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APPLICATIONS OF FAST NEUTRON SOURCES BASED ON THE 

MGC-20 CYCLOTRON 

A. Fenyvesi, T. M o l n a r + , I. Mahunka 

One of the projects at the MGC-20 cyclotron is the development 
and application of intense fast neutron sources for interdis-
ciplinary and practical purposes. Based upon our p(18 MeV)+Be 
and d(10 MeV)+Be intense fast neutron sources ,the following 
programs have been in progress in our laboratory: 

24 27 24 
a) production of carrier-free Na isotope by the Al(n,a) Na 
reaction for investigation of water-transport in healthy and 
diseased oak (quercus peraea) trees for ecological and, 
in the case of tomato plants, for agricultural purposes 

b) irradiations of grains of onions and capsicums for stimula-
tion and mutation breeding purposes 

c) irradiations of cultures of mammalian cells and tissues for 
basic radiobiological studies and to establish the techniques 
of biological dosimetry of mixed n - y fields at our cyclotron 
neutron sources 

d) elaboration and adaptation of methods capable of determina-
tion of fast neutron spectra and dose-rates at the irradiation 
positions and in the samples. 
The necessary information on spectral distributions of fast ne-
utrons above E n = 1 MeV was gained by multifoil activation and a 
spectrum unfolding technique. 

The separate neutron and gamma dose-rates and their spatial 
distributions were measured mainly by the usual twin ionization 
chamber method. A TE-TE (tissue equivalent chamber flowed by 
tissue equivalent gas) and a Mg-Ar chamber were used in the 
biomedical investigations. A pair of CH-equivalent C H - C 2 H 2 and 
Mg-Ar chambers recommended by the IAEA was used for agrobiolo-
gical irradiations. Profiles and depth dose distributions of 
collimated beams were measured in water phantom also by solid 
state nuclear track detectors (SSNTD-s). 

+ B i o m e d . Cycl. Lab., Med. Univ. School of Debrecen, 
Nagyerdei krt. 98., D e b r e c e n , H u n g a r y , H - 4 0 ] 2 
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EXCITATION FUNCTIONS FOR PROTON AND DEUTERON INDUCED 
NUCLEAR REACTIONS ON 6 6 , 6 7 , 6 8 Z n 

F . Szelecsenyi, F. Tarkanyi, Z. Kovacs, L. Ando, S. Sudar 
+ 

For investigation of the production possibilities of medi-
cally important 6 7 G a radioisotope with the Debrecen MGC compact 
c y c l o t r o n , (p,xn) and (d,xn) reaction cross sections were studied 
on enriched 6 6 ' 6 7 , 6 8 Z n . 

Excitations functions have been measured with stacked-foil 
technique for 6 6 Z n ( p , n ) 6 6 G a , 6 7 Z n ( p , n ) 6 7 G a , 6 7 Z n ( p , 2 n ) 6 6 G a , 
6 8 Z n ( p , n ) 6 8 G a and 6 l J Zn( p , 2 n ) 6 7Ga reactions up to IB MeV protons 
and for 6 6 Z n ( d , n ) 6 7 G a , 6 7 Z n ( d , n ) 6 e G a 6 7 Z n ( d , 2n) 6 7 G a and 
6 8 Z n ( d , 2 n ) 6 8 G a reactions up to 10 MeV deuterons. 

The obtained results have been compared with previous measu-
rements and with the predictions of the statistical/precompound 
reaction models. Our data in general are in good agreement with 
the existing previous results. In several c a s e s , however the posi-
tion of maximum of excitation function lies lower than it was re-
p o r t e d . Thy calculated absolute cross sections are also in good 
agreement with our measured data. 

It was found that in our available low energy range the 
6 7 Z n ( p , n ) 6 7 Ga and the 6 8 Z n ( p , 2 n ) 6 7 G a reactions are the major pro-
cess of interest. The results for the 6 7Zn(p,n) 6 7Ga, and the 

6 8 Z n ( p , 2 n ) 6 7 G a reactions are given in Fig. 1 and 2 in comparison 
with earlier reported experimental data (1). 

Reference 
(1) F.E. Little, M.C. Lagunas-Solar, Int. 3. Appl. Radiat. Isot. 34 (1983) 34. 

This work 
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Fig. 1. Excitation functions of 
6 7Zn(p,n) 6 7Ga reaction 6 7 

Fig. 2. Excitation functions of 
6 8 Zn(p,2n)6 7Ga reaction 
6 8 
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+ 
Inst, Experimental Phys., L. Kossuth University, Debrecen 
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RADIOISOTOPE PRODUCTION AT THE MGC CYCLOTRON 

I. Mahunka, F. Szelecsenyi, L. Ando 

One of the main tasks of the Debrecen cyclotron is the 
production of radioisotopes for medical application. The MGC-20 
machine is capable for producing the most important radioisoto-
pes used in nuclear medicine [1]. 

During the last year we started the routine production 
of 6 7 G a , 1 J 1 I n and 1 2 3 I non-positron emitter isotopes. The ir-
radiatons took place at the vertical beam-line of the cyclotron 
[2] [3]. The irradiated targets were elaborated in our radio-
chemical laboratory to get intermediers and the labelling pro-
cedures were carried out in the Isotope Institute, Budapest[4]. 
The radiopharmaceuticals were distributed for medical use in 
Hungary. 

Table 1 summarises some production parameters of radio-
active isotopes for off-site use in 1988. The greatest demand 
was for 6 7 G a which was made nightly and which is used in the de-
tection of inflammatory diseases and in the practice of Onco-
logy for detecting the presence of malignancy [5] [6]. 

