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ABSTRACT

49 a is created from the thermal neutron capture reaction of ***La, which is the product of
the fission reaction. It makes some effects into the components of the nuclear reactor core.
Understanding the properties and structure of **°La is important in operating the nuclear reactor.
Besides that, nuclear structure models are very effective in explaining the properties of nuclear
structure. There are many nuclear structure models to solve those problems, such as Liquid Drop
Model, Shell Model, Fermi Model, etc. Among them, the Collective Model has been very successful
in describing the variety of nuclear properties, especially energy levels in deformed nuclei that the
Shell Model and the Liquid Drop Model does not apply. This paper presents the application of the
Collective Model to determine some vibrational bands of **°La nucleus. This experiment is
performed at channel No.2 of Dalat Research Reactor (DRR), Prompt gamma neutron activation
analysis method (PGNAA) is used. The result has found 8 vibrational bands of **°La nucleus. It’s
quite relevant to the theoretical calculation. The deviations are less than 1.6 %.
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TOM TAT

Ung dung médu hgt nhan suy réng trong viée xdc dinh mgt sé phé dao dgpng ciia hgt nhan **La

YLa duwoc tgo ra tir phan éng bdt neutron nhiét cua **La, san pham cua phan #ng phan
hach. N6 gy nén nhiéu anh huong dén cac thanh phan trong 16i 10 phan iing hat nhan. Viéc tim
hiéu tinh chat, cau tric cia **°La Ia rat quan trong trong vén hanh 16 phan ing. Bén canh dé, cdc
mdu cau trac hat nhan rat hau hiéu trong viéc i gidgi tinh chdt ddac thu cia hat nhan. Cé nhiéu mau
cau trac hat nhdn khéic nhau d@é gidai quyét cho bai todn nay, nhw Mau giot, Mau vé, Mau Fermi,
w. Trong dé, Mau suy réng da rat thanh cong trong viéc mé td cdc dac tinh khac nhau cia hat
nhan, dic biét 1a cac mire nang lwong cia hat nhan suy bién ma Mdu giot va Mdu vé khéng dép
ing. Bai bao trinh bay #ng dung Mau suy réng trong viéc xdc dinh mét s6 phé dao déng cua hat
nhan “’La. Thyc nghiém duwoc tién hanh tai kénh ngang sé 2 cua Lo phan ing hat nhin Pa Lat
(DRR), si dung phwong phdp phan tich kich hoat neutron do gamma tic thoi (PGNAA). Két qud
dA xé&c dinh dwoc 8 phé dao dgng cia hat nhan **La rat phi hep véi tinh toan 1i thuyét, véi dg léch
nho hon 1.6 %.

Tir khéa: Mau suy rong, *“°La, phd dao dong.
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1. Introduction

In recent years, much progress has been studied about nuclear structure. Because of
the defective of the nuclear theory, it is necessary to use different nuclear structure models
which have some distinct nuclear properties, but it also has a limitation of these models.
The Liquid Drop Model is constructed by the strong interaction between nucleons. The
Fermi Model assumes that nucleons in the nucleus is completely not interacting with each
other. The Shell Model is considered as the motion of the single-particle, which have the
spin interaction. The Collective Model is considered as the motion of single-particle in a
potential field, as the collective motion of nucleons [1].

Collective Model was developed in the 1950s by Reynolds, A. Bohr and Mottelson,
Hill and Wheele [1]. The Collective Model emphasizes the coherent behavior of all
nucleons in heavy nuclei. The spherical symmetric potential of full-shell nucleus is very
stable, then it still remains spherical symmetric form. By the increase of external nucleons
of full-shell nucleus, the individual motion effect of nucleons on the potential field
increases and makes pressure on the nucleus. Collective motion increases rapidly and it
impacts the core of full-shell nucleus leading to the spherical asymmetric form of nucleus.
One kind of collective motion that can occur in nuclei is vibrational motion. In 1969, Larry
Shelton Varnell applied the Collective Model to determine some vibrational bands of some
deformed nuclei [2], the result has determined 8 vibrational bands of *2Gd and 9 rotational
bands of 22U, etc.

So far, there are many studies about *3°La nucleus. In the 1983s, Yutaka Nakajima et
al found the radiative neutron capture in $*La below 2.5 keV [3]. Neutron capture events
were detected with a 3500 liters liquid scintillator tank. Individual resonances were
analyzed using the area analysis method to obtain the capture widths. Capture areas for 20
resonances and capture widths for 5 resonances were newly obtained. In 2007, the
139 a(nm, y)¥*La cross section is determined by R. Terlizzi et al [4], the nuclear resonance
parameters and the capture cross section of the **La isotope have been measured relative
to %Au in the energy range of 0.6 eV to 9 keV at the neutron time-of-flight (n_TOF)
facility at CERN (Conseil Européen pour la Recherche Nucléaire). These results show
sizeable differences with respect to the previous experimental data and allow to extract the
related nuclear quantities with improved accuracy. Until now, there aren’t any researches
about the vibrational band of *“°La nucleus.

Prompt gamma neutron activation analysis (PGNAA) is a rapid, nondestructive
technique which is used for analysis of various elements [5]. The compound nucleus is
created in (n, y) reaction, it transforms into the stable nucleus or radioactive nucleus for
about 10* seconds and emits prompt gamma-rays. Therefore, the irradiation and the
acquisition process must be performed at the same time. *°La exists in nuclear reactor core
which is odd-even nucleus which has 57 protons and 82 neutrons. “°La is odd-odd nucleus
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which has 57 protons and 83 neutrons (1 added neutron by neutron capture reaction). In
this experiment, PGNAA method is used to acquire the prompt gamma-rays emitted from

139 a(n, y)*La reaction.

1., 139 140 o\* 140
N+ La— (g la) - la+ Y prompt

where ;n is the incident neutron, ‘>La is the target nucleus, (‘'La)" is the compound

140

nucleus, *;

Lais the product nucleus and yrompt is the prompt gamma-rays.

2. Theory and equipments
2.1. Theory

The Nilsson model is a Shell Model for a deformed nucleus. It provides the
description of single-particle motion in a spherical asymmetric potential. Vibrational bands
appear when the external nucleons of full-shell nucleus are not much. If the excitation of
the nucleus involves many different single-particle modes i, it can be repeated a large
number of times, and the resulting set of states can be associated with the Harmonic
vibrational motion. Where i label is the individual particle-hole configurations. The
vibrational energy is given by [1]:

E,ip = N @
where % is the common excitation energy of the degenerate particle-hole i state, and n is
the number of quanta of this mode, n = 1, 2, 3, ... Then, the ratio of vibrational energies is
given by:

E /E,/E,/E,|E/E,/..=1/2/3/4/5/6].. 2)
2.2. Equipments

The experiment is performed at channel No.2 of DRR, using Filtered Thermal
Neutron Beam, and HPGe detector with PGNAA method. Configuration of the acquisition
system is shown in Fig. 1.
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Fig. 1. Configuration of the acquisition system at channel No.2 of DRR
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The thermal neutron flux at the sample position is 1.6x10° n/cm?/s and the Cd ratio is
420 [6]. A chamber with the internal high density polyethylene (HDPE) is set up, it also
has 5% Li to shield the scattered neutrons. Inside the chamber, a holder is made of PTFE
(Teflon plastic) material which fixed the sample during the acquisition process.
Configuration of the Filtered Thermal Neutron Beam is shown in Fig. 2.
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Neutron filter instrument at the horizontal channel No.2 of Dalat reactor (unit: mm)

Fig. 2. Configuration of the Filtered Thermal Neutron Beam at channel No.2 of DRR (unit: mm)

Due to the large number of gamma-rays incident on the main detector, the Compton
continuum makes the difficult search of low-intensity peaks and increases the uncertainty
of the measured activities. Therefore, a Compton suppression spectroscopy has been set-up
and installed at DRR for neutron activation analysis and nuclear data measurement. The
central detector is a GR7023 Canberra n-type coaxial HPGe detector. There are 12
Bismuth Germanium (BGO) guard detectors shielded by lead of 10 cm thickness. The
reduction of the Compton continuum has been achieved by surrounding the HPGe detector
with the BGO detectors whose signals are used for the anti-coincidence gating in the
analog-to-digital converter (ADC). The Compton continuum is reduced about 1.5 to 2
times, up to 1 MeV region of energy [7]. The electronic modules are manufactured by
Canberra except the high voltage module for BGO detectors, which were produced by Fast
Comptec. They include 2026 main amplifier (AMP), 3106D high voltage power supply,
multiport Il with ADC 16K and multichannel analyzer (MCA), using the Genie 2000
software. Its configuration is shown in Fig. 3.
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Fig. 3. The block schema of the gamma acquisition system
1391 a powder sample is used. Its diameter, thickness and weight are 1.2 cm, 1.2 cm

and 1.53101 g respectively. Geometric form of *°La sample is cylinder form, which is
shown in Fig. 4.

Fig. 4. Geometric form of *°La
The *°La sample is placed in the holder at the irradiation position, the angle between

the neutron flux and the sample is 45°, the distance from the sample to the detector is 38.5
cm.

3. Results and discussions

The acquisition time of background spectrum is 62,465 seconds and **°La spectrum
is 106,846 seconds.

Prompt gamma spectrum of *°La acquired at channel No.2 of DRR is shown in Fig.
5. The statistical count of the spectrum is 1.66x108 counts.
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Fig. 5. Prompt gamma spectrum of *4°La

Experimental data are shown in Table 1. 36 prompt gamma-rays are emitted from
139 a(n, y)**La reaction. Especially, the 140.25 keV and 198.06 keV peaks have the count
quite high but their intensity are low, because those two peaks are overlapped by some
elements exist in the background spectrum (those elements are the fission products which
are created from the nuclear reactor, they continuous emit into the background spectrum).
The 140.25 keV peak is overlapped by *™Tc nucleus, while the 198.06 keV peak is
overlapped by *°Yb nucleus. Use Equation (1) and (2) to calculate the vibrational band of
0L a. Results compared between experimental data and theoretical calculation are shown

in Table 2.
Table 1. Energy and Intensity of prompt gamma-rays emitted from ***La(n, )**°La reaction
No. Energy | Intensit No. Energy | Intensity No. Energy | Intensity

(keV) y (%) (keV) (%) (keV) (%)

1 86.96 0.21 13 327.27 2.00 25 722.92 2.88
2 110.59 0.19 14 353.41 1.15 26 748.56 2.39
3 140.25 0.82 15 391.62 1.31 27 815.93 4.41
4 162.37 0.63 16 423.29 2.15 28 831.52 2.89
5 175.44 0.62 17 487.64 3.99 29 846.60 2.84
6 198.06 1.37 18 500.21 2.71 30 868.22 5.79
7 218.68 1.24 19 511.27 7.99 31 961.22 3.39
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8 237.78 1.06 20 568.58 2.54 32 1098.97 4.86
9 253.36 1.01 21 596.23 5.80 33 1139.19 4.24
10 272.97 1.42 22 608.80 231 34 1203.54 5.72
11 288.56 1.79 23 656.56 3.41 35 1260.35 4.64
12 297.10 1.09 24 708.34 3.61 36 1297.05 5.50

Table 2. Results compared between experimental data and theoretical calculation

No. Ey, experiment E, theory ex;()Elr/iiﬁrnt (Ei/Ex) Deviation

(keV) (keV) (keV) theory (keV) (%)
1 162.37 162.66 1.00 1.00 0.18
2 327.27 325.32 2.02 2.00 0.60
3 487.64 487.98 3.00 3.00 0.07
4 656.56 650.64 4.04 4.00 0.91
5 815.93 813.30 5.03 5.00 0.32
6 961.22 975.96 5.92 6.00 151
7 1139.19 1138.62 7.02 7.00 0.05
8 1297.05 1301.28 7.99 8.00 0.33

*Note: (162.66) keV is taken from Nuclear Data Services [8]

The result in Table 2 shows that the **°La nucleus has 8 vibrational bands E1, E,, Es,
Es, Es, Es, E7, Es, which are 162.37 keV; 327.27 keV; 487.64 keV; 656.56 keV; 815.93
keV; 961.22 keV; 1139.19 keV and 1297.05 keV respectively, among 36 energy peaks
from the prompt gamma spectrum acquired at the channel No.2 of DRR. 28 another peaks
are from the *°Ce daughter nucleus (created form the B~ decay of *°La nucleus) of *°La
nucleus. Determination of the vibration band of the *°La nucleus has been calculated,
where the vibrational energies are multiple of first excitation energy (according to the
number of quanta n). In this research, the experimental result is similar to theoretical result.
The deviations are less than 1.6 %.

4.  Conclusion

Besides many studies about the vibrational band of the even-even nuclei before, this
is the new research about the vibrational band of the odd-odd **°La nucleus, which is the
product of fission reaction in the nuclear reactor core. It’s the important work in the
research of the nuclear reactor.

From prompt gamma spectra acquired at channel No.2 of DRR using application of
Collective Model in nuclear structure research, 8 vibrational bands the “°La nucleus are
identified. The result is quite relevant to the theory of the Collective Model when studying
about the nucleus which has the different between the neutron and proton numbers. The
10La is the nucleus which has the deformed structure, it definitely has the spherical
asymmetric shape.
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