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Molecular organic scintillation materials are the most effective objects for creating systems that detect the kinds of radiation,
that the most harmful to humans (alpha particles, fast neutrons, etc.). In addition, organic crystals and liquids are capable to separate
these types of radiation from photons of background gamma radiation. In these scintillators, ionizing radiation generates two types of
luminescent response— prompt and delayed radioluminescence lonizing radiation with a high specific energy loss dE/dx, i.e. energy
loss E per unit path length x, generate a scintillation pulse in these media with a high proportion of the slow component. Recently,
new types of scintillators have been developed, namely, heterogeneous organic scintillators containing single-crystal scintillation
grains that can be combined by hot pressing sintering (polycrystals or Van der Waals ceramics) or can be incorporated into a
transparent gel composition (composite scintillators). the ability of heterogeneous organic scintillators to separate signals from
radiation with different dE/dx and the physical basis of this process in heterogeneous scintillation materials remain one of the urgent,
unexplored problems.

This work presents the results of the study of the form of scintillation pulse shapes for the samples of organic single crystals,
polycrystals and compositional scintillators based on stilbene in comparison with the same results obtained for p-terphenyl and
anthracene for various types of ionizing radiation excitations. The peculiarities of the influence of the triplet-triplet annihilation
process on the formation of a slow component of the radioluminescence pulse in these systems have being studied. We found that the
ability of new types of organic heterogeneous materials (polycrystals and composite scintillators) to the separate registration of
ionizing radiation in the shape of the scintillation pulse is close to the corresponding values that characterize this ability of
structurally perfect single crystals.

Keywords: form of scintillation pulse, anthracene, stilbene, p-terphenyl, single crystal, polycrystal, composite scintillator.

PozninpHa peecTpaliis 10HI3yIOUOTO BUITPOMIHIOBAHHS 3 PI3HUMU
MUTOMHMU BTpAaTaMU €HEPrii OpraHiYHUMU FeTePOCTPYKTYPOBAHUMU

COUHTUWIIATOPpAMHU
M.3. FanyHOBl’ 2 1.0. XpOMIOK2
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2 Inemumym cyurnmunsyiunux mamepianie Hayionanwnoi akademii nayk Ykpainu, np-m Hayxi, 60, Xapkie 61072, Yrpaina

MonekysipHi OpraHidHi CUMHTHIIALIIHI MaTepiany - 1e HaiedeKTHBHINI 00’€KTH AJIsS CTBOPEHHS CHCTEM, II0 BHUSBISIIOTH
Taki BUJY BUIPOMIHIOBaHHS, L0 € HAMOUIBII IIKIATUBUMYU IS JIIOMUHU (anbha-4acTUHKH, MIBUAKI HEUTpoHH Toio). OpraHivHi
KPUCTaJIM Ta PiAMHM 37aTHI BIZOKPEMIIOBATH Il BUAW BUIPOMIHIOBAHHS BiZ (OTOHIB ()OHOBOTO raMma-BHIPOMIHIOBaHHS. Y IHX
CIMHTWIIITOpAX 10Hi3ylIoue BHUIIPOMIHIOBAaHHS TE€HEpye [Ba THIH JIFOMIHECIIGHTHOTO BIATYKY - MHTTEBY Ta 3aTpPUMaHy
pamiomominecieH 0. [oHI3yi04Ye BUIIPOMIHIOBAHHS 3 BHCOKOIO MHUTOMOIO BTpatoro eHeprii dE/IX (Brpatu eneprii E Ha oguHuI0
JIOBXXUHHU TIPOOITy X YaCTHHKH), TEHEPYIOTh IMIIYJIbC COMHTHIIAMIT B IIUX CEPEeOBHUINAX i3 BHCOKAM BHECKOM ITOBIJIBHOI CKIIAIOBOI.
OcranHiM dacoM Oynau po3poOieHi HOBI THIIM CHMHTHISATOPIB, a caMe TETepPOTeHHI OpraHidHi CIUHTWISATOPH, IO MICTATH
MOHOKPHUCTAJIIYHI CHUHTHIIALIIHI IpaHyiH, sIKi MOXKYTb OyTH 00'€THAHI CIIIKaHHSIM IIPU Taps9oMy IIpecyBaHHI (HONIKpUCTaIH), abo
MOXYTh OyTH BKJIIOYEHI B MPO30pYy TIENi€BY KOMIIO3UI0 (KOMIIO3UTHI CUMHTHISITOPH). 3MATHICTh I'€TEPOreHHUX OpPraHiuHHX
CIMHTHIISAITOPIB BiJOKPEMIIFOBATH CHTHAJM Bifl BUMpoMiHIOBaHb i3 pisuumu OE/dX Ta ¢isuyna ocHOBa LBOrO MpoLECY B
HEOJHOPIAHUX CUMHTWIILIHHIX MaTepiagax 3aluIIaloThCsl OAHIEI0 3 HaralIbHUX, HE JOCTIPKSHUX POOIIeM.