Table 1. Production of radioisotopes for off-site use 
in 1988 

Isotope Target material Reaction Bombard i no energy 
(McV) 

Target thickness 
(n/r.m2) 

Yield 
(mCi/̂ Ah) 

67Ga 67Zn(91H) 67, , \ 6 7r Zn(p,n) Ga 14 0,25 1,3 
min lnCd(95%) 111Cd(P,n)111In 15 0,35 1 ,5 
123j 123Te(71'0 123Te(p,n)123I 15 0,25 2,0 

To meet the future demand of our medical partners, se-
veral new radioisotop production method were (and are) elabora-
ted in the cyclotron laboratory during this period. 

We started the preliminary experiments to get 2 0 1 T 1 
using mercury gas target and two short-lived positron emitter 
radioisotopes ( ! 1 C , 1 8 F ) . The experiments for producing the 
PET isotopes are carried out in collaboration with the Biomedi-
cal Cyclotron Lab., Med.Univ.School of Debrecen and the Central 
Institute of Nucl.Res.Rossendorf, GDR. 

REFERENCES 

[1] I. M a h u n k a , I. Uray, ATOMKI Kozlemenyek 24(1982)63 
[2] L. Ando et al., Lectures and Symposia 14th Int.Cancer 

Congr. Budapest, vol.8.p.145. Karger, Basel/Akademia Kiado, 
Budapest 1987. 

[3] I. Mahunka et al . , Medical Application of Cyclotrons IV., 
A n n . U n i v . T u r k u e n s i s , 0:27 1980 p.137 

[4] Z. K o v a c s , P. M i k e c z , I. Szabo, Nucl.Med. 26(1987)197 
[5] P.B. Hoffer, Int.J.Nucl.Med.Biol. 8(1981)243 
[6] G.S. Johnson , Int.J.Nucl.Med.Biol. 8̂ ( 1981 )249 
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EXCITATION FUNCTIONS FOR PROTON AND DEUTERON INDUCED 
NUCLEAR REACTIONS ON 6 6 ' 6 7 , 6 8 Z n 

F. Szelecsenyi, F. Tarkanyi, Z. Kovacs, L. Ando, S. Sudar+ 

For investigation of the production possibilities of med-
ically important 6 7Ga radioisotope with the Debrecen MGC com-
pact cyclotron, (p,xn) and (d,xn) reaction cross sections were 
studied on enriched 6 6 , 6 7 , 6 8 Z n [1], [2]. 

Excitation functions have been measured with stacked-foil 
technique for 6 6Zn(p,n) 6 6Ga, 6 7Zn(p,n) 6 7Ga, 6 7Zn(p,2n) 6 6Ga, 
6 8 Zn(p,n) 6 8Ga and 6l) Zn(p, 2n) 6 7Ga reactions up to 18 MeV protons 
and for 6 6Zn(d,n) 6 7Ga, % 7Zn(d,n) 6 eGa 6 7Zn(d,2n) 6 7Ga and 
6 8Zn(d,2n) 6®Ga reactions up to 10 MeV deuterons. 

The obtained results have been compared with previous meas-
urements and with the predictions of the statistical/preccmpound 
reaction models. Our data in general are in good agreement with 
the existing previous results. In several cases, however,the 
position of maximum of excitation function lies lower than it 
was reported. The calculated absolute cross sections are also 
in good agreement with our measured data. 

It was found that in our available low energy range the 
6 7Zn(p,n) 6 7Ga and the 6 8Zn(p,2n) 6 7Ga reactions are the major 
process of interest. The results for the 6 7Zn(p,n) 6 7Ga, 

Zn(p,2n)6 6Ga and the 6 8Zn(p,2n) 6 7Ga reactions are given in 
Fig. 1 and 2 in comparison with earlier reported experimental 
data [3]. 

References 

[1] I. Mahunka, F. Tarkanyi, L. Ando, F. Szelecsenyi, A. Feny-
vesi, F. Ditroi, S. Takacs, Medical Application of Cyclo-
trons IV, Ann. Univ. Turkuensis D: 27 1988. p. 137. 

[2] I. Mahunka, F. Szelecsenyi, F. Tarkanyi, The Abo Akademi 
Accelerator Biennial Report 1983-84, p. 153. 

[3] F.E. Little, M.C. Lagunas-Solar, Int. J. Appl. Radiat. 
Isot. 34 (1983)34. 

+Inst. Experimental Phys., L. Kossuth University, Debrecen 
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IN-BEAM SPECTROSCOPY OF 1 0 6In 

J. Gulyas, Zs. Dombradi, T. Fenyes, J. Timar, A. Passoja*, 
J. Kumpulainen** and R. Julin** 

Gamma-ray and internal conversion electron singles spectra 
of the 1 0 6Cd(p,ny) 1 0 6In reaction were measured with Ge(HP), 
Ge(Li), LEPS and combined intermediate-image magnetic plus Si(Li), 
as well as superconducting magnetic lens plus Si (Li) spectrometers 
at various bombarding proton energies between 8.0 and 9.0 MeV. 
Gamma-gamma coincidence and angular distribution of gamma rays 
were also measured. More than 120 (among them 95 new) gamma 
transitions have been assigned to 1 0 6In. From the conversion 
electron measurements internal conversion coefficients of 18 
gamma-transitions have been determined for the first time. 

A more complete level scheme of 1 0 6In has been constructed, 
which contains about 40 levels below 1600 keV excitation energy. 
On the basis of the internal conversion coefficients of transi-
tions, Hauser-Feshbach analysis of (p,n) reaction cross sections, 
gamma-ray angular distributions and other arguments spin and 
parity assignments to several levels have been made. Gamma bran-
ching ratios have also been deduced. Energies of sereval 1 0 6In 
proton-neutron multiplets were calculated on the basis of the 
parabolic rule derived from the cluster-vibration model. Inter-
acting boson-fermion-fermion / odd-odd truncated quadrupole 
phonon model calculations are in progress. 

* University of Joensuu, Department of Physics, Finland 
** University of Jyvaskyla, Department of Physics, Finland 
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NUCLEAR STRUCTURE OF 1 0 8In 

A. Krasznahorkay, Zs. Dombradi, J. Timar, T. Fenyes, J. Gulyas, 
+ + J. Kumpulainen and E. Verho 

The structure of 1 0 8In has been studied with in-beam y-
and e~-spectroscopic methods [1]. A more complete level scheme 
of 1 0 8In has been deduced which contains 54 levels below 1630 
keV excitation energy (including 42 new ones). On the basis 
of the internal conversion coefficients of transitions, Hauser-
-Feshbach analysis of (p,n) reaction cross sections, y-xay 
angular distributions and other arguments spin and parity as-
signments were made to 24 excited * 0 8In levels. Lifetime meas-
urements were performed by delayed coincidence method. The 
energies of several 1 0 8In proton-neutron multiplets were cal-
culated on the basis of the parabolic rule derived from the 
quasi-cluster-vibration model (QCVM). In order to fa-
cilitate the configuration assignments the electromagnetic 
decay properties of the nuclear levels were also analysed. Mem-
bers of different proton-neutron multiplets have been iden-
tif ied. 

An interesting result is that the energy splitting of the 
1Tg9/2V^7/2 wultipiet is much larger than expected, and the 
"parabola" is far not perfect. In order to get a better descrip-
tion for the nuclear structure interacting boson-fermion-fer-
mion/ odd-odd truncated quadrupole phonon model calculations 
were also performed. The particle - vibration exchange inter-
action was included also in the calculations, and a reasonable 
description of the level energy spectrum and electro-
magnetic properties of 1 0 8In was obtained. The inclusion of the 
particle-vibration exchange interaction resulted in a W tipe 
energy splitting of the Tig . 2 V 9 7 / 2 multiplet as a function of 
J(J+1), where J is the spin of ' the nuclear state. 

This work was supported partly by the National Scienctific 
Research Foundation /OTKA/. 

Reference: 

1. A. Krasznahorkay et al., ATOMKI Ann. Rep. 1987, p. 41 
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N U C L E A R S T R U C T U R E OF 1 0lii 

A . Krasznahorkay, Z s. Dombradi , J. Ti'mar, Z. Gacsi , T . Kibedi 

A. Passoja ' , R. Ju l io ' , J. Kumpulainen*, S. B r a n t " and V. P a a r " 

In our earlier work on 108In [ l] we observed some indicat ions on deviat ion of the 

pattern of the n{g$}2)u(S7/2) mul t ip le t from the one predicted by the parabolic rule. To 

obtain more information on this interest ing mult iplet sp l i t t ing and to test the val idity 

of predict ions for the 1 1 0 ln nucleus, where a similar deviat ion is expected , the nucleus 

n o I n has been studied via the reactions 1 0 7 Ag(a ,n7) 1 1 0 In and n o C d ( p,n7 ) n o I n . 

7-ray and 77-coincidence measurements have been performed. Energies and 

relative intensi t ies of 137 transit ions in 1 1 0In have been determined. A more comple te 

level scheme, containing 53 levels, has been deduced. T h e energy separation of the 

J*=7/" ( T I / 2 = 4 . 9 h) ground s ta te and the JT=2jl" (T J / 2 = 6 9 . 1 min) isomer has been 

d e d u c e d , E ( 2 i " ) = 6 2 . 0 8 ± 0 . 0 1 kcV. T h e electron spectrum of the reaction was measured 

with a superconduct ing magnet ic spectrometer . Internal conversion coeff ic ients of 30 

transit ions have been determined. Spins and parities have been dcduccd on the basis 

of the mult ipolar i ty of 7 - transi t ions , and other arguments . Lifet ime measurements 

were performed by delayed coincidence and DSA methods . 

The energies and e lectromagnet ic properties of the 110In s ta tes were calculated 

using the interact ing boson- fermion- fermion/odd-odd truncated quadrupolc phonon 

model . Several approximate proton-neutron mult ip le t s ta tes were identif ied, the 

W-l ike energy spl i t t ing of the 2)^(57/2) mult ip le t was reproduced, and the im-

portance of the exchange interaction in spherical odd-odd nuclei was pointed out . 

Reference: [1] A. Kasznahorkay et al. , Nucl . Phis . A, in press 

* Univers i ty of Jyvaskyla , Departement of Phys ics .Fin land 

** Pr irodos lovno-Matemat i ik i Fakultet , Univers i ty of Zagreb,Yugoslavia 
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B R A N C H I N G R A T I O S A N D M O N O P O L E S T R E N G T H S IN 1 1 6 Sn 

Z. Gacsi 

Ins t i tu te of Nuclear Research of the Hungarian A c a d e m y of Sciences 
H-4001, Debreceu, P . O . B o x 51, Hungary 

Th i s contr ibut ion e l iminates a d iscrepancy of a factor of three apparent in the 
data 1 on t h e branching rat ios of the first 5~ level at 2366 keV exc i ta t ion energy in 1 1 6 Sn 
(see F i g . l ) and p o i n t s out s trong mix ing b e t w e e n i ts low ly ing 0 + s ta t e s of different 
radii . 

Gamma-ray and internal conversion e lectron spectra were recorded wi th Ge(Li ) 
and superconduct ing magnet i c lens plus Si (Li) spec trometers in ( 1 1 3In + 14.5 M e V 
alpha) and ( n 6 S n + 7.2 M e V proton) react ions. 

T h e branching rat io of gamma-rays from t h e 5~ level: 

H, = I1(lQ0keV)/I-1(l072keV) = 100(4)/96(6) 
and, combined wi th tota l internal convers ion coeff ic ients 1 , the trans i t ion branching 
ratio: 

Rlr = Itr(mkeV)/Iir{\012keV) = 100(4)/37(3) 
a r e o b t a i n e d in g o o d a g r e e m e n t w i t h p r e v i o u s r e su l t s . T h e d i s c r e p a n c y m e n t i o n e d 
a b o v e is s imp ly d u e t o an i n a d v e r t e n t a d o p t i o n of t r a n s i t i o n i n t e n s i t i e s as g a m m a 
i n t e n s i t i e s in t h e c o m p i l a t i o n 1 , a n d is e l i m i n a t e d by a c lea r d i s t i n c t i o n b e t w e e n t h e m . 

I n t e r n a l c o n v e r s i o n e l e c t r o n b r a n c h i n g r a t i o s : 

/e(0f - 0f)//e(0f - 2+) = 0.33(5), 

7e(0f - Of )//e(0f - 2+) > 4.9 
have been determined . Us ing the abso lute B ( E 2 ) values of Ref.2, electric m o n o p o l e 
s t rength values of 

/>2(°f — Of) = 3.8(6) x 10-3 {cf., 4.3(13) x 10"3, Ref.2) 

p2(0+ - Of) > 28.3 x lO'3 (cf., 103(21) x 10~3, Ref.2) 

are deduced . Such a large va lue of />2(0f —> Of) indicates 3 s trong mix ing of the two 0 + 

s ta te s of dif ferent radii and poss ibly also a mix ture between s ta tes of different shapes . 
T h e Of level at 1757 keV exc i ta t ion energy corresponds to the intruder deformed s t a t e 
and t h e Of level at 2027 keV corresponds to the spherical one, as the unperturbed 
conf igurat ions . 

F i g . l . Low- ly ing levels of 1 , 6 S n . T h e line-
th ickness represents re lat ive trans i t ion in-
tens i ty at the 5" level and re lat ive values 
of t h e m o n o p o l e s t r e n g t h s for the E0 tran-
s i t ions . 

U . B lachot et al. , Nucl . D a t a Shee t s 32 (1981) 267 and references therein 
2 J. Kante l e et al. , Z. Phys ik A 2 8 9 (1979) 157 
3 K . H e y d e and R. A. Meyer , P h y s . Rev . C37 (1988) 2170 
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PROTON ELASTIC SCATTERING ON 1 1 14 ' 1 2 2 ' 1 2 11 Sn 
ISOTOPES NEAR THE COULOMB BARRIER 

M. Jozsa, Z. Mate, Z. Veress*, T. Vertse and L. Zolnai 

In a previous paper [1] it was shown that the energy de-
pendence of the real part of the volume integral of the proton 
optical potential has anomalous behaviour near the Coulomb bar-
rier for the p+ 1 1 6Sn and p+ 1 2°Sn systems. Similar result for 
the p+ 1 2 4Sn system has been published in ref. [2], 

The aim of the recent measurements for p+ 1 1 4Sn, p+ 1 2 2Sn 
and p+ 1 2 4Sn systems was to extend the investigation along the 
Z=50 isotopes. The measurements were done using the proton beam 
of the MGC cyclotron of the Atomki at energies different from 
those of the isobar analogue resonances. The measured angular 
distributions are being analysed in the frame of the optical 
model. An example is shown in fig. 1. 

Fig. 1. Angular distribution of elastically scattered 
protons measured at the MGC cyclotron of Atomki. 
The full and broken lines are the optical model 
fits with Perey and Becchetti-Greenlees geometry, 
respectively. 

References 

[1] B. Gyarmati, T. Vertse, L. Zolnai, A.I. Baryshnikov, A.F. 
Gurbich, N.N. Titarenko and E.L. Yadrovsky, J.Phys. G5 
(1979)1225 

[2] A.F. Gurbich, V.P. Lunev, N.N. Titarenko, Yadernaya Fizika 
40 (1984)310 

* 
Bajcsy-Zsilinszky Secondary School, Ujfeherto 
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"MICROP" - A CODE TO CALCULATE MACROSCOPIC 
JLM POTENTIALS 

L. Zolnai 

In ref. [1] Jeukenne, Lejeune and Mahaux presented a par-
ametric expression for a theoretical microscopic optical poten-
tial (OMP) derived from nuclear matter calculations. The basic 
assumptions of the calculations were (1) the Reid's hard core 
interaction, (2) the Brueckner-Hartree-Fock approximation and 
(3) the improved local density approximation. However, this po-
tential was limited to proton or neutron energies from 10 to 
160 MeV. In ref. [2] Lejeune extended this potential below 10 
MeV. Such energies are involved in (1) the study of nuclear 
processes in astrophysics and (2) in practical reactor calcula-
tions . 

For practical cases the potentials above have to be folded 
with the mass density distribution of the target nuclei. For 
this purpose a code (MICROP) has been developed in the insti-
tute in FORTRAN-IV which makes it possible to calculate the 
different characteristics of the macroscopic potentials (rms 
radii, real and imaginary potential depths as well as the vol-
ume integrals). An illustrative example is shown in fig. 1. 

! j | ! 

5 . 2 -

j I | L 20 40 60 - 80 
Ep (MeV) 

Fig.l. The full curves on the upper and lower parts rep-
resent the calculated values for the rms radius and the 
volume integral per nucleon of the real part of the proton 
OMP of 1 2 2Sn. 

References 

[1] J.P. Jeukenne, A. Lejeune and C. Mahaux, Phys.Rev. C16 
(1977)80. 

[2] A. Lejeune., Phys. Rev. C21 (1980)1107. 
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IDENTIFICATION OF COLLECTIVE STRUCTURES IN 1 2 7Ce 

B.M. Nyako0, J. Gizon*, D. Barneoud*, A. Gizon*, W. Klamra 
F.A. Beck* and J.C. Merdingerv 

The neutron-defficient cerium isotopes have been the sub-
ject of studies concerning the y-softness of nuclei near A~130 
[ 1,2]. Recently more attention has been paid to ASi125 ceriums 
[3] but no data was available for the high spin states of 127Ce. 

Excited states in this nucleus were populated via the 
9 3Nb( 3 7C1,3n) nuclear reaction. Experimental details are given 
in our Report for 1 2 6La in this booklet. Two rotational struc-
tures have been identified in 1 2 7Ce as shown in fig.l. Their 
assignment to this nucleus is based on a recoil-y coincidence 
experiment [4] and on y-(Ce X-ray) coincidences. The tentative 
spin and parity of the states were derived from level energy 
systematics of neighbouring odd-neutron Ce isotopes: The neg-
ative parity band shows a signature splitting comparable to 
those of the h11/2 neutron hole band in 1 2 5 ' 1 2 9Ce [1-3], the 
positive parity band shows no splitting, similarly to the g7 
neutron hole band in these nuclei. A backbending starts to * 
develop in both the positive and negative parity bands as seen 
from additional transitions on top of those indicated in fig.l. 
The ordering of these transitions was difficult due to lack of 
statistics, but it seems obvious that these backbendings are 
caused by the alignment of hj V2 protons. The aim of further works 
in progress is to extend the observed bands to higher spin. 

Figure 1. Proposed decay 
scheme of 1 2 7Ce. 

References 
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[1] J. Gizon et al.: Nucl. Phys. A290 (1977) 272 
[2] P.J. Nolan et al.: Phys. Lett. 108B (1982) 269 

R. Aryaeinejad et al.: J. Phys. G: Nucl. Phys. 10(1984) 955 
[3] K.L. Ying et al.: Nucl. Structure Appendix to the Daresbury 

Ann. Rep. (1986/87) 27 
[4] A.N. James et al.: ibid (1985/86) 103 

0 On leave of absence in ISN, Grenoble 
* Institut des Sciences Nucleaires, Grenoble, France 
+ Manne Siegbahninstitutet for fysik, Stockholm, Sweden 
V Centre de Recherches Nucleaires, Strasbourg, France 
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SEARCH FOR SUPERDEFORMATION IN 1 2 9La 

B.M. Nyako0, S. Andre*, D.Barneoud*, F.A. Beck , H.El-Samman , 
C. Foin*, J. Genevey*, A, Gizon*, J. Gizon*, M. Jozsa, 

J.C. Merdinger and L. Zolnai 

The first observation of superdeformed (SD) nuclear shape 
with a major-to-minor axis ratio of 2:1 at high spins [1] was 
followed by the identification of several A»130 SD nuclei [2] 
with an axis ratio of 3:2. Calculations made by Chasman [3] 
using the Strutinsky method show that the observation of 2:1 SD 
bands in A=150 nuclei can be well accounted for by the appear-
ance of a deep "valley" in the well-depth of the SD minima 
calculated as a function of Z and N for spin 1=50. The ob-
served cases for 3:2 superdeformation, however, do not corre-
spond to the region predicted by a shallower valley along Z~57 
where nuclei are difficult or impossible to produce in heavy 
ion induced reactions. The nucleus 1 2 9La is near the end of this 
second valley, therefore it seemed to be a good candidate to 
search for superdeformation in it. 

High spin states of 1 2 9La were excited via the reaction 
1 0 0Mo+ 3 1 tS at 165MeV bombarding energy. Coincidence y~Y events 
were taken with the "Chateau de Cristal" multidetector system 
at CRN, Strasbourg. Data were analysed using the y-energy cor-
relation method. Perpendicular cuts to the equal energy diag-
onal in the E -E matrix show the probable exsistence of a ro-
tational stru^tu^e for which the dynamic moment of inertia de-
creases from S1'2̂  50 *h2 /MeV to 35 -ft2/MeV in the E^=1100-1600 
keV interval with increasing energy. This could correspond to 
a highly deformed structure, but no discrete band has been iden-
tified yet. During the course of this work Nolan et al [4] dis-
covered a superdeformed band in 1 3 0La. This band, however, was 
not seen in our data. It should also be noted, that the effect 
of other open reaction channels has to be checked as some of 
those could lead to SD 1 3 1 , 1 3 2 C e [4], and this is the subject 
of further data analysis. 
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Microelernental Investigation of Different Types of Glasses 
by Using Cyclotron Beams 

F. Ditroi, S. Takdcs, I. Mahunka, Z. Gem est' 

A great problem of the glass production is the large variety of types of 

structural disorders. These disorders can cause the unexpected break of the glass 

product, and some types of them are visible and are not aesthetic . The aim 

of this work was to determine the elemental const i tut ion of different types of 

structural disorders in different sorts of glasses, and the normal (good) quality 

part of the glass samples. From the comparison of the elemental const i tut ion 

a conclusion could be made for the possible cause of disorder. More than 10 

samples from different Hungarian glass factories were investigated with different 

nuclear analytical methods ( C P A A , N A A ) and the causes of the different types of 

disorders were concluded [lj . A s an example the table shows the disorder/normal 

concentration ratio in t w o samples from the same glass-factory, which contain 

stone-l ike closure. The large amount of Zr in the vicinity of the disorder comes 

from the furnace wall. 

e lements sample No. 2 sample No. 7 
disorder/normal disorder/normal 

Na 1.12 0.78 
Al 1.31 0.73 
Ca 1.02 0.69 
Fe 1.13 0.59 
Zr 112.80 77.40 

[ l . ] S.Takdcs, F.Ditr6i , I .Mahunka, Investigation of disorders in glasses, 

Report to the Scientif ic-Technical Park of Debrecen, 1988 November, 

unpublished 

* SZIKKTI, Budapest 
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Determination of Wear by Thin Layer Activation in Iron 

S. Takacs, F. Ditroi, I. Mahunka 

Thin Layer Act ivat ion (TLA) method is one of the most powerful possibili-

t ies to trace the wear, corrosion or erosion of materials. A common feature of 

these measurements is the doping of thin surface layers with trace quanti t ies of 

radioactive species. From the change of the act ivi ty of the sample the material 

loss of the surface can be determined. T h e T L A has a great importance in ar-

eas such as steel- industry, railways, car, oil and electricity generating [l]. Using 

T L A method for wear, corrosion and erosion study one has to know the produced 

act iv i ty distribution under the surface. To study this phenomenon we made a 

set of experiments on steel material . The samples were irradiated with different 

particles accelerated by our MGC-20 cyclotron at different energies. Then the ac-

t ivated surface of the sample was polished away step-by-step, while the thickness 

of the remained layers and the change of the act ivi ty were measured in order to 

determine the act iv i ty-depth relation. The Figure shows the result coming from 

E p = 1 5 . 7 MeV proton irradiation (dots) the solid curve shows the result of the 

theoretical calculation. 

[1.] T . W . Conlon, A T O M 287(1980)233 
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Investigation of the micro-elemental composition of motor-oil 
after different duration of use 

I Mahunka, F. Ditroi, S. Takdcs, S. Seif El-Nasr 

Normal motor-oil was invest igated by C P A A method on external proton beam. 

T h e bombarding energy was 18 MeV. T h e oil samples were taken from the oil 

carter of a car after different duration of use [1]. One of the samples was unused 

oil. T h e beam was extracted to the air through a l l pm thick Duratherm-type foil . 

T h e oil samples were filled into an aluminium cup and were covered by 13 fim thick 

aluminium foil to avoid evaporation. T h e change of the relative concentration of 

the trace e lements is shown in the Figure. 

To avoid contaminat ions from the container, the irradiations were repeated 

using plastic test tubes. T h e e lements found in the samples were sorted according 

to their possible origins (engine-wall , piston-ring, factory-added, air pol lut ion) . 

Th i s method is capable for test ing the wear of engine parts and for comparing the 

different types of lubricants also. 

[l.J F. Ditr6i, I. Mahunka, S. Takdcs, S. Seif El-Nasr 

to be published in J. Radioanal. Nucl . Chem. 
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Determination of Bulk Oxygen Concentration in Aluminium 
Made by Powder Metallurgy 

S. Takacs, F. Ditroi 

T h e recent developments in powder metallurgy require the quality control of 

its products. Samples from aluminium industry were measured by C P A A method. 

The aim of the investigation was to determine the thickness of the surface oxide-

layer of internal aluminium granules. These granules were supposed to be spheres 

with an average diameter of 50 /zm. T h e samples were irradiated by s / /e++ beams 

at 13 MeV particle energy, and the 1 6 0( s / / e ,p ) 1 8 F and 160(3tfe, n)18ATe —• 1 8F 

reactions were used for oxygen determination [l]. The 511 keV annihilation 

radiation of the i6F isotope was measured by Ge(Li) detector. The oxide-layer 

thickness on the surface of internal granules was determined by model calculation 

[2]. T h e calculated average oxide-layer thickness on the surface of internal granules 

was 8.5 ± 3nm. By using this method the quality of the products of powder 

metal lurgy can be improved. It is also possible to use this method in the case of 

other metals [3] and developing ceramics [4]. 

[1.] S. Takdcs, F. Ditr6i, F. Tdrkdnyi, F.Szelecsenyi, 

T h e Abo Akademi Biennial Report, 1983/84 p.95. 

[2.] S. Takdcs, F. Ditr6i, I. Mahunka, submitted to Nucl. 

Instr. Meth. 

(3.] P. Debefve et al,J. Radioanal. Nucl. Chem. ,64(1-2) , (1981) ,213 

[4.] A . Niiler, 10th Conf. on the Application of Accelerators 

in Research and Industry 
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Laboratory for Materials Science and Application 

I. Mahunka, I. Dombi, S. Takdcs, F. Ditroi 

T h e demands of high technology makes it necessary to use nuclear methods 

in different fields of materials science. Taking into consideration the requirements 

for the application of nuclear analytical methods and thin layer activation technic 

a small laboratory has been established, connected to the cyclotron laboratory. 

T h e new laboratory consists of two parts. 

a., sample preparation and handling room. Equipments (chemical box, 

laminary box, lead shielded manipulation table , . . . ) and instruments (vacuum 

evaporator, metal microscope, thickness and hardness measuring instrument, ul-

trasonic cleaner, polishing machine, . . . ) placed here could be used for the chemical 

and mechanical treatment of samples before and after the irradiation at the cy-

clotron beams. 

b., low background measuring room. Semiconductor (IlpGe, Ge(Li)) and 

scinti l lat ion detectors have been placed here for single gamma and gamma-gamma 

coincidence spectra measurements . To decrease the background a lead-cadmium-

copper shielding could be used at the detectors. The electronic modules of the 

detector sys tems are connected to a Canberra S35-Plus portable mult ichannel an-

alyzer which has connection to a minicomputer [l]. For off-site measurement we 

have a portable and computer controlled gamma-spectrometer too. 

The arrangement and instrumentation of the laboratory give good possibil i t ies 

to continue our invest igat ions in the field of trace element analysis of high purity 

materials [2,3] and to use the thin layer activation technic in the areas of wear, 

corrosion and erosion [4]. The establ ishment of this laboratory was partially 

supported by the National Technical Development Commit tee ( O M F B ) . 

[1.] F. Ditroi, S. Takacs, submitted to Nucl .Instr .Meth. 

[2.] S. Takdcs, F. Ditr6i, I. Mahunka, Nucl .Instr .Meth. B 1 0 / 1 1 (1985) 1051 

[3.] F. Ditroi, I. Mahunka, S. Takacs, S. Seif El-Nasr to be published 

in J. Radioanal. Nucl. Cliem. 

[4.] F. Ditroi, S. Takacs, I. Mahunka, Advanced Technologies, 8 8 / 4 , 23 
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DEVELOPMENT OF A PERSONNEL NEUTRON DOSIMETER 

L. Medveczky 

The neutron sensitivity of a dosimeter consisting of fis-
sion foils as radiator-converters and solid state nuclear track 
detector was studied [1]. The radiator-converters used in pairs 
were the^following alloys: a.) Th-232 (99.5%)+ U-nat (0.5%) 
made by UJP (Zbraslav, CSSR) and b.) Al+U made by Nukem GmbH 
(Hanau, FRG). This type of dosimeter was irradiated in free air 
with Am-Be and Pu-Be neutron sources and also with 14 MeV energy 
neutrons. The dosimeter was exposed also to moderated fission 
spectrum on the surface of a phantom. The sensitivity data of 
this dosimeter are given in Table I. 

Table I. 

Neutron source Sensitivity of dosimeter ySv 
0.5 eV - 10 MeV 1.4 - 10 MeV track/cm2 

energy range of neutrons 

reactor 83 2- 95 218- 25 
Am-Be 55.2-5 14.4-1.2 
Pu-Be 37.5-4 9.9-1 
14 MeV 72 -16 23.8-3 

The dosimeter is used as an emergency dosimeter as well 
as an area dosimeter [2]. 

For the purpose of obtaining information about the registering-
- limit of this dosimeter, of thermoluminescence dosimeters 
and also a dosimeter consisting of allyl diglycolcarbonate 
(Cr-39) track detector with a polyethylene radiator, a compar-
ison was began exposing simultaneously [3] these dosimeters to 
mixed neutron-gamma field at the MGC type cyclotron in the 
ATOMKI. 
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RADIOCHEMICAL SEPARATION OF CYCLOTRON ISOTOPES 
FOR INTERMEDIER PRODUCTION 

Z. Kovacs, P. Mikecz, Gy. Toth+ 

A 20 MeV MGC-type cyclotron was put into operation 
3 years ago in Debrecen, A series of experiments have been car-
ried out for introduction of home-produced radiopharmaceuticals 
into the Hungarian medical practice. 

Production of 6 7GaCl 3 from 6 7Zn 
All the irradiations were carried out on the vertical beam-

-line. 300 mg/cm2 thick enriched 6 7Zn target was prepared 
by electrodeposition on a Ni plated Cu backing and compressed 
with 750 MPa to resist high current (up to 50 pA ) irradiaton. 

The 6 7GaCl 3 was separated from 6 7Zn by using cation ex-
change. The 6 7Zn was dissolved in cc. HC1 and flown through a 
DOWEX 50 WX 2 resin. The adsorbed radiogallium was eluated with 
4M HCl. 90% of radiogallium was collected in the eluate . 
This solution was analysed for traces of Fe, Zn, Cu, Ni and 
found to be pure for labelling for human and biological appli-
cation. The 67Ga-citrate radiopharmacon has been pro-
duced and used in patients routinely for several months. 

Production of Na 1 2 3I from 1 2 3TeQ 2 
400 mg/cm'1 thick target was prepared by melting 1 2 3Te0 2 

onto a platinum plate. The separation of radioiodine was carri-
ed out by dry distillation in a directly heated quartz oven. 
The target was gradually heated up to 850 °C to melt the 1 2 ^eOa 
and after 30 seconds was allowed to cool down . The eva-
porated radioiodine was carried by air stream into a trap con-
taining 0,002M NaOH solution. The separation yield was over 85% 
and the loss of enriched target material was less than 3 mg/run. 

The chemical form of radioiodine was 95% I which is sui-
table for radiopharmaceutical requirements. The product is used 
with the Iodobell kits as o-Iodo-Hippuric Acid for kidney 
imaging and 1 2 3i Heptadecanoic Acid for myocardial imaging. 

Production of 1 1 1InCl 3 from 1 1 ^ d 
350 mg/cmz thick target was prepared by electrodeposition 

on a Ni plated Cu backing and compressed with 50 MPa to get bet-
ter thermal conductivity .After irradiation the M 1 C d was dis-
solved from the backing in 6M HBr. From this solution the In 
isotopes were extracted by isopropyl-ether. The organic phase 
was washed three times by 6M HBr saturated with isopropyl-ether 
for removing the traces of M 1 C d and interfering radioiso-
topes. 

+ Biomed. Cycl. Lab., Med. Univ. School of Debrecen, 
Nagyerdei krt. 98, Debrecen, Hungary, H-4012 
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ANALYSIS OF /n,t/ EXCITATION FUNCTIONS 

In a joint programme of Obninsk, Dubna /USSR/ and Debrecen, 
the 2^Al/n,t/2^Mg excitation function has "been analysed 
on the basis of compiled experimental data [̂ J and a new 
measurement 3̂*]. The roles of the concurrent reaction chan-
nels are discussed. It is concluded that/in the emission of 
clusters/ the statistical mechanism determines chiefly the 
2^Al/n, t/2^Mg and 2^Al/n, oL /2^Na cross-sections up to about 
18 MeV. For a quantitatively correct description of the ob-
served cross-sections, those level densities are essentially 
needed which are consistent with the width fluctuation anal-
ysis for the decays of highly excited nuclei together with 
spectroscopical data for the low-laying levels. Such level 
densities are provided, e„g., "by the superfluid model of 
heated nuclei due to Grudzevich, Ignatyuk and Plyaekin. /. , 
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ACTIVATION CROSS-SECTIONS OF HIGH T SUPERCONDUCTING c 

ELEMENTS 

The measurement of some reaction cross-sections related 
to the nuclear heating of high T superconductors are 

[1 ] . 
m progress in a joint programme of Debrecen and 
Geesthacht. Superconducting Y^Ba2Cu20^±(j and Tl2Ca^Ba20g 
ceramics were irradiated with 14.8 MeV neutrons at the [2] KORONA generator of GKSS Forschungszentrum Geesthacht 
The total neutron fluence determined by the 9 3Nb(n,2n) 9 2 mNb 

14 2 reaction was in the order of 10 n/cm . The neutron energy 
89 , 9'?m 

has been determined by the Zr/ ~ Nb activity-^-ratio 
method. Determination of activation cross-sections are 
in progress for the following reactions: 
63., / \ 6o„ 107,, / ~ \ lo6m. 2o3m,/ „ \2o2m, Cu(n,a) Co, Ag(n,2nj Ag, Tl(n,2n) Tl, 
89v / 0 x86v 136n , xl36 _ 137^ , >,1370 Y(n,2n; Y, Ba(n,p; Cs, Ba(n,p; Cs. 
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115 MEASUREMENT OF In+n REACTION CROSS 
SECTIONS AT ARROUND 14 MeV 

A systematic investigation was carried out on 
^""^In isotope to determine the contribution of 
different reactions to the total non-elastic cross 
section in the 13.4 and 14.8 MeV range 111 . It was 
found that the experimental data available for o ^ 
at 14 MeV as a function of mass number can be well 
approximated by the following expression lga (b)= -IN Xj 
-0.68283 + 0.47011 IgA, from which we have a value 
of o n e=1930 mb for "^^In. All the component cross 
sections of o N E were measured with exception of the 
c(n,n')9. In the knowledge of c ^ the energy dependence 
of a (n,n')9 cound be deduced, 
i.e. a H E ~ [o(n,2n) g + m + o(n,n')m + oln,ch) + o(n,y)] = 

= a(n,n') g. The isomeric cross section ratios both 
for (n,2n) and (n,n') processes were also determined 
in the given energy range. The present experiment prove 
the dependence of o m/(o g+o m!ratio on the spin value 11^ 
of the isomeric state in (n,2n) reaction[2]. Excitation 
functions of (n,2n) and (n,n'l reactions were also 
calculated by using a modified STAPRE code. 
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AN IMPROVED VARIANT OP THE JUMPING SPARK COUNTER 

A Jumping Spark Counter /JSC/ applicable for the evaluation 
f 

of angular distributions has been develioped. It is combined 
with a personal computer to switch the voltage between elec-
trodes automatically,, It makes possible to count tracks at 
ten angles without changing the aluminized and the etched 
foils. The average number of tracks was calculated at each 
angles and a curve was fitted to the measured points [l]« 
Fission fragment angular distributions for fast neutrons from 
235Uj 23^ a n d 237Np w e r e determined by the use of the JSC \2\ 
as well as it was applied also in studying photofission of 
232Th9

 234U, 2 3 6U and238U [3*]. Further developments for the 
JSC are in progress,. 
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Nuclear Structure Studies II. 

Institute of Isotopes 

In the cooperation between the Institute of Isotopes 
of ttie Hungarian Academy of Sciences and the University 
of Kentucky (supported by NSF), the nuclear structure of 
various Kinds of stable nuclei are studied by the 
(n, n'gamma) reaction. The target is usually 0. 1 mol of 
enriched material, and the neutron beam is generated by 
the Van de Graaff accelerator of the Univ, of Kentucky. 
The measured values are gamma-ray angular distributions, 
excitation functions, and Doppler-shifts. The deduced 
values are gamma-ray and nuclear level energies, gamma-
ray intensities, nuclear level spins and cross sections, 
branching ratios, multipole mixing ratios, and nuclear 
level lifetimes. 

The following nuclei are under research or under 
pub!icat.ion: 

Zr- 96, Ba- 1 34, Ba-l-35, Zr-90, Sm-144, Nd-142. 

The Zr-9 6 is almost fully published, except f or the 
ent l re se t of inelastic neutron scattering cross s ection 
whi ch 1 s going to be published in a few months. The other 
nuc 1 ei ar •e onl y partly published and still under active 
res ear-ch. 
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Nuclear Structure Studies II. 

Institute of Isotopes 

W i t h i n the f r a m e w o r k of a c o l l a b o r a t i o n b e t w e e n the 

I n s t i t u t e of I s o t o p e s of the H u n g a r i a n A c a d e m y of 

S c i e n c e s , B u d a p e s t , and Z e n t r a l i n s t i t u t fur K e r n f o r s c h u n g 

R o s s e n d o r f / D r e s d e n (GDR) we i n v e s t i g a t e the s t r u c t u r e of 

the s e m i - m a g i c n u c l e i with n e u t r o n n u m b e r N = 8 2 . As a part 

of this p r o g r a m p r e s e n t l y we study the s t r u c t u r e of the 

139 
La n u c l e u s by m e a n s of ( n , n > y ) r e a c t i o n in B u d a p e s t 

-] -7 /- "J -1 -7 Q 

and Xe( L i , 4 n ) La r e a c t i o n in R o s s e n d o r f . We m e a s u r e 

s i n g l e s Y - s p e c t r a , Y-Y c o i n c i d e n c e s , y - r a y angular distri-

b u t i o n s , l i f e t i m e s , e . t . c . From the Y - s p e c t r o s c o p i c a l data 

a d e t a i l e d level s c h e m e is o b t a i n e d . The e x p e r i m e n t a l data 

are c o m p a r e d with the r e s u l t s of the shell m o d e l c a l c u l a t i o n s . 

The s t r u c t u r e of the N=80 two n e u t r o n hole n u c l e i 

have been s t u d i e d in the c o l l a b o r a t i o n of I n s t i t u t e of 

I s o t o p e s and I n s t i t u t fur K e r n p h y s i k , U n i v e r s i t a t zu K o l n . 

13 6 
The Ba n u c l e u s have been s t u d i e d in B u d a p e s t by m e a n s 

of (n, n'y ) r e a c t i o n , and the
 1

-
5 8
C e n u c l e u s have been inves-

t i g a t e d in K o l n . In order to u n d e r s t a n d the s t r u c t u r e of 

these n u c l e i t h e o r e t i c a l c a l c u l a t i o n s using the so called 

A L A G A m o d e l have been p e r f o r m e d . 
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