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A novel gadolinium-loaded liquid scintillator based on linear alkylbenzene intended for
use in a large-scale neutrino experiment Daya Bay has been studied. The study results
show a high efficiency of thermal neutron detection using the novel liquid scintillator and
make it possible to recommend this material in experiments on search for neutrino oscilla-

tions.

HccnemoBan HOBBIN ramouHUNACOAEPKAIUI KUAKUN CIUHTUIIATOP HA OCHOBE JIMHEIHO-
ro aJKuJI0eH30J1a, NPEeSHASHAUYEHHOIO AJA MCIIOJb30BAHUA B KPYIHOMACIITAOHOM HEHTPHH-
HOM sKcmepumenTte Daya Bay. IloanyueHHble pe3yiabTaThl CBHIETEJIBCTBYIOT O BBICOKOIT (-
(PeKTUBHOCTH PEruCTPALMY TEIJIOBBIX HEHATPOHOB HOBBIM KUAKUM CIMHTUJIATOPOM M II03BOJIS-
IOT PEKOMEHJOBATH €ero /Jis MKCIOJb30BAHMA B OKCIEPUMEHTAX II0 I[OMCKY HEeHTPUHHBIX

OCI[UJLIISAIAN.

The enhancement of detection efficiency
of the nuclear reaction products is among
the urgent topics in the experimental sup-
port of investigations in the fields of nu-
clear and neutron physics, elementary parti-
cle physies, neutrino physics, high energy
physics, as well as in search for solution of
numerous astrophysical and cosmological
problems. Liquid scintillators having nu-
merous advantages as compared to inor-
ganic analogs are often used as bases for
various detecting systems. A considerable
interest in development and production of
such materials is due to widening investiga-
tions in neutrino astronomy and neutrino
oscillation observations. Many experiments
[1-7] using the reactor neutrinos are based
on the study of an electron antineutrino
interaction with a proton:

Vo +p—>et+n.
The neutron formed due to inverse (3-decay

is moderated in the scintillator up to ther-
mal energy range and is captured by a pro-
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ton under release of a 2.2 MeV gamma
quantum. The detection of gamma radiation
arising due to capture of a thermalized neu-
tron by a proton is delayed with respect to
the instantaneous release of the recoil en-
ergy of positron and neutron and two anni-
hilation gamma quanta (EY: 0.511 MeV).
This fact provides additional possibilities to
observe the reaction. To reduce the lifetime
of the thermal neutron and increase the en-
ergy of gamma quanta being released at its
capture, gadolinium is introduced into the
liquid scintillators at a mass fraction of
about 0.1 %. The energy being released at
the neutron capture on '9%Gd and 157Gd nu-
clei is about 8 MeV. The thermal neutron
capture cross-section of the natural gadolin-
ium isotopic mixture is five decimal order
higher than that of hydrogen (Table 1).

New Gd-loaded liquid scintillator (Table 2)
based on linear alkylbenzene [9] has been
developed in the framework of the collabo-
ration on preparing to the DAYA BAY neu-
trino experiment.
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Table 1. Thermal neutron capture characteristics by nuclei of some isotopes

Isotope Natural abundance, % Reaction Capture cross- Recording particles
section, barn
H 99.985 (n,Y) 0.334 y:2.224 MeV
235 0.7 fission 5.8-102 Fission products:
=200 MeV
BLi 7.5 (n,0) 9.4.102 0:2.05 MeV +
3H:2.78 MeV
08 20 (n,o) 3.8.103 a: 1.47 MeV +
7Li:0.84 MeV +
v:0.48 MeV
3He 0.01 (n,p) 5.3.103 :0.574 MeV +
H:0.191 MeV
13Cd 12 (n,y) 2.0-10% y-cascade:8 MeV
185Gd 15 (n,y) 6.1-10% y-cascade:8 MeV
1%7Gd 16 (n,y) 2.6-10° y-cascade:8 MeV
w Table 2. Characteristics of Gd-containing
4 liquid scintillator based on linear alkyl
* 4 benzene
(Df'es_ '-(DCd
Scintillator base Linear alkyl
2 benzene
2 | o Gd-containing additive Gadolinium 3,5,5-
Fres ***reeennsiniiiiinn, e LS Ul 0 trimethyl hexanoate
4 8 Gd concentration, g/L 1
Primary additive PPO
5 L
3 PPO concentration, g/L 3
Spectrum shifter Bis-MSB
Fig. 1. Experimental setup for studies on . .
thermal neutron detection efficiency in a LS. Bis-MSB concentration, mg/L 15
Light yield, %, relatively 53
to anthracene
The purpose of present work is to meas- Transparence (430 nm), m 15

ure the detection efficiency of thermal neu-
trons by the novel Gd-loaded liquid scintil-
lator (LS) intended to be used in the large-
scale experiment on high-accuracy
measurement of the neutrino mixing angle
B13-

The detection efficiency of thermal neu-
trons was measured using the setup pre-
sented in Fig. 1. A Pu-Be source (I) with
the emission rate of 4.7-10% neutrons per
second immersed in a paraffin moderator
(2) was used to form the thermal neutron
beam. The LS to be studied was placed in a
cylindrical Teflon cell (4) of @50x47 mm?3
size placed on a PMT (5) in the optical con-
tact. To protect the scintillator against
gamma quanta being formed in the neutron
source and paraffin moderator, a massive
lead barrier (6) was used.
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The area under spectral curve of gamma
quanta generated due to the thermal neu-
tron capture is defined mainly by the flow
density of thermal neutrons with <0.4 eV
energy (Pcq) as well as, to a less extent, by
that of resonance neutrons with 0.4 to
10 eV energy (®,,) incident the LS. The
comparison of the spectrum area associated
with the thermal neutron detection and the
flow density ®cq provided the determina-
tion of the LS efficiency.

The flow density of thermal neutrons
falling to the LS under study was deter-
mined using the activation technique. The
gold-in-cadmium targets (7) and cadmium-
free gold targets (8) were used for this pur-
pose. The targets exhibit a large cross-sec-
tion of 198Au isotope formation (half-life-

74



Ya.Ding et al. / A liquid scintillator ...

Table 3. Thermal neutron detection effi-
ciency of the LC based on linear alkyl ben-

zene
Scintillator Total detection efficiency
layer height, | of <0.4 eV thermal neutrons,
cm Y%
Gd (1 g/L) Gd-free
1 12+2 -
2 1943 -
3.5 29+4 -
4.5 35+5 1743

time 2.696 day) for thermal neutrons
(ocqg = 95 barn) and the presence of a reso-
nance integral (c,,, = 1570 barn) within the
0.4 to 10 eV energy range. By measuring
the target gamma activity with and without
cadmium being activated with and without
the SLi screen (9), it was possible to dis-
criminate the resonance component of the
neutron flow density from the paraffin
moderator as well as the thermal (Fg4) and
resonance (F,,) components of the external
background. For its reduction, the modera-
tor was screened by boron-containing poly-
ethylene (10) and 6Li (11). The fraction of
the thermal neutron flow density (E, <
0.4 eV) at the scintillator surface being ab-
sorbed by the SLi screen, as determined in
that way, amounted ®gcq = (8646) n/cm?s.
Two such spectra (I, 2) and the background
spectrum (3) in the absence of the neutron
source with gammas energy range up to 2
MeV for 2 ecm height of scintillator’s layer
are presented in Fig. 2.

During the experiments, the spectra of
60 keV to 7 MeV gamma quanta that arise
in the LS under interaction with thermal
neutrons were measured for four samples of
the Gd-loaded LS at the layer height of
1 cm to 4.5 cm as well for one Gd-free LS
at the layer height of 4.5 cm. The experi-
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Fig. 2. Thermal neutron spectra recorded by
the PMT for Gd-loaded LS at the layer height
H =2 cm: without (I) and with (2) SLi
screen; (3) the background.

mental efficiency values for those samples
are presented in Table 3.

The results obtained evidence a high effi-
ciency of thermal neutron detection by the
novel liquid scintillator and enable to rec-
ommend it for use in experiments on the
search for neutrino oscillations.

This work has been done under financial
support by Russian Foundation for Funda-
mental Researches, Grant #06-02-39010.
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Pigkuii CHUMHTHIATOP
IJIA peecTpallii TenmIoBHX HEMTPOHIB

A.June, H A.I'yndopin, #K.;Ranz, I.6.Hemuwenox, JI.B.Ilikenvnep

HocaigxeHo HOBUM raxosiHiliBMiCHUIT PiAKHUIO CIUHTHUJIATOP HA OCHOBI JiHifiHOro ankisn-
0eH30JIy, IIPUBHAYEHOI'0 Jisi 3aCTOCYBAHHS Yy BEIMKOMACIITAOHOMY HEHTPUMHHOMY €KCIIePH-
menTi Daya Bay. Orpumani pesyiabTaTu cBiguaTh IIPO BHCOKY e(eKTHBHicTH peecrpairii
TeIJIOBUX HEHUTPOHIB HOBUM PiAKMM CIUHTUISATOPOM i JO3BOJSIOTL PEKOMEHIYBATH HOr0 IJIs
3aCTOCYBaHHI y €KCIIEPUMEHTAX 3 IOMIYKY HEeATPMHHUX OCI[UJISIIiI.
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