VYV wiit pobotri mpeacTaBieHi pe3yJbTaTH IOCTIHKEHHS (GOpMHM CUMHTHIALIMHUX IMITYJbCIB Ui 3pasKiB OpraHid4HUX
MOHOKPHUCTAJIIB, MOJIKPHCTATIB T4 KOMIIO3ULIHHNX CHUHTIIATOPIB Ha OCHOBI CTWILOEHY B IOPIBHSHHI 3 THMH XX pe3ylIbTaTaMH,
OTPUMaHHMH I A-TepQEHUTy Ta aHTpaleHy IS pI3HUX BHIIB 30y/DKEHHS IOHI3yIOUOro BHUIIPOMIHIOBAaHHS. JlOCTiIKEHO
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0COOJNMBOCTI BIUIMBY IPOLECY TPHUIUICT-TPUILICTHOT aHIriiamii Ha (opMyBaHHS y IIMX CHCTEMaX IOBUIFHOTO KOMIIOHEHTA
PaznioMIOMIHECIIEHTHOTO IMITyJbcy. BusBIEHO, IO 34aTHICTP HOBHX THUIIB OpPraHiYHMX TeTEPOCTPYKTYPOBAaHMX MaTepiajiiB
(TMOMKpHCTANIB 1 KOMIO3MLIHUX CUUHTHILSITOPIB) [0 PO3IIIBHOI peecTpauii i0HI3yrouoro BHOPOMIHIOBaHHS 3a (HOPMOIO
CIMHTWISIIHHOTO IMIyJIbCY OJM3BKa O BIIOBIJHUX 3HAUCHb, IO XapaKTePH3YIOTh IO 3IaTHICTH JIS CTPYKTYPHO JTOCKOHAINX
MOHOKPHCTAJIIB.

KonrouoBi cioBa: dopma immynscy pamioiroMiHecneHNii, cTHIBOEH, n-TepeHi, aHTpaIleH, MOHOKPUCTAJI, MOTIKPHCTA,
KOMITO3UIIIHHUHA CIIMHTHIISITOP.

