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The revised model of the scintillation process in organic condensed media takes into
account the fundamental influence of the polarization effects on the processes proceeding
in a track of ionizing particle. A very fast process of the primary quenching of the hot
polaron pairs is the first "step” of "specific quenching”. It defines the future processes of
formation both fast and slow components of a scintillation pulse. The secondary quenching
is the second "step” of "specific quenching”. It takes place after track formation and
thermalization. It results in decrease of the number of charge states and excited mole-
cules. The influence of the primary quenching on "specific quenching” process is much
stronger than the influence of the secondary quenching.

VYTouHeHHas MOJeJb CHUHTUIALMOHHOrO IIPOIECCa B OPraHMYECKUX KOHIEHCHUPOBAHHBIX
cpeJax YYMTBLIBAET OIPENeNAIee BIUSHUE MOJAPUSANUOHHLIX d()(PEKTOB, IPOTEKAIOIINX B
Tpexke MOHUBUpPYyMIeld yacTuibl. OueHb GBICTPBHIA IPOIECC IIEPBUYHOIO TYIICHUS TOPAYUX
MOJSPOHHBIX IAp — 9TO IepPBBIf oran’ ' crnenududueckoro tymeHusa . OH ompexmensieT Imoc-
JenyooIiue IIporeccsl (OPMUPOBAHUA KAaK OBICTPOI, TAK M MEIJeHHOIl KOMIIOHEHT CI[MHTHJI-
JANAOHHOIO MMIIYyJIbCAa. BTOPHYHOE TyII€HNE ABJSETCS BTOPBIM OTAIIOM  CIEIH(PUIECKOTo
TyLIeHUs . OTOT IIPOLECC MIPOTEKAaeT mocjie (POPMUPOBAHUS U TEePMAJM3AlUU TPeKa. Bius-
HUE IIePBUYHOIO TYIIEHHWS HA cHenu(p)udecKoe TylleHne TIopasgo CHIbHEEe, 4eM BJIUAHHE
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BTOPUYHOT'O TYIIEHUS.

The so-called effect of "specific quench-
ing” for organic scintillators is well known
from the 1960’s [1]. Heavy particles (even
such as protons or alpha particles) or elec-
trons of low energies (i.e. energies
E<120 keV) i.e. ionizing radiations those
have specific energy losses dE/dx about and
higher than 10! MeV/ecm produce scintilla-
tion pulses with lower energy efficiency in
comparison with photons of gamma radia-
tion of middle energies [2, 3]. The process
that causes such additional losses, which
growth with dE/dx increase, is called as
"specific quenching”. For the case when
"specific quenching” takes place, the light
yield (LY) of an organic molecular scintilla-
tor increases non-linearly with the particle
energy E growth and decreases with dE/dx
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increase [2]. Many scientists have studied
this fundamental problem of scintillation
technique, but until now, there are more
questions than answers. This paper presents
the brief analysis of results obtained in this
field up to quite a recent time was done in
this paper to refine the model of scintilla-
tion process in organic molecular scintilla-
tors.

One aspect of this problem is the follow-
ing. If a high concentration of primary
states causes the effect of "specific quench-
ing” [1] and results in non-linearity of scin-
tillation response, then this concentration
can decrease for one of the following two
reasons. They are i) the exchange interac-
tion between charge states (the recombina-
tion of charge states), and ii) diffusion ex-
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pansion of particle track. The influence of
luminescence, the excitation energy trans-
fer, trapping of the charge states at some
distance from the track, etc. has to be the
same for excitations when track is formed
(e.g. recoil protons, alpha particles) and for
excitations when track is not formed (e.g.
excitation be photons of gamma radiation of
middle energies Ey). To estimate the direct
influence of the processes in track on non-
linearly of scintillation response we intro-
duced the following value [3]:
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where M; and M, are the number of scintil-
lation photons those are generated by ioniz-
ing radiation of i-type (when track is
formed) and by photons of gamma radiation
with energies of E; and Ey, respectively.
E.g., for the case of alpha excitation the
Ca’y-value (1) gives the ration between the

energy Ey, which is necessary to produce M
scintillation photons in a given scintillator,
and the energy E_,, which is necessary to
produce the same number M of scintillation
photons in the same scintillator as well as
to compensate the energy losses in track of
alpha particle of energy E_,. Therefore,
value (1) has to be always less than one and
decreases with quenching effect increase.
Such a value shows the ratio between the
excitation energy that is necessary to pro-
duce M scintillation photons in the scintil-
lator and the total energy losses of excita-
tion in the scintillator those are necessary
when ionizing radiation forms the track.
The values of Qi,y (1) allow us to study the

influence of recombination of primary
states and the diffusion expansion of a
track on "specific quenching”. Let us sup-
pose that we used the scintillators con-
structed from the same scintillation mate-
rial but with greatly different structural or-
dering. In different experiments, ionizing
radiations, which have the different specific
energy losses in the scintillation material,
irradiate such the scintillator. All other
measuring conditions are the same in such a
series of light yield measurements. If the
primary quenching is an extremely fast
process that takes place mainly over a short
distance then the results obtained for the
same type of excitation but for scintillators

118

Neutron Energy E_ (MeV)

2 4 6 8 10

08 108
\_506_ Neutrons —06%5
[0} -
5 5]
g s g )
S 041 Dg 1 {04

021 ) 40,2

Alpha- particles
o BERA B, BB 8 B8 |

1.0 15 20 25 30 35 40 45 50 55
Alpha Energy, E_(MeV)

Fig. 1. The Qa,y- and Qn,y-values (lower and
upper family of curves) as a function of the
energy of excitation. Squares, triangles and
circles represent the Qa’y- and Qn’y-values for
single crystal, hot-pressed polycrystal and
composite (1.7 to 2.0 mm grain size) stilbene
scintillator, respectively. Half-filled symbols
are from neutron excitation while open sym-
bols are from alpha excitation.

with different structure ordering (i.e. the
structurally perfect single crystal and scin-
tillator with reduced transport of charge
states inside the track) have to be very
similar. If the primary quenching is weak
and slow process then it influences on the
decrease of primary charge states concentra-
tion (and therefore on light yield) and the
influence of the diffusion expansion of
track are comparable or even the influence
of the last process is more important. In
such a case, the difference in scintillation
signals obtained for scintillators with dif-
ferent structural ordering has to be com-
pared with the difference in signals ob-
tained for one scintillator irradiated by dif-
ferent radiation, or has even to be higher.
In addition to organic single crystals
with controlled structural perfection as
highly ordering scintillation materials, we
proposed the technology of production hot-
pressed polycrystals, cold-pressed polycrys-
tals, and composite materials made using
the same scintillation materials [4]. Poly-
crystals and composite scintillators were
made using grains of single crystals. Grains
of a required size were obtained by grinding
a single crystal with high struectural perfec-
tion at a low temperature, followed by siev-
ing. A solid recrystallization process took
place in hot-pressed polycrystals, and the
real size of the grains increased slightly
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Fig. 2. Schematic diagram of polaron pair formation in a hypothetic molecular crystal that consists

of benzene molecules.

compared to initial sizes. Composite scintil-
lators were prepared by adding specific
grain size fractions of a scintillation crystal
to optically transparent glue. In our experi-
ments, we used scintillators based on the
same material (stilbene or p-terphenyl).
Fig. 1 shows the Qa,y‘ and Qn’y-values ob-

tained for the scintillators on the base of
stilbene. One can see that the difference of

- y-values for an organic single crystal, a

polyerystal and a composite scintillator is
negligible in comparison with the difference
between Qa,y‘ and Cn,y-values those were ob-

tained for the same one scintillator. It
means that the primary quenching in a par-
ticle track has to be a very fast and effec-
tive process that runs faster than a particle
track size changes.

The polarization effects have the prime
influence on the process of charge state for-
mation, transport and recombination in or-
ganic molecular crystals [6]. The average
time that is necessary for charge carriers to
jump from one molecule to other in organic
crystals t; is about 10712 5, This time is
necessary for a random jump of charge car-
rier to the next molecule. Therefore, value
of T gives the lower limit of a time for the
diffusion expansion of a particle track on
one molecular layer. The time 71, that is
necessary for electronic polarization of
neighbouring molecules varies from 10716 to
10715 5. If in such an organic molecular di-
electric some molecule loses an electron (i.e.
the M, state is forming) then this electron
has to localize onto some other molecule.
This results in the formation of an M,
state. Such a molecular quasi-ion polarizes
about 7000 molecules around it [5]. A po-
laron pair (Mp+, Mp_) arises because mo-
lecular m-orbitals of neighbouring molecules
have a negative charge and are attracted to
the molecular quasi-ion for the case of M,
state or are repelled from the molecular
quasi-ion for M, _state (see Fig. 2). Up to a
distance r,, which for organic crystals is
about 13-16 nm, these two so-called CP-
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states ([5]) behave like a bipolaron, i.e. the
state that precedes and promotes the recom-
bination, which results in molecular excita-
tion or quenching. The time of molecular
polaron formation is 10715 to 10714 5. The
characteristic energy of such a polarization
interaction is about 1071 eV. It is greater
by two orders of magnitude than the energy
of Van der Waals’ interaction that holds
molecules in the lattice of a molecular sin-
gle crystal [3, 5, 6].

The charge state transport between mole-
cules of an organic crystal can be described
as the intermolecular barrier tunnelling
[56, 6]. Applied electrostatic field increases
the charge transport with the field. For
field strengths E<10° V/cm, an effective
mass of a charge carrier decreases with E-
value increase. In a very strong field when
E ~ 108 V/ecm, which is comparable with the
local field strength inside the polaron pair,
the time of charge carrier scattering 1 be-
comes an extremely small value and can be
estimated as 10714 s. E.g. the direct calcu-
lation of drift velocity for anthracene made
on the base of experimental data gives 1 =
810714 s that is comparable with the time
of molecular polaron formation [5]. The
charge carrier, that moves in an electric
field with drift velocity higher than mean
thermal velocity does not thermalize [5, 7].
According to [7] for time about 10713 s
after generation a charge carrier does not
thermalize and is still a hot-carrier.

Recently [8, 9], we obtained the semi-em-
pirical description of quenching processes in a
track of an ionizing particle for organic crys-
talline scintillators. We proceed on the as-
sumption that the quenching in track is a very
fast process and runs faster than a particle
track size changes. It was the first time when
the influence of polarization interactions on
polaron states recombination in the particle
track was taken into account. The approxima-
tion of experimental results showed a good
agreement with theoretical assumptions.

Let us rate above information under the
aspect of description of the scintillation
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Fig. 3. Calculated values of the particle range
R and the time of track formation T for
alpha particles with energies E_ in stilbene.
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Fig. 4. Calculated values of the particle range
R and the time of track formation T for pro-
tons with energies EP in stilbene.
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Fig. 5. The revised block diagram of the scintillation process in a molecular crystalline scintillator.

mechanism of organic scintillators. Figs. 3
and 4 shows the time T that is necessary
for alpha particle and recoil proton to pene-
trate inside the scintillator on the distance
that is equal to the length of track, respec-

120

tively. To calculate these values we assumed
that ionizing particle lost it energy in scin-
tillator by slowing-down with constant
value of acceleration. One can see that for
the range of excitation energies that we
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used in such experiments (see Fig. 1 and the
ranges between dot lines on Figs. 3 and 4),
the times of track formation T are about
10712 5 and are about 10711 s for alpha par-
ticles and for protons, respectively. It
means that the main quenching in track and
thermalization of charge states in it is the
faster process than formation the regions of
low and high activation density. Therefore
(see Fig. 5), the primary quenching process
in track (as in the region of high activation
density) accompanies the track formation.
Simultaneocusly, it determines the formation
of primary excitation of the region of low
activation density (the region outside the
track in which fast component of scintilla-
tion pulse is formed), because it controls
the number of high energy secondary elec-
trons those can left the track volume for
concrete type of excitation. So, in contrast
to up-to-date theory of scintillation process,
according to which [3, 6] the main quench-
ing has to take place in track and do not
influence on the processes outside track vol-
ume, the cite results shows that the "spe-
cific quenching” has two "steps”. The pri-
mary quenching (the first "step” of “spe-
cific quenching”) is a very fast process in
which the hot polaron pairs are involved. It
defines the future processes of formation
both fast and slow component of scintilla-
tion pulse. The secondary quenching (the
second "step” of "specific quenching”) takes
place after track formation and thermaliza-
tion, and results in decrease of the number

charge states and excited molecules, which
is sufficiently weaker than for the primary
quenching. It can influence only on forma-
tion of the slow component of scintillation
pulse. The influence of the diffusion expan-
sion of track on the secondary quenching
process can be of primary importance [3, 6].
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Functional

Jlo muTaHHA PO MEePBUHHE TACIiHHA CIIMHTHJIAIL
B OPraHiYHHX KOHJAEHCOBAHHMX CEPEeaOBHINAX

M.3.I'anynos, €.B.Mapmunenko, B.Il1.Cemunoxnenro, O.A.Tapacenko

VYTouHeHa MOJeJb CIUHTUJIAILINHOTO IpOIleCy B OPTaHIUHUX KOHAEHCOBAHUX CEPeIOBU-
maxX BPaxOBYy€ BUBHAUAJLHUIN BIJINB HOJAPUBALINHUX edeKTiB, 10 Bif0OyBarOThCA Y TPEKY
ionisyrouoi wactuHKU. [[y:Ke IIBUAKUN IIpoIleCc IIEPBUHHOTO TAaCiHHA rapAdmX ITOJAPOHHUX
map — Ie mepmuii eram — cmenudiuHoro raciuua”. Bin BusHauae HacTymHi mpomecu Gop-
MYBaHHA fK HIBUAKOI, TaK i IOBiJIbHOI KOMIIOHEHT CHUHTHJIAIINHOTrO iMnynabcy. Bropunue
raciuus € apyrum eramoMm cmernudiunoro raciuusa”. Ile# mpoliec mpoTikae micad Gopmy-
BaHHA Ta TepMaJisalii Tpeky. BIJIME mepBUHHOTO raciHHa Ha ' cmenudiuHe racinua’ Haba-
raTo cuJjbHiNIle, HiK BIJIUB BTOPUHHOTO TaciHHA.
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