TDS 7704B nna pochif:KeHHS CHUHTUIAIIAHUX XapaKTepUCTUK IMePCHeKTUBHUX CITUHTUIIA-
Topie. Iudpori ocuuaorpamu amoguux iMmynabcie @EY zanmam’aToBYIOTECS 1 00pobAAOTHCA
B pexumi off-line. MaxkcumaabHa MBUAKiCcTE peecTparnii imMmyasciB — ckiama
1.8-10° imn./cek. HaBemeHo pesyabTaTU €KCHEePUMEHTAJbHOTO AOCHIIKEeHHSA CIIUWHTUJIAIIN-
HUX BJIacTHBOCTeH sGaraueHoro °Li-mitieBoro ckiae, surotosienoro 8 HBK I'OI im. C.Basi-
noBa. Eneprerwunuil 108Bin miky TemmoBmx medTpomie Bix OLi (M4 porm VT pearmii c 6L
ckaano 23 % . Bumipsino yacu BuCBiUuyBaHHSA IMIyJbCiB Bif O- i Y-AKepes, MOKa3aHO MOXK-
JUBIiCTH ZOJATKOBOIO IIOAITY TENJIOBUX HEUTPOHIB i Y-KBaHTIB 3a (opmMoro iMumynbcy.
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1. Introduction

One of the urgent problems in nuclear
radiation spectroscopy is a search for new
promising scintillators for selective regis-
tration of neutrons instead of 3He-counters.
One of such scintillators is enriched SLi-sili-
cate glass, activated cerium [1], the study
of scintillation characteristics of which is
devoted to this work.

Usage of a digital storage oscilloscope
for measuring scintillation characteristics
of promising scintillators is caused by the
necessity to obtain more useful information
about the response to radiation, than that
which is available by analog electronics.
Signal digitization allows to process experi-
mental data repeatedly and to optimize the
developed algorithms of processing the
shape of light emission impulse — to take
into account pile-up effect and the baseline
shift, to find time reference point to the
signal with an accuracy of up to fractions
of a nanosecond, to recover energy spectra
of the registered radiation.

Digital storage oscilloscopes are recently
being used, for example, to distinguish
charged particles by the shape of impulses
[2], as well as neutrons and y-quanta [3, 4].
In [2] it was used a spectrometer on the
basis of scintillator CsI(TI), in [3, 4] — spec-
trometer on the basis of stilbene. Counting
rate of the detector in [4] has reached
~106 imp./s, which is exceed the possibility
of analog electronics. The digital method is
also applied for investigation of amplitude-
temporal properties of inorganic scintilla-
tors [5].

Selective registration of neutron radia-
tion requires effective subtraction of back-
ground events. By using the digital method,
one can improve the selectivity of the prom-
ising scintillator through use of the algo-
rithms for differentiation of the types of
nuclear radiation by the shape of impulses.

2. Experimental

Lithium-silicate glass had a composition
SiO5,—Li,O-MgO-Al,05,—Ce with the concen-
tration of the isotope O6Li equal to
1.13-1022 ¢cm~3, was manufactured in SIC
"S.Vavilov State Optical Institute”. Spec-
trometer for investigation of the scintilla-
tion characteristics of the glass was con-
sisted of compact photomultiplier tube
Hamamatsu R5611a and four-channel digi-
tal storage oscilloscope Tektronix TDS
7704B with a bandwidth of 7 MHz and
maximum sampling rate of 20 MHz. For
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Fig. 1. Measured responses of the enriched
6Li-silicate glass on thermal neutrons and
y-quanta from 2%2Cf and 80Co sources.

digitizing the shapes of lithium glass im-
pulses the sampling time was chosen to be
equal to 0.1 ns, the length of one record —
104 points. At the selected time settings of
the oscilloscope its maximum counting rate
of impulses was measured to be equal to
1.8:10% imp./s with the help of digital func-
tional generator Tektronix AFG 3102.

