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Abstract
Neutron generator (NA-3C) and Electron Acceleratof e < determined experlment_ally t.)y use of the single line
. . . .~ gamma standard sources with diameter of 20 mm [1] .
( Microtron MT-17) have been put into operation sinc y .
: : . ; he gamma-gamma coincidence spectrometer consists of
1974 and 1982 in the Institute of Physics , Hanoi. T o ) i
. PGe-Nal(Tl) detectors and coincidence unit ( built up
neutron generator produces 14 MeV neutrons with tota .
. 0 : N our laboratory) and other electronic modules. The re-
yield of 10° n/s . The Microtron accelerator produces . . :
. . -~ ““solving time of the system is O [2] .
both fission neutrons and bremsstrahlung with maximum . o .
Based on available radiation sources and measuring

energy of 15 MeV . These facilities have been exploited A
) . ; equipments we have focused our research activities into
in both fundamental and applied nuclear physics r

X T Ee following directions : nuclear data , nuclear reactions
search. The main research activities were focused on the, . . : .
and fissions as well as nuclear analytical methods . In this

fields of nuclear data, nuclear reactions and fissions as . . .
. ; réport we will summarize some our results obtained dur-
well as nuclear analytical methods. In this report we pres-
) . Ing the last years.
ent some results obtained during the recent years an
discuss about the main interests in our future work and

the possibilities of regional collaboration . 2 RESEARCH ACTIVITIES

1 INTRODUCTION 2.1 Study of nuclear data

- 2.1.1 Measurement of 14 MeV neutron reaction cross
Up to now , there are two small accelerators in Vietham. :
sections [3,4,5,6,7]

They are located in the Institute of Physics of the Na-
tional Centre for Natural Science and Technology ohs we know, Nuclear data are of considerable importance
Vietnam . for testing nuclear models and for practical applications ,
The Neutron generator ( made in Hungary ) operatespecially in fusion reactor technology.
with an accelerating voltage of 120 kV and produces 14 In Vietnam, we have carried out measurements of 14
MeV neutrons via théT(D,n)*He reaction with yield of MeV neutron induced reaction cross-sections since 1980.
about 1&°n/s . Based on available experimental conditions a conven-
The Microtron MT-17 (made in Dubna, Russian) igional activation method was used. The advantages of the
possible to accelerate electron beam of up tpA&nd activation method are : simplicity, high sensitivity and it
produces both bremsstrahlung photons with maximurs possible to distinguish between (n,x) and (n,n'x) proc-
end point energy of 15 MeV and fission neutrons witless since they lead to different activation products .
total out put of about Hn/s . The bremsstrahlung pho-  The nuclear reaction cross-sections can be determined
tons are produced in channeP %y bombarding electron using the well-known activation equation . In practice ,
beam into a tungsten (W) target : sample and standard ( with well-known cross section
€ ----> W ----> bremsstrahlung value of the reference reactions) having disk-shaped with
and the fission neutrons are produced in chanhelith a diameter of 20 mm were irradiated and their activities
the aid of two converters : tungsten and uranium (U) : measured under identical conditions. From the ratio of
g---->W---->bremsstrahlung----> U----> fission neutrons the counted activities it is easy to calculate the cross sec-
Neutrons and bremsstrahlung photons from NA-3C arttbn of the investigated reaction . In order to improve the
MT-17 facilities have been used since many years. In thecuracy of the experimental results the following neces-
experimental studies the activation techniques in comtsiary corrections have been made :
nation with gamma spectrometric methods were used . Corrections for the time variation of the neutron flux
The single gamma spectrometer consists of a high purituring the irradiation.
germanium ( HPGe) detector and a multichannel pulse - Corrections for the measured activities, namely for
height analyzer interfaced to a PC for data processingndom pile-up, for full energy peak efficiency , for
The total and photo peaks efficiencies of the detector



branching ratio, for self-absorption , for cascade coinciatio of high to low spin state yield production. In case of
dence and dead-time. bremsstrahlung irradiation, due to the energy spectrum is
Corrections for interference reactions. continuous , isomeric cross section ratio can be inter-

In the framework of a coordinated Research prdeted as follow:

gramme on " Measurement and analysis of neutron acti- Fmex Emax

vation cross sections around 14 MeV " supported by tHg:J-N’(E)Um( B dEJ.E N( Bog(  dE

International Atomic Energy Agency, measurements of o "

(n,p), (n,n'p) and ( o) cross sections induced by 14Where N is the number of target nuclgiE) is the inci-

MeV neutrons on Cr and Ti isotopes were carried outdent bremsstrahlung flux, .5 is the maximum brem-

Some typical cross sections measured with our neutrestrahlung energy,.Hs the threshold energyg,, andg,

generator are given in table 1. are the cross sections for the metastable and the ground
states, respectively. Some typical isomeric yield ratios

2.1.2 Evaluation of Nuclear data by systematic [8,9] determined via (n,2n) reactions ( induced by 14 MeV

Sometimes the nuclear data needed are not directly cr|1ee_utrons ) andy(n) reactions ( induced by brem-

termined by measurements due to specific experimen?aﬁtra}hlung with maximum end point energy of 15 MeV')
are listed in table 2.

difficulties . So, beside experimental measurement it IS

necessary to evaluate nuclear data by theoretical calcula- . _
tions or nuclear sytematics . In our case, reaction croé€ Nuclear fission studi¢#5,16,17,18,19,20,21]

sections induced by 14 - 15 MeV neutrons have begfhe fission process occupied a unique place in the devel-

analyzed on the basis of available data taken from t8@ment of nuclear physics. It represents the most dra-
literature using the multiple regression technique . Th&iic rearrangement of nuclear matter.

dependence of (n,p) and (n,2n) reaction cross sections on \ye started our studies with photofission . It is a pow-
some nuclear parameters was investigated. For the (Ngkj| tool for the investigation of the fission process due
reactions the following empirical formula was proposed jq the well-known properties of the electromagnetic inter-
Lg(Onp) = & +aN + aZ + &(N-Z)/A* + aB, + aB,  actions.

Our studies were focused on the mass and charge dis-
Where N and Z are neutron and proton numbers, (N-Z)ihutions . Measurement of mass and charge distribu-
is asymmetry factor and A=N+Z,,Band B are neutron g of fission products helps in understanding the deli-
and proton binding energies . (a:.0,1,2,...5) are fitted cate interplay between the macroscopic aspects of nu-
parameters . For the (n,2n) reactions , threshold paramgsar matter and the quantal effects of a finite number of
ter (E) was also taken into account [8]. fermions and provides an invaluable testing ground for

In order to check the validity of the proposed formupany hody theories of large amplitude collective nuclear
las the (n,p) reaction cross sections of 247 isotopes Wefgiion.

calculated . The data obtained by using Levkovski's [10], \ass distribution are obtained from measurements of
Eder's [11] and our formula are compared with those @{;mylative yields of fission products . Charge distribu-
measurement [12]. The differences between the expefisns are obtained from primary or independent yields of
mental values and those of other authors are calculateglqjyiqual fission products . In the measurements the di-
These deviations are collected into 20 groups with intefaqt gamma spectrometric method was used. By using
vals of 5% . The comparison shows that in 52% of alhis method , from one irradiation the yields of many
cases our formula gives the best approximation. Eder aRfhss chains among which there are many yields from
Levkovski obtained the best approximation in 26% anghort - Jived nuclides can be measured simultaneously.
22% of the cases; respectively . The distribution of theyrthermore, the samples were counted several times and
deviations between experimental and calculated valugsyre than one gamma line were used in yields determi-
can be seen in Fig.1. nations wherever possible .
] i . . Due to the complexity of the measured gamma spec-
2.1.3 Measurements of isomeric cross section ratios 5 in order to get accurate energy and intensity of the
[13,14] gamma peaks , good spectrum analysis programmes and

Isomeric ratios R furnish valuable information about th8€ep experiences are needed . After correcting the meas-

energy level structure of nuclei and the nuclear reactidtied intensities of the gamma peaks for detector efficien-
mechanism involved. cies , the decay curves are analyzed . Photofission prod-

ucts are identified based on their half-lives and gamma

The isomeric cross section ratio was defined usualfyy energies. Chain yields are determined from a number
as the ratio of the cross section for the production of &ihe chains that give measurable activities .

metastable stated(,) relative to that of ground stateyf In practice , fission of 28U and 2Th induced by
, namely R®,/0g . In some work it is also defined as the,remsstrahlung from MT-17 accelerator has been inves-



tigated. Thorium samples of 15 mgfcmpure thorium 2.3.1 14 MeV neutron activation analysis [22,23,24,25]

and Uranium sample of 18 mg/Env;0s enriched to JJ4 MeV neutron activation analysis method has been

99.6% prepared on 0.5 mm thick pure aluminum di used for the determination of the elements having large
with a diameter of 20 mm were irradiated. The electron g 'arg

beam current was with a stability better than 5% reaction cross sections and short half-lives such as

1A Dty ° * aluminum , silicon and iron ( in bauxite ), nitrogen (in
The gross gamma spectra of irradiated samples wete . L )
measured using high energy resolution gamma SloeC(_)ya lqeans and rlcg) and fluorine (m fluorite ores). In the
trometers. For low energy region , from 3 keV to aboue%nalyss , the following nuclear reactions were used :
1000 keV a thin planar HPGe detector with a resolutioffAl(n,p)?*’Mg (6=81 mb, T, = 9.5 min ; E=0.84 MeV)
of 165 eV /FWHM/ at 5.9 keV and in the region from 6G°Si(n,py°Al (0=235 mb, ;= 2.31 min ; E=1.78 MeV)
keV to about 2500 keV a 63 ériiPGe detector with a *°Fe(n,pf°Mn(0=103mb, T;,=154.56min;E= 0.85 MeV)
resolution of 2.1 keV at 1332 keV 8iCo were used. The **N(n,2n)}*N (0=5.70 mb,T,=9.96 min; E=0.51 MeV)
measuring time was varied depending on the half-lives 5F(n,p)°0(c=14.3 mb, T, =0.48 min; E=0.136 MeV)
the products of interest .

Up to now , in photofission of®U , 19 independent 2.3.2 Thermal neutron activation analysis [26]

yields and 62 cumulative yields of fission products WeTEission neutrons from MT-17 accelerator can be slowed

_?_f]fg;n'f?seﬁogy r:;%?ﬁ;m;res?r?; en?:r?](gzgsogzn;n;ﬁ;ileOWn to the thermal level by use of paraffin moderator.
P Thermal neutron activation analysis is very sensitive

the mass number region from 78 to 151 . The fine struc-
) . ethod for a large number of elements such as Mn, In,
tures in the mass regions 133-135 and 140-142 were - . I~ o

, U and Dy ... Under typical conditions, the sensitivity
0]

served. The mass distribution curve can be seen in Fig, the analysis of gold in geological samples based on

In addition, the independent yields of three isomeric paiEE”Au(n V)'®Au nuclear reaction (7 = 2.7 d E=4118
’ 112 = <. ) - .

128magy 132m9 - gnd *°M%Ke were also obtained . The Eev) is about 0.1 ppm

charge distribution for the mass chains 95 ; 97; 99; 12

13.0’ 131, 132; 1.34’ 135’ 138; 140 and 14.1 were (_iete£.—3.3 Photon activation analysis [27,28,29,30]

mined. The fractional yield data are consistent with a

Gaussian curve : In photon activation analysis , the principal photonuclear
_ a2 2 reaction used isyfn). Other reactions that are useful ,

Yi= () exp[-(2-2)IC] albeit less often arey,p) and y,y). The sensitivity of the
where Y is the fractional independent yields of a chaimnalysis is about 10 to 0.1 ppm for a large number of
number having atomic number Z angliZ the most prob- elements . Specially , this method is successfully used in
able charge and C is the width parameter of the distribigutine activation analysis of Sn, W and Au in geological
tion . The value of C obtained from a weighted average eémples using the following photonuclear reactions :
thelseveral c?gns is O._&40.08 . _ 124500,0)227Sn (T = 39.5 min ; E= 159 keV )

n case of*“Th , 7 independent yields , 34 cumula—lgew 185 _ LT
o - SAW(Y,N) "W (Ty2=1.6 min; E=174 keV)
tive yields and 28 mass chains in the mass number reg@%u( NY%AU (Typ= 6.18d: E= 355.7 keV)
from 88 to 149 were obtained. Y va= =  F '

Beside experimental work , the mass distributions of Usually, in the analysis relative method was used .
fission fragments for a wide range of nuclides ffdffth  However , in specific conditions the following modified
to 2¢m were computed using the modified statisticatlassical methods such as cumulative method, internal
theory . standard method and standard addition method have also

been applied. Furthermore, in order to improve the sensi-
2.3 Application and development of activation analysistivity of the analysis mixed photon - neutron activation
method method was applied . In this case , the radioactive prod-
ucts™**X are formed from both th&X (n,y) and**2X(y,n)

Activation analysis is one of the widely used analytireactions . For Cd and Sn the sensitivity of the analysis
cal methods because it is sensitive, nondestructive angiging ***Ccd ( formed via “Cd(ny)***Cd and
large number of elements in the samples can be det&fcd(y,n)*>Cd reactions ) and?*"Sn ( formed via
mined simultaneously . 12230 (ny)*2*"Sn and"?‘Snfy,n)***"Sn reactions ) isotopes

In our laboratory for irradiations the 14 MeV neutrongvere improved by factors of 2 and 10 , respectively.
as well as fission neutrons and bremsstrahlung radiations |n order to improve the accuracy of the analysis ,
were used. In most cases , neutrons and photons are Gunting losses and fine interferences corrections have
sidered to be complementary each with its strengths aggo been taken into account.
weaknesses. A lot of the proposed analytical procedures
have been successfully used for routine analysis of vari-

ous kinds of sample. 3 CONCLUSION



Neutron generator NA-3C and Microtron acceleratof9] Le Hong Khiem, Nguyen Van Do, Pham Duc Khue:
MT-17 are the first accelerators put into operation in J.Radioanal. Nucl.Chem., Letters, Vol. 231, No.1,2(1998)
Vietnam. These facilities are comparatively inexpensive,
easy to install and operate. Therefore they are rather Sltl'ité] V.N. Levkovski
able for the developing countries like Vietnam in the be- ~ j Nyclear Physics, 18/4(1973)705
ginning period of nuclear physics research. _ _ )

The main limitations of our facilities are low intensi-[11] G-Eder, G.Winkler, P.Hille : Z.Physie53(1972)335
ties and their energies can not be changed . However,[iQ] Cross Sections of Neutron Induced Threshold
practice these difficulties should be overcome by seleBeactions . Handbook, Energoizdat, 1982
tion of the best experimental procedures and more attefs) oang Dac Luc, Tran Duc Thiep, Truong Thi An,
tions have been paid for data processing and all necessary phan An : Bulgaria J.Phys. 14(1987)152-156.
corrections. :

Although our accelerators are relatively modest, bLHA] ;Lan Duc Thiep, Nguyen Van Do, Nguye.n Tuan

) . . ai, Truong Thi An, Nguyen Ngoc Son :
with experienced researchers they have effectively been g mnmunications in Physics, Vol.6, No.3(1996)29-32.
exploited for different fields of experimental nuclear _
physics research as well as for training young physicistsl1>! Tran buc Thiep, Nguyen Van Do, Nguyen Ngoc Son,

Under the conditions of lack in experimental facilities Truong Thi An, Nguyen Tuan Khai:

L S . . Communications in Physics, Vol.5, N0.1(1995) 2-12
and limited availability of funds, in order to improve the
research capabilities we have focused our attentions éf] Nguyen Van Do,Nguyen Ngoc Son :
the improvement of measuring equipments and look for Communications in Physics , Vol.5, No.1(1995)22-29.
some collaborations where we should use advanced f&?7] Nguyen Ngoc Son, Nguyen Van Do, Tran Duc Thiep,
cilities . We think in developing countries it is difficult to Truong Thi An, Nguyen Tuan Khai : Proceeding of the
do nuclear physics research without collaborations . First Vietnam National Conference on Nuclear Physics
Therefore , we hope that KEK will become one of the @and Technique, Hanoi 14-15 May(1996), 99-101.
centres like CERN in ASIA where physicists from Asia- [18] Nguyen Van Do, Tran Duc Thiep, Nguyen Tuan Khai

Pacific region will be able to use advanced experimental Nguyen Ngoc Son, Truong Thi An :
facilities . Communications in Physics, Vol.5, N0.1(1996)27-32.

Sov :

[19] Nguyen Van Do, Tran Duc Thiep, Nguyen Tuan Khai,
Truong Thi An, Nguyen Ngoc Son :
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Tablel: Some typical reaction cross sections induced fa) L
with 14 MeV neutrons o) i
) % 60 |
Nuclear reaction Cross-section (mb) § :_i
This work References 40 | ! :
52Cr(n,pPVv 81.5¢6.2 80+6; 94+10
3Cr(n,pyVv 45.73.1 48ET; 47 ¥
Cr(n,pfV 142 18+3; 15+4 E:
S3Cr(n,n'pfCr 1423 12+3; 7.3:0.6 =
54 ' . - I_l
Cr(n,n'pfV 6.5+1.5 3+0.8; 1.530.14
4Ti(n,p)'omsc 56+4 55.062.2; 488 100
“Ti(n,py’Sc 10310 169.56.9; 11614 DEVIATION %
48Tj(n,p)*®sc 60+4 71.742.6; 536
®Ti(n,p)*’Sc 17+4 15.4:0.6; 122
24\g(n,pf*Na 173.5:8.46  18148; 17%5 Fig.1 : Distribution of the relative difference between
90Zr(n,py°™Y 11.9+0.8 8+1: 9+ 0.8 experimental and theoretical cross sections .
84Zn(n,2nf*zn 17915 20Q:23; 17530
100o(n,2nf"Mo 148986 1418:175; 142@150
907r(n,2nfemzr 13147 143.4+7.8; 13312 7
90zr(n,2nfzr 796:53 763+10; 8324 i
8Rb(n,2n§*™Rb 51551 547457, 55%17 6 |
8Rb(n,2nf*Rb 875105 821+82; 78%67 B
%Rb(n,2n¥°Rb 1390117 1395:139; 130#107 Q5 |
S4Cr(no)® i 12.5¢1.5 10.63:0.46; 15.81.6 iy
94|
L
>
Table 2 : Some typical isomeric yield ratios determined ¥ 3 |
via (n,2n) andyn) reactions : %
w2
Isomeric yield ratios «
Nuclear reaction Induced by 14 Induced by 1t
MeV neutron 15 MeV ’
bremsstrhlung 0
1Nd(n, 20" Nd | 0.46 0.04 60 80 100 120 140 160 180
MASS NUMBER
H2Nd(y,n ™ Nd 0.022+ 0.002

'Sm(n,2nJ""%Sm | 0.70+0.06 Fig.2 : Mass-yied curve for photofission%3fU
4Smy,n)t ™ Sm 0.031+ 0.003 (¢ calculation;o this work;x taken from ref.[21] )

19pdn,2ny®™Pd | 0.41+0.03
0P dfy,n) ™ Nd 0.060+ 0.005