Pa3I[CJ'H)HaH perucTpanusa HOHU3HUPYIOIICTO U3JTYUCHUA C pa3JIMYHbIMUA
YACIBbHBIMU ITOTCPAMU SHCPI'MHU OPraHU4YCCKUMHU
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MounekynspHble OpPraHMYecKHe CLUUHTWULILHOHHBIE MarepHaibl SBISIOTCS Haubonee 3(PQEeKTUBHBIMU OOBEKTAMH JUIS
CO3/IaHMs CHCTEM, KOTOpBIE CIIOCOOHBI OOHApY)KMBaTh HawOoiee BpEAHBIC AJs 4YelOoBEeKa HOHHM3HPYIOIIWE H3TydeHus (ambga-
YaCTHILBI, OBICTPbIC HEHTPOHBI U T. A.). OpraHUYecKHE KPUCTAUIBI U JKMAKOCTH CIIOCOOHBI OTAENATH 5TH BHABI U3IYYCHUS OT
(GOTOHOB  (HOHOBOrO raMMa-M3JIy4eHHs. B 3THUX CHMHTHULATOpPAX HOHU3MpYIOIIEe H3JIyYCHHE TICHEpHpyeT [Ba THIIA
JIFOMMHECLIEHTHOTO OTKJIMKA - MTHOBGHHYIO M 3a€pKaHHYIO DPaJHOJIOMHMHECLEHIMI0. MoHu3Mpymomee H3IIydeHHEe C BBICOKOIL
ynenpHo# motepeit sHeprum JE/dX (motepst sHepruu E Ha eamHuuy [UtMHBI mpo6era 4YacTHIBI X) TEHEPHUPYET B ATHUX Cpelax
CIMHTWUBILMOHHBIA UMITYJIbC C BBICOKOW JOJIed MEIJICHHOTO KOMIIOHEHTa. B mocienHee BpeMst ObIIM pa3paOOTaHBI HOBBIE THIIBI
CIMHTWUIATOPOB, a HMMEHHO TIETepOreHHBIE OpPraHWYeCKHe CHMHTWUIITOPBL,  COJEpXKAllue  MOHOKPHCTAJUTHYECKHUE
CUMHTHUILIMOHHBIE 3¢pHA, KOTOPBIE MOTYT OBITh OOBEIMHEHBI IIyTeM CIICKaHHS IIPH TOPsYeM MPECCOBAHUHU (MOJIMKPHCTAILIBI) WU
MOTYT OBITH BKIIOYCHBI B MPO3PAYHYI0 TEIUEBYI0 KOMIIO3UIHMIO (KOMIIO3UTHBIE CHUHTHILIATOPHI). CIOCOOHOCTH TeTepOreHHBIX
OpraHUYeCcKUX CLHHTHUIULITOPOB OTAENATh CHTHANIBI OT H3MydeHHs ¢ pasHbiMu OE/DX u ¢u3nueckas ocHOBa 5TOro mporecca B
reTePOreHHBIX CIUHTHIIALMOHHBIX MaTepHallax OCTAIOTCS OHOH M3 HEOTIOKHBIX, HEU3YUECHHBIX MPOGIIeM.

B nmanHO# paboTe mpencTaBiieHbl pPe3yNbTaThl HCCIEAOBaHHMS (OPMBI CHUHTHUILMOHHBIX HMITYJIbCOB Ui 00pa3oB
OpPTraHWYECKUX MOHOKPHCTAJUIOB, IOJMKPHCTAUIOB M KOMIIO3UIMOHHBIX CHUHTHJULITOPOB HAa OCHOBE CTHJIBOEHA B CPaBHEHHH C
AQHAJIOTHYHBIMH Pe3yJbTaTaMH, MTOJIYYSHHBIMHU JUTS n-TepdeHmna 1 auTpaleHa A1 pa3InyHbIX TUIIOB BO30YXKICHUH HOHH3UPYIOIINM
n3nydeHneM. V3ydeHbl OCOOCHHOCTH BIIMSIHUSI TpOIecca TPHUILICT-TPUIUIETHOW AaHHUTWIIIMK Ha (OPMHUPOBAHHE MEUICHHOM
COCTaBJISIIONICH MMITyJIbCa PaIHOTIOMUHECLCHIINK B 3THX cucTeMax. OGHapyXeHO, YTO CIIOCOOHOCTh OPraHUYECKHX TeTepOreHHBIX
MaTtepuajoB (MOJMKPUCTAIUIOB W KOMIIO3UTHBIX CIHMHTHJUIATOPOB) K Pa3leNIbHON PErHCTpaliy HOHU3HPYIOIIEr0 HM3JIydeHHS 110
bopMe CUMHTHIALMOHHOTO HMITyJbca OJNU3Ka K COOTBETCTBYIOLIMM 3HAYCHHSM, XapaKTepU3YIOUIUM 3Ty CIIOCOOHOCTb IS
CTPYKTYPHO COBEPLICHHBIX MOHOKPHCTAJIIOB.

KumoueBble cioBa: (opma HMIyIbca paJUOTIOMHHECLECHINH,
MOJIMKPUCTAILT, KOMIIO3UIIMOHHBIH CIMHTHILIITOP.

cTuib0eH, n-Tep(EeHnI, aHTpaleH, MOHOKPUCTAILI,

component. In organic crystals, the slow component of

Introduction

Molecular organic scintillation materials are the most
effective objects for creating systems that detect the kinds
of radiation, that the most harmful to humans (alpha
particles, fast neutrons, etc.). In addition, organic crystals
and liquids are capable to separate these types of radiation
from photons of background gamma radiation. In these
scintillators, ionizing radiation generates two types of
luminescent  response—  prompt and  delayed
radioluminescence lonizing radiation with a high specific
energy loss dE/dx, i.e. energy loss E per unit path length
X, generate a scintillation pulse in these media with a high
proportion of the slow component. As an example of such
ionizing radiation, one can cite recoil nuclei, alpha
particles, low energy electrons, neutrons (as an example
of indirectly ionizing radiation). lonizing radiation with
low dE/dx values (such as medium and high-energy
electrons and photons of gamma radiation), in turn,
generate scintillation pulses with a small portion of a slow

the radioluminescence pulse occurs during triplet-triplet
(hereinafter abbreviated T-T) annihilation of localized
triplet molecular excitons (hereinafter T-states). If there is
an effective diffusion transport of these triplet states, then
they are able to localize on neighbouring molecules and,
therefore, approach each other to such a distance when the
exchange-resonance mechanism of their interaction
becomes possible. In the case of a long-range inductive-
resonance mechanism of energy transfer of electronic
excitation, the guantum mechanical spin forbidding for
transitions between energy states with different spins
requires that the spins of each of the interacting molecules
remain unchanged before and after T-T annihilation.
These selection rules for the conditions of the exchange-
resonance mechanism of electronic excitation energy
transfer require only the conservation of the total value of
the spins for both interacting molecules before and after
T-T— annihilation. The exchange-resonance mechanism of
electronic excitation energy transfer becomes effective

BicHuk XHY imeHi B.H. KapasiHa, cepia «®isukar, sun. 30, 2019 11



Separate detection of ionizing radiation with different specific energy losses by organic
heterostructured scintillators

only when the molecular orbitals of interacting molecules
overlap, i.e. at extremely short distances between adjacent
molecules. Such effects have been proven for organic
single crystals and liquids [1 - 3].

Recently, new types of scintillators have been
developed - heterogeneous organic scintillators containing
single-crystal scintillation grains that can be combined by
hot pressing sintering (polycrystals or Van der Waals
ceramics) or can be incorporated into a transparent gel
composition (composite scintillators) [4]. Previously, the
features of the formation of the slow component of the
scintillation pulse and its presence for these
heterogeneous organic scintillators were not studied, but
were given only as an experimental fact [5 - 8]. Therefore,
the ability of heterogeneous organic scintillators to
separate signals from radiation with different dE/dx and
the physical basis of this process in heterogeneous
scintillation materials remain one of the urgent,
unexplored problems.

Theory

The appearance of electronically excited states can
precede molecular luminescence not only as a result of
optical excitation (photoluminescence), but, e.g., in the
case of radioluminescence, i.e., as a result of excitation by
ionizing radiation. In the latter case, under the action of
ionizing radiation, charge pairs arise, the recombination
of which precedes the formation of the luminescent signal
[2, 3]. Eq. (1) describes the recombination process for
such the pairs (both homogeneous and heterogeneous):

h+e—>{si_’sl, )
T —-T,

where S¢*, or T,*, and S, or Ty are highly excited energy
states, and the lower excited states (singlet or triplet), and
h and e are molecules with an uncompensated negative
charge and with an excess electron, respectively.

The generation of singlet states leads to the
appearance of prompt radioluminescence arising because
of the allowed (according to the spin selection rules)
optical transition:

S, —>S,+hv, )

In equation (2), v is the frequency of the prompt
radioluminescence photon and h is Planck constant. The
appearance of the prompt radioluminescence leads to the
formation of the fast component of the scintillation pulse.
Its decay time 7 for effective organic scintillators is in the
range from 0.4 to 30 ns [1, 4].

The formation of the slow component occurs by
another mechanism for the exchange of excitation energy.
At small distances between triplet-excited molecules,
when molecular orbitals overlap, an exchange interaction
between two T-states (3) becomes possible. As it
mentioned above, it is the case when the sum of the spins
of both molecules before and after the interaction
unchanging. As a result, the following reactions become
possible [1 - 4]:

S, +S, =hv+2S,
T,+T,—2—><T,+S,
Q+S,

: @)

Reactions that result in formation of quintet states (Q),
as well as states with higher multiplicities, require the
simultaneous change in the wave functions of more than
two electrons. In such a situation, ionization becomes
energetically more likely. For this reason, the appearance
of quintet states, as well as states with higher multiplicity,
for the above systems is not energetically favorable [3].

In the process (3), the emission of scintillation
photons is delayed by the time required for two T-states to
meet each other. Therefore, this type of luminescence is
called "delayed luminescence." A slow component of the
radioluminescence pulse is forming, lasting from
hundreds of nanoseconds to microseconds. From the
above estimates, it becomes obvious that at the initial
moments of time t after excitation, the intensity of fast
component determines the shape of the scintillation pulse
and masks the luminescence that forms it the slow
component. For large times t after excitation (t >> 7), the
contribution of fast luminescence to the total
luminescence should be negligible.

According to expression (3), the following system of
kinetic equations describes the change in the
concentration of T and S states [4, 5]:

9D s
dt
_ﬁTCT (r,t) - FTT (r-t);
: (4)
dCy(r,t) B
T = DSACS (r,t)

—BsCs(r,) +(f /2)F: (r,1)

where Cr(r,t) and Cs(r,t) are the concentrations of T, and
S, states, respectively, which arise at a distance r from the
trajectory of the particle at time t after its passage. In
system of equations (4) St and S5 are the probabilities of
the monomolecular decay of T, and S; states, D and Dg
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are the diffusion coefficients of these states, respectively.
The third term in the first equation of system (4) is the
collision integral:

Frr (r,1) = [WR)N (DR, (5)

where w(R) is the probability of bimolecular quenching of
T, states Eq. (3) that are at a distance R from each other;
Ng(t) is the number of such pairs per unit of volume. The
concentration of T, states determines the average distance
between them and the type of their interaction. For large
values of the concentration Ct (r, t) Eq. (5) describes its
rapid decrease in time. Such type of T-T annihilation is
the concentration-controlled non-radiative process. Due to
such intense primary blanking, a further change in CT (r,
t) as a result of the T-T annihilation process is
significantly slowing down. From some time t; after
excitation, the process (3) of quenching of T, states
becomes slow, and from t > t;, we have:

Frr (1) o~ 7CT2 (r.1) (6)

where y is the time-independent effective Kinetic
coefficient that determines the disappearance of T, states
after their collision. In the situation when (6) holds, then
the change in the concentration of 77 states determines the
first term of the first equation in (4). It determines the rate
of diffusion expansion of the region where the T states
are concentrated. T-T annihilation becomes a diffusion-
controlled process. The solution (4) if (6) in the
approximation of the so-called “given” diffusion is
described in detail in [2].

If we denote the characteristic time of the process of
diffusion displacement by the distance ry as:

t, =17 /4D, . ()
then according to [2] for the time range t; < t < t,, (where

7pn 1S the time of phosphorescence, i.e. direct transition 7;
— Sg + hvp), we obtain that for the time t after excitation

the number of emitting photons of delayed
radioluminescence is equal to [1 - 3]:
N(t) = Noexp(—24t)(1+t/t,) " (®)

where Ny is the initial number of Tj-states (in real
approximation plays the role of the normalizing factor), S+
is the same value as in the first equation of system (4), | is
dimension of Ty-states diffusion. Eqg. (7) describes tp.
When the value of g; for a given sample is fixed in time,
instead of (8) we obtain [1, 3, 4]:

N(t)~ (L+4tD, /t2) ™. 9)

According to (9), the shape and intensity of the slow
component of the scintillation pulse should depend
significantly on the specific energy losses of the dE/dx
ionizing particle. Indeed, the quantities I, Dy, and r,
determine the shape of the slow component according to
(9). The T-state diffusion coefficient of Dy and the
dimension of this diffusion | depend on the characteristics
of the object. At the same time, both the parameter ry and
the above-mentioned dimension of this diffusion | will be
determined not only by the properties of the object, but
also by the conditions of excitation, i.e. dE / dx of the
ionizing particle. Comparing (8) and (9), we can conclude
that the factor No, which is not taken into account in (9), is
proportional to the number of initial T-states (for small St
will determine the intensity of the slow component. It also
depends on the values of dE / dx.

Experimental

The samples of single crystals and polycrystals had a
cylindrical (diameter D and height h) or cubic form. We
also investigated composite scintillators of size
30x30x20 mm®. We used the optimal fraction of grain
sizes (from 1.7 to 2.2 mm) to obtain heterogeneous
organic scintillators with high light output (for more
information, see [9])
Fig. 1 shows a block diagram of a simple installation for
measuring the kinetics of radioluminescence by a single-
photon method. It can be used, e.g., to the study of the
slow component of the scintillation flare, when high
temporal resolution is not required. An ionizing particle
of a radionuclide source of ionizing radiation (SIR),
entering the test sample (S), ionizes and excites its
molecules, causing the appearance of a pulse of
radioluminescence. The sample is in optical contact with
a photoelectron multiplier, which we will call “start”
photomultiplier tube (PEM 1). The signal at the output of
the starting photomultiplier tube gives the information
about the time of arrival of the particle. Photons of
radioluminescence through the diaphragm D get to the
photocathode of another photomultiplier tube. It is so-
called “stop” photomultiplier tube (PEM 2). The time-to-
amplitude converter (T-A) generates signals of constant
duration, the amplitude of which is proportional to the
time interval between the arrival of signals in the "start"
and "stop" channels. The multichannel amplitude analyser
(MAA) analyses the amplitude spectrum of the signals at
the output of the T-A converter. The single photon
method allows determining the time parameters of a
radioluminescence pulse. According to this method, the
time intervals between the excitation of the scintillator
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(“start” signal) and the moment of detection of a random
single photon by the “stop” photomultiplier tube [10].

IRS
I )
PMT 2 I S| PMTI1
D
\ 4 A
Sh DL ™ T-A [*] Sh
MAA |4
» CS

Fig. 1. The block diagram of the set up for measuring the
parameters of the kinetics of radioluminescence by single-
photon method: D is diaphragm, S is sample that is in
optical contact with the “start” photomultiplier tube
(PMT 1), PMT is the “stop” photomultiplier tube, IRS -
ionizing radiation source, CF is constant fraction
discriminator that analyzes the signal from an anode of a
photomultiplier tube , T-A is time-amplitude converter,
MAA is multi-channel amplitude analyzer, CU is
coincidence unit, DL is delay line, which compensates for
the start pulse delay time and allows us to shift the
radioluminescence kinetics curve on the screen of MAA.

To separate a signal from one type of excitation, e.g.,
neutrons in the presence of background gamma radiation,
it is necessary to use special electronic units, which
separate the signals from different types of ionizing
radiation. Fig.2 shows a block diagram of the set-up that
we used to separate radioluminescence signals excited by
radiation with different specific energy losses dE/dx. The
separation of signals that are excited by ionizing radiation
with large and small dE/dx is based on a comparison of
the relative contributions of the slow and fast components
of the radioluminescence pulse, i.e., the value that
increases with increasing dE/dx. The spectrometric signal
was accumulated in the memory of the analyzing device
depending on what determined the formation of the
digitized signal at the control outputs. If a signal from
radiation with small values of dE/dx is recorded (for
gamma-ray photons dE/dx ~ 10 - 10? MeV / cm), then
the contribution of the slow component of the pulse is
small, and the control signal was formed at the control
output "y" If radiation with large dE/dx values is recorded
(for recoil protons generated by fast neutrons dE/dx ~ 10"
- 10> MeV / cm, and for alpha particles dE/dx ~
10° MeV/cm), a control signal was generated at the

control output "n". Details of the operation of the set-up
see in [11].

IRS Control
* Sepa- ?
S | PEM | rating
Scheme j:> MAA
Y
Spectrum

Fig. 2. The block diagram of the experimental set up for
separate detection of the signals from radiations with
different dE/dx

As a MAA (Fig. 1), can be also used a personal
computer that analyzes and memorizes the signal from the
amplitude-to-digit converter. A delay line is required to
select the most convenient location of the recorded curve
on the analyzer screen. Changing its length by joining
additional calibrated delay lines allows you to shift the
signal on the abscissa scale and thereby calibrate this
scale as a timeline.

The experimental points of the curves of the kinetics
of radioluminescence were approximated by the following
method. It was initially taken into account that the value
of the curve rise time constant is practically determined
by the increase in the momentum of instantaneous
radioluminescence (the fast component of the scintillation
pulse), as well as the fact that the decay of the fast
component is much less than the characteristic decay
duration of the slow component. Therefore, the fast
component was described as a convolution of the
exponent describing the growth of the fast component
with a constant time z;, and the exponent describing the
attenuation of the fast component with a constant time z,.
For this, the experimental points of increasing the
experimental curve and its initial part of the attenuation,
which satisfy the exponential approximation (10), were
performed. That is, the fast component was approximated
by the formula:

N(t) |, ~ No {exp(-t/z,) —exp(-t/z,)} (10)

The value of t = t, we determined by the linear
approximation of the initial damping plot of the
experimental curve by the least-squares method, as a
boundary value satisfying the equation of the line:

INN(t) =a+bt. (11)
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The time distribution of the experimental points of the
slow component we obtained because of subtracting the
values of the fast component from the experimental
values. Fig. 3 illustrates the above procedure.

T T T T T T T T

Number of pulses
800

et
500

1000 1500 2000

Time t (ns)
Fig. 3. The result of the approximation of the experimental
points of the radioluminescence kinetics curves on the
example of experimental points for stilbene polycrystalline
(25 x 25 x 25 mm°) upon excitation of alpha particles from
the >*Pu source. 1 - experimental points, 2 - points of
approximation of the fast component, 3 - points of the slow
component.

Results and discussion

Fig. 4 - Fig. 6 demonstrate the results of studies of the
radioluminescence pulse shape of some samples of
organic scintillators. Each of the figures shows the results
obtained for the above three types of radiation excitation.
For a clear demonstration of the ratio of components to
the overall pulse shape, each curve we normalized to its
maximum.
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Fig. 4. Normalized curves of kinetics of stilbene single
crystal (D = 25 mm, h = 20 mm) when excited by ionizing
radiation of different types: photons of gamma radiation of
source ®?Eu - circles, fast neutrons and photons of gamma
radiation of source 2*°Pu-Be — squares, 2*°Pu alpha particles
source - stars.
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Fig. 5. Normalized curves of the radioluminescence kinetics

of stilbene polycrystalline scintillator (25%25%25mm?). The
designations are the same as in Fig. 4.
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Fig. 6. Normalized curves of the Kkinetics of

radioluminescence of a composite stilbene scintillator (30 x
30 x 20 mm®). The designations are the same as in Fig. 4.

The calculation of the areas under the curve for
various components of the scintillation pulse led to the
ratio of the contributions of the slow Ng and fast Ng
components (12) of the scintillation pulse:

p=Ny/N,. (12)
Table 1 presents the calculation data of p - values (12).
The Table 2 shows the f; values. These values are

equal to the ratio p; to p,, where p, are the p values
obtained for excitation by gamma-excitation photons.
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Table 1.
p value depending on the type of
sample excitation
239Pu 239Pu_Be 152Eu
Stilbene single 0,46 0,29 0.14
crystal
Stilbene 0,36 0,22 0,11
polycrystal
Stilbene
composite 0,47 0,23 0,19
scintillator
p-Terphenyl | 5 56 0,17 0,13
single crystal
p-Terphenyl
composite 0,34 0,12 0,09
scintillator
Anthracene
composite 0,36 0,1 0,16
scintillator
Table 2.
p value depending on the type of
Sample excitation
239Pu 239Pu_Be 152Eu
Stilbene single 33 21 1
crystal
Stilbene 35 5 1
polycrystal
Stilbene
composite 2,5 1,2 1
scintillator
p—TerphenyI 27 13 1
single crystal
p-Terphenyl
composite 3,7 1,3 1
scintillator
Anthracene
composite 2,3 0,6 1
scintillator
Conclusions.

The main results of the work are the following.

1. Heterogeneous scintillators have significant
potential in terms of their use for the separation of
ionizing radiation. The data obtained for these systems are
close to those obtained for single-crystal samples.

2. Stilbene-based scintillators have the highest
separation capability.

3. p-Terphenyl based scintillators are promising for
separation problems.

4. Anthracene-based scintillators, given their high
light output [1, 2], are perhaps best to use for detecting
alpha particles.
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