Digitized waveforms were recorded in
the oscilloscope memory (6.4-107 points),
and after its completion were saved as a
file. Operation of the oscilloscope (his set-
tings reinstallation, saving of digitized
shapes of impulses) was carried out by spe-
cial software, written in C++4+ language,
using the Plug&Play driver of the oscillo-
scope and the interface of input/output
TekVisa. Software allowed to conduct ex-
periments in automatic mode according to a
preconceived plan.

Recorded in the file waveforms were
processed in off-line mode on personal com-
puter with the help of the developed digital
algorithms and the graphical user interface
(GUI) in MatLab package. GUI allowed con-
trolling the results of the experimental data
processing and presenting them in the form
of graphs. Time reference points to im-
pulses were found by the method of con-
stant-fraction — on the edge of impulses at
the height of 1/3 of its amplitude. Impulse
energy was estimated by integrating a sig-
nal in the time window —30...350 ns rela-
tive to its time reference point.

3. Results and discussion

The sample of 16x16x6 mm3 lithium-sili-
cate glass was irradiated by the flux of
thermal neutrons from a 2%2Cf source with
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Fig. 2. o-Particles (from 6Li(nmermoc)T reac-
tion) discrimination in the experiment with
252Cf source within the paraffin sphere.

activity ~8.2:105 neutron/s, which was
placed in the center of paraffin sphere with
a diameter 14 cm. The distance from the
source to the glass was =30 cm. The experi-
ment was carried out in three ways: 1) with
the source of 252Cf without paraffin; 2) the
source of 252Cf was placed in the center of
paraffin sphere; 3) with paraffin and with
cadmium sheet with thickness of 0.6 mm,
installed between the source and the glass.

The measured responses of the enriched
6Li-silicate glass on thermal neutrons and
v-quanta from 252Cf and 60Co, respectively,
are shown in Fig. 1. Experiments with 252Cf
have shown the peak from 6Lj (" iherm T
reaction of thermal neutrons with 6Li,
whereas in the experiment with 60Co this
peak was not observed. In the case of set-
tings 1 and 3 the peak was due to decelera-
tion of neutrons from 2%2Cf by the sur-
rounding objects. The energy resolution
(FWHM) of the peak was 23 %.

The scintillation time measurements of
the enriched 6Li-silicate glass were made
with o-source of 238Pu and y-source of 69Co.
Recorded shapes of impulses were approxi-
mated by decreasing exponent with a pa-
rameter t. For o-particles the value of the
parameter is equal to t, = 56+13 ns, for
y-quanta — T, = 80+12 ns. Approximating
the falling part of the investigated glass
impulse by the sum of two exponents was
failed.

On the basis of the dependence the scin-
tillation time of lithium glass on the type of
nuclear radiation a simple method of o-par-
ticles discrimination (and, consequently,
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Fig. 3. Result of the particles discrimination
by the impulses shape in the experiment with
60Co source.

thermal neutrons) was developed. Two time
windows relative to the time reference point
were chosen for discrimination particles by
integration of impulses within the windows.
The best resolution of the peak from ther-
mal neutrons was observed at the time win-
dows T;=38...7 ns and T4 = 50...200 ns
relative to a time reference point. The re-
sult of a-particles discrimination in the ex-
periment with the 252Cf source within the
paraffin sphere is presented in Fig. 2. The
result of the particles discrimination by the
shape of impulses in the experiment with
60Co source is presented in Fig. 8. I, and I,
on the axes of both figures denote the inte-
grals of impulses in the corresponding time
windows Ty and T,. By comparing two fig-
ures one can make a conclusion that observ-
able peak is really corresponds to the peak
from 8Li(n;j,ppm )T reaction of thermal neu-
trons with Li.

4. Conclusions

The developed digital method for investi-
gation of promising scintillators was used
for experimental study of the registration
efficiency of lithium glass, enriched by the
isotope 6Li, on thermal neutrons. The glass
was manufactured in SIC "S.Vavilov State
Optical Institute”. By using the digital sig-
nal processing the scintillation times have
been measured for o-particles and y-quanta;
the possibility of selective registration of
neutron radiation by the shape of lithium
glass impulse have been shown. The devel-
oped method can be applied to studies of
other promising scintillators.
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