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P R E F A C E

The contributions included in the present Annual Report 
1988 as usual are of progress report character. Looking at the 
contents of the Annual Report, however, some changes can be 
observed in the grouping of the contributions.

This Institute (founded in 1954) developed out of the 
Experimental Physics Department of the Kossuth Lajos 
University. Formerly (before 1949) this department belonged to 
the Faculty of Medicine of the Debrecen University. The horizón 
and interest of the director of Physics Department that time, 
Professor S. Szalay, the founder of ATOMKI was broad and of 
interdisciplinary character. This fact determined the research 
field of the Physics Department, and the research activity of 
ATOMKI as well from the very beginning.

In the first years of the Institute, in addition to the 
traditional nuclear physics research, the applications in 
different fields (medicine, geology, uranium prospecting, etc.) 
had been started, but that time the applications were 
overwhelmingly those of nuclear methods.

As the years passed away, more and more different, not only 
nuclear, but several other methods (vacuum techniques,
cryogenics, etc.) were also used in the solution of the 
research tasks. These additional methods originally were 
applied and improved in the Institute in nuclear physics 
experiments.

At present, however, other research fields have similar rank 
and importance as nuclear physics has in the activity of 
ATOMKI. Thus the sections of the present Annual Report
represent the main research fields of the Institute, namely

- nuclear physics
- atomic physics
- matarials science and analysis
- earth and cosmic sciences, environmental research
- biological and medical sciences
- development of methods and instruments.

Like in the former volumes of the Annual Reports, the list 
of publications, the conference contributions and talks of the 
staff members of ATOMKI are given in the same grouping as the 
contributions. The titles of the completed theses are also 
included.

Finally, it is the first time that in the list of seminars 
not only the traditional hebdomadal seminars of the Institute 
and the monthly seminars of the Debrecen Physics Centre, but 
some of the divisional and sectional seminars are also 
included.

Professor Denes Berenyy 
Director /

/Debrecen, February 28, 1989.
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DSA LIFETIMES IN 2 9P FROM THE REACTION 
2 8Si(p,у )2 9P

Á.Z. Kiss, P. Tikkanen+ , J. Keinonen+ , E. Koltay, É. Pintye ++

The present work contains the first part of a comparative 
study of the 29P - 29Si mirror nuclei under course, in which 
29P and 29Si are being investigated in reactions 28Si(p,y)29P 
and 15N(160,pn)29Si, respectively.

Previous to this experiment several studies have been re­
ported in the literature on the lifetime values in 29P [1]. 
However because of the use of thin evaporated targets (Si or 
Si02) on heavier backings or natural thick Si and because of 
the application of the slowing-down theory without sufficient 
experimental confirmation, the reported values have large un-

CHANNEL NUMBER CHANNEL NUMBER

Fig. 1. Portion of y-ray spectra recorded in the DSA measure­
ment of the 1.95 MeV state. The solid line is the Monte Carlo 
simulation of the y-ray line shape at 0°. The fit is shown for 
the lifetime 535 fs. As a comparison, the line shape of the ** °K 
laboratory background line /т=°°/ is shown by the dotted curve. 
The dispersion is 0.53 keV/channel.
Fig. 2. As for Fig. 1, but for the 4.08 MeV unbound state. The 
fit is shown for the lifetime 24 fs. The dotted curve shows the 
Monte Carlo simulated line shape for т= 0 fs.

+ University of Helsinki, Accelerator Laboratory, Helsinki, 
Finland

++Department of Radiation Therapy, University Medical School, 
Debrecen
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certainties and mutual inconsistencies. The above mentioned 
facts necessitate the remeasurement of lifetimes in 29P apply­
ing an improved Doppler shift attenuation (DSA) method [2].

The measurements were performed at the 5 MV Van de Graaff 
accelerator of the Institute and at the 2.5 MV VdG accelerator 
of the University of Helsinki Accelerator Laboratory using 10 
to 25 yA proton beams. Use was made of implanted 28Si targets 
prepared by a 15 yg/cm2 fluence of 60 keV 28Si bombarding 0.4 
mm thick Та plate. Charges of 0.1 - 0.5 C were collected in the 
recorded y-ray spectra.

As an example plots of spectra measured at 0° to the beam 
direction for the 1.9 MeV bound and 4.08 MeV unbound states are 
presented in Figs. 1 and 2, respectively.

The resulted lifetime values are summarized in Table 1.
Table 1.

E
(ÜeV)

Measurement 
at Ep
(keV)

F(x)
(%)

b)
(fs)

Weighted^
mean

1.38 1380 20+7^ 248+100 244+32
1652 21+6 240+80
208 3 23+6^ 240+80
2285 21+2 245+23° ̂

1. 95 1380 8 + 5 6l0+!j°° 590+|^°-260 -130
2285 11+3 580+^ ° c)-130

2.42 208 3 82+11 17+12 27+6
2285 71+5 30+6c)

4.08 1380 71+7 26+7c) 26+8“ —

a) Values have not been corrected for feeding, b) Only statis­
tical uncertainty is shown, c) Value given is based on the F(t ) 
value and line shape analysis, d) Values include uncertainty of 
10% in the experimental stopping power.

References
[1] P. M. Endt and C. van der Leun, Nuci. Phys. A310 (1978) 1
[2] J. Keinonen, Capture y-ray spectroscopy and related topics- 

1984 , ed. S. Raman (A. I .p". New York, 1985) p . 5 5 7 .
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EXCITATION FUNCTIONS FOR PROTON AND DEUTERON INDUCED 
NUCLEAR REACTIONS ON 66,67'68Zn

F. Szelecsényi, F. Tárkányi, Z. Kovács, L. Andó, S. Sudár"1"

For investigation of the production possibilities of med­
ically important 67Ga radioisotope with the Debrecen MGC com­
pact cyclotron, (p,xn) and (d,xn) reaction cross sections were studied on enriched 6 6,67,6eZn [2].

Excitation functions have been measured with stacked-foil 
technique for 66Zn(p,n)66Ga, 67Zn(p,n)67Ga, 67Zn(p,2n)66Ga,
68Zn(p,n)68Ga and 68Zn(p,2n)67Ga reactions up to 18 MeV protons 
and for 66Zn(d,n)67Ga, 87Zn(d,n)6®Ga 67Zn(d,2n)67Ga and 
68Zn(d,2n)68Ga 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 
67Zn(p,n)67Ga and the 68Zn(p,2n)67Ga reactions are the major 
process of interest. The results for the 67Zn(p,n)67Ga,
67Zn(p,2n)66Ga and the 68Zn(p,2n)67Ga reactions are given in 
Fig. 1 and 2 in comparison with earlier reported experimental 
data [3].

References
[1] I. Mahunka, F. Tárkányi, L. Andó, F. Szelecsényi, A. Feny­

vesi, F. Ditrói, S. Takács, Medical Application of Cyclo­
trons IV, Ann. Univ. Turkuensis D: 27 1988. p. 137.

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

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

+Inst. Experimental Phys., L. Kossuth University, Debrecen
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•Fig.l. Excitation functions of 6 ^ Z n ( p , n ) 6 7 Ga and ^ 7 Z n (p ,2 n )6 ^Ga 
reactions.

f О s-jF i g .2.Excitation fun c t i o n s  of Zn(p,2n) Ga reaction.



J. Gulyás, Zs. Dombrádi, T. Fényes, J. Timár, A. Passoja*,
J. Kumpulainen** and R. Julin**

IN-BEAM SPECTROSCOPY OF 106In

Gamma-ray and internal conversion electron singles spectra 
of the 106Cd(p,ny)106In 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 106In. 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 106In 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 section^ 
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 106In 
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 Jyväskylä, Department of Physics, Finland
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A. Krasznahorkay, Zs. Dombrádi, J. Timár, T. Fényes, J. Gulyás,
J. Kumpulainen+ and E. Verho

NUCLEAR STRUCTURE OF 108In

The structure of 108In has been studied with in-beam y- 
and e“-spectroscopic methods [1]. A more complete level scheme 
of 108In 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-ray 
angular distributions and other arguments spin and parity as­
signments were made to 24 excited io8In levels. Lifetime meas­
urements were performed by delayed coincidence method. The 
energies of several 108In proton-neutron multiplets were cal­
culated on the basis of the parabolic rule derived from the 
quasi-cluster-vibration model (QCVM) /fig. 1/. 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
tified.

An interesting result is that the energy splitting of the 
тгд9/2V^7/2 multiplet 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 /fig. 2/ and electro­
magnetic properties of 108In was obtained. The inclusion of the 
particle-vibration exchange interaction resulted in a W tipe 
energy splitting of the i\g 12V<̂  11 2 mult;i-Plet as a function of J (J+1), where J is the spiny' o f 7' the nuclear state.

This work was supported partly by the National Scienctific 
Research Foundation /0TKA/.

Reference:
1. A. Krasznahorkay et al., ATOMKI Ann. Rep. 1987, p. 41

+University of Jyväskylä, Department of Physics, Finland
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Fig. 1. Proton-neutron quasiparticle multiplet states
in 108In.(a) The lowest states of 107' 109in,
109Sn, and 107Cd (experimental data), (b) and
(c) Results of the parabolic rule calculations,
separately for the positive and negative parity
levels. Level energies as a function of J(J+1),
where J is the spin of the state. At the *s-*■ngg^vg? i 2  multiplet exceptionally ,exPerimental 
data are shown, (d) Experimental levels of 108In 
below 900 keV.
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Fig. 2. IBFFM/OTQM energy spectrum of 108In in comparison 
with experimental data. After the spin and 
parity of the state "purity" is shown (in %), 
which characterizes the total strength of the 
indicated configuration in the wave function. 
States having identical main components are 
connected with solid lines.
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NUCLEAR STRUCTURE OF 110In

A. Krasznahorkay, Zs. Dombrádi, J. Tím ár, Z. Gácsi, T . Kibédi 

A. Passoja*, R. Julin*, J. Kumpulainen*, S. Brant** and V. Paar**

In our earlier work on 108In [1] we observed some indications on deviation of the 

pattern of the »(fl^/aMíb/í) multiplet from the one predicted by the parabolic rule. To 

obtain more information on this interesting multiplet splitting and to test the validity 

of predictions for the 110In nucleus, where a similar deviation is expected, the nucleus 

noIn has been studied via the reactions 107Ag(a,n7)110In and 110Cd(p,n7)n 0In.

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

relative intensities of 137 transitions in noIn have been determined. A more complete 

level scheme, containing 53 levels, has been deduced. The energy separation of the 

J*=7^ (T i /2=4.9 h) ground state and the J*=2^ (T i /2=69.1 min) isomer has been 

deduced: E(2^)=62.08±0.04 keV. The electron spectrum of the reaction was measured 

with a superconducting magnetic spectrometer. Internal conversion coefficients of 30 

transitions have been determined. Spins and parities have been deduced on the basis 

of the multipolarity of 7-transitions, and other arguments. Lifetime measurements 

were performed by delayed coincidence and DSA methods.

The energies and electromagnetic properties of the 110In states were calculated 

using the interacting boson-fermion-fermion/odd-odd truncated quadrupole phonon 

model. Several approximate proton-neutron multiplet states were identified, the 

W-like energy splitting of the я mul t i pl et  was reproduced, and the im­

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

* University of Jyväskylä, Department of Physics, Finland
** Prirodoslovno-Matematiőki Fakultét, University of Zagreb, Yugoslavia
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Fig. 6. Low-lying positive parity levels of n0In below 0.9 MeV. The calculated 

and experimental states are denoted by IB F F M  and E X P E R IM E N T, respectively. 

In addition to the states assigned to proton-neutron multiplets, there appear two 

additional ones in the IB FF M  calculation: the 3s and the 5s level.

References:

[l] A . Kasznahorkay et al., Nucl. Phis. A, in press



NUCLEAR ELECTRIC MONOPOLE STRENGTHS AND BRANCHING
RATIOS IN 116Sn

Z. Gácsi

This contribution eliminates a discrepancy of a factor of 
three apparent in the compiled and former experimental data1 on 
the branching ratios of the first 5 level at 2366 keV excita­
tion energy in 116Sn (See Fig.l) and suggests strong mixing 
between its low-lying 0+ states of different radii.

Gamma-ray and internal conversion electron spectra were re­
corded with Ge(Li) and superconducting magnetic lens plus Si(Li) 
spectrometers in 1 1 3In(a, ny ) 1 1 6Sb— ß-*-1 6Sn, E =14.5 MeV and in 
116Sn(p,p'ye- )116Sn, Ep=7.2 MeV reactions, respectively.

0+ states
Internal conversion electron branching ratios 

Ie (0Í-0Í)/Ie (0Í-2t)= 0.33(5)

and Ie(ot-o£)/Ie(ot-2Í)É 4.9
have been determined. Combined with the absolute B(E2) values 
of Ref.2, nuclear electric monopolé strength values of

p2(o£-o|)= 3.8(6)xlO-3
which agrees well with 4.3(13)xlO~(Ref.2), and of

P2(0t-0t^ 28.3x10”3
which does not contradict the value of 103(21)xlO- 3(Ref.2), have 
been deduced. The present results confirm and support the pre­
viously revealed structural features of the first two excited 
0+ states, which can now be supplemented, based on a recent 
study3, that such a large value of p2(03—o£) indicates strong 
mixing of the two 0+ states with different radii and possibly 
also mixture between states with different shapes: the o£ level 
at 1756.8 keV excitation energy is related to the intruder de­
formed state and the o£ level at 2027.5 keV corresponds to the 
spherical one: as the unperturbed configurations.

Fig.l. Low-lying levels of 
11®Sn. The line-thickness rep­
resents relative transition in­
tensity at the 5- level and rel­
ative values of the monopolé 
strengths for the EO transi­
tions .
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5i State
The 2366.1 keV, 57 state in 116Sn decays to the one quad- 

rupole phonon state of 1293.6_keV, 2"i and to the one octupole 
phonon state of 2266.2 keV, 3i. In understanding the structural 
relation of the 57 state to these phonon states, it is crucial 
to know its branching ratio. Using the gamma-ray relative in­
tensities in this work, we obtained:

R^=I^ (99.9 keV) /1^ (107 2.5 keV)=l00(4)/96(6) .
When combined with the total internal conversion coefficients1, 
we get the transition branching ratio:

Rfcr= lOO(4)/37(3).
These values agree very well with previous results. There is, 
however, a factor of about three discrepancy between the gamma 
branching ratios in the adopted value in Ref.l. and in this 
work. This is due only to a mistaken adoption of transition in­
tensities as gamma intensities in the compilation1, and the dis­
crepancy can be eliminated by a clear distinction between them.

References:
1
J. Blachot et al. , Nucl. Data Sheets 3_2 ( 1981)267 and refer­
ences therein2
J. Kantele et al., Z. Physik A289 (1979) 157

3 ------------

K. Heyde and R .A. Meyer, Phys. Rev. C37 (1988)2170
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B.M. Nyakó? J. Gizon* *, D. Barneoud*, A. Gizon*, M. Józsa, 
W. Klamra+ , F.A. Beck^ and J. C. Merdinger^

BAND STRUCTURES IN THE ODD - ODD NUCLEUS 126La

The high spin structure of odd-odd A»130 nuclei has recent­
ly become actively studied as it could give additional informa­
tion on the role of the different shape-driving effects of lcw-ft 
h! 1 / 2 proteins and high-ß h n/2 neutrons on the nuclear shape. The 
nucleus 126La offers the possibility of extending our knowledge on 
heavier lanthanums [1] to a more neutron defficient one, where 
the effect of high-ft neutron orbitals driving the nucleus to­
wards more triaxial shape is expected to decrease. As little 
was known earlier [2] in this nucleus, we decided to further 
develop its decay scheme at high spins.

Two experiments were carried out to populate excited states 
of 126La. The reactions used were 111Cd( 1 9F ,4n) at 90 MeV and 
93Nb(37Cl,p3n) at 155 MeV. Evaporated gold-backed 131Cd and 4 
stacked self-supporting 93Nb targets were applied, respectively. 
The level scheme was established by taking y-y coincidence data 
by the "Chateau de Cristal" detector array at the MP tandem in 
CRN, Strasbourg. Compton-suppressed Ge detectors and, in the 
second experiment, 2 planar high purity Ge detectors were em­
ployed together with a BaF2 "ball" measuring the total energy 
and multiplicity of the у-cascades. Coincidence data were sorted 
into y-y and y-X matrices, where X is used for у-events in a 
planar Ge.

Three band structures have been identified in this nucleus 
as shown in figure 1. The bands are labelled according to their 
decreasing intensity. Bands 2 and 3 were assigned to 126La on 
the basis of coincidence relations of the strongest Ml transi­
tions with La X-rays and using information from ß-decay of 126Ce 
[3]. Bands 1 and 2 consist of Ml intraband and E2 cross-over 
transitions, with a relatively large signature splitting in the 
energy of the Ml transitions for band 1 and almost no signature 
splitting in band 2. The measured B(M1)/B(E2) reduced transi­
tion probability ratios vary from ~ 2.5 to 1.1 with increasing 
spin for band 1. These ratios are close to unity in the nega­
tive parity band. No backbending is seen in the positive parity 
band, but a bandcrossing is clearly visible near 4 MeV in
band 2. Such facts indicate different natures for these two 
bands. For band 3 only one signature member has been observed.

No spin and parity measurements are available for odd-odd 
nuclei in the considered mass region. Therefore the interpre-

° O n  leave of absence in ISN, Grenoble
* Institut des Sciences Nucléaires, Grenoble, France 
+ Manne Siegbahninstitutet for fysik, Stockholm, Sweden 
V Centre de Recherches Nucléaires, Strasbourg, France
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tations of the observed band structures are based on qualita­
tive considerations and/or systematics. We proposed [4] 
irh i i/г ®vh i Ц2 and TThn/ 2 ®vg^ configurations for bands 1 and 2, re­
spectively. This is based on similarities between the main char­
acteristics of these bands and those of other odd-odd La iso­
topes [1] as well as on arguments drawn from signature splitting 
systematics derived from odd A*125 nuclei [5]. For these con­
figurations the spin and parity of the band heads are proposed 
to be 4+ and 3“ (band 1 and 2), using predictions of the Gal- 
lagher-Moszkowski coupling rule. The interpretation of band 3 
and its coupling to band 2 is not yet understood and therefore 
we intend to continue our work in this direction.

Fig. 1. Collective band structures in 126La. Transition
energies (in keV) and tentative spin/parity values 
are given. The energy of the band heads is unknown.

References
[1] P.J. Nolan et al.: J. Phys. G: Nucl. Phys. 13 (1987) 1555 

M.J. Godfrey et al.: to be published.
[2] M .A. Quader et al.: Phys. Rev. C33 (1986)1109
[3] J. Genevey et al. : Proc. of Fifth Int. Conf. of Nuclei 

far from Stability. Rosseau Lake, Canada (1987)
[4] B.M. Nyakó et al.: Z. Phys. accepted for publication
[5] F.S. Stephens et al. : Phys. Rev. Lett. 29^(1972) 438 

J. Gizon, A. Gizon: Z. Phys. A285(1978) 259
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IDENTIFICATION OF COLLECTIVE STRUCTURES IN 127Ce

B.M. Nyakó0, J. Gizon#, D. Barneoud* *, A. Gizon*, 
F .A . Beck^ and J.C. Merdinger7

W. Klamra+

The neutron-defficient cerium isotopes have been the sub­
ject of studies concerning the у-softness of nuclei near A~130 
[ 1,2]. Recently more attention has been paid to А**125 ceriums 
[3] but no data was available for the high spin states of 127Ce.

Excited states in this nucleus were populated via the 
93Nb(37C1,3n) nuclear reaction. Experimental details are given 
in our Report for l26La in this booklet. Two rotational struc­
tures have been identified in 127Ce 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 hn/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 h x 1/2 protons. The aim of further works 
in progress is to extend the observed bands to higher spin.

Figure 1. Proposed decay 
scheme of 127Ce.
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References
[1] J. Gizon et al.: Nuci. Phys. A290 (1977) 272
[2] P.J. Nolan et al.: Phys. Lett. Ю 8 В  (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 Nucléaires, Grenoble, France 
+ Manne Siegbahninstitutet för fysik, Stockholm, Sweden
V Centre de Recherches Nucléaires, Strasbourg, France
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SEARCH FOR SUPERDEFORMATION IN 129La
B.M. Nyakó0, S. André*, D.Barneoud*, F . A . Beck+ , H. El-Sanunan^,

C. Főin*, J. Genevey*, A. Gizon*, J. Gizon*, M. Józsa, 
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 Zz57 
where nuclei are difficult or impossible to produce in heavy 
ion induced reactions. The nucleus 129La is near the end of this 
second valley, therefore it seemed to be a good candidate to 
search for superdeformátion in it.

High spin states of 129La were excited via the reaction 
1 5 °Mo+3 ‘‘S 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 struituie for which the dynamic moment of inertia de­
creases from 50 h 2/MeV to ^ 2,s* 35 •h2/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 130La. 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 13:1,132Ce [4], and this is the subject 
of further data analysis.

References
[1] B.M. Nyakó et al., Phys. Rev. Lett. 52(1984)507 

P.J. Twin et al., Phys. Rev. Lett. 57(1986)811
[2] P.J. Nolan and P.J. Twin, Ann. Rev. of Nucl. Part. Sei. 

38(1988) in press (and references therein)
[3] R.R. Chasman, Physics Letters B187(1987 )219
[ 4 ] P.J. Nolan et al., Workshop on Nuclear Structure, Copen­

hagen 1988 Slide Report p. 29.

0 On leave of absence in ISN, Grenoble
* Institut des Sciences Nucléaires, Grenoble, France 
+ Centre de Recherches Nucléaires, Strasbourg, France 
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CALIBRATION OF THE ANALYZING MAGNET OF THE MGC CYCLOTRON 
M. Józsa, Z. Máté, Z. Veress*, L. Zolnai

The nuclear reaction experiments at.the MGC cyclotron of 
ATOMKI are performed with the use of a magnetic analyzer. The 
energy of the analyzed beam is determined from the NMR frequen­
cy V by the well-known formula

E = KAv 2/(1+H^-) . (1)

Here К is a parameter characteristic for the magnet, the quan­
tities A and E0 are simply connected with the parameters of the 
accelerated ions. The energy calibration of the magnet, i.e. 
the determination of К is usually made by measuring the excita­
tion function for a resonance state with well-known energy. How­
ever, for such a measurement it is necessary to have a rough 
value of K. We present here the result of a simple method that 
was used for the determination of such an approximate К-value.

The calibration was realized with the use of the 
27Al(p,a)24Mg reaction. The energy of the outcoming alpha par­
ticles was measured with five silicon detectors mounted in the 
scattering chamber at different angles. The detectors were cal­
ibrated with a radioactive alpha source (239Pu,241Am,244Cm).
The energy of the incoming protons was then calculated from the 
measured alpha energies using the appropriate kinematical for­
mulae. Substituting the obtained proton energy (E) and the meas­
ured NMR frequency into formula (1) we extracted the value of K.

We performed such measurements at five different bombard­
ing proton energies in the interval 5.5-r9.7 MeV. The data shows 
that К can be considered as a parameter not depending on v. The 
averaged value of К was obtained as

(26.453+0.052)keV/(MHz)2.

Bajcsy-Zsilinszky Secondary School, Új fehértó
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PROTON ELASTIC SCATTERING ON 1 1 ц ' 1 2 2 ' i 2 •»Sn 
ISOTOPES NEAR THE COULOMB BARRIER

M. Józsa, Z. Máté, 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 + 116Sn and p + 120Sn systems. Similar result for 
the p+12l*Sn system has been published in ref. [2].

The aim of the recent measurements for p + 1Il*Sn, p+122Sn 
and p+12l*Sn 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, Újfehértó

18



"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.

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.
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OPTICAL MODEL ANALYSIS OF THE 62N i (a ,a 0 )62Ni PROCESS

оA.
Z. Máté, S. Szilágyi, L. Zolnai

and
Bredbacka*, M. Brenner*, K.-M. Källman*, P. Manng&rd*

The observation of anomalous effects in the low energy be­
haviour of the optical potential (e.g.£l-3]) motivated us to 
investigate the alpha elastic scattering process at energies 
near the Coulomb barrier. Angular distribution experiments were 
carried out on target nuclei 34S, 5°Cr and 62Ni at energies 
12.8, 14.5, 16.3, 18.1 and 20.0 MeV using the **He beams of tt̂ e 
103 cm cyclotrons of Xbo Akademi (Turku) and Atomki (Debrecen)
[4].

In the analysis of the angular distributions we obtained 
several sets of optical potential parameters that described the 
experimental data equally well (discrete ambiguity). In order 
to have better possibility in drawing conclusions on the fea­
tures of the potential it is desirable to resolve this ambigu­
ity. The method we used is based on the fact that the potential 
becomes unambiguous at higher energies.

We present here the case of 62Ni for which we could use the 
results of an analysis given in [5]. In this work England et.al. 
have found six equivalent optical model families for a+62Ni at 
25 MeV. Comparing their real volume integral values with the 
ones obtained at higher energies they could identify which family 
corresponded to the unique one at the high energies. The volume 
integral value of the chosen family was compared with our data 
as shown in fig.l. The cross at 25 MeV corresponds to the family 
found in [5] as the most appropriate one while the other symbols 
represent quantities extracted from our analysis. Approximating 
the J^(Ea ) function by straight lines we can conclude that it 
is the J и 550 MeV x fm3 family which should be considered as 
the mostvappropriate one in our case.

Tf--------Department of Physics, оAbo Akademi, Turku, Finland
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Eig.l. Comparison of the volume integrals per interacting 
nucleon pair for the real part of the different optical 
model families obtained in the alpha + 62Ni experiments.
The symbol X represents quantity taken from [5]. The other 
symbols correspond to the data obtained in the present work.
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STRUCTURE OF 11"in NUCLEUS 
Zs. Dombrádi and T. Fényes

The excited states of 11**In have been studied by our re­
search group from (p,ny) reaction in a recent work [1]. In this 
paper the formerly published experimental and theoretical nu­
clear structure data on 11ц1п have been reviewed, too.

The aim of the present work was the calculation of the en­
ergy levels and electromagnetic properties of the low-lying pos­
itive parity states of 11'in within the framework of the inter­
active boson-fermion-fermion / odd-odd truncated guadrupole 
phonon model ^IBFFM/OTQM). This model has proved formerly to be 
effective for the description of 116In [2] and 112In [3]. The 
energy spectrum of the negative parity, 7T§9/2v^ll/2
has been reasonably described in our earlier work by means of 
the parabolic rule [1].

The Hamiltonian of the IBFFM/OTQM was described in refs. 
[4, 2, 3]. The computer code IBFFM/OTQM used in the calcula­
tions was written by Brant, Paar and Vretenar [5].

The core excitations were approximated with harmonic vibra­
tion. This is an acceptable approach, if we want to describe 
only low energy states. ftu>2 = 1.3 MeV effective phonon energy 
was used, which agrees with the energy of the 2\ state of 11 ̂Sn.
We have used a reduced boson/phonon number N = 2 .  This strcng-c max ^
ly reduced the scope of calculations, without sizeable effect
on the properties of the low-lying states. The occupation
probabilities were taken from the systematics of experimental
data: V z(T\g^j2 ) = 0.87, V 2 ( vd,- j 2 ) =0. 90, V 2 ( vg^ j 2 ) =0. 78 , V2(vs^2)=
0.32, V 2(vd^j2 )=°.20. The quasiparticle energies were fitted to
the experimental level energies of 11‘'In, but they are not far 
from the energies of the corresponding 115Sn states: E(vs1^ ) =
0, E( v3^ , 2  ) =0. 37 , E(vg_/2)=0. 78, E (vcl , 2 ) =0. 91 MeV. The boson-
-fermion interaction strengths were ?^=1.0 and r o=0.7 MeV. The 
strengths of the exchange interactions: Л^=0 and Л£=0.8 MeV.
The strengths of the residual force were the same as in the 
cases of Il6In [2] and 112In [3]: v = -0.4 and v = -0.1 MeV.

D о
For effective proton and neutron charges and gyromagnetic ratios 
the standard values have been used: eP =1.5 e, en =0.5 e,S.p. 9 9

gl= 1/ g l= °' gs = 0,5 9s(free)' gs= 0,5 9g(freeb  gR= z/a * The 
boson charge: 2.6 e was fitted to the measured quadrupole
moment of the 5^ state of 11'in [6].

The calculated (from IBFFM/OTQM) and experimental energy 
spectra of the positive parity states of 1 1 ‘'In are shown in 
fig. 1. As seen, the main features of the energy spectrum have 
been reproduced. The wave functions of the states are usually 
very complex, but the li, 2\ , 3tf 4t, 8t states are dominated 
by components with 7T§9/2Vg7/2 4 uasiParticles, the 5Í/ 4| states

22



-  1200 

-1100 

-1000

-  900

-  800

-  700

-  600

-  500

-  M 0

-  300

-  200 

-  100 

-  0

Fig. 1. The IBFFM/OTQM energy spectrum of 1 1'‘In in comparison 
with experimental data. The solid lines connect the 
members of a given proton-neutron multiplet

The calculated IBFFM/OTQM static moments are presented in 
table 1. The empirical moments were obtained from the corre-
Table 1. Magnetic dipole (y in у ) and electric quadrupole
(Q in eb) moments of the lj and 5i states of 11Ц1п
Electromagnetic

moments
-

States
it ground

Tl/2 = 71« 9 s
s t

Tl/2 = 49*51 d
уexp
уemp
yiBFFM 
ytheor [8] 
ytheor [9]

2.815- 0.011 [7]
3.04
2.87
2.837
2.93

4.653Í 0.005 [6]
4.61
4.55
5.028
4.45

^exp
Qemp
°IBFFM 
Qtheor [9]

0.178 [7]
0. 153
0.055

0.739+0.012 [6] 
0.80 [6] 
0. 738
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with тгдд/2V®1/2' the 5Í, 4Í ones with rgg ̂ 2v33 ̂ 2 ,and the 7| level
with ттд_, i 2 V ^ 5  / 2 quasiparticles, in accordance with approximative
classification of the parabolic rule [1] and with the experi­
mental data. These data were obtained mainly from (d,p) and 
(d,t) neutron transfer experiments.



sponding experimental moments of the neighbouring odd-even In 
and Sn nuclei on the basis of the additivity relation. The ex­
perimental magnetic dipole moments were reproduced by our IBFFM 
calculation within *»2%. The calculations show that the contri­
butions of the collective electromagnetic operators to the mag­
netic moments are small and large to the electric ones.

The experimental and calculated relative y-ray intensities 
are compared in table 2. As seen, the IBFFM calculation reason­
ably reproduced the majority of the у-branching ratios.
Table 2. Transitions within low-lying 11ц1п states

S t a t e s EYkeV
Rel

_______________ S ’________________Ei,keV J*l Ef ,keV Experimental Theoretical
Rabenstein, 
Harrach [10]

Timár et 
al. [1]

IBFFM/OTQM

628 (3i)+ 228 (20 + 340 100 100 Ml,(E2) 100 М1-Ю. 12% E2
0 i t 628 <2.3 4 E2

775 (43)+ 628 (3X)+ 147 100 100 Ml 100 Ml+0.03% E2
228 (2i)+ 487 12 19 10 E2

497 (52)+ 190 5Í 307 100 81 Ml 81 Ml+0.42% E2
221 (4Í) 276 60 <100 430 Ml+O.45% E2

729 (42)+ 190 5Í 538 100 100 Ml+0.03% E2
497 (52)+ 231 12 Ml A 8.5 Ml+0.42% E2
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NUCLEAR STRUCTURE OF 116In 
T. Fényes and Zs. Dombrádi

The low-lying positive parity states of 116In have been 
described within the framework of the interacting boson-fer- 
mion-fermion / odd-odd truncated cjuadrupole phonon model 
(IBFFM/OTQM).

The Hamiltonian of the model is given by

HOTQM HTQM + Z H + Z HPVI + HRES, 
i=p,n i=p,n

(1)

where H is the SU( 6 ) quadrupole phonon Hamiltonian of the 
even-even core.

H

HPVI

denotes the quasiparticle Hamiltonian of the odd proton 
(i=p) and odd neutron (i=n) in a spherical potential.
is the Hamiltonian of the particle-vibration interac­
tion for proton and neutron, which consists of three 
terms [1 ]:
HPVI HMON + HDYN + HEXC' (2)

HRES

where Н,„л.т is the Hamiltonian of the monopolé inter- MON
action. Hh,„ characterizes the dynamical interaction DYN
and H:L_ denotes the Hamiltonian of the exchange in- hi XL.
teraction.
is the residual interaction between the odd proton 
and neutron. We have considered only a central delta 
force of the form
HRES = 4ттб(г - r )[v_.+v,,cx .a ].p n D S p n ' (3)
where v and v are the parameters of theU о
Wigner and Bartlett forces, 6 is the Dirac 6

symbol, Гр and r^ are the position vectors of the
proton and neutron, respectively and the ст-s are the 
Pauli spin matrices.

The Hamiltonian (1) was diagonalized in the quasiproton 
-quasineutron weak coupling basis
(j j )j ,NI; J> , 
4 JpJn Jpn' x (4)

jnwhere j is the resulting angular momentum of the j andJpn 3  3  з р

states, I is the angular momentum of the N-phonon state, and 
J is the total angular momentum.
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The computer code IBFFM/OTQM used in the calculations was 
written by Brant, Paar and Vretenar [2].

The shell-model space consisted of the lg_,„ subshell for31 г
the proton quasiparticle and the 2 d t ig 3s. 2 d.7/2' ""1/2' ""3/2 

The parameters of
5/2'

subshells for the neutron quasiparticles, 
the model were adjusted to the energy spectrum of 116In and 
neighbouring nuclei.

The calculations reproduce the energy levels (fig.l) and 
known electromagnetic moments, у-branching ratios have also 
been calculated and compared to the existing experimental data.

Fig. 1. Positive parity states of 116In below s 1300 keV.
The theoretical level schemes are the results of 
the present IBFFM/OTQM calculations. The experi­
mental data were taken from Alexeev et al. [3].

This work was supported partly by the National Scientific 
Research Foundation /OTKA/.
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Pauli effects in the six-nucleon system
К. Varga and R. G. Lovas

The norm operator Á of the resonating-group method plays a special role in the 
reduction of microscopic multicluster problems to ones that involve only intercluster 
variables [1]. It contains information on the effect of the Pauli principle. The operator 
can be practically treated only in terms of its spectral decomposition, so the solution of 
its eigenvalue problem is extremely important. The internal cluster states are usually 
approximated by harmonic oscillator shell-model states of the same size parameter. The 
eigenvalue problem is solvable analytically only in this case. In the more realistic calcu­
lations the internal states are pure harmonic oscillator configurations of unequal size or 
linear combinations of such [2]. Therefore, one has to apply a numerical approximation 
method [3].

We approximated the eigenfunctions with a linear combination of Gaussians centred 
around different points, thereby reducing the eigenvalue problem to that of a generator 
coordinate overlap matrix [4]. The analytical calculation of these kernels is simple. As 
an example, we investigated the eigenvalue problem of the a +  d fragmentation of * Li. 
The method appeared pretty accurate when tested against the exactly solvable case, 
and proved suitable for treating mixed configurations of the constituents. We then con­
sidered two improved models [4]. In one of them the cluster ground states were allowed 
to have different size parameters, and in the other they were chosen to be optimized 
mixtures of states of different size parameters. It turned out that the eigenvalue spec­
tra and the eigenfunctions of the model of unequal size parameters considerably differ 
from the results belonging to the same oscillator widths, but the mixing does not imply 
further appreciable changes. So we came to the conclusion that calculations that use 
single configurations of unequal width parameters may also give acceptable accuracy 
for the norm operator of larger systems as well.

As an alternative to the configuration mixing, one can as well improve the descrip­
tion of the deuteron cluster in the cluster model by describing the bL i system as an 
a + P+ n configuration. This model is most often implemented in a semimicroscopic 
form with the a particle treated as structureless and the Pauli principle approximated 
phenomenologically. Comparing the results for the a +  d spectroscopic factor of the 
microscopic a +  d model with those of the three-body model, one can find that the 
latter predicts too low values [5]. This can be understood by noting that the treatment 
of the Pauli principle in the three-body definition of the spectroscopic factor is wrong
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[6] , namely the operator MI+p+n is missing from the conventional definition. Having 
solved the eigenvalue problem of the a +  p +  n model, we could calculate the a +  d 
spectroscopic factor of the correct definition in the three-body model. We have found
[7] that inclusion of ÁlJ ^ n in the definition increased the value of the spectroscopic 
factor by about 1.4 in agreement with the prediction of the microscopic a + d model.
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SOME ASPECTS OF SUPERSYM M ETRIC Q U A N TU M  M EC H AN IC S 

AN D  SOLVABLE POTENTIALS*

G. Lévai

R ecently there has been a renewed in te res t in  the p o te n tia l problem s 

of n o n re la tiv is tic  quan tum  mechanics, due to  th e  in tro d u c tio n  o f tw o  im p o r­

ta n t concepts: supersym m etric  quan tum  mechanics (SU S YQ M ) [ l ]  and shape- 

invariance [2]. In  SU SY Q M  tw o H am ilton ians  re la ted  by supe rsym m etry  have 

the fo llow ing  fo rm  (ft =  2m =  1):

„ d2 ,v , , d2 ,(lv2t u dlL
H± dx2 +  dx2 +   ̂ ^  ±  dx )

(In  fact the tw o H am iltonians are the diagonal components of a supersym m etric 

2 x 2  m a trix  H am ilton ian .)

In  the  case of unbroken supersym m etry  th e  ground s ta te  o f H~ has 

zero energy (E =  0) and the ground sta te  wave fu n c tio n  is re la ted  to  the  

supe rpo ten tia l W(x) as W(x) =  - .  In  th is  case the energy eigenvalues 

o f Я+ and H -  are id e n tica l except fo r the  ground sta te : =  E ^ l \ , ( n  =  0,1...).

The e igenfunctions o f H -  and H+ are connected by SUSY ladde ring  operators.

Am ong the numerous app lica tions  of S U SY Q M  we m e n tion  on ly  one 

which is re la ted  to  the  question of deep and shallow  nuclear p o te n tia ls  [3].

A  fu r th e r  concept is shape-invariance. V+ and V- are ca lled  shape- 

in va ria n t i f  th e ir  dependence on the  coord ina te  is the  same and they d iffe r 

on ly  in  some param eters appearing in  them . In  th is  case the energy eigenvalues 

an d  e ig e n fu n c tio n s  can  b e  d e te rm in e d  b y  e le m e n ta ry  c a lc u la tio n s .

These concepts tu rned  ou t to  be ex trem e ly  useful when they were 

combined w ith  tra d it io n a l approaches. In  p a r t ic u la r  i t  has been shown [4] th a t 

the known solvable p o ten tia ls  can be trea ted  w ith in  the  fram ew ork o f SU SYQ M  

and most o f them  are sh a p e -inva ria n t. As a b y -p ro d u c t of such inves tiga tions  

new classes o f solvable po ten tia ls  have been found , b u t no general c r ite r ia  fo r 

shape-invariance have been given.

In  our approach we have investiga ted  [5] a s im p le  m ethod [6] o f f in d in g  

solvable po te n tia ls  fro m  the  p o in t of v iew  of S U SY Q M . T h is  m e thod  can be 

used to  tran s fo rm  the  Schrödinger equation  in to  a linea r homogeneous second
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order d iffe re n tia l equation w ith  know n special func tions  as so lu tions. C om bin ing  

th is  m ethod w ith  the  theoyy o f SU SY Q M  we have derived c r ite r ia  w h ich have 

to  be sa tis fied by these specia l func tions  in  o rde r to  lead to  po te n tia ls  o f the  

fo rm  F(x) =  W 2[x) -  W ^x). (These c r ite r ia  t r iv ia l ly  exclude some po ten tia ls  fro m  

ou r tre a tm e n t, fo r exam ple the  W oods-Saxon p o te n tia l (w ith  l =  0) and any 

p o te n tia l p ro b le m  w ith  Bessel func tions  as so lu tions .) We illu s tra te d  the above 

procedure w ith  the  exam ple o f o rthogona l po lynom ia ls . We cou ld  get every 

single known s h a p e -in v a r ia n t p o te n tia l and one more, w h ich  has escaped no tice  

in  other p u b lica tio n s . E xac t wave func tions  and energy eigenvalues have been 

determ ined in  each case.

We have in trodu ced  a s tra ig h tfo rw a rd  c lass ifica tion  scheme of these 

sh a p e -in va ria n t po ten tia ls  and have shown th a t  they correspond to  d iffe ren t 

fac to risa tion  types  in  te rm s of the  fa c to ris a tio n  m ethod of In fe ld  and H u ll 

[7]. We have com pared th is  scheme w ith  o th e r c lass ifica tion  schemes [4], [8] 

as well. The la t te r  scheme by M ille r  is especia lly  in te res ting , since i t  is based 

on the theo ry  o f L ie  algebras. I t  w ou ld  be an in te re s tin g  task to  investiga te  the  

re la tionsh ip  between the L ie  algebras used by M ille r  and graded L ie  algebras 

w hich give th e  m a them a tica l fram ew ork of supersym m etry.

f  Th is  w ork  was supported  by the  O xfo rd  V is it in g  G raduate  S tuden t Scheme of 

the  Soros F ounda tion .
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APPLICABILITY OF THE VIBRON MODEL TO NUCLEAR CLUSTER STATES

J. Cseh

The vibron model [I] is an interacting boson model of the molecule-type 

collective motion in which the dipole degrees of freedom play the main role. 
I t  has a U (4) group structure and it has two lim iting cases called dynamical 
symmetries characterized by the Í7(3) and 0(4) groups, respectively. Applying 

this model to some well-known cluster bands of light nuclei in Ref 2. we 
concluded that the boson-boson iteraction of the usual Hamiltonian which 

contains one and two-body terms can not account for the Pauli principle. 
To incorporate this effect we applied the method of the basis truncation as 

suggested by the Wildermuth condition [3].

Recently we have considered [4] some alternative possibilities. They are:
i) the introduction of higher order terms in the Hamiltonian instead of the  

basis truncation, and ii) the application of Harvey’s prescription [5] instead of 
the Wildermuth condition.

As for the introduction of higher order terms in the Hamiltonian it seems 

to be capable of incorporating the exclusion principle in a more refined way, 
namely by describing the Pauli resonances [6]. A third order term works fine 

in this respect. Another higher order term is required by the strong rotational- 
vibrational coupling of the cluster motion.

When dealing with the Pauli principle there is a crucial value for the  
U (3) quantum number both in the basis-truncation method and in the higher 

order term of the Hamiltonian. If  we determine that from Harvey’s prescription 
instead of the Wildermuth condition we can take into account not only the  
Pauli principle, but the threshold energies of the cluster states [7] as well. 
This is related to the fact that Harvey’s prescription is aware of the nuclear 

deformation while the Wildermuth condition is not.

These considerations are based on the C/(3) basis of the vibron model, 
so they are easy to apply when one uses this dynamical symmetry. When the  

general Hamiltonian, or the other dynamical symmetry is more appropriate one 

can calculate the matrix elements of the Hamiltonian between the U (3) basis
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states and perform a numerical diagonalization.
Fig. 1 shows an example of the application of the dynamical symmetry 

to some cluster bands in N e 10. The К x =  0^ band is thought to contain the Pauli 
resonances.
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CLUSTER BANDS OF THE ™Mg IN TERMS OF THE VIBRON MODEL

J. Cseh

The n C  + 12 C  resonances, as the best known heavy-ion resonances have 

been described by several models, among others by the phenomenologic alge­
braic dipole (vibron) [1,2] and quadrupole (IB M ) [3] models. Recently we ex­
tended their treatment within the vibron model in two respects [4]. i) We took 

into account some internal degrees of freedom in addition to the relative motion 

of the two clusters. More exactly, we applied the algebraic models correspond­
ing to the I60  + a +  a, and the 12C + 12C* clusterizations, ii) In addition to the 

12C + 12C resonances we considered in the same descriptions the low-lying cluster 
bands of the 24M g  as given in Ref. 5.

The 160  +  a +  o; configuration was described by the

Ui (4) ® C7a(4) D Ui(3) 0  U2{3) D 17(3) D 0(3) (1)

dynamical symmetry. The Hamiltonian of this model was taken as the linear 

combination of the linear and quadratic Casimirs of the subgroups of (1) plus 

a third order term corresponding to a rotational-vibrational coupling. So it 
contained six parameters.

The 12C + 12 C* system was described by the SU(3) lim it of the nuclear 
vibron model [6]:

17(6) ® (7(4) D SUa{3) ® Ub{3) D SUa(3) ® SUb(3) Э SU[3) D 0(3). (2)

We restricted the internal excitations to the lowest-lying 2+ state of the U C . 

The Hamiltonian had six parameters again.
In both cases we applied the basis truncation method based on Harvey’s 

prescription [7] to simulate the Pauli principle. The better agreement with 

the experimental energy spectrum was achieved by the three-cluster model, as 

shown in Fig. 1.
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Fig. 1. Energies o f experim enta l and m odel states in  24M g .  The dashed 
lines in  the  experim enta l spectrum  ind ica te  the unce rta in ty  o f  the states.

These examples are considered as favourable signs for the flexibility of 
the algebraic approach.
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AN INVESTIGATION ON THE RESONANT STATE 
WAVE FUNCTION OBTAINED BY COMPLEX SCALING
A. Csótó, В. Gyarmati and A.T. Kruppa

A very often used definition of a resonant state is an 
asymptotically purely outgoing solution of the Schrödinger 
equation belonging to complex energy. This solution is not a 
square-integrable function, but appropriate rules have been 
worked out to handle integrals containing it. The solution of 
the problem, however, with conventional bound-state techniques, 
e.g.expanding the wave-function on some basis set, is conceptu­
ally and practically difficult.

Under conditions which may be fulfilled in realistic cases, 
there exists a transformation U(6?) to be applied to the Schrö­
dinger equation with the beautiful property of keeping the dis­
crete eigenvalues (bound and resonant states) of the Schrödin­
ger equation unchanged but transforming the respective wave 
function^ into the square-integrable function Уд =U (0 )rfr‘. If 
the transformed problem is exactly solved the inverse transfor­
mation U(0 ) - 1  gives the exact solution to the original problem,
i.e. the resonant state T  . Also the transformed problem is al­
ready accessible for the bound-state approximation methods. The 
basis set methods for instance yield an approximate У@ function 
on a [<%] square-integrable basis truncated to N elements.

We showed that the back-transformed wave function i.e. the 
approximate solution to the original problem 'Y'^U (6? )'f У@ is ex­
tremely dependent on the choice of the basis {<%} • If the ' s 
are the well-managable, therefore often used, harmonic oscilla­
tor wave functions у ы shows violent spurious oscillations where 
U (0)cpfj is violently oscillating. The larger N the worse 'Y'̂ 'is, 
although 'Уд converges to У  в .

The moral one can deduce from the above statements is that 
the limiting procedure ^lim cannot be interchanged with
the inverse transformation U(<9)-1. The practical message is 
that basis functions whose transforms U (6) Q ' s are not or hard­
ly oscillating should give much better approximate wave func­
tions. Our preliminary numerical results with Gaussian basis 
support this conclusion.
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On the role of anti-bound states in the RPA description of the giant monopolé resonance

T. Vertse
Institute of Nuclear Research of the Hungarian Academy of Sciences,

H-4001 Debrecen, Pf. 51, Hungary,
P. Curutchet, R. J. Liotta

Research Institute of Physics, S-104 05 Stockholm, Sweden
\

and
J. Bang

The Niels Bohr Institute, University of Copenhagen, DK-2100 Copenhagen O, Denmark

The limit of the applicability of the resonant random phase approximation method is tested 
by calculating escape widths in the giant monopolé resonance of ieO and comparing them to the results 
of a time dependent Hartree-Fock calculation. Though the widths of the narrow s-wave component 
agree reasonably well, the broad p-wave component shows large disagreement, which cannot be cured by 
complementing the basis with anti-bound states in the RPA calculation.
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of the resonant RPA

/
P. Curutchet*, T. Vertse and R. J. Liottat

Considerable interest has focused recently on the decay properties of pant resonances due to the 
modern experimental techniques which opened a possibility for measuring the decay widths of the pant 
resonance into selected final states. Since giant resonances are located at high excitation energies, they 
often decay by particle emission, therefore the proper treatment of the coupling of the giant resonance 
to the continuum (the "escape width” П) is very important. The application of the standard methods 
is tedious and offers very little insight into the decay process. In order to overcome these difficulties, a 
fast approximate method called "resonant RPA” (RRPA) has been proposed recently [lj. In the RRPA 
the single particle basis is composed of bound single particle states and single particle resonant (Gamow) 
states, and the completeness relation of Berggren [2] is used together with regularization methods for 
calculating the divergent integrals. The use of Gamow states takes care automatically of the possibility 
of the particle emission from the unbound particle states.The advantage of the RRPA method is that we 
deal only with discrete eigenstates of the single particle Hamiltonian therefore methods well known from 
nuclear structure calculations can be used. Through the resonant basis states the RRPA includes the 
effect of the narrow resonances in the region of the giant resonance but not the slowly varying background. 
The RRPA assumes that the pant resonance is based mainly on lp-lh states where the particle is either 
bound or quasi-bound. In most cases this assumption is satisfied due to the effect of the Coulomb or/and 
centrifugal barriers. The RRPA has turned out to be especially very powerful for heavy nuclei, where 
the application of the other methods are extremely difficult.

In this work we applied the RRPA formalism to study giant multipole resonances in 208Pb using 
a separable multipole-multipole interaction [3]. The parameters of the of the main components of the 
giant resonances for monopolé (A = 0), quadrupole (A = 2), octupole (A = 3) and hexadecapole (A = 4) 
resonances are shown in Table 1. We found that in all cases the escape widths of giant resonances 
are small. This could be partially due to the fact that the smaller the transition matrix elements, the 
wider the states connected by the transition operator are. But it is also a manifestation of the structure 
of the resonances, specially those with high multipolarities. Here the main configurations of the pant 
resonance wavefunctions have the spins of the particle and the hole aligned with the angular momemtum 
of the transition operator. This enhances the transition probabilities because the angular momentum 
recoupling coefficients acquire in this case their maximum values. Moreover, to obtain also the maximum 
overlap between the initial and the final radial wavefunctions in the transition matrix elements it is

* Felow of the CONICET, Buenos Aires, Argentina and f Research Institute of Physics, S-104 05 Stockholm, Sweden

Description of the giant multipole resonances in 208 Pb in the framework
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necessary that the difference in the number of nodes of those functions is as small as possible. This 
is indeed the case because, for a given value of A N , a minimum value of An implies a maximum for 
Дl. An artificial enhancement of the proton components arises from the special choice of the relation 
between the isoscalar and isovector strength of the interaction and this is specially manifested in the 
case of the quadrupole resonance, where the importance of some non-aligned proton configurations are 
overestimated. Since the hole in the particle-hole pant resonance is in a bound state, the alignment 
mentioned above requires that the particle should move in a high angular momentum orbit. Therefore, 
the corresponding centrifugal barrier tends to trap this particle within the nuclear volume hindering the 
particle decay of the pant resonace. This also explains the success of harmonic oscillator representations 
to describe giant resonances.

The giant monopolé resonances have completely different features as can be expected from a 
breathing mode but it can be observed that they are also built upon mainly bound or quasibound 
configurations.

The calculated escape widths agree reasonable well with available experimental data. Among the 
states which have not been observed so far, our calculation predicts that a candidate likely to be observed 
is the octupole isovector giant resonance, with 89% of its strength concentrated at about 31 MeV.

Л T SjMeV) П (keV) M%)
0 0 13.25 300 46
0 0 13.60 200 29
0 1 22.12 640 60

2 0 10.44 120 76
2 1 23.31 1020 70
3 0 18.73 20 30
3 1 30.65 1540 89
4 0 26.97 120 23

Table 1 Main component(s) of the isoscalar (T=0) and isovector (T=l) pant multipole resonances in 208Pb 
calculated in RBPA. The value of the strength function 5« is given as % of the corresponding energy 
weighted sum rule.
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SEARCH FOR ELECTRON SCREENING OF NUCLEAR REACTIONS AT
SUB-COULOMB ENERGIES

S. Engstler*, A. Krauss*, K. Langanke*, К. Neldner*, C. Rolfs*
U. Schröder* and E. Somorjai

The reaction 3 He(d,p)‘*He has been investigated for E= 6  to 
42 keV with the use of D projectiles and 3He atomic gas target 
nuclides as well as with 3He projectiles and D 2 molecular gas 
target nuclides. These studies show for the first time the pre­
dicted effects of electron screening on low-energy fusion cross 
sections, i.e. a nearly exponential enhancement of the cross 
sections compared to the case of bare nuclei. The enhancement 
is smaller for the case d( 3 He,p)‘*He due to the molecular nature 
of the D 2 target nuclides. The reactions 6 Li(p,a)3He and 7Li 
(p,a)“*He have also been studied for E=10 to 65 keV with the use 
of solid LiF targets. The results also indicate an exponential 
enhancement due to the effects of electron screening.
The 3 He(d,p)‘*He reaction

The results are summarized in fig.l. The data obtained with 
3He projectiles and the molecular D 2 target nuclides (fig.lb) 
also reveal an increase at low energies, which is however sig­
nificantly smaller compared to the previous case (fig.la) at 
the same energies ^ 0 = 6 6 ^ 4  eV, x 2 =0 *39). Since the electron 
cloud in the D 2 molecule is on the average about a factor 2 at 
larger distances compared to that in the D atom, the screening 
effect should be shifted to lower energies.
The (p,a) reactions on 6Li and 7 Li

The results are shown in fig.2. The fitted (using eq.(2)) 
screening potential of Ue=0.21 keV in the case of 7 Li(p,a)4He is 
slightly lower than the expected value quoted above, and Ue=0.30 
keV in the case of 6 Li(p,a)3He is somewhat higher. As both re­
actions should have identical screening potentials, further in­
vestigations are desirable.

Furthermore, the measurements of angular distributions in 
the energy range covered by the presented experiment are in 
progress.
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E( keV)

Fig. 1. S(E)-factor data obtained (a) with 3He target gas and 
(b) with D 2 target gas. The solid curve is obtained from a 
fit to high-energy data points /3/ and is assumed to rep­
resent the case of bare nuclei. The dotted curves are the 
calculated enhancements using eq. (2 ) with the fitted po­
tentials (a) Ue=120 eV and (b) U e = 6 6  eV. The dashed curve 
in (a) is the enhancement calculated via the ratio of pen­
etrabilities.

Fig. 2. S(E)-factor data for (a) the 6 Li(p,a)3He reaction and
(b) the 7 Li(p,a)‘tHe reaction. The solid curves are obtained 
from a fit to the previous data at higher energies and are 
assumed to represent the case of bare nuclei. The dashed 
curves are the calculated enhancements using eq.( 2 ) with 
fitted potentials.
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INVESTIGATION OF ELECTRON SCREENING IN REACTIONS H( 6 Li,a) 3 He,
H( 7 Li/a)‘*He AND D ( 6 Li ,a ) цНе.

S. Engstier*, U.Greife*, C.Rolfs*, U.Schröder* and E.Somorjai

The study of electron screening effects in nuclear reac­
tions at sub-Coulomb energies is in progress in Münster. The 
enhancements in the cross sections at sub-Coulomb energies due 
to electron screening/1 /provided screening potentials (fitted) 
of Ue=0.21 keV in the case of 7 Li(p,a)4He and Ue=0.30 keV in 
the case of 6 Li(p,a)3 He/2/. As both reactions should have iden­
tical screening potentials, further investigations were desir­
able.

Measurements of the inverse reactions using 6Li and 7Li 
projectiles as well as H 2 and D 2 molecular gas targets, are re­
ported here. The 6Li and 7Li projectiles were provided by the 
accelerator in Münster at energies Eiak=30 to 360 keV. A win­
dowless gas target system of four pumping stages was used. The 
beam with intensity of 25 to 80 цА was stoppped by a 20 W beam 
calorimeter. The gas pressure was measured by a capacitance ma­
nometer .

The analysis of the experimental data has not yet been 
completed. In this case thin targets can be used, whereby the 
corrections due to the infinitely thick targets are avoided.

The preliminary results are shown in fig.l. and fig.2.
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Fig. 1. S(E)-factor data obtained with H 2 gas target bombarded 
by (a) 6Li and (b) 7Li projectiles. The solid curves 
are obtained from a fit to the previous data at higher 
energies and are assumed to represent the case of bare 
nuclei. The dashed curves are the calculated enhance­
ments with fitted potentials.

Fig. 2. S(E)-factor data obtained for the reaction D( 6 Li,a)‘*He 
using D 2 gas target.
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SOME BASIC INFORMATION ON THE COLLISION MECHANISM AND ON THE 
IONIC TRANSITIONS IN FAST HEAVY ION - ATOM COLLISIONS

I.Kádár, S.Ricz, B.Sulik, D.Varga, J.Végh and D.Berényi
Institute of Nuclear Research of the Hung. Acad. Sei.,

Debrecen, Hungary

A research program was carried out in Dubna for years on the 
experimental study of the Ne К Auger spectra in fast heavy ion 
(5.5 MeV/u) - Ne collisions (see e.g. in [1,2]). Out of the whole 
body of measuring data the series of spectra measured with high 
resolution (FWHM < 1 e V ) at Ne3 + , Ne3-0"", Ar& + , Ar16+ impact were 
analyzed together with the cor respond ing spectrum at H"" (5.5
MeV/u) taken at the ATOMKI eye

0-like Be-like

N-like li- like

n = 3 C - like

otron in Debrecen [3].
A charaeteristic partial

result of the evaluation is 
shown in Fig. 1 where the
relative intensity of the
different "spectrum components" 
is shown after summing up the 
intensity of the lines pertaining 
to the satel1ite—group concerned. 
The evaluation of these whole 
series of spectra is nearly 
ready and will be published 
soon [3]. Here some of the most 
important conclusions will be 
given.

1. Although the first order 
perturbation theories fail to 
describe the average guantities 
for multiple ionization (e.g. 
Pi_(0)), an IPM based geometrical 
model developed by us [4,5] seems 
to give fairly good results in 
this respect.

2. The evidence obtained for 
PCI at the velocity concerned 
[6] shows that the production of 
the multiply ionized state and 
its decay cannot be regarded as 
completely separated, even in the 
present high velocity region.

Fig.l. Relative intensity of the 
. different satellite—components of
|exp I theory the Ne К Auger spectra (qn ) 

depending on the projectile in 
comparison with the theory [4].
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3. Finding a definite A4 asymmetry parameter in fitting the
Auger electron angular distribution for the 720.8 eV ls12s22p‘̂ 2D 
- ls22s°2p4 *D transition (A2 = 0.05±0.03; = -0.1710.05)
proves the presence of correlation among the electrons of the 
target in the ionization process which shows the limit of IPM— 
based description of the multiple ionization.

4. Also from our Auger electron angular distribution
measurements, the presence of configuration interaction i.e. 
electron correlation in the Auger decay of multiply ionized atoms 
was shown. Namely, in Ne3— — Ne collision for the decay of the 
ls12s22p= *P state to ls22s22p3 3P and to ls22s22p3 2D an A^i^-P- 
3P) = 0.0810.06 and A2 (XP—3D) = —0.1810.03, respectively were
determined. The non— zero value of A3 in the first case proves the 
above statement.

References

1. I.Kádár, S.Ricz, V .A .Shchego1e v , B.Sulik, D.Varga,
J.Végh, D.Berényi and G.Hock, Journal of Physics B:
At. Mol. Phys. 18 (1985) 275-287.

2. S.Ricz, I.Kádár, V .A .Shchegolev, D.Varga, J.Végh, 
D.Berényi, G.Hock, В.Sulik, J. Phys. В: At. Mol. Phys. 
19 (1986) L411-L416.

3. I.Kádár, S.Ricz, B.Sulik, D.Varga, J.Végh and
D.Berényi, 'High Resolution Target Auger Spectroscopy 
at the Impact of Energetic Heavy Ions on N e ', lOth 
Conference on the Application of Accelerators in 
Research and Industry, Nov 7—9, 1988, NTSU, Denton,
Texas, USA; ATOMKI Preprint 21—1988 P; in course of 
publication in N u c 1. Instr. Meth. B.

4. B.Sulik, I.Kádár, S.Ricz, D.Varga, J.Végh, G.Hock and 
D.Berényi, Nuc1. Instr. Meth. B28 (1987) 509.

5. B.Sulik, G.Hock and D.Berényi, Journal of Physics B: 
At. Mol. Phys. 17 (1984) 3239.

6. S.Ricz, I.Kádár and J.Végh, 'Post collision
interaction observed at high-energy ion—atom 
collisions', 10th Conference on the Application of 
Accelerators in Research and Industry, Nov 7—9, 1988,
NTSU, Denton, Texas, USA; ATUMKI Preprint 4-1988 P;
Nuc1. Inst. Meth. B, in press

44



ON THE M2/E1 MIXING IN Li X-RAY TRANSITIONS

T. Papp, J. Pálinkás and L. Sarkadi
Institute of Nuclear Research of the Hungarian Academy of Sciences(ATOMKI), Debrecen, Pf. 51., H-4001, Hungary

The determination of the multipole mixing ratios in x-ray transitions gives a unique possibility for testing the components of the multipole expansion. When the electric dipole transition (El) is allowed, the magnetic quadrupole (М2) term is the second largest in the multipole expansion. The ratio of the М2 and El amplitudes (the M2/E1 mixing ratio) can be determined experimentally from the angular disribution of an x-ray transition, if the charge distribution of the initial and final states are known.
The charge distribution in a given electronic state can be characterised by the alignment parameter (A2 ), which is a combination of the relative population of the different magnetic substates. If the final state of the x-ray transition is anisotropically populated by a specific process (e.g. x-ray cascades or charged particle impact ionisation) and the initial state is statistically populated, the angular distribution of the x-ray transition can be expressed as

I(0) = Io [ I+ÍJP2 (cos0 ) ] ,
where Iо is the total intensity, P2(cos0) is the second order Legendre polynomial. The ß anisotropy parameter is related to the A2 alignment parameter of the final state through ß =a Ä2 , where a depends on the angular momentum of the initial and final states of the electromagnetic transition and on the M2/E1 mixing ratio [1]. In the L x-ray spectra the La2 line (M4-L3 transition) does not have magnetic terms, one can determine the alignment parameter of the Ls subshell from the measured angular distribution of the La2 line. Using this alignment parameter, the a-s and the M2/E1 mixing ratios can be determined for the other transitions from the measured anisotropy parameters.

Thin uranium and thorium targets were bombarded by 1.5 MeV protons, obtained from the VdG accelerator of the ATOMKI. The x-rays were detected by a Si(Li) detector at 10 different angles. From the angular distribution we determined the anisotropy parameters for the Li, Lai,2 , Lße, Lß2,i5 x-rays of Th and U, and for the La2 of U. In the case of U the separation of the La2 from the Lai was achieved by using a bromine absorber, with it's absorbtion edge falling between the La2 and Lai lines. Using appropriorate absorber thickness, the measured intensity of the Lai line can be kept
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below one per cent of the La2 intensity. Following the way proposed in [1] we obtained the mixing ratios for the Li, Lai and Lße transitions of uranium. It was found, that the Lße transition has quite large М2 components.
In figure 1. the jß anisotropy parameter ratios of the Li and Lai, 2 transitions are displayed for gold (open circle, from ref. [2]), thorium and uranium (full circle, present data). The obtained experimental data deviate significantly from the pure El transition assumption (full line) and from the theoretical results, displayed by dashed curve [3]. The measured data do not follow the tendency of the theoretical prediction.

Figure 1.The ratios of the anisotropy parameters of the Li and Lai, 2 transitions (see text).
References:
[1] T. Papp, Proc. of 3rd Int Seminar on High Energy Ion-Atom Coll. Debrecen, Aug. 2-5, 1987., in Lecture Notes in Physics 294, Eds. D. Berényi and G. Hock (Springer-Verlag Berlin Heidelberg 1988) p. 204[2] T. Papp and J. Pálinkás, Phys. Rev. A38 (1988) 2686.[3] J.H. Scofield, Phys. Rev. Ш, 9 (1969).
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EXPERIMENTAL STUDY OF THE Ls-SUBSHELL ALIGNMENT OF
MULTIPLY IONIZED ATOMS

T Papp*, J Pálinkás*, L Sarkad!*, C Meelmeijer*, К Brankoff+, D Grambole, C Heiser*, F Herrmann*, W Rudolph* and L Kocbach“
* Inst, of Nucl. Res. of the H.A.S. (ATOMKI).Debrecen,Hungary + Zentralinstitut für Kernforschung, Rossendorf, GDR ■ Department of Physics, University of Bergen, Norway

In the inner shell ionization studies of heavy target atoms ionized by heavy projectiles the multiple ionization may play important role [1]. The semiconductor x-ray detectors cannot resolve the different satellite lines in energy. In inner shell alignment studies the alignment parameters are usually determined from the angular distribution of the Li line. The measured intensity is the sum of the intensity of the diagram (single ionization) and satellite (multiple ionization) lines. At the same time the theoretical alignment parameters are calculated for the single ionized atoms [2,3] except for a recent study where calculation was made for double ionized atoms [4].To study the effect of the multiple ionization on the L 3  subshell alignment a measurement was designed, where part of the satellite lines were absorbed by an absorber material, whose absorbtion edge falls above the diagram line. For the absorber the transmission of the diagram and satellite lines was planned to differ significantly. Here some preliminary results for T1 target and Cu absorber are presented. The К absorbtion edge of Cu absorber are above the Li diagram line of T1 by 23 eV. The energies of the LsM satellites are larger than the energy of the absorbtion edge. The absorber thickness was 17 mgcm-2, which resulted in a value of 150 for the transmission ratio before and after the absorbtion edge. 2.5 MeV proton and 1 MeV/nucl. N, Si and Cl ion beams of the heavy-ion tandem accelerator of the Zentralinstitut für Kernforschung (Rossendorf, GDR) were used as projectiles.The spectra measured with Si(Li) detector at 55° without and with Cu absorber are presented in fig. 1. Measuring without absorber the Li/La intensity ratios are the same for the different projectiles. Measuring with absorber the satellite intensities are greatly reduced. The evaluated Li/L a ratios normalised to the ratio of the proton impact case are shown in fig. 2. It can be seen that the multiple ionization is a dominating process for heavy projectiles. The angular distribution was also measured with and without the absorber. The evaluation of the data is in progress.
References.[1] W Jitschin, R Hippier, R Shanker, H Kleinpoppen, R Schuch and H 0 Lutz, J. Phys. B.:At. Mol. Phys. 16 (1983) 1417.[2] F Rösel, D Trautmann and G Baur, Z. Phys. A304 (1982) 75.[3] L. Sarkadi, J. Phys. B: Atom. Molec. Phys,19 (1986) 2519.[4] T Papp and L Kocbach, J. de Physique C9 (1987) 245.
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CHANNEL NUMBER

Fig. 1. L X-ray spectra of TI induced by 2.5 MeV proton and 1 MeV/amu N, Si and Cl ion impact, recorded with a Si(Li) detector (left side), and using 17 mg/cm2 Cu absorber in front of the SI(Li) detector (right side).

Fig. 2. The intensity ratio of the Li and La lines of Tl, recorded using 17 mg/cm2 Cu absorber in front of the Si(Li) detector. The target was ionized by 2.5 MeV proton and 1 MeV/amu N, Si and Cl i on impact.
0 5 10 15Z projectile
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MEASUREMENTS WITH A SOLLER-TYPE X-RAY CRYSTAL SPECTROMETER
I . Török

•
Our Soller-type X-ray crystal spectrometer working on ion 

beams became operational in 1986 [1,2]. Three main themes,
mentioned in the last Annual Report and at the X ' 87 
conference in Paris[3], were investigated further in a more 
detailed manner.

A/ The KL1 X-ray lines of the following elements were 
measured: Mg , Al, Si, Ca, Ti. P*. values obtained from our 
relative satellite intensity data were compared with the 
predictions of a simple geometrical model [4]. The
calculations show agreement within 25'/., Sample spectra are 
shown in Fig. 1., which also r.eveals chemical effects.

Fig. 1. K^tL* X-ray lines of Mg obtained bombarding 0.5 mm 
thick metal targets with 3.2 MeV He* ions. Solid line: 
spectrum from a target etched in acetic acid, dotted line: 
spectrum from a target oxydized in air for many years. Note 
the a -.3  and amplitudes. Satellite labels and energies are
from ref.[5].

В/ The Mg/Ca ratio determination in limestones, using the 
third order reflection of Ca K*< and first order reflection of 
Mg K,* lines with ADR crystal, was helped by measurements of 
known СаСОз+МдСОз mixtures and the creation of a calibration 
curve for 2 MeV protons. Effects of detector window material 
and window thickness, the X-ray production cross section vs. 
bombarding energy dependence (see Fig. 2.), and other 
technical factors have been investigated to determine how 
they could be used in optimizing the measurements.

С/ The Та M** and Мц satellites also were measured at 
several bombarding energies with proton and He+ projectiles, 
and by X-ray excitation for comparison. The experimental 
results compared with the preliminary values from a 
geometrical model [4] show agreement within about 50 '/..
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For the above measurements ca. 3 weeks of accelerator beam 
time was used at the 5 MV Van de Graaff generator of our 
institute.

The experimental energy resolution values obtained in the 
different measurements were compared with the energy 
resolutions calculated from the 0.3 degree angular divergence 
of the Soller-slits, see Fig. 3.

Fig. 2. Ca and Mg K«c lines from limestone bombarded by 2.0 
and 0.8 MeV protons. Note the enhancement of Mg peak at 0.8 
MeV.

Fig. 3. Predicted and experimental energy resolution of 
our X-ray crystal spectrometer using ADP crystal.
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AN EXPERIMENTAL METHOD FOR THE DETERMINATION OF ABSOLUTE X-RAY 
WIDTHS BY THE HELP OF COMBINED ICES AND XPS MEASUREMENTS

L. Kövér

In the quantitative applications of different electron 
spectroscopic methods, as e.g. the X-ray photoelectron spec­
troscopy (XPS) or the internal conversion electron spectroscopy 
(ICES), the accurate knowledge of the respective contributions 
of the X-ray excitation or the finite analyzer resolution to 
the measured spectra are of basic importance. It is difficult, 
however, to find experimental methods for determining these 
contributions separately. Data on X-ray line shapes e.g. were 
obtained earlier (by photoelectron spectroscopy) assuming known 
instrumental functions [1,2]. A short description of an experi­
mental method, applicable for the absolute measurement of the 
X-ray contribution to the width of the AlKa excited photoelec­
tron spectra (without assumptions on the instrumental function) 
and based on independent and subsequent ICES and XPS measure­
ments of Tc 3d electron peaks, is presented in the followings.

The 3 d 5 / 2  core level in the Tc atom has a considerably low 
(~0.1 eV [3,4]) natural width and the internal conversion of 
the Tc 3 d5 / 2  electrons from the Tc 99m isomer state has a 
rather high probability. The corresponding transition energy is 
2.17 keV and the multipolarity is E3 [5].

As a first step of the method proposed, the Tc99m M4,5 
conversion electron spectrum should be measured by an electro­
static electron spectrometer in Fixed Analyzer Transmission 
(FAT) working mode, selecting an analyzer pass energy belonging 
to good resolution. In FAT mode, the analyzer determines the 
resolution of the spectrometer, independently of the kinetic 
energy of the electrons emitted from the sample. Secondly, the 
3d XPS spectrum of the same sample should be measured by using 
FAT mode at the same analyzer electron pass energy. While in 
the case of the ICES measurements the main contributions to the 
width of the M5 electron peak are due to the respective natural 
level width and the analyzer resolution, the 3 d 5 / 2  XPS spectrum 
measured in the way given above will differ from the ICES spec­
trum essentially only in a broadening caused by the X-ray (e.g. 
AlKa) excitation. If the shape of the X-ray line is assumed to 
be a Lorentzian one, an optimum fit of the XPS spectrum by the 
corresponding ICES spectrum convoluted by Lorentzians having 
various widths, will provide the experimentally determined val­
ue for the absolute natural width of the exciting X-ray line.

The main assumptions made in this procedure are:
1., the resolution function of the spectrometer is determined by 
the analyzer in FAT mode

2 .. 1nelastic electron scattering events have negligible effects 
on the electron line widths (ICES and XPS peaks are sampling 
different depths inside of the specimen surface region).

51



For determining the AlKa natural width, NH 4 TCO4  samples are 
proposed since the respective Tc 3d lines from this compound 
proved to be fairly symmetric [6 ],

The described method is applicable for determining the 
natural widths of the several KeV single X-ray lines, however, 
the increasing role of the inelastic electron scattering at 
higher energies should be taken into account.

Experiments for the determination of the natural width of 
the AlKa1 ( 2  X-ray line by using the method described here are 
in progress, in cooperation with the electron spectroscopic 
group of the Nuclear Physics Institute, Prague.
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COINCIDENCE STUDIES OF THE FORWARD ELECTRON CUSP
Á. Kövér, L. Sarkadi, J. Pálinkás, L. Gulyás, Gy. 
Szabó, T. Vajnai+ , D. Berényi, О. Heil*, К. О. 

Groeneveld*, J. Gibbons* and I. A. Sellin*

The motivation of the present work was the discrepancy 
found between the experiment and theory in our former study [1] 
of the forward ejected "cusp" electrons in He+ - He collisions. 
For structured projectiles (like He+ ) the two main processes 
producing cusp electrons are: (i) the loss of an electron from 
the projectile into its continuum states (ELC), (ii) the cap­
ture of an electron from the target into the continuum states 
of the projectile (ECC). Until our present work it was believed 
that for collisions involving structured projectiles the domi­
nant process is ELC. The failure of the ELC theories in descrip­
tion of our measured single differential cross section values 
of the cusp production in He+ - He collision [1], however, in­
dicated an increasing contribution from ECC with decreasing col­
lision velocity. Recently Heil et al. [2] showed experimentally 
(for 0.2 - 0.33 MeV/amu ^He+ - He collisions) that the discrep­
ancy is indeed due to the presence of the ECC process.

In the present study we extended the measurement of Heil 
et al. [2] to lower projectile velocities providing further, 
more convincing experimental verification of the growing con­
tribution of the ECC process. The experimental method was based 
on the coincident detection of the cusp electrons with the 
charge-state selected outgoing projectiles. The ECC events are 
correlated with unchanged charge state, the ELC process leads 
to an increase of the projectile charge by one. The experiments 
were performed for He+ - He and He+ - Ar collision systems in 
the energy range 0.05 - 0.15 MeV/amu. The He+ beam was obtained 
from the 1.5 MeV Van de Graaff accelerator of ATOMKI. The elec­
trons were analyzed by a double stage cylindrical mirror elec­
tron spectrometer (ESA-13). The ions were detected by a fast 
particle detector based on collection and amplification of sec­
ondary electrons emitted from a metallic surface hit by the 
particles. Coincidences between the electrons and the outgoing 
projectiles with specific charge states were established using 
standard fast electronic circuits.

Fig. 1 shows the obtained relative contributions to the 
cusp electron production. The figure includes also the results 
obtained for a two-electron process, namely for transfer ioniza­
tion (TI). This process consists of simultaneous capture of two 
electrons (one into a bound state and one into a continuum 
state of the projectile). The figure demonstrates the dominance 
of ECC over ELC at low projectile velocities.

As a continuation of our studies of the cusp produced by 
structured particles we made further coincidence measurements 
applying neutral atoms (H°, He0) as projectiles. At 0.075 MeV/ 
amu bombarding energy we observed a substantial contribution 
from the ECC channel. This observation proves that the ECC proc-
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Fig. 1. Relative cusp yields as a function of the projec­
tile velocity. Present results: • , ELC; o, ECC; Д, 
TI. The data of Heil et al. [2]: ■ , ELC; d , ECC.

ess exists also for projectiles with completely screened Cou­
lomb potential. It is interesting to note that the ECC for neu­
tral atom impact is characterized by a considerably smaller 
width of the cusp than for ion impact.

Concerning the shape of the cusps measured in the present 
work, the data are not accurate enough to perform a quantita­
tive analysis. A qualitative comparison of the spectra shows 
that the shape sensitively depends on the process (ELC, ECC), 
on the target, as well as on the charge state of the incoming 
particle. In spite of the large statistical errors, the ELC 
spectra for He^ impact have been fitted with the series expan­
sion method. The definitely positive values obtained for the ß2 
parameter at low collision velocities indicate the existence of 
cusp inversion in the ELC process [3] (appearance of a dip at 
the maximum of the peak).
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CUSP-SHAPE STUDIES BY MEANS OF CONTOUR LINES AND BY MULTIPOLE 
SERIES EXPANSION OF THE ELECTRON DISTRIBUTION AS A FUNCTION OF 

THE ELECTRON ENERGY AND EMISSION ANGLE

L.Gulyás, Gy.Szabó, A.Kövér and D.Berényi
Institute of Nuclear Research of the Hung, Acad, Sei,,Debrecen, Hungary

O.Heil and K.O.Groeneveld
Institute of Nuclear Physics of J.W. Goethe University,

Frankfurt/M. FRG

The cusp in the ejected electron spectrum was studied at H°, 
He*, He2* (0.2 MeV/u) - Ne, Ar, Kr collisions to obtain 
information on the shape of it in a three-dimensional 
presentation and to compare the experimental data with the 
theoretical calculations. The energy spectra were taken at 
different emission angles from 0° to 4<> and so the analysis of 
the cusp was made in a three-dimensional approach (contour lines, 
fitting of the three-dimensional data set to obtain the coefficient of the multipole series expansion). Such a study is 
the more justified because the number of experimentally 
determined coefficients are very few and they are missing for 
light ions with accompanying electrons. At the same time these 
values are important to check the theoretical predictions.

Fig. 1 shows two typical examples for the contour lines in 
the case of He+-Rr and H°-Kr in comparison with the corresponding 
theoretical patterns (see details in flj). In general, the 
agreement between the theory and experiment is better for He* 
than for H°. The pattern for H° is more similar to that obtained 
for He2* than for He*.

B’ig.i. A comparison of the 
deconvoluted experimental 
and theoretical contour 
lines. The numbers at the 
contour lines represent 
the logarithmic ratio of 
the concerned and the top 
level. The abscissa and the ordinate are the 
components of the electron 
velocity LI]. 55
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The values 01 and 02 are defined as 0k=Bok/Boo. 01 
characterizing the asymmetric velocity distribution of the cusp 
alone the direction of the projectile was found to be negative and finite for all the three projectiles. The non-zero value of 
this parameter for H<> and He* (projectiles with accompanying 
electron) is in contradiction with the theoretical predictions 
[2,3].

As regards $2, it was found to be negative in the present 
experiment, and it is higher for H° than He* (for He** similar to 
that of H°). The high negative value (i.e. close to -1 , which is 
the maximum value of 02) means a strong symmetric transverse 
velocity distribution along the projectile velocity (the contour 
lines show a "finger-biscuit" pattern). At H° and He2*, however, 
this symmetric "finger-biscuit" form is "distorted" by the 
"influence" of 01 parameter which results in a contour lines with 
the "infolding" (see the figure).
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On the dependence of recoil-ion velocity on the screening 

effect of the target electrons

B. Sulik and L. Végh

The measurement of multiple-ionization cross sections as a function of the recoil-ion 

velocity provides a deeper insight into the collision mechanism than the measurement 

of the total cross sections. The dependence of the multiple ionization cross section on 

the energy of the recoil ion provides information about the interplay of the interactions 

acting between the projectile and the target nucleus, between the projectile and the 

target electrons, the nucleus and electrons of the target, and between the different 

electrons of the target.

The repulsive projectile-target nucleus Coulomb interaction pushes away the target 

nucleus and at the same time the projectile attracts the electrons of the target. 

The interplay of the repulsive and attractive interactions results that, for elastic 

scattering, the relative motion of the projectile and the target can be described by 

a screened projectile-atom interaction. For a collision, where the target atom is 

ionized, the description of the motion of the target ion by the use of a screened 

Coulomb interaction is not well established. Due to the electron-electron interactions, 

the electrons remained attached to the target ion have possibility to interact with 

the ejected electrons. Furthermore, the final state interaction between the ejected 

electrons and the target nucleus may lead to a screening-like effect. Therefore the 

recoil energy depends on the intensity of the ejected-electron target-electron and 

ejected-electron target-nucleus interactions.

Ullrich et al.[l] have measured the multiple ionization cross-sections for the U i2 + - N e  

collision system as a function of the recoil-ion momentum component transverse to 

the beam axis. The recoil-ion energy has a negligible dependence on the Q-value of 

this reaction and can be taken to be equal with the recoil energy of the fully elastic 

collision. In ref. [1] the differential cross sections are given for the production of recoil 

ions with charge states q = 1...8.

Analysing the data [1] using the independent electron approximation we have obtained 

the surprising result that the agreement between the experimental data and the
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theoretical carves seems to be the best in the case of the unscreened projectile- 

target nucleus Coulomb interaction [2]. The agreement is better for small values of 

q which corresponds to larger impact parameters. For smaller impact parameters our 

calculated cross sections are larger than the measured ones.

The results suggest that already in the case when only one target electron is ejected, 

the screening effect of the target electrons, related to the motion of the target ion, is 

negligible. The screened Coulomb interaction, which is a suitable tool for calculation 

of the elastic ion-atom scattering cross-sections, fails to describe the motion of the 

recoil ion produced during the ionization process. This effect suggests that the 

momentum, given to the electrons of the target atom by the projectile, is transferred to 

the ionized electrons by some electron-electron correlation effects. A t the same time, 

the validity of the independent electron approximation requires that this correlation 

effect should be a final state interaction. The screening-like effect at high values of q 

may be explained by the ejected-electron target-nucleus collisions which deaccelerate 

the target nucleus.

This picture involves that with the decrease of q the mean energy of the ejected 

electrons, compared to the ionization potentials, increases. Furthermore, the sum 

of the transverse momenta of the ejected electrons is about the same as the transverse 

momentum of the recoil ion. Our assumption is supported by the results of the 

classical-trajectory Monte-Carlo calculations [3] for the projectile energy-loss and 

ejected electron energy and angular spectra. Moreover the increase of the asymmetry 

of angular distribution of the ejected electrons with the decrease of the recoil-ion 

charge-state can be predicted.
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Scattering Correlation in Multiple Ionisation

L. Végh
In s titu te  o f N uclear Research o f the Hungarian Academ y o f Sciences, Debrecen, H ungary

T. Watanabe
The A to m ic  Processes Laboratory, The In s titu te  o f Physical and Chemical Research, Wako-shi, Japan

There is an increasing interest in the study of the scattering correlation 
effects using electron, proton, antiproton and multicharged ion impacts. Since the 

cross section of the Rutherford scattering does not depend on the sign of the projectile 
charge , the dependence of the measured cross sections on the sign of the charge should 

be attributed to the interplay of the interactions between the projectile and electrons 
and those between the electrons.

Using atomic targets, the single-ionization cross section obtained with fast proton 

and antiproton projectiles are found to be the same. As for the double ionization 
processes, a marked projectile-charge-sign dependence of the cross section has been 

found [1]. The ratios R% = <r++(p- )/<7++(p+) and a ++(e“ )/ff++(p+) have values about 
2 at different targets for fast projectiles. The experimental data [1] shows that for 
the triple ionization of the Ne target there is a larger difference between the cross 

sections of antiprotons and protons than it is for the double ionization . The ratio 
Rs = (7+++(p- )/<7+++(p+) can have the value of 4. This result suggests that the larger 

is the number of the ejected electrons, the more striking is the dependence on the 

sign of the projectile charge. This means that the multiple ionization cross section 
should have a strong dependence on the scattering electron-electron correlations which 
manifest themselves during the collision processes.

A t the same time the independent electron approximation is thought to be 

an excellent method to describe the multiple ionization processes [2]. How can we 

reconcile this success with the importance of the electron-electron correlations which 
should involve the failure of the independent electron approximation?

The majority of the study of the multiple ionization probabilities has been 

confined to the investigation of the K L n vacancy configurations produced by heavy 
ion impact. The electron-electron correlation effects, which are significant in the 
study of the total ionization cross sections with singly charged projectiles are probably 
unimportant in close-collision processes induced by multiply charged ions.

Now we propose a simple picture which may elucidate the difference between the 
correlation effects occuring in the calculation of the total ionization cross section and
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that of the ionisation probabilities at small impact parameters. In the independent 
electron approximation the potential energies of the two electrons with positions fi 
and f i  depend only on the absolute values ri and ra and does not depend on the 
angle в where соав =  ^ i fa / r i r a .  Taking into account the electron-electron interaction, 
the potential energy of the two electron system has a minimum at $ =  0. Increasing 

$ the interaction energy is increased compared to the noncorrelated case. Now we 
assume that during the process of multiple ionization induced by the direct Coulomb 

interaction with the fast projectile the ejected electrons leave the target volume at the 
same time interval. This results in an increase of the potential energies of each ejected 

electrons. The effect may approximately be described by an effective increase of the 

potential of the projectile. For the potential of a positively charged projectile this 
involves an effective decrease of its strength, that is the interaction will be weakened. 
For a negatively charged projectile this effect increases the strength of the projectile- 
electron interaction that is the interaction will be enhanced [3].

In the ionization process the plane defined by the line of the projectile path 
and the position of the target nucleus has a distinguished role namely the orbits of 
the ejected electrons are close to this plane. The higher is the impact parameter, the 

closer are the ejected electron orbits to this plane and the more intensive are the 
correlation effects. This picture suggests that the multielectron correlation effects 
are more pronounced for higher impact parameters. A t the region of zero impact 
parameter the ejection of electrons does not depend on the azimuth angle ф that is 
the correlation effects are decreased.

The correlation effects should decrease with the increase of the projectile charge. 
For higher projectile charge the weight of the correlation interaction is smaller at a 

given impact parameter. Therefore in the small impact-parameter heavy-ion induced 

multiionization processes the correlation effects are of less importance.

REFERENCES

[1] L. H. Andersen, P. Hvelplund, H. Knudsen, S. P. Möller, A. H. Sorensen, K. Ebener, K.-G.
Rensfelt, and E. Uggerhoj, Phys. Rev. ЛЗв (1987) 3612

[2] R. L. Becker, A. L. Ford, and J. F. Reading, Phys. Rev. Л29 (1984) 3111
[3] T. Watanabe and L. Végh to be published in Nucl. Instrum. Meth. В

60



Critical Angle in Double Ionization 

L. Végh

The production of singly- and doubly-charged He ions in proton-helium 
collision has been measured as a function of the projectile scattering angle в in the 
region в =  0.25 -  4.1 m rad  at incident energies E p = 300 -  lOOOfceV by Giese and Horsdal 
(1988). The fraction of the doubly-charged ions F 2 =  a++/(a+ +<7++), where a++and <r+ 
are the cross sections for double and single ionisation, respectively, exhibits a distinct 
peak at в ~ 0.9m rad. The maximum scattering angle for a proton off a free electron at 
rest is втля =  m /M  = Q M bm rad , where m and M  are the masses of the electron and the 
proton, respectively. Therefore the large scattering angle of the projectile is related 
to the deflection in the Coulomb field of the target nucleus. There is no reason to 
expect a peak for this mechanism at all.

We suggest that the distinct peak at scattering angle 0.9m ra d  can be explained 
by the kinematics of a multiple scattering mechanism which is similiar to that of 
given by Thomas (1927) for electron capture. Following a violent projectile - electron 
collision, the scattered electron knocks out the second electron and there is a third 
collision, the second projectile-electron scattering, see the figure. As large deflection 
angles correspond to large-angle electron-proton scatterings, we restict ourselves to 
the study of the process where the second projectile-electron collision is a head-on 
scattering, see the paper of Végh (1988).

Neglecting the target-electron motion and the binding effects, the velocity of the 
knocked electron after the first proton-electron collision is

v i =  2 vcoea (1)

where v is the velocity of the incident proton and a  is the angle of the electron motion, 
see the figure. Let the angle between the projectile velocity 0 and the electron velocity 
02 be ß. The velocities after the electron-electron binary collision have the values

V2 = Vi coe(a + ß), Vi = v \s in [a  +  ß) (2)

To ensure the head-on collision between the projectile and the electron in the second 
projectile-electron scattering we obtain that ß = 90° -  2a and the sum of the two 
deflection angles of the proton is given as

в =  0\ + 02 »  ^(e»n2a + e»n4a) (3)

that is, the deflection angle в can be expressed by the angle a  of the first proton- 
electron collision.

The cross section of the first scattering with electron velocity t»i into a cone of 
semi-angle between a  and a  + da is

f f i = 2xfffe (a, vi)ei nada  (4)
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where <rH (a,vi) is the appropriate proton-electron Coulomb scattering cross section 
in the laboratory system. The electron-electron collision should have an impact 
parameter in the interval b + db and an asimuth angle in the interval ф + Ц .  Here 
b corresponds to the scattering angle a  +  ß = 90° -  or and ф +  Лф is the azimuth angle 
region of the first projectile-electron collision. The probability p  that the electron- 
electron collision is characterized by these intervals is given by the ratio

ЫМф

т - ~ щ ~

where ro denotes the radius of the He atom. Using the relation

(6)

aM(90° -  a , t>a) = 2tbdb (6)

where <Te*(90° -  ог.ог) is the corresponding electron-electron scattering cross-section in 
the laboratory system and taking into account Eqs.(4-6), for the calculation of the 
double-ionization cross section at deflection angle в we obtain the following equation

<r($,ф ) в г Ш Щ  =  a „ ( a , »i)ow(900 -  a ,«2) — (7)

The final expression can be calculated by using Eq. (3):

а(в,ф\ = MÍ-,________ÍÍ22________
v rrfi 2(coe2a +  2 c o « ia )(a in 2 a  + » in ia )  x r f (8)

This cross section formula is singular at angle a  =  26.81°. The correspondent 
scattering angle is 0C =  O M m ra d . The position of the 0.96mrod singularity does not 
depend on the proton velocity. The kinematical origin of the effect involves the 
presence of the 0.9m rad  peak for other targets.

Glese J  P  and Honda/ E  (1988) Phya. Rev. Lett. 60 2018 

Thomas L  H  (1927) P ro  c. Roy. So c. London 114 561 

Végh L  (1988) to  be published in  J. Phys. B .

The mechanism o f the double ionization and pro jec tile  deflection
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INTERPRETATION OF NON-SEPARABILITY BY MEANS OF 
CONNECTIVE STRINGS

E. Vatai

Experimental confirmation of the theory-»independent exis­
tence of non-separability £l] and of its two distinct levels 
[2] indicates that theory-independent explanation of non-sepa­
rability (or non-locality)may exist also. Available descrip­
tions [3] do not explain the existence of two levels of non­
locality and the contradiction with relativity, according to 
which the speed of energy propagation is limited by the speed 
of the light c.

The explanation, free of the above difficulties, is based 
on the following assumption: (a) Elementary particles (quarks, 
leptons and photons) create around themselves massless and spin­
less fields of particle-antiparticle pairs, and of photons 
with opposite spins by polarization of the vacuum, (b) Particle 
fields form connected subspace, i.e., they have string struc­
ture. (c) Strings can be broken by vacuum fluctuations. The 
correctness of assumption (a) for photon field is proved in 
quantum field theory [4]. Assumption (b) follows from the pro­
duction mechanism of low mass neutral particles [5], while (c) 
is trivial. ____ ,

Wave propagation along classical string is v=vT /p, where 
T0 is the tension ( energy/unit length) and p is the linear 
density. Evidently, when p -*■ 0 then v -*■ °°, so any disturbance 
may propagate with such speed. This does not allow non-local 
energy transfer, because p ~ 0. An additional condition should 
be fulfilled: The latent energy-momentum, i.e., compensated by 
that of other components of the vacuum, of the particle in the 
particle-antiparticle field should be constant throughout the 
connected subspace. The non-local transfer of an elementary 
particle in such connected space can be described as splitting 
and shifting of the compensating string by one unit, so that 
it compensates the particle at the first location x and the 
compensation disappears, i.e., the particle appears, at loca­
tion y. It is noteworthy that nothing is changed or transferred 
between x and y: This model makes possible non-local particle 
transfer without superluminal energy propagation, so relativity 
is not violated. Such transfer causes non-local development of 
the first kind of a quantum system, i.e., such development is 
not described by the time dependent Schrödinger equation (see 
e.g., the movement of the electron in the atom).

Non-locality of the second kind, which is characteristic 
for quantum systems with normal time development, is caused by 
non-local transfer of virtual photons or тт-mesons. Such non­
locality is possible for systems of elementary particles (e.g., 
nucleons), and for elementary particles connected by photon 
field. Both quark-antiquark strings, or spin up and down 
strings of photons are to be splitted and shifted in this case.

The present model suggests a new interpretation of the
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^tomic wave functions as well: The density distribution, p ='F4/ + , 
is proportional to the relative number of fluctuations above a 
threshold, which is required to split the e+e- double string.
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IDENTIFICATION OF THE NEW NEUTRAL PARTICLES AS 
OSCILLATING STRINGS

E. Vatai

The difficulties encountered by the identification of the 
neutral particles found in high energy ion-atom collisions [1] 
are caused by the following puzzling properties: (a) The par­
ticles are created at rest in the center of mass system, there­
fore the available phase-space is small or zero, which contra­
dict to their high production rate, (b) Dependence of the pro­
duction cross-section on the united nuclear charge is the same 
(^ехп~^и^^ as Predicted for the e+e_ pair production mecha­
nism in the case of four particles found at masses 1.53, 1.69, 
1.81 [1] and probably 1.92 (±0.01) MeV/с2 , while the fifth, 
which was found at 1.73 MeV/e2 * in the coincidence spectrum only, 
in measurements at angles differing from that used in single 
measurements, does not exhibit the above property [2].

The masses in the first group were found [3] to correspond 
to the energy spectrum of an oscillating string, m 2 = l/а’ x 
ZnnaynaR> where 1/a’ = 0.47±0.02 (MeV)2 is the Regge parameter, 
n the number of oscillations * mode and a„n are operators in 
Fock space. The experimental m^xa5 yield integer numbers, 
which allows one to assume that mo~0, i.e., the mass of the 
basic particle (the non-oscillating string) is nearly zero. The 
mass spectrum obtained fits the experimental data and yields 
additional extrapolated masses and is given in Table 1.

Table 1.

n 0 1 2 3 4 5 6 7 8 9  10
M 0.0 0.68 0.97 1.18 1.37 1.53 1.70 1.81 1,94 2.06 2.17
M 2 0.0 0.47 0.93 1.40 1.87 2.35 2.88 3.29 3.37 4.24 4.71
Such string structure is similar to that exhibited by hadrons, 
therefore it is straightforward to assume that these particles 
are light (or lepto-) analogues of mesons. I shall show in a 
forthcoming paper [5] that similar conclusion can be reached 
by starting from the explanation of the ball lightnings’ pro­
perties: It requires the existence of lepto-nucleons with weak 
electric charge, ew~10-5e. Decay of hadrons into light parti­
cles is forbidden, because particles with electric charge 
e ’ = e-ew do not exist.

Dependence of the production probability on the united 
charge (~Z22) is then explained as follows: It has been shown
[5], that the proton (or nucleus) creates a massless string- 
field, which makes possible non-local transfer of electrons by 
the double-string mechanism. If the e+e- pair is created in 
this string, then the electron can be captured into the bound 
state of the united atom, while the positron annihilates with 
the original Is electron by producing a quark-antiquark pair
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(тг® = qwqw) with weak electric charge (ew/ 3 or 2ew/3), and ex­
citing it into higher oscillation mode.

This production mechanism explains why these particles 
are produced at rest in the center of mass system. It is an 
internal process, which occurs at resonance energies only, and 
cannot give linear momentum to the particles.
References
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BALL-LIGHTNING AS OBSERVATIONAL EVIDENCE OF THE EXISTENCE OF 
LEPTO-NUCLEONS AND THEIR CLUSTERS

E. Vatai

The existence of lepto-analogues of TT°-mesons [1] indica­
tes that lepto-analogues of the nucleons (lepto-nucleons) may 
exist also. Assuming that the ball-lightning is composed of 
lepto-nucleons, one can determine the main parameter (mass, 
interaction) of lepto-nucleons from ball-lightning observations. 
This makes possible to give a coherent explanation of the puzz­
ling properties of the ball-lightning, which is impossible 
otherwise [2]. The class of explained properties is much broder 
than that used for the determination of lepto-nucleons5 proper­
ties, which proves the correctness of the assumptions.

Below,the logical scheme of the investigations is given 
only, the detailes will be published elsewhere [3]. Obser­
vations, primary, secondary and tertiary implications are de­
noted by Arabic and Roman numbers, Roman and Greek letters, 
respectively.
1. The ball-lightning emits separate lines of visible light.

(i) Attractive potential exists between electrons and lepto- 
nucleons. (ii) The potential well is of atomic dimensions.
(a) Lepto-nucleus (and/or atom) exists, (a) A binding po­
tential exists between lepto-nucleons and their mass is ex­
pected to be in the keV region. (3) A repulsive potential 
exists between lepto-nucleons, which limits the dimension of 
lepto-nuclei. (y) The range of the attractive potential is 
shorter than that of the repulsive one, otherwise the di­
mension of lepto-nuclei cannot be limited.

2. The light emission of the ball-lightning is stationary.
(i) The lowest (Is) bound state of the electron in the lepto- 
nucleus (or atom) is deeper than that of the atomic or 
molecular valence electrons, (a) Ionic crystal bond between 
ions and lepto-atoms is possible, (b) Adhesion to solid 
bodies is possible.

3. Creation of ball-lightnings by streak or bead lightnings.
(i) Existence of atmospheric lepto-nucleons. (a) Absence of 
thermal escape from the Earth’s gravitational field, i.e., 
the lepto-nucleons are bound, (ii) Atmospheric lepto-nucleons 
are bound in deeper energy state than lepto-nucleons in 
lepto-nuclei and in the ball-lightning, (a) Atmospheric 
lepto-nucleons are in bound state .(cf. 3.i.a). (b) Repulsive 
medium or long range interaction exists between lepto-nucle­
ons, which is growing with the particle density (cf. l.ii. 
a.B). (c) The attractive interaction is of shorter range, 
than the repulsive one (cf. l.ii.a.y).

4. The density of the ball-lightning created by a bead-lihtning 
is only slightly higher than that of the air.
(i) The number of lepto-nucleons in the lepto-nucleus is 
~105. (ii) The interaction with electrons is g^-lCP^e (e- 
electron charge).
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5. The movement of the ball-lightning is independent from the 
wind.
(i) Existence of a background lattice, the lepto-net, to 
which the ball-lightning is anchored and on which it is 
moving (cf. 2.i.a).

6. Absorbtion of normal matter (window handle, etc.,).
(i) Confirmation of the ionic crystal model (2.i.a).

7. Stone in the ball-lightning. The lifting power of the ball­
lightning cannot be explained by differences in the densi­
ties. The movement of the ball-lightning is independent from 
the presence of the stone in it.
(i) Confirmation of 2.i by using 2.i.b and of 5.i.

8. The ball-lightning shape changes independently from the 
movement of the air.
(i) Confirmation of 5.i.

9. Sudden appearance of the ball-lightning in clear weather. 
Observation of ball-lightnings with extremely high energy 
densities.
(i) Non-local energy supply of the ball-lightning is possi­
ble .

The existence of lepto-nucleons can solve the problem of 
barion number asymmetry of the Universe: Quarks and lepto- 
quarks are shown to be different charge excitations of some 
basic particle-antiparcicle pair [4], so creation of neutron 
and lepto-neutron pairs does not violate conservation laws and 
is, therefore, possible.
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EXPERIMENTAL STUDY OF ELECTRIC CURRENT TRANSPORT IN HIGH Tc
SUPERCONDUCTORS

S. Mészáros, К. Vad, G. Halász and F. J. Kedves*

Since the discovery of high Tc superconductors an inten­
sive study of their macroscopic superconductive properties has 
been performed in many 1aboratories. The goals are twofold: 
firstly, to understand the mechanism of superconductivity in 
these materials, secondly, to clear up the perspectives of 
app1ications.

In order to measure macroscopic superconductive proper 
ties of these materials an equipement was constructed with the 
following main features: temperature range 4.2-5-250 K, magnetic 
field range 0-5-6 T, sample acces hole diameter 18 mm. A comput­
er controlled electronics and data acquisition system was used 
to collect and handle the data.

With the help of this equipment the current conduction 
properties of high Tc materials were investigated. Tf\e 
following measurements were performed on YBaCuO ceramics and 
BiSrCaCuO screen printed films:
1. Measurement of temperature dependence of electrical re­
sistance with external magnetic field and transport current as 
parameters.
2. Measurement of current — v o 1 tage characteristics and their 
magnetic field and temperature dependence to elucidate the 
current conduction and electric power dissipation mechanisms.
3. A contactless method was developed to measure transport 
critical currents of ring-shaped samples and used to study 
their temperature and magnetic field dependence.

Conclusions of the experimental results drawn from our 
measurements are the followings:
— High Tc ceramics and printed films are granular superconduc­
tors. The current conduction properties are strongly influ­
enced by the intergrain weak superconducting couplings, which 
are much more sensitive to preparation technology than the 
superconducting phase inside the crystallites.
— The observed characteristics indicate the presence of a bulk 
superconducting phase with very high HC2 and a network of weak
superconducting connections containing a large number of 
Josephson junctions.
— The coupling strength of the network is much higher in the 
Bi—based materials than in the Y-based ones.

Two illustrative examples of the measured characteristics 
are given in Figs. 1 and 2.

* Department of Solid State Physics, Kossuth University, 
H-4010 Debrecen, P.O.Box 2, Hungary
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Fig. 1. Resistance-temperature characteristics of an YBaCuO 
ceramic sample in different magnetic fields

Fig.2. Temperature and magnetic field dependence of the 
critical current of an YBaCuO ring, Ico = Ic (B=0,T=0)
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Laboratory for Materials Science and Application
I. Mahunka, /. Dombi, S. Takács, F. Ditrói

The 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. 

The 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 (HpGe, Ge(Li)) and 

scintillation 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 systems are connected to a Canberra S35-Plus portable multichannel an­

alyzer which has connection to a minicomputer [1]. For off-site measurement we 

have a portable and computer controlled gamma-spectrometer too.

The arrangement and instrumentation of the laboratory give good possibilities 

to continue our investigations 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 establishment of this laboratory was partially 

supported by the National Technical Development Committee (O M FB ).

[1.] F. Ditrói, S. Takács, submitted to Nucl.Instr.Meth.

[2.] S. Takács, F. Ditrói, I. Mahunka, Nucl.Instr.Meth. B10/11 (1985) 1051 

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

in J. Radioanal. Nucl. Chem.

[4.] F. Ditrói, S. Takács, I. Mahunka, Advanced Technologies, 88 /4 , 23
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Determination of Wear by Thin Lawyer Activation in Iron
S. Takács, F. Ditrói, I. Mahunka

\
Thin Layer Activation (T L A ) method is one of the most powerful possibili­

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

these measurements is the doping of thin surface layers with trace quantities of 

radioactive species. From the change of the activity of the sample the material 

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

eas such as steel-industry, railways, car, oil and electricity generating [1]. Using 

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

activity 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 M GC-20 cyclotron at different energies. Then the ac­

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

of the remained layers and the change of the activity were measured in order to 

determine the activity-depth relation. The Figure shows the result coming from 

Ep=15.7 KieV proton irradiation (dots) the solid curve shows the result of the 

theoretical calculation.
React ton • Fe56 (p, n )Co5SActivity

[1.] T .W . Conlon, A TO M  287(1980)233
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Determination of Bulk Oxygen Concentration in Aluminium 
Made by Powder Metallurgy 

S. Takács, F. Ditrói

The recent developments in powder metallurgy require the quality control of 

its products. Samples from aluminium industry were measured by CPAA 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 p m . The samples were irradiated by 8#e++ beams 

at 13 MeV particle energy, and the 180(8ffe,p)18F and lb O (* H e ,n ) l6 N e  —♦ lb F  

reactions were used for oxygen determination [1]. The 511 keV annihilation 

radiation of the 18F isotope was measured by Ge(Li) detector. The oxide-layer 

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

[2]. The 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 

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

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

[1.] S. Takács, F. Ditrói, F. Tárkányi, F.Szelecsényi,

The Ábo Akademi Biennial Report, 1983/84 p.95.

[2.] S. Takács, F. Ditrói, 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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Investigation of the micro-elemental composition of motor-oil 
after different duration of use 

/. Mahunka, F. Ditrói, S. Takács, S. Seif El-Nasr

Normal motor-oil was investigated by CPAA method on external proton beam. 

The bombarding energy was 18 M eV. The oil samples were taken from the oil 

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

oil. The beam was extracted to the air through a l l  p m  thick Duratherm-type foil. 

The oil samples were filled into an aluminium cup and were covered by 13 p m  thick 

aluminium foil to avoid evaporation. The change of the relative concentration of 

the trace elements is shown in the Figure.

To avoid contaminations from the container, the irradiations were repeated 

using plastic test tubes. The elements found in the samples were sorted according 

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

This method is capable for testing the wear of engine parts and for comparing the 

different types of lubricants also.

[1.] F. Ditrói, I. Mahunka, S. Takács, S. Seif El-Nasr 

to be published in J. Radioanal. Nucl. Chem. *

* Faculty of Basic Education (girls), Kuwait
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Microelemental Investigation of Different Types of Glasses 
by Using Cyclotron Beams 

F. Ditrói, S. Takács, I. Mahunka, Z. Gémest*

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 constitution 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 constitution 

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 (CPAA, NAA) and the causes of the different types of 

disorders were concluded [1]. As an example the table shows the disorder/normal 

concentration ratio in two samples from the same glass-factory, which contain 

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

from the furnace wall.

elements sample No. 2 
d isorder/normal

sample No. 7 
disorder/normal

Na 1.12 — Ö7T T ~
Al 1.31 0.73
Ca 1.02 0.69
Fe 1.13 0.59
Zr 112.80 77.40

[1.] S.Takács, F .Ditrói, I.Mahunka, Investigation of disorders in glasses, 

Report to the Scientific-Technical Park of Debrecen, 1988 November, 

unpublished *

* SZIK K TI, Budapest
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R A D I O ISOTOPE P R O D U C T I O N  AT THE MGC C Y C LOTRON
I. Mahunka, F. S z e l e csényi, L. Andó

One of th e  main t a s k s  of the Debrecen c y c l o t r o n  is the 
produ c t i o n  of r a d i o i s o t o p e s  for medical application. The MGC-20 
m a c h i n e  is c a p a b l e  for p r o d u c i n g  the most important r a d i o i s o t o ­
pes used in n u c l e a r  m e d i c i n e  [1].

During the last y e a r  we star t e d  the routine production 
of 67Ga, » " I n  and l23I n o n - p o s i t r o n  emitter isotopes. The ir- 
r a d i a t o n s  took p l a c e  at the vertical b e am-line of the cyclotron 
[2] [3]. The i r r a d i a t e d  t a r g e t s  were e l a b o r a t e d  in our r a d i o ­
c h e m i c a l  l a b o r a t o r y  to get i n t e r m e d i e r s  and the labelling p r o ­
c e d u r e s  were c a r r i e d  out in the Isotope Institute, Budapest[4']. 
The r a d i o p h a r m a c e u t i c a l s  w e r e  d i s t r i b u t e d  for medi c a l  use in 
H u n g a r y .

Table 1 s u m m a r i s e s  some p r o d u c t i o n  p a r a m e t e r s  of r a d i o ­
ac t i v e  isotopes for o f f - s i t e  use in 1988. The great e s t  demand 
was for 67Ga w h i c h  was m a d e  nightly and which is used in the d e ­
t e c t i o n  of i n f l a m m a t o r y  d i s e a s e s  and in the pract i c e  of O n c o ­
logy for d e t e c t i n g  the p r e s e n c e  of m a l i g n a n c y  [5] [6].

Table 1. Produ c t i o n  of r a d i o i s o t o p e s  for off-site use 
in 1988

Isotope T arget 
material Reaction Bombarding

energy
(MeV)

T arget 
thickness
(я/cm2)

Yield
(mCi/iMh)

67Ga 67Zn(9U) 67Zn(p,n)67Ga 14 0,25 1,3

U1ln 1 U Cd(954) 11XCd(p,n)1 U In 15 0,35 1,5

123I 123Te(71%) 123Te(p,n)123I 15 0,25 2,0

To meet the future demand of our medical partners, s e ­
veral new r a d i o i s o t o p  p r o d u c t i o n  me t h o d  were (and are) e l a b o r a ­
ted in the c y c l o t r o n  l a b o r a t o r y  during this period.

We s t a r t e d  the p r e l i m i n a r y  e x p e r i m e n t s  to get 201T1 
u sing mercury g a s  target and two s h o r t - l i v e d  p o s i t r o n  emitter 
r a d i oisotopes ( X1C, 18F ). The e x p e r i m e n t s  for p r o ducing the 
PET isotopes are carried o u t  in c o l l a b o r a t i o n  with the B i o m e d i ­
cal Cyclotron Lab., M e d .U n i v . School of Debrecen and the Central 
Ins t i t u t e  of N u c l .R e s .R o s s e n d o r f , GDR.
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VACUUM EFFECT ON ETCH INDUCTION TIME AND REGISTRATION SENSITIVITY OF POLYMER TRACK DETECTORS

I. Csige, I. Hunyadi, G. Somogyi and M. Fujii*
* Institute of Space and Astronauti ca 1 Science 3-1-1 Yoshinodai, Sagamihara, 229 Japan

The vacuum effect on the etch induction time and track etch rate ratio of plastic track detectors were studied systematically with Cf-252 alpha particles of different energies. The growth of alpha track diameter vs. etching time was studied. The etch induction time 
was determined from the intersection of the etching time axis with the line of the best linear fit to the measured diameters. The etch 
rate ratio was determined from the slope of this line.

The results of that work were published in two papers [1,23 and 
are summarized here.1) If the irradiation of samples was performed in normal aii 
neither pre- nor 1 post-irradiation storage time in vacuum could make 
a change in sensitivity.
, 2) The track etch rate 

ratio decreased drastically 
when the detectors were irradiated and kept in vacuum 
for a few hours before and 
for a few minutes after the 
i rradiation.

Fig. 1 shows how the etch- 
pit diameter of 6.1 MeV 
alphas grows vs. etching time 
for different outgassing times before irradiation. It 
seems that in the first two hours the etch rate ratio 
remained practically the same and only the induction time 
increased. Then both changed drastically and after three 
hours outgassing the effect 
went into saturation.

Fig. 4« Alpha diameter vs. etching time.

3) It seems that the ratio of (Etch Rate Ratio-1 in vacuum / Etch 
Rate Ratio-1 in air) and the ratio (Etch Ind. Time in vacuum / Etch Ind. Time in air) do not depend on alpha particle energy.A) After a few hours pre-iг rad i ation outgassing and irradiation 
in vacuum, original registration sensitivity could be recovered by 
an immediate supply of air after the particle incidence.5) If the post-irradiation vacuum time was longer than a few 
minutes the decreased sensitivity could not be recovered even in a 
pure oxygen atmosphere of high pressure.6) Practically no change in response is observable if the pre- 
irradiation storage time in vacuum is not longer than a few minutes. 
This is important in those experiment, where calibration must be 
made in vacuum, but we need to know the response in air.

REFERENCES
[13 Fujii M. , Csige 1. and Somogyi G. (1987), Proc. 20th Int. Conf. 
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DEVELOPMENT OF A LOW POWER X-RAY TUBE EXCITATION
SYSTEM FOR XRF ANALYSIS 

M.Kis-Varga, G.Kalinka, P.Kovács, G.Pinter

A flexible tube excitation-detection system has been 
developed for energy dispersive X-ray fluorescence analysis. 
The excitation is based on a low power X-ray tube type BH-1 
having five changeable transmission anodes: Fe, Cu, Ge, Mo and 
Ag. After building a tube stand for BH-1 and performing the 
optimization measurements Cl), the arrangement shown in Fig.l. 
was constructed.

In order to achieve close detector-sample geometry a 
detector cryostat with 20 mm diameter end cap ( Be window 
thickness: 25 pm) tilted at an angle of 45° was manufactured. 
The energy resolution of the detector for the Mn Ka line is 
160 eV < sensitive area: 30 mm2, thickness: 4 mm).

The evacuable sample chamber is made of stainless steel 
covered by 4N aluminium inside. The X-ray tube stand is 
oriented to the sample surface also at 45°. The tube stand 
includes a high voltage transformer, a protecting resistor, a 
high voltage plug-in, a revolving magnetic anode positioning 
mechanism, a revolving filter- and collimator plate. The 
spectral distribution of the excitation beam can be altered by 
simple turning the anode- and filter plates to the required 
position.

The maximum output power of the tube is 5 Watts: U(max)= 
50 kV and I<max)=200 pA. To power the tube a small size X-ray 
generator was constructed. The high voltage can be regulated 
from 0 to 50 kV in 5 kV steps and continually, and the setting 
range for tube current is 0 to 200 pA.

Experiments show that this tube excitation system gives 
lower detection limits for elements Z<30 than the radioisotope 
( Fe-55, 1-125 and Am-241) excitation does. As an example the
pure element yields of Si, S and Ti are shown in Fig. 2. for 
Fe-55 isotope- and Fe anode tube excitation measured in 
atmosphere and in vacuum. The superiority of tube excitation 
is obvious in this energy region.

To improve the sensitivity below Z=15 the 25 pm Be window 
of the detector will be replaced with a thinner one.

Reference
(1) M.Kis-Varga, Isotopenpraxis 24, 11/12 <1988) 435.
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Fig. 2

The scheme of the excitation-detection arrangement.

Pure element yields of Fe-55 isotope and Fe-anode tube 
excitation.

79



BESSEL-BOX TYPE LENS FOR ESCA SPECTROMETER
К. TöKcsi, I. Cserny, D. Varga

In ESCA spectrometers an electrostatic lens system is 
placed usually between tlie sample and the electron energy 
analyzer for the transport and retardation of the electrons to 
be analyzed (see e. g. [1,2,3])

In connection with a lens system to be developed for a 
hemispherical analyzer, the applicability of a Bessel-box type 
lens as an element for electron transport and retardation has 
been investigated. The Bessel-box is a cylindrical type lens 
having coaxial discs at the ends (Fig. 1). In the calculations 
we neglected the influence of the small (entrance and exit) 
holes at the endings.

Preliminary results of the 
calculations are shown in Figs. 2-3.
Figure 2 shows some trajectories of 
identical energy electrons with 0° 
degree entrance angle and with 
different distance from the lens 
axis, in the case of the transport 
lens (V3/Vi=i). It can be seen that 
at small distances (r/R<0.1) a 
parallel beam input is transformed 
to a parallel beam output, if 
V2/Vi = 0. 01172.
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Fig. 2 Calculated trajectories of identical energy
electrons with 0° degree entrance angle and with 
different entrance distance from the lens axis 
(V3/V1 = 1, V2/V 1 = 0. 01172, L/R= 3).
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Using a Bessel-box as retarding lens and (e.g. for r/R=0.1) 
requiring -the case of a parallel beam input, the
electrons should be focused in a point being at a given 
distance from the end of lens, the focusing voltage (V2) will 
be dependent on the retardation, as it is shown in Fig. 3.

Bessel-box (L=2R)

Fig 3 Calculated functions describing the dependence 
of the V2/V1 potential ratio on V3/V1, when the 
focal point is at a given position from the end of 
the lens (xl) in the case of a parallel electron 
beam input
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Rb-Sr DATING ÖF ALPINE EFFECTS IN THE SOPRON CRYSTALLINE
A. Kovách and E. Svingor

The polymetamorphic crystalline complex of the Sopron Moun­
tains represents the easternmost occurrence of the Austroalpine 
crystalline basement at the surface. Its main mass consists of 
various aci,dic orthogneisses including leucocratic varieties of 
probably volcanoclastic origin as well as biotitic metagranites 
on the one hand, and high grade metapelitic rocks on the other
[1] [2]. Both suites bear signs of a typical polymetamorphic 
development including effects both of Herzynian and Alpine char­
acter in general. Based on petrographical studies, a multistage 
metamorphic development scheme has been compiled [1], the exact 
timing of the individual metamorphic events, however, still re­
mained indeterminate.

Earlier whole-rock Rb-Sr dating work carried out by the 
present authors [3] pointed to the presence of a Late Herzynian 
effect at about 290 Ma in both the parametamorphic and ortho- 
metamorphic parts of the complex. This result having been ob­
tained on small samples of hand specimen size could be inter­
preted essentially as a cooling age, i.e. as an age marking the 
thermal decline of the (andalusite-sillimanite grade) Late 
Herzynian metamorphic event. In order to check the validity of 
this interpretation, as well as to obtain information on the 
timing of further metamorphic events of Alpine age in general, 
new mineral age determinations have been carried out on dif­
ferent micas (muscovites and biotites) from two localities in 
the orthometarnorphic suite, representing the type localities of 
the fine-grained leucocratic gneisses (Sopronbánfalva quarry) 
and biotitic metagranites (Várisi quarry) respectively.

Petrographical studies [1][2] pointed to the presence of at 
least two generations of white micas in the orthometamorphic 
suite, differing markedly in their grain sizes. In the course 
of the present measurements, three determinations have been car­
ried out on fine-grained phengitic micas (80-160 ym), nine min­
eral samples represented the coarse fraction of the white mica 
separates (315-630 ym grain size). From the crystallographic 
point of view no difference could be ascertained, all samples 
belonged to the 2MX polytype.

The model ages of the coarse grained samples scatter between 
the limiting values of 205+7 Ma and 281+7 Ma respectively, and 
clearly point to the "mixed age" character of the individual 
age values. The coincidence, however, of the upper age limit 
with the total rock isochron ages of the orthometamorphic suite 
makes it highly probable, that this model age represents the 
true cooling age of the Herzynian component of the composite 
muscovite assemblage, and supports the previous interpretation 
of the total rock isochron ages determined in a previous work.

The three fine-grained samples yielded model ages of 90+4; 
93+4 and 98+5 Ma respectively, with a weighted average of 93+3 
Ma. The reality of this model age as a true age is supported by
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the fact, that in one of the cases a well-defined mineral iso­
chron age of 92+4 Ma was obtained by using a feldspar separate 
(consisting mainly of newly formed albite) besides the respec­
tive total rock sample in defining the isochrone. Based on this 
correspondence, we feel justified to interpret this age as de­
fining the age of the Early Alpine metamorphic event during which 
the young generation of muscovitic micas has been developed.

The five biotite samples taken from the Várisi quarry yield+ 
ed model ages (referred to the respective total rock samples) 
of 44+3; 41+2; 41+2 46+3 and 55+4 Ma respectively, in good ac­
cordance with the biotite ages of 46+2 and 49+2 Ma determined 
in a previous work [3]. The scatter of the model ages exceeding 
the analytical errors might be connected with the regeneration 
of previously existing dark micas in the individual samples, in 
spite of this slight scatter, however, the results point to the 
fact, that the regional emergence of the crystalline mass oc­
curred during the Eocene. This conclusion is in accordance with 
the fact, that during the Ottnangian the crystalline served al­
ready as an erosional surface.
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GEOCHRONOLOGICAL STUDIES WITH THE К/Ar METHOD 
К. Balogh, E. Árva-Sós, Z. Pécskay

In 1988 a number of publications dealing with chyopologi- 
cal problems of magmatic rocks from different regions Appeared; 
these are based on results obtained ip previous years.

A summarizing paper appeared on the chronology of post- ■ 
-Sarmatian basaltic volcanism in Hungary [1], this is a joint 
work with the Hungarian Geological institute, Budapest. K/Ar 
dating of Pliocene basalts has been used for unveiling the evo­
lution history of the Tapolca-basin [2] (Cooperation: Kossuth 
Univ., Debrecen). In the course of dating Mesozoic magmatism 
results bn gabbrp§j from the Bódva-valley and Bükk Mts. ON. Hun­
gary) apd on magmatic rocks of different chemical composition 
ppd reláted partly to iron ore mineralization have been pub­
lished [3] (Coop.: Hung. Geol. Inst., Budapest). Results of ex­
tensive studies on Miocene volcanic activity in the Tokaj Mts. 
É4] (\Coop. : Kossuth Uniy. , Debrecen) and in the Great Hungarian 
plain [5] (Coop.: Kossuth Urjiv., Debrecen), have been appeared 
poo. In a cooperation with the Institute of Geology and Geo­
physics, Bucharest, the age' of volcanic rocks in the Harghita 
Mts. (Romania) has been determined [6].

In 1988 we continued the study of Miocene volcanic areas, 
namely the Great Hungarian Plain (Coop.: Hydrocarbon Exploring 
Company, Szolnok; Kossuth Univ^,, Debrecen) and around the town 
of Várpalota (Coop.: Hung. Geo|tv Inst. , Budapest). Mesozoic 
rocks have been dated from the'territory of the Transdamibian 
Middle Mts. (Coop.: Eötvös Univ., Budapest), from boreholes 
among the rivers Danube and Tisza (Coop.: József Univ., Szeged) 
and from the southern foreground of the Mecsek Mts. (Coop.:
Hung. Geol. Inst., Budapest). Clay minerals haye been dated 
from the basement of the Little Plain and Dráva-basin and de­
monstrated that <2ymclay minerals are suitable for dating sec­
ondary effects and to locate areas free of secondary effects 
(Coop.: Geochem. Res. Lab. of Hung. Acad. Sei., Budapest). Work 
-continued on dating the manganese ore mineralization at Urkut 
(Coop.: József Univ., Szeged).

In cooperation with Hungarian geological expeditions work­
ing abroad,dating continued on Mesozoic rocks from Cuba and the 
reliability of 8-11 Ma'ages of basalts from Vietnam, which are 
related to the bauxitization, has been proved.

In the frame of international, cooperation results on Mib- 
c^ne-Pliocene basalts from Austria (Burgenland) have been sub­
mitted for publication (Coop.: Univ.> Wien; Geol. Bundesanstalt, 
Wien; Hung. Geol. Inst., Budapest), continued dating of Pliocene- 
-Pleistocene basalt lavas from Armenia (Coop.: Geochron.Lab.
Arm. Acad. Sei., Jereván) and experimental-theoretical stüdifefe 
started for checking the reliability of K/Ar ages obtained Ón 
young basalt samples (Coop.: Geol. Ust. D. Stura, Bratislava; 
Hung. Geol. Inst., Budapest).
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1 в 1 Б 18COMPUTER CONTROLLED H О-С О EXCHANGE SET-UP FOR <$ О2 2
ASSAY OF NATURAL WATERS

E. Hertelendi, S. Fekete, M. Gyorffi, S. Mészáros, J. Kiss
1 8An equipment for computer controlled б о analysis of 

water samples is described. It is based on a common principle 
of equilibrating the water samples with C02 gas [1] the isoto - 
pic composition of which is then analysed in the mass spectro­
meter. The handling time is reduced to about 10 min/sample by 
operating several samples in parallel and by pumping the air 
from the equilibration vessels through capillary tubes [2] with­
out freezing down the water samples. The capillaries control 
the loss of water vapour and pneumatically actuated soft-sealed 
valves prevent mixing between the samples. The vessels are shak­
en during pumping and equilibration.

The set-up is air termostated at 25 °C. Water vapour is 
freezed out in a specially designed variable temperature cooling 
trap. Pressure is controlled by a solid state pressure trans­
ducer .

The whole preparation procedure (performed on 9+1 samples) 
needs about 4 hours.

The standard reproducibility of sample preparation is 
about 0.1$o and the process is not very sensitive to precision 
of preparation work and reaction conditions except temperature.

18 16Block diagram of H2 0-C 0 2 equilibration system
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RADON SURVEY IN DWELLINGS IN HUNGARY
G. Somogyi, I. Niki«, I. Csige and I. Hunyadi

« "Frederic Jo 1iot-Curie" National Research Institute for Radiobiology and Radiohygiene, Budapest

We have carried out a country wide radon+daughteгs survey in Hungary during the period 1985 Feb.-1987 Jul. 122 dwellings were 
investigated, each at a meteorological station. In each dwellings 
10 measurements were carried out, the exposure time was a quarter of a year.

The radon activity concentration was measured with Kodak-Pathe LR-115-II type solid state nuclear track detector. We have used the cup technique with an internal detector foil and with a 50 pm 
thick polyethylene covering foil on the cup to keep out the thoron from the internal detector. An external detector foil was also 
vised to estimate the activity concentration of daughters. The mea­suring device was calibrated experimentally in a well defined radon+daughters field.

The Fig. 1. shows the indoor radon activity concentrations mea­
sured in the houses of 122 meteorological stations (2.5 year aver-

Assuming an average 0.5 equilibrium factor and an 0.8 occupancy 
factor we have estimated the annual effective dose equivalent due 
to radon+daughters according to UNSCEAR 1982 and 1CRP-50. The 122 
dwellings were divided into groups according to building 
materials. The results are presented in Table 1.

BUILDING MATERIALS mSv/year/person UNSCEAR (1982) ICRP-50

ALL THE 122 HOUSES 1.3 2. 2
ADOBE HOUSES 2. 1 3 . 5

ALL THE BRICK HOUSES 1. 1 1.8
BRICK GROUND FLOOR 1.2 2.0
HOUSES FIRST FLOOR 0.7 1.2

Table I. The annual effective dose equivalent
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RADÜN PROFILE IN A 270 M DEEP WELL : TRANSPORT VELOCITY
MEASUREMENTS

J. Hakl, L. Lenart* and G. Somogyi
Technical University for Heavy Industry, H-3515, Miskolc
Recently the use of plastic track detectors within a defined 

air volume has become the most reliable procedure for time 
integrated, long term measurement of radon activity concentra­
tions under different environmental conditions. For a better 
understanding of the role of external factors, which can 
significantly influence the transport of radon in water, we have 
been investigating, for three years, the change of radon content in 
a deep we 11.

The well is located at the University Campus of Miskolc in a 
limestonic area. It was completed with an iron tube casing 270 m 
length and 30 cm in diameter and screened only at the bottom. The 
water in the well is stagnant.

Assuming that under steady-state conditions a radon concen­
tration gradient exist only in the vertical direction, the 
transport inside the water column, neglecting local radon pro­
duction and diffusion, is governed by the differential equation:

where c „ (z ) is the radon concentration in water at depth z, v(z) 
is the upward transport velocity and A. is the decay constant of 
radon. (1) yields for the track density:

where in F(z) are included all the correction factors for 
registration efficiency and radon partition for water-air phases, 
S (z) is the measured track density at depth z.

For the period of observation the shapes of radon distribu­
tions obtained were similar to the curve shown in Fig.l. After 
performing the transformation (2) it is clearly seen that the 
radon content gradually decreases with increasing distance from 
the bottom of the well. Data can be well fitted with a power type 
function f=a#zb .

Fig.2. shows the result of such a calculation. Vc is an 
integration constant, the value of which can> be determined from 
the boundary condition at the top of the well. In our case it was 
estimated from the upper three points and the obtained values are 
in the range 0.05-0.25 m/h.

The observed high transport velocities can be interpreted by 
thermal gradient induced convectional mixing of water.

4 (v(z)c (z))-Ac (z)=0 dz' w w (l)

l n ( F ( z ) - p ( o )  ) :  /  v ( z ) ( Ä d d z Z ) ) d z  ( 2 )0
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Fig. 1. A typical radon
profile and the corresponding 
transformed curve

Fig. 2. Upward velocity vs. 
depth calculated for different 
vc values.
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AN XPS STUDY OF THE SURFACE COMPOSITION OF URBAN AEROSOLS FRACTIONIZED BY THEIR SIZES BY THE HELP OF CASCADE IMPACTORS

J. Tóth, L. Kövér

During 1988 the XPS investigations of sise fraetioni sed 
(0.5-lp, 1-2ц, 2-4(л, 4-8|л, 8 — 18jjl) aerosol particles' surfaces
were continued to increase the selectivity of our sampling 
method [1], This year there was an important step in monitoring 
only the particles' surfaces without the adsorption of gas 
pollutants on the surface of the sampler. For this ai«) teflon 
proved to be a useful material because of the low level of 
surface contamination and chemical interactions between the 
sampler and aerosol particles' surfaces. The photoelectron 
lines of teflon do not overlap the roost important lines of S, 
N, C, which are interesting from the point of view of this 
study giving an other advantage of teflon sampler.

Not only teflon, but metallic Cu was used for sampling as 
well. As different sampling speed iropactors were used, it was 
possible to see whether was any difference between the 
compounds developed on Cu surfaces exposed to high (10® 1/roin) 
or low (10 1/roin) air flux [2]. The sampling time was the same 
in both cases. The coverage of the surfaces of the samplers by
aerosol particles was negligible, because in the case of the
high speed sampling the particles were reflected by the hard 
surface of the sampler, while in the case of low speed sampling 
at the 4-8|i and 8-18|j sise particle fractions the number of 
particles were vei'y small.

To show correlation between the nitrogen and the carbon
content of surface layers of aerosol particles, the N Is and
C Is photoelectron spectra have been measured. It is easier by 
the help of teflon samplers than with metal samplers, because 
the binding energy of C Is peak, which is coming from the 
carbon content of soot particles, is different from the C Is of 
teflon. In the case of metallic samplers, the C Is peaks coming 
from CO2 (or CO) and hydrocarbons adsorbed, for example, on 
the surface of metallic Cu overlap very strongly. The 
separation of them from the peaks originating from the soot 
particles, even with decomposition of peaks, is very 
questionable not using monochromatic X-ray excitation for the 
XPS measurements.

From the XPS data there are some interesting results [2] 
depending on the particles sizes and seasonal changes, which 
show that on the surface of airborne soot particles the sulfur 
is in the form of sulfate and the nitrogen is in the form of so 
called N.\ (binding energy about 400 eV) .

Presently, from the point of view of the selectivity of 
monitoring sulfur compounds, a new series of measurements is in 
progress. By the help of metallic Cu and Ni samplers
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difference can be made between the chemisorption of H2S and SO2 assuming that the modifications caused by other sulfur 
compounds in the energy regions of sulfur peaks of the XPS 
spectrum are negligible. In the new measurements the teflon 
samplers are going to be used.

The motivation of using XPS is strong enough because this is 
almost, the only method to show directly the chemical compounds 
of aerosols surface. This way information about "dry" acidic 
deposition can be obtained without using wet methods in 
studying the acidity of aerosols.

By the help of cascade impactors you can collect samples in 
a few hours, so you can get time versus information. If you 
choose the time region representatively as a function of the 
part of the day, you can make difference between the local 
environmental pollution and the global one, this way you can 
get information about the origin of the pollution.
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STUDY OF TOXIC HEAVY METAL CONCENTRATIONS IN HUMAN HAIR
AND TISSUES*.

J. Bacsó, В. Dezső1, G. Lusztig2, I. Szigeti2, I. Uzonyi
1 Inst. of Pathology, Med. High School,Debrecen, Hungary
2 Inst, of Pathology, County Council Hospital Hollós 
József, Kecskemét, Hungary

Motor traffic, burning of fossil fuel, use of 
chemicals in agriculture and housekeeping, discharges 
from metallurgical plants, etc are causing strong 
environmental pollution, contaminating soil, water, air 
and, in biosphere itself, the human body, too. The toxic 
heavy metals infiltrate into hair and tissues. The 
figures of hair analyses according to their clinical 
usefulness are inconsistent.Therefore it is important to 
investigate whether the toxic metal concentration
measured in hair could monitor intrinsic body burdens. 
For this purpose a Co-ordinated Research Programme was 
organized by the International Atomic Energy Agency.

Hair, brain, lung, liver, kidney and bone samples were 
collected from forty to sixty years old deceased men at 
autopsy. The selection of population to be included, the 
method and handling of samples are prescribed by a 
PROTOCOL FOR AUTOPSY STUDIES.

Samples were collected from 56 men, and prepared for 
measurement: dryed, ground, homogenized and pressed into 
pellets. The elemental concentrations were determined by 
XRF technique. The concentration of P, S, Cl, K, Ca, Mn, 
Fe, Br, Rb, Sr was determined beside that of As, Cd, Cu, 
Hg, Se and Zn done at the request of IAEA

Investigating the plot of elemental concentration in 
tissues, as a function of elemental concentration in hair 
for the same element, Csee Fig. 1) made it possible to 
study the probable form of concentration distribution in 
tissues, depending on taking place of the sampling time 
to duration of exposition (see Fig.2> III.
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Fig. 1. Flots of elemental concentration in tissue as a 

function of concentration in hair.
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Fig.2. The expected distributions of toxic heavy metal 
concentration measured in tissues and hair 
depending on sampling compared to exposition time.
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INVESTIGATION OF MINERAL CONCENTRATIONS, MECHANICAL AND
BIO-CHEMICAL PARAMETERS IN RAT HAIR AND BONE, AND 

CORRELATIONS BETWEEN THEM.
J. Bacsó1, I.Uzonyi1, A. V. Bakul in2, A . S . Rachmanov2 and 
V.S.Oganov2
‘Inst, of Nucl. Res. of the Hung. Acad, of Sei. (ATOMKI) 
Debrecen, HUNGARY,
2Institute of Biomedical Problems CIBMP), Moscow, USSR.

Ischaemic heart disease, cerebral haemorrhage, 
osteoporosis in postmenopausal women, etc. are thought to 
be in connection with Ca imbalance. The bone loss 
(demineralization of bone) of astronauts in micro gravity 
is also believed to be brought on by Ca metabolic 
disorders caused by inactivity (weightlessness). The 
diagnosis of Ca imbalance before manifestation' of its 
aftermath, and the prevention of diseases, if it is pos­
sible, is important according to health state of society 
and long period space flight, respectively.

Experiment was conducted in different groups: (hypo- 
dinamia=H), and (vivarium contr.=V) of white Vistar rats 
for different times.- Investigation of drug treatment of 
animals was carried out with ipriflavon (I) and placebo 
(P). 7-10 animals in every group were decapitated at the
end of experiment. The sign of groups are: basic control 
(BC); hypodynamia 40 days ipriflavon treatment (H40I), 
etc. the second number in sign marks the readaptation 
period. The hair samples were cut from the backside of 
animals near to skin. Proximal metaphysis of tibia was 
separated for determination of mineral content in bone. 
The samples were pressed into pellets for determination 
of concentration of elements: P, S, Cl, K, Ca, Fe, Cu, 
Zn, Br, and Pb by XRF method. Regression between the 
elements in different tissues was investigated(1). 
Regressions for hair-Ca (H-Ca) and bone-Ca (В-Ca) and (B- 
Ca)-(B-P) are shown in Fig.l.

Some biochemical parameters in bone and blood, and 
mechanical parameters in bone were determined in I BMP. 
The mechanical parameters were determined by compression 
method<2). The stress-strain curves observed, were used 
for calculating elastic strength (o'!), ultimate
strength (<r2) , relative strain o-j/oz =€ , Young's modulus 
(E) and specific work of elastic strain (a). Fig. 2 shows 
the mechanical parameters of bone in function of H-Ca and 
B—Ca.

□ur results demonstrate that the Ca metabolic rate of 
bone in rats can be investigated (characterized) by 
measurement of Ca in hair.

References:
Cl] Presented at the Meeting of Working Groups of 
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Fig. 1.: Regression line for Ca concentration in hair 
and bone, as well as for Ca and P in bone.

Fig. 2.: Mechanical parameters as a function of Ca 
concentration in hair and bone.
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A P P L I C A T I O N S  OF FAST NEUTRON SOURCES BASED ON THE
MGC-20 CYCLOTRON

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

One of the projects at the MGC-20 cyclotron is the de v e l o p m e n t  
and a pplication of intense fast neutron sources for i n t e r d i s ­
ciplinary and practical purposes. Based upon our p (18 MeV)+Be 
and d (10 MeV) + Be intense fast neutron sources [1], the following 
programs have been in progress in our laboratory:

24 27 24a) p r oduction of carrier-free Na isotope by the Al(n,a) Na 
reaction for investigation of w a t e r - t r a n s p o r t  in healthy and 
diseased oak (quercus peraea) trees for e cological [2] and,
in the case of tomato p l ants,for a g r i c ultural p u r p o s e s  [3]
b) irradiations of grains of onions and c a psicums for s t i m u l a ­
tion and mutation breeding purposes [3]
c) irradiations of cultures of mam m a l i a n  cells and tissues for 
basic r a d i o b i o l o g i c a l  studies and to e s tablish the techniques 
of b i ological dosimetry of mixed n - y  fields at our cyclotron 
neutron sources [4]
d) elabor a t i o n  and adaptation of methods capable of d e t e r m i n a ­
tion of fast neutron spectra and d ose-rates at the i rradiation 
positions and in the samples.
The ne c e s s a r y  information on spectral d i s t r i b u t i o n s  of fast n e ­
utrons above En =l MeV was gained by m u l tifoil a c t i v a t i o n  and a 
spectrum u n f olding technique [5]. One of the u n f o l d e d  spectra 
is shown in Fig. 1 .
The separate neutron and gamma dose- r a t e s  and their spatial 
distr i b u t i o n s  were measured mainly by the usual twin ionization 
chamber method. A TE-TE (tissue e quivalent chamber flowed by 
tissue e q uivalent gas) and a Mg-Ar chamber were used in the 
biomedical investigations. A pair of C H - e q u i v a l e n t  C H - C 2H 2 and 
Mg-Ar chambers r ecommended by the IAEA was used for a g r o b i o l o ­
gical irradiations. Profiles and depth dose d i s t r i b u t i o n s  of 
c o llimated beams were measu r e d  in water phantom also by solid 
state nuclear track detectors (SSNTD-s) [6].

+Biomed. Cycl. Lab., Med. Univ. School of Debrecen, 
Nagyerdei krt. 98., Debrecen, Hungary, H-4012
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Fig.l. Unfolded zero degree spectral d i s t r i b u t i o n  of neutrons 
from the Be+p(18 MeV) r e actions at a d i s t a n c e  of 2 3 c m  from the 
target.
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RADIOCHEMICAL SEPARATION OF CYCLOTRON ISOTOPES 
FOR INTERMEDIER PRODUCTION
Z. Kovács, P. Mikecz, Gy. Tóth+

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 67GaCl3 from 67Zn
All the irradiations were carried out on the vertical bean- 

-line [1]. 300 mg/cm2 thick enriched 67Zn target was prepared 
by electrodeposition on a Ni plated Cu backing and compressed 
with 750 MPa to resist high current (up to 50 yA ) irradiaton.

The 67GaCl3 was separated from 67Zn by using cation ex­
change. The 67Zn was dissolved in cc. HCl 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 (Fig.l.). 
This solution was analysed for traces of Fe, Zn, Cu, Ni and 
found to be pure for labelling for human and biological appli­
cation [2]. The 67Ga-citrate radiopharmacon has been pro­
duced and used in patients routinely for several months.

Production of Na 123i from 123TeQ2
400 mg/cm2 thick target was prepared by melting 123Te02 

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 ̂ ГеОг 
and after 30 seconds was allowed to cool down (Fig.2.). 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 [3] as o-Iodo-Hippuric Acid for kidney 
imaging and 123i Heptadecanoic Acid for myocardial imaging.

Production of 111InCl3 from xllCd
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 lxlCd 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 llxCd and interfering radioiso­
topes.

+ Biomed. Cycl. Lab., Med. Univ. School of Debrecen, 
Nagyerdei krt. 98, Debrecen, Hungary, H-4012
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The radioindium was reextracted into injection water. After 
evaporation the dry residue was picked up in 0,05 M HCl which 
is ready for labelling after sterile filtration.

Production of other radioisotopes
The cyclotron is suitable for production of positron emit­

ters, like 1®F, X1C, 13N and 150. Technological development has 
been begun for production of these isotopes. For example, exper­
iments have been done for production of КН^СОз in order to in­
vestigate the carboxylation process of propionyl-Co-A in the 
methylmalonyl-Co-A synthesis. Several experiments for the syn­
thesis of 18FDG production have also been carried out.
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Fig.2. Temperature and time 
dependence of evaporation of 
radioiodine from ^ 23ТеОг

Fig.l. Separation of 
67GaCl 3 from enriched 
67Zn target.
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BORON AND NITROGEN SIMULTANEOUS DETERMINATION 
IN PLANT TISSUES BY NUCLEAR TRACK TECHNIQUE

I. Hunyadi, G. Somogyi, F. Körösi*, L. András**

p 1 ant t i s sues 
соr respond ing 
of two on the

Nuclear track technique for boron determination via 
10B(n,oc)7Li thermal neutron induced nuclear reaction has been 
elaborated in the early 80s in the ATOMKI using polycarbon­
ate as an alpha detector and it has been successfully applied 
to study passive boron transport processes in plant tissues 
С1]. When the proton sensitive CR-39 has became available we 
have made efforts to overcome serious methodical difficulties 
in nitrogen determination by using the 14N(n,p)14C reaction 
at thermal energies. Having revealed the source of disturbing 
background tracks induced in the bulk of detector by neutrons 
[2], the most favourable experimental conditions (irradiation 
arrangement, sample preparation, detector processing) have 
been specified.

The simultaneous boron and nitrogen determination is based 
on the favourable condition, that the alpha particle and 
proton yields induced on ,0B and l4N content of 
are in the same order and the diameters of the 
alpha and proton tracks differ by a factor 
CR-39 detector surface after a proper etching. Preliminary 
results were obtained on simultaneous determination of boron 
and nitrogen distribution of plant tissues with microradio- 
graphic method using MA-ND/p (Hungarian made CR-39) detector.

.--------------------------------------- - Qne of them is
shown in the fig­
ure. The average 
alpha and proton 
track densities 
are presented as a 
function of boron 
and nitrogen con­
centration of the 
nutrient solution 
which served to 
supply the onions 
seven days prior 
to the tissue 
preparation. The 
irradiation was 
performed in the 
thermal neutron
channel of the nu­
clear reactor in 
Budapest.

, Naj2er M . , Mádi I.:
'(1982) 418
,Hunyadi I.,Freyer K..Treutler H.C. 
12, Nos 1-6, pp. 949-952, 1986.
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В and N concentrations
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THE ANALITICAL APPLICATION ОГ CHARGED PARTICLE INDUCED
X-RAY EMISSION METHOD

I. Borbé ly-K iss, E. K o ltay, Gy. Szabó

Aerosol research

Regular sam pling has been continued in  co llabo ra tion  w ith  C entra l 
In s titu te  of A tm ospheric Physics. Samples o f atmospheric aerosol partic les 
collected in ru ra l sites o f Hungary were analysed, up to  21 elements, by P IX E  
method. Selenium and vanadium  related concentra tion data fo r selected trace  
elements sometimes used as elemental tracers in  characteris ing regional aerosols 
were deduced and compared w ith  data from  lite ra tu re . Conclusions were drawn 
from  these elemental ra tios on the character and effect o f regional aerosols [ l ] ,  
12).

Food industry

The u ltra filte re d  lac ta lbum in  concentrate as a d d itive  is w idely used by 
the food in d u s tria l technologies in order to  increase the pro te in  content o f 
foodstuffs. The aim  of these investigations was to  measure the com position 
o f concentrated lacta lbum in  powder w ithou t and w ith  Fe + + by P IX E  m ethod 
and the effect o f gamma rad ia tion  on these samples by ESR, therm o-and  
chemoluminescence methods and bv e lectrica l and d ie lec trica l measurements
( 31-

Bio medical research

P IX E  analysis (w ith  d ifferent bom barding proton energies) has been 
performed on biomedical samples in order to  find  op tim um  e xc ita tio n  cond itions 
fo r improved sen s itiv ity  lim its  fo r some trace element. Am ong others the case 
o f selenium has been care fu lly  studied due to  an increased in te res t in the ro le  
o f selenium in biomedical processes.

The determ ination of elemental concentra tion in e ry th ro c ite  and plasma 
samples from  patients treated w ith  te lecobalt therapy revealed the effect o f 
irra d ia tio n  on the  iron level in blood plasma. Such an effect predicted in  th e  
lite ra tu re  was found to be ins ign ifican t in the case of the irra d ia tio n  o f sm a ll 
bone marrow' portions in one o f our earlier papers. For the case o f a com bined 
irra d ia tio n  of costal, spinal and coxal m arrow portions in a patient su ffe ring  
in  non-Hodgkin lym phom a (F ig. 1.), measured iron concentra tions are shown 
in plasma and e ry th ro cy te  samples together w ith  haemoglobin, haem atocrit 
and mean corpuscular haemoglobin concentra tion data, as a function  o f to ta l 
tum or dose and actual b io logical effect. V e rtica l dashed line  indicates the  
end of ir ra d ia tio n  period. Fu ll and em pty arrow's correspond to  normal iro n  
concentration values in plasma and ery th rocytes , respective ly. P rom pt and 
prolonged effects are c learly  observable in plasma iron level [4].
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C ACTIVITY AND DISTRIBUTION IN GASEOUS EFFLUENTS FROM 
PAKS PRESSURIZED WATER REACTORS+

E. Hertelendi*, Gy. Uchrin** and P. Ormai***

1I*

We present results of airborne 14C emission measurements 
from the Paks PWR nuclear power plant. Long-term release of 14C 
in the form of carbon dioxide or carbon monoxide and hydrocar­
bons were simultaneously measured. The results of internal gas- 
-proportional and liquid scintillation counting agree well with 
theoretical assessments of 14C releases from pressurized water 
reactors. The mean value of the 1 4C concentration in discharged 
air is 130Bqm^3 and the normalized release is equal to 740GBq/ 
GWe.yr. More than 95% of 1 4C released is in the form of hydro­
carbons, ca.4% is apportioned to carbon dioxide and <1% to 
carbon monoxide (Fig.1.). Tree-ring measurements were also made 
and indicated a minute increase of 1 **С content in the vicinity 
of the nuclear power plant (Fig.2.).

Sampling interval Sampling interval

Fig.l. Weekly average 114C concentrations of discharged
air in 14C0 and 14C H chemical forms.

2 n m
Sampling intervals; unit 1-2: 24.02.-01.06.87, 
unit 3-4: 10.03.-01.06.87.
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Paks I I Debrecen

Fig 2. 1 **С excess in tree rings at Paks NPP and at a
reference point, Debrecen, Hungary
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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 ÚJP (Zbraslav, CSSR) and b.) Al+U made by Nukem GmbH 
(Hanau, FRG). This type of dosimeter was irradiated in free air 
with Am-Ве 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 832- 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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DEVELOPMENT OF AN AUTOMATIC SAMPLE CHANGER EQUIPMENT TO 
SICLI) X-RAY SPECTROMETERS

J. Bacsó, I. Uzonyi
For the time being, in most of the XRF <X-ray fluores­

cence) laboratories the automatization of the entire measure­
ment procedure becomes more and more imperative in order that 
the effectiveness of analytical work and reliability of 
results can be improved further. In order to accomplish a 
computer controlled and all day long operation of our Si(Li) 
X-ray spectrometer without any necessary supervision, an 
automatic sample changer equipment was developed for XRF 
analitical purposes III.

The sample changer (see Fig. 1) can be attached to verti­
cal dipstick X-ray spectrometers, especially to NZ 860 CATOMKI 
-type) I2I in the present form. The samples are placed in 
bores of 13mm diameter on the outer surface of a cylinder—  
shaped and turnable drum made of 5N A1 which is fastened in 
the vacuum chamber in a detachable way (see Fig.1 and Fig.2). 
Simultaneously 50 pellets made from various kinds of biologi­
cal, geological, etc. materials or batches of hair strands can 
be placed in. For the excitation of characteristic X-ray lines 
annular radioisotope sources <e.g. “Fe, 109Cd, ,2SI, “ ‘Am) can be
placed in the vacuum chamber in a generally used, optimized 
geometrical arrangement C31

The electronic unit of the sample changer makes both 
automatic and manual control possible by using the control 
signals of a multichannel analyzer (MCA) (in our lab. CANBERRA 
S 35 Plus is applied) and/or by setting the following switches 
placed on the front panel of this unit: "MCA/LOCAL”: manual 
control selection of MCA; "FORVARD/BACKVARD": selection of a 
clockwise/counter— clockwise turning direction of the sample 
holder drum which means the positioning of samples in 
increasing/ decreasing serial number order; ’’STEP’*: manual 
control of one by one sample changing; "RESET” : system reset 
means that the first sample is set into measurement position. 
In both cases the instantaneous serial sample number (1..50) 
is shown continuously on two of 7 segment LED displays. The 
timing diagram of automatic control with MCA is shown on Fig. 
3. Sample changing is started in the previously set direction 
for the ”SCADV” ("Sample Changer Advance") TTL pulse received 
from the MCA through the J112 External Control connector С4]. 
At the same time the controller sends a busy signal to the MCA 
on the "BSYIN” ("Device Busy In” ) line until the sample 
changing process is completed. For control any MCA can be used 
which can receive and provide the two TTL pulses mentioned 
above.
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~ I  SAMPLE HOLDER DRUM 

ELECTRONIC CONTROLLERД

: « И М Я v a c u u m  c h a m b e r !
VACUUM PUMPING

COVER
Si(Li) ШШШ-----
SPECTROMETER

Fig. 1. Photograph of the sample changer equipment.

Fig. 2. Photograph of the sample 
holder drum filled with bunches 
of hair strands.

CANBERRA S 35 P lu s  J 112 E x te r n a l  Control 
Connector

>1 us

Fig. 3. Timing diagram of the 
automatic sample changing process 
controlled by MCA. Sample changing 
will start for the ’’Sample Changer 
Advance” TTL pulse received from 
the MCA. Spectrum collection can 
start only when BSYIN "Device Busy 
In” signal is at TTL 1 level indi­
cating that the sample changing 
has been finished.
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SOME STEPS TOWARDS AN INCREASED STABILITY 
QUADRUPOLE MASS SPECTROMETER

László Kiss

One of the main direction of the development of quadru- 
pole mass spectrometers is achieving increased peak stability. 
Instabilities of the mass peaks are caused first of all by 
changes in the environmental and internal temperature condi­
tions. This phenomenon is more pronounced in the range of high­
er atomic masses (e.g. 300 or 500 u).

The shape and the stability of the peaks are mainly deter­
mined electrically by the parameters of the RF/DC unit. If 
these parameters depend on the temperature, the peaks of the 
mass spectrum also will change by influence of the temperature.

Some years ago a method was worked out for the tem­
perature-separated measurement of certain parts of the RF/DC 
unit, by which one was able to determine those circuits and com­
ponents which are especially responsible for the temperature 
stability of the RF/DC unit.

In the present article only two significant phases of sta­
bility-improving development are treated in brief.

The iron-powder transformers formerly applied in the tuned 
RF power stage had significant losses at the given RF power le­
vel (at 300 u). These losses resulted in warming up the iron-
-powder core. The increasing temperature caused a mistuning of 
the output resonant circuit which led to further heat genera­
tion. (See figure 1.)

Figure 1. Relative mistuning as a function of temperature 
of iron-powder toroidal core.

We did not intend to apply forced air cooling of the toro­
idal core because low voltage, small-sized ventilators are rath­
er expensive. In addition, the inner part of the RF/DC unit will
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get dirty with the dust carried by the ventilator during its 
operation.

Instead, to avoid losses a high Q air core coil has been 
developed. Its geometrical sizes were optimized by computer 
aid. This "home-made" coil wound onto a light plastic form well 
met our requirements.

The other component in the RF part, which significantly de­
termines the temperature stability of the unit,is the RF volt­
age divider capacitor.

In the previous versions we used low Temperature Coeffi­
cient (TC) tubular ceramic capacitors (e.g. TC= +15-5-ЗОррт/°C) 
for this purpose in well-matched pairs for the sake of good 
temperature stability. However, there is a well-known problem: 
the thermal response of a compensating capacitor will not al­
ways perfectly track the capacitor that is being compensated. 
Because of the mentioned drawbacks we developed an air dielec­
tric double voltage divider capacitor.

During the development we had the primary aim to produce 
the lowest TC high-voltage divider capacitor possible. For the 
plates of the double divider condensator the low TC alloy invar 
(Fe64Ni36, TC= lppm/°C) superior to aluminium, steel, copper 
etc. has been chosen. The distance-holder rings made of quartz 
glass have as very low TC as the invar plates.
(See figure 2.)

common p la te  
to  GND

invar

quartz glass

holder
IS a :С5Ги

3
PCB

Figure 2. Low TC double air dielectric voltage divider 
capacitor.

The mentioned developments and some other changes in the 
RF/DC unit brought significant improvement of the mass peak 
stability. The development of RF/DC unit and other parts of 
quadrupole mass spectrometer is a continuous process and it is 
going on for the moment too.
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VACUUM TREATMENT OF CR-39 FOR THE REDUCTION 
OF BACKGROUND IN NEUTRON INDUCED AUTORADIOGRAPHY

K. Freyer*, H.C. Treutier*. K. Dietze*. I. Hunyadi.
I. Csige, G. Somogyi

The l°B(n,oc)7Li nuclear reaction is commonly used in the 
neutron induced autoradiography performed by solid state 
nuclear track detectors for boron distribution mapping in 
specimens of different sort. The CR-39 track detectors having 
high registration sensitivity and excellent surface quality 
are very suitable for neutron induced autoradiographic 
application but to get good quality alpha track image on the 
detector surface (i.e. high "signal/noise" ratio) a well 
thermal ized neutron beam is required above all. Such
irradiation facilities are operating only in a few big 
institutes, while more or less thermalized neutron sources 
are available in many places. Therefore we have made efforts 
to elaborate a simple and effective method for boron 
concentration and distribution measurement at such
irradiation conditions where the therma1 ization degree of the 
neutron source is not favorable.

Based on previous results obtained from systematic studies 
of the vacuum effect on the detection sensitivity of CR-39 
Cl,2] ioined experiments have been performed to reduce the 
neutron induced background on the autoradiograms. The main 
components of this background are proton tracks originating 
On one hand, from the 14N(n,p)14C thermal neutron induced 
reaction on the nitrogen present in the ambient air and 
diffused into the detector and,on the other hand,from the 
lH(n,n’)p energetic neutron scattering on the hydrogen 
content of the detector materialC31.

Boron doped silicon samples in contact with Hungarian made 
CR-39 detectors (trade mark: MA-ND) were irradiated in air 
and in vacuum ( lkPa) using a special irradiation chamber at 
the Cf-252 fission neutron source of the Central Institute of 
Isotope and Radiation Research in Leipzig С4]. In the case 
when the irradiation was performed in vacuum, 8 hours out- 
gassing was applied prior to and 1 hour after the irradiation 
for stabilizing the effect of vacuum. After a short (1 hour) 
and a longer (3 hours) etching in 6.25M NaOH solution at 70®C 
the track density over the sample ( 9o  ̂ and without sample 
( g6 ) were measured by manual scanning. The
" s i gna 1 /no i se" rat i os , corresponding to ( <J>Q - 5>ß )/( > аге
presented on Figs. 1-2 for neutron irradiation performed 
both in vacuum and air. The numbers above the paired columns 
represent the vacuum data relative to the air ones.

Due to the selective desensitization effect of the properly 
chosen vacuum treatment,the neutron induced proton background 
has been reduced to 0.7-0.3 of that measured in air for the

* Central Institute of Isotope and Radiation Research, 
Leipzig, GDR
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1 h etching 3 h etching

MA-ND/a (1984) MA-ND/a (1987) MA-ND/p (1984)

Figs. 1-2 The "signa1/no i se" ratio in boron determination at 
a Cf-252 fission neutron source obtained with MA-ND 
detectors of different type and production year. The 
left columns refer to the case, when the irradiation was 
performed in vacuum conditions.

most sensitive detectors ( MA-ND/a -87 and MA-ND/p -84), while 
the registration sensitivity of the charged particles from 
the 10 B(n, a ) 7 Li reaction has been suffered only about 20% 
reduction. It can be seen also from the figures that the 
value of the "signa1/noise" ratio and also the effect of the 
vacuum treatment depend on the etching time, too. Further 
experiments are in progress to define the optimal parameter 
values of vacuum treatment and etching.
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ADAPTIVE DIGITAL FILTERING FOR X-RAY SPECTROMETRY
T . Lakatos

An adaptive signal processing system was developed for 
high count rate high resolution spectrometry, which is based 
,on the fully digital filtering of preamplifier output signals. 
The system provides the maximum possible throughput rate at a 
fixed shaping time. In adaptive mode of operation the through­
put rate is much higher than in the case of traditional sys­
tems.

The resolution in amplitude measurements on pulse sign- 
nals from nuclear detectors with respect to noise, high rate 
effects and detector collection time is determined by weigh­
ting function of the whole signal processing system {1}. The 
above holds true for the throughput rate, too.

Our intention was to realise a system with a finite weigh­
ting time interval to eliminate the high rate effects and with 
a weighting function which is symmetrical with respect to the 
time of pulse appearance providing simultaneuosly high resolu­
tion and higher throughput rate than the traditional systems 
give {2}. Theoretical considerations and results of computer 
simulation showed that digital realisation of the aim would be 
expedient {3}. This choice has many advatages. The biggest of 
them is that we can realise the adaptive mode of operation, 
too.

Fig. 1. The Throughput Rate Fig.2. Resolution as a Func­
tion of Input Count Rate
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Having a true step input pulse from the pulsed reset preamp­
lifier, a very useful output response can be realised:

So= (Л -A-< )LWi
Where is the i-th weight Ji is the i-th sample after and A_i 
is the -i-th sample before the pulse arrival.
Applying a finite semi-cusp-like weighting function a high reso­
lution system was developed. If the number of samples is fixed 
the resolution is theoretically independent of the count rate 
because of the finite weighting interval.

Because the So value is independent of the sample number, 
the system is suitable for adaptive operation. If a second 
pulse appears during the shaping time the output word is imme­
diately sent. The minimum adaptive shaping time and the cptimum 
peaking time are set in the same time by the user.

The Fig.l. gives comparison between the measured through­
put rates of the system and the idealised one of the semi-Gauss- 
ian and time-variant filters.

The resolution (measured at 5.9 keV) as a function of the 
input count rate in different modes of operation is given in 
Fig.2.
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A NEW VERSION OF THE COMPUTER PACKAGE "PIXASE"
L. Zolnai, Gy. Szabó

Our computer package for evaluation of PIXE spectrum se­
ries has recently been published [1,2]. Nevertheless some im­
provement has been done compared to the published version for 
the convenience of the users using the possibilities of the 
IBM-PC/AT computers:

a) Now both codes (ASELES and PIXASE) satisfy the strict 
requirements of the standard FORTRAN'77.

b) The maximum number of the pile-up channels has been 
increased to 64(previously it was 32)

c) The code can be optionally augmented with a simple 
graphical output giving possibility of a quick checking 
of the results (see fig. 1.)

ftASELES V3,00(S6) results for spectrunlAS0001.TSH Kelli square: .4,78 Q=2295.5EnC] b  i262,[s]K16-01-1988K09:17:33,47Kt .56##

Scale div. for fci0, for ¥:*10A1 KPress any key to continue...

Fig.l. Example for the graphical output of the results 
of the code ASELEX.
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Communication Software between a Micro PDP-11 Computer and a 
Canberra S35-Plus Multichannel Analyzer 

F. Ditrói, S. Takács

A series of computer codes is developed making possible the data transfer 

between a Canberra S35-Plus M CA and a DEC Micro PDP-11 computer. The 

programs also provide the remote control of the analyzer. The programs contain 

both FORTRAN and M ACRO routines. The speed of data transfer is up to 

19.2 kbaud through RS-422 interfaces. It  is also possible to plot the acquired 

spectra or calculated curves on a digital plotter. The programs run under RSX- 

11M operating system. The transfer time of a 4096 channel spectrum is about 

15 seconds. The transferred spectra can be evaluated either on the semigraphic 

terminal of the TP A  11/440 computer , or on an IBM compatible AT. The Figure 

shows the schematic arrangement of the computer controlled spectrometer facility.

n u c lear
e lectronic

Canberra  
S 35 P lus  MCA

V T -  2 2 0
Micro POPT!

SE -  293 
dig ita l p lo t te r

to T P A  11/41.0 
C o m p u te r  

to IBM AT

[1.] F. Ditrói, S. Takács, Program Package for Micro PDP-11

Computer for Interfacing, Data Transfer and Remote Control of 

a Canberra S35-Plus Multichannel Analyzer, submitted to 

Nucl. Instr. Meth.
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A HORIZONTAL BEAM-LINE FOR PRACTICAL IRR A D I A T I O N S
F. Szelecsényi, F. Tárkányi

The charged particle irradiation is one of the main 
tools for the use of c y c l o t r o n s  on applied fields. For better 
o r g a n i s a t i o n  of the p r e p a r a t i o n s  and i r r a diations, and to r e d u ­
ce the radiation exposure dose of the staff, b e s i d e s  of our 
vertical beam-line a horiz o n t a l  one has also been c o n s t ructed 
for both low and high intensity i r r a d iations [1].

The new b e am-line and the targets are located at 22.5 
at right to the direction of unbended beam after the first 
switching magnet close to the cyclotron. The b e a m - l i n e  
is composed of the usually applied beam f o r m i n g ,d i a g n o s t i c , 
current measuring and vacuumte c h n i c a l  devices in accordance 
with F i g .1.

Fig.l. Horizontal bea m - l i n e  for p r actical a p p l i c a t i o n s
To avoid the h o t -spots on the surface of the target, 

a three- p h a s e  motor stator is used as a charged particle b eam 
rotator, located at 4 m away from the target position. The t a r ­
get holder, the modular elements, the modular frame, the c u r ­
rent mea s u r i n g  devices, the water cooling s y s t e m  are similar to 
ones used at our vertical beam-line. A target supp o r t  table is 
mounted to the b e am-line for external i r r a d i a t i o n s  of special 
targets. The horizontal b e a m-line and the target system are 
operated from a remote ope r a t i n g  console. The s y s t e m  is used 
for irradiations of solid, liquid and gas targ e t s  both in v a ­
cuum and in the air.
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THE NEW CENTRAL GEOMETRY OF THE CYCLOTRON MGC-20
Z. Kormány, I. Szűcs and A. Valek

Beam dynamical study of the third harmonic mode accelera­
tion [1] revealed that the significant intensity loss observed 
in this mode of operation was due to the dee geometry in the 
centre. To improve the third harmonic characteristics of the 
cyclotron, a new central arrangement has been designed and new 
dee inserts (Fig.l) have been manufactured and installed.

Fig. 1. The new central arrangement of the cyclotron
As a result of the modification, the MGC cyclotron produces 

the required alpha beam intensities both in the first and third 
harmonic modes of operation. The current values in Table 1 were 
measured at about 400 W of arc power (2A, 200V) in the ion 
source. The ratio of intensities achieved in the two modes is 
two-three times lower now than that was with the original geo­
metry. As a basic requirement, the good first harmonic features 
of the machine have been preserved as well.

Fig. 2 shows a further advantage of the modified geometry: 
the maximum intensity is achieved at considerably lower dee 
voltage, resulting in more stable work of the RF system. It is 
especially important at frequencies above 22 MHz, where the ob­
tainable dee voltage amplitude begins to drop. Furthermore the 
orbit centering is better in the new geometry, as it is shown 
by the decrease of the required inner harmonic coil currents at 
optimum settings and it yields higher extraction efficiency 
than that was earlier.
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Table 1. Measured alpha beam intensities in the new 
geometry

Mode of operation third first
Energy /MeV/ 5.3 6. 7.4 8.9 10.6 20.
Frequency /MHz/ 17. 18. 20. 22. 24. 11.
Max. external 
beam /wA/ 14. 19. 22.4

+
11.2

+
14. 48.

+ at frequencies above 20 MHz,only pulsed mode can be used

Fig. 2. Internal current vs. dee voltage amplitude 
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CHARGED PARTICLE IRRADIATIONS AT THE CYCLOTRON 
Z. Kormány, I. Szűcs, A. Valek, J. Vámosi

For charged particle irradiations various experimental set- 
-ups have been developed at the cyclotron MGC-20.

The experimental arrangement designed for irradiations 
with elastically scattered particles and/or nuclear reaction 
products from the target is shown in Fig. 1. It is built on the 
basis of a standard vacuum chamber of the beam transport system 
of the cyclotron. Connecting a pipe or a second vacuum chamber 
to its exit hole, the sample can be irradiated in vacuum, re­
placing this with a foil covered exit window,the irradiation 
can be carried out in atmosphere. The beam probe, the diaphragm, 
the target holder and the Faraday cup can be cooled by water.
The system was used to irradiate solid state track detector 
foils with alpha particles, protons and fission fragments.

Fig. 1. The experimental set-up for irradiations with 
secondary particles
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Faraday cup e x i t  window

Fig. 2. The experimental sep-up for irradiations with, 
primary beam

The experimental set-up, used for irradiation of samples 
in air by the cyclotron beam, is shown in Fig. 2. The particles 
come out of the beam tube through a thin steel foil of thickness 
of 0.021 mm. The aperture of the exit window is 35 mm. The beam 
transport system of the cyclotron is set to produce a broad, 
nearly parallel beam and the homogeneity of the intensity dis­
tribution is visually checked on a fluorescence screen in the 
place of the Faraday cup.

During the irradiation the intensity of the particle beam 
is measured by the intensity monitor calibrated with control 
measurements by the vacuumized Faraday cup. Using this set-up 
electronic components were irradiated by protons with various 
flux values in the range of 107-1010 p/cm .s.
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A NEW TYPE OF ELECTROSTATIC ELECTRON ANALYZER
K. Tokési, L. Kövér, D. Varga

Fig. 2 The calculated
electron trajectories 
with 43° entrance 
angled lnthe "boxH-type 
distorted field 
cylindrical mirror electron spectrometer,
□ in the "box" type 
distorted field 
cylindrical mirror 
electron spectrometer having conically shaped 
ends of 45° half angle.
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Different types of electron spectrometers have been 
constructed for atomic and surface physics research in ATOMKI. 
One of them is a "box"-tyre distorted field cylindrical mirror 
electron spectrometer (ESA-13,Fig. 1), the calculated 
parameters of which were presented in earlier papers (1,2).

Some advantageous
properties of this
spectrometer are: modular
construction (more analyzer
modules can be placed along a 
spectrometer axis), the
positions of the electron
source and of the focus are 
outside the spectrometer. This 
geometry, however, contains
still severe limitation
regarding the irradiation of 
the sample, therefore we 
replaced the endings of 
the analyzer by conically shaped electrodes ensuring a better 

accessibility from the point of view of excitation.
The present calculations have been made for a "box"-type 

distorted field cylindrical mirror electron spectrometer with 
similