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Plastic scintillator (PS) of the new generation was developed for the pulse shape
neutron and y-quanta discrimination (n/y-discrimination). To impart n/y discrimination
property two activation centers with different decay times were inserted in the PS. One of
them transforms singlet excitation into fluorescent light, while the other — makes the
same for triplet excitations. 1,4-Dimethyl-9,10-diphenylanthracene and tris(benzoyl-
methide) (1,10-phenantroline) Europium III — were used as activators. The figure of merit
is 1.48 for this scintillator which is sufficient for reliable n/y-discrimination.

Paspaboran mmacrmaccoBblit ciuuHTUAIATOP (IIC) HOBOrO MOKOJEHUA IJaA pasaeeHus
HEUTPOHOB M TaMMa-KBaHTOB mo ¢opme umMmmyasca (n/y-pasgenenune). Has mpuganua IIC
cBoiicTBa n/y-pasmesieHns B Hero BHeAPEHHLI JBa AKTUBAIIMOHHBIX IEHTPA € Pa3JIUUHBIMU
BpeMeHaMI CBEUEHUs, OXUH M3 KOTOPHIX IIpeodpasyeT B CBET CHUHIJIETHbIe BO3OYIKIEeHHBIE
COCTOSHUSA IIOJIMMEPHON OCHOBBI, 4 BTOPOM — MNPEHMYIIECTBEHHO €ro TPHILIETHBIE BO30YK-
IeHHble COCTOAHUA. B KadecTBe aKTUBATOPOB CHUHIVIETHBIX 1 TPUILIETHBIX BO3OYKICHUN
ucnonbsyores 1,4-gumernn-9,10-gudennnanrpanes u gubeHsonIMeTaH(EHAHTPOJIUH €BPO-
nus. ITonyueno snauyeHue pasgensmolieil crnocobuoctu IIC 1.48, uTo ABAgeTCA LOCTATOUYHBIM
IId HaZeKHOro 1/Y-pasgesieHud.

IHnacmmacoeuil cuunmMuRAMOP HOE020 NOKOAIHHA Ona po30ineHHs HeUMPOHIE i
zamma-keanmieé (n/y-poszdinenns) 3a popmor imnyavcy. II.MIEKmypin, B.M.JIe6edes,
0.9 .Adadypos, B.M .ITepeiimarx, FOA.T'ypranenro.

Pospobaeno munacrmacosuii cuumHTHAATODP (IIC) HOBOrO HOKOJIHHA A PO3LIIEHHSA HEU-
TpoHiB 1 ramma-KBaHTiB 3a Qopmoro immyabcy (n/y-posginenus). Hnasa magamua IIC BracTu-
BOCTEH n/y-pos3fisieHHs, B HbBOTO BBeJEHO /[Ba aKTUBAIIMHMUX IeHTPa 3 PiBHMM YacoM BUCBi-
YyBaHHA, OAWH 3 KOTPUX TEPETBOPIOE ¥ CBITMIO CUHTJIETHI 30yAKeHHS MONiMepPHOI OCHOBU, a
IpyTuili — mepeBaykHO ii TpumaeTHi 30yayKeHHI cTaHM. Y SKOCTI aKTUBATOPiB CHHTJETHUX i
TPUIJETHUX 30yI:KeHb BUKopucrano 1,4-mrumetun-9,10-gudenimanrpamnen i audbensoinmeran-
enanTposin esponiio. OTpuMano sHaueHHS pos3ginabHol 3gaTHocTi IIC 1.48, 110 € gocTaTHIM

IS HAgZiHOTO n/Y-po3aiNeHHd.

1. Introduction of the excited triplet states significantly de-
pends on ionization energy losses of the par-
ticle and therefore on the particle type. So,

dlum creates Slng].et and trlplet eXCited comparing in some way the population Of
states in different proportions. The number triplet excited states one can make a conclu-
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sion about the type of particles creating
such distribution. The common way to
measure such relation is based on observa-
tion of, so called, "delayed” luminescence,
which is connected with the effect of trip-
let-triplet annihilation [1]. This effect is
clearly observed in liquid scintillators and
organic crystals [2—4]. But in plastic scintil-
lators such delayed luminescence is practi-
cally absent because lifetime of the excited
triplet states of styrene or vinyl toluene
chromophore groups under room tempera-
ture practically coincides with that of the
singlet states [5]. Conventional luminescent
additives in plastic scintillators can only
collect of the singlet states energy. The rea-
son of this is low spin-orbit interaction
which leads to determining of the spin state
which forbids the radiationless energy
transfer from the states with another spin
number. But in metal-organic complexes of
heavy metals this forbidding is partially re-
moved because molecular orbitals of these
complexes are characterized by the strong
spin-orbital interaction which leads to mix-
ing of the states with different spines. It
was clearly demonstrated when metal-or-
ganic complexes were used in OLE for in-
creasing their efficiency [6].

Therefore, if one creates a polymer base
with two optical centers, the luminescence
of which is determined by excitation of the
singlet states and triplet states of the poly-
mer base, respectively, then it will do possi-
ble to create a plastic scintillator which is
sensitive to the particles type.

This paper is devoted to study of the
plastic scintillator with two luminescent
centers which in some measure can register
excitation energy of the singlet and triplet
states of a polymer base for discrimination
of signals from neutrons in the presence of
gamma radiation background.

2. Experimental

For further investigation, we chose
tris(dibenzoylmethide)(1,10-phenanthroline
Jeuropium III (Eu[DBM];Phen)complex as an
efficient activator of the triplet excitations.
It was used previously as a component of an
efficient alpha particle detector [7, 8]. Eus+
coordination ion emits at 612 nm wave-
length with 370 us lifetime. Singlet energy
is also transferred to the complex, but its
contribution is less than 25 % because the
population of polystyrene triplet levels is
three times higher than that of the singlet
levels [9]. Thus, the Eu[DBM]sPhen complex
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Fig. 1. Excitation spectrum of polystyrene
film with 2 wt. % of Eu[DBM];Phen complex
(solid line) and fluorescence spectrum of
polystyrene film with 2 wt. % of p-TP (dash
line). Observation wavelength — 612 nm; ex-
citation wavelength — 265 nm.

appears to be suitable for slow component
of the scintillating pulse formation.

For singlet energy transformation and
fast component formation it is obvious to
use the same activators that are used in
common commercial scintillators. However,
our experiments have shown that in scintil-
lating response of polystyrene-based PS
(plastic scintillator) with 2 wt. % of p-TP
and 2 wt. % of Eu[DBM]sPhen the fast com-
ponent corresponding to p-TP fluorescence
is absent, indicating that the Eu[DBM];Phen
complex completely quenches the p-TP fluo-
rescence. Analogous effect was observed for
other known activators-PPO, PBD, etc. To
understand the reasons of this quenching
we have measured the excitation and fluores-
cence spectra of two polystyrene films with
2 wt. % p-TP and 2 wt. % Eu[DBM]3Phen,
respectively. Measurements were made using
Fluoromax-4 (HORIBA Jobin Yvon Inc.,
Edison, NJ) spectrofluorometer. The meas-
ured spectra are presented in Fig. 1. It is
seen that the p-TP fluorescence spectrum is
totally overlapped with the Eu[DBM]sPhen ab-
sorption spectrum, thus explaining the reason
of the observed quenching.

Hence, to solve the problem of n-y dis-
crimination, it is necessary to find an addi-
tive whose absorption overlaps polystyrene
emission but whose emission lies out of the
Eu[DBM]3Phen complex absorption. For ex-
ample, 1,4-dimethyl-9,10-diphenylan-
thracene (DMDPA) bifluorophore satisfy
this requirement.

This compound was obtained according to
the method described in [10] with additional
purification. The excitation and fluores-
cence spectra of a polystyrene film with
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Fig. 2. Excitation and emission spectra of
polystyrene film with 1.5 wt. % of DMDPA.
Observation wavelength — 461 nm; excita-
tion wavelength — 265 nm.

1.5 wt.% DMDPA are presented in Fig. 2.
Fluorescence was excited at 265 nm wave-
length (the polystyrene fluorescence maxi-
mum). The excitation spectrum was regis-
tered at 461 nm wavelength corresponding
to the DMDPA fluorescence maximum.

It is seen in Fig. 2 that the DMDPA fluo-
rescence is located outside the
Eu[DBM]3Phen excitation band and there-
fore cannot be quenched by it. Hence,
DMDPA bifluorophore can be used as an
activator of singlet excitations in PS for n/y
discrimination.

Besides the chosen activators, a wave-
length shifter was added to the PS, namely,1-
phenyl-5-(4-methoxyphenyl)-3-(1,8-naftoylene-1’,
2’-benzimidazole-4)-2-pyrazoline (L59). It
reduces the reabsorption and shifts the
DMDPA fluorescence to 598 nm region,
which is close to that of Eu[DBM]sPhen
(second activator).

PS samples were obtained by means of
bulk thermal polymerization in a glass am-
poule with further machining. Additives
were put in a heat-resistant ampoule, and
then fresh distilled styrene was added up to
10 g of the total mass. To complete the so-
lution of the complex, the ampoule was
heated to 35°C and blown by argon for
6 min. The ampoule was sealed, placed in a
thermostat under 80°C, and held for 96 h.
Then the thermostat was cooled at rate of
5°C/h until it reached 40°C. The blanks ob-
tained were machined to get transparent
polished cylinders (diameter 16 mm; height
10 mm).

The parameters of n/y discrimination
were measured by a scintillating setup
using the Hamamatsu R669 photomulti-
plier, whose spectral sensitivity is expanded
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Fig. 3. Normalized decay curves of new PS
after irradiation by Pu-239 alpha-particles
with E, = 5.4 MeV and of Bi-207 electrons
with E, = 0.975 MeV.

into the red region. The time constant of
the PMT anode signal decay was increased
to RC = 15 us corresponding to R, = 51 kQ
of the anode load. The PMT signal was ap-
plied to both channels of Rigol DC1302
digital oscilloscope. The first channel regis-
tered the fast component of the pulse,
whereas the second channel registered the
slow component. The PS under study had an
optical contact with the PMT window and
was excited by fast neutrons of plutonium-
beryllium source through a lead plate of
10 mm thickness. Digital oscillograms
were collected and processed by means of
special computer code. To obtain the dis-
crimination parameter, areas (@) of slow
and fast components were collected in a
final file. Then the ratio for each event was
calculated as follows: R = Qslow/Qfast' The
n-y discrimination parameter FOM was de-
termined from Qg /@5 Versus Qg de-
pendences as well as from the shape of
events distribution over R. (Note that Fig-
ure of Merit — FOM = S/(zumma + Sneu-
tron)» Where S — separation between gamma
and neutron peaks, and 8,,,me a0d O, cutron
— are full width at half maximum of the
corresponding peak [1]).

3. Results and discussion

Fig. 3 shows the decay curves obtained
under irradiation of our scintillator by Pu-
239 source alpha particles with E =
5.4 MeV energy and by Bi-207 source elec-
trons with E,=0.975 MeV energy. It is
seen that part of the slow component of the
alpha particles pulse is much greater than
that of the electron pulse.

We measured n-y discrimination parame-
ter FOM for PS with different additive con-
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Fig. 4. Ratio R = Qslow/Qfast vs Qfast for PS
with 8.0 % of Eu[DBM];Phen, 1.0 % of
DMDPA and 0.05 % of L59. Excitation by
plutonium-beryllium source Pu-239. The
thickness of lead shield is 10 mm. The regis-
tration threshold was set according to the
scale corresponding to E,, ..., = 250 keV.

tents. The best FOM was obtained for the
sample consisting of 3.0 % Eu[DBM]sPhen,
1.0 % DMDPA, and 0.05 % L59. The de-
pendence RZQslow/Qfast versus Qfast for
Pu-Ber neutron radiation is presented in
Fig. 4. The registration threshold was set
according to the scale corresponding to
Epreshold = 250 keV. It is seen in Fig. 4
that the neutron and the gamma groups are
clearly distinguished. When R =Qg,,,/@4s;
> 0.82, mostly neutrons are observed and
y-quanta otherwise. The event distribution
plotted according these experimental data
over Qg,,,/@fqs is presented in Fig. 5. This
distribution was fit by two Gauss functions.
The separation S between the peaks was
evaluated from the distance between the
mean values of fitting Gauss functions,
which leads to FOM = 1.48.

Decreasing the Eu[DBM];Phen content to
less than 2.5 wt. %, at 1.0 wt. % DMDPA
concentration, reduces FOM to 1.03 because of
the decreasing the slow component intensity.
Increasing the Eu[DBM]3Phen content to
more than 3.5 wt. %, at 1.0 wt. % DMDPA
concentration, also reduces FOM to 1.20 be-
cause of the decreasing transparency. In-
creasing the DMDPA content to more than
1.5 wt. %, at 3.0 % Eu[DBM]zPhen concen-
tration, leads to the worsening of n/y dis-
crimination (FOM = 1.28) because of the de-
creasing transparency. Decreasing the
DMDPA content to less than 0.7 wt. %, at
8.0 wt. % Eu[DBM]sPhen concentration,
leads to the worsening of n/y discrimina-
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Fig. 5. Events number distribution over R =
Qslow/Qfast for the sample with 8.0 % of
Eu[DBM];Phen, 1.0 % of DMDPA and 0.05 %
of L59. Solid line — fitting by a Gauss
curve.

tion (FOM = 1.21) because of decreasing
the scintillating pulse slow component.

4. Conclusion

The PS of the new generation has been
developed with efficient neutrons and
gamma quanta PSD because of the direct
transformation of the triplet excitation en-
ergy. With 3.0 wt. % Eu[DBM]sPhen,
1.0 wt. % DMDPA, and 0.05 wt. % L59
content, this PS provides the reliable PSD
with the FOM of 1.48.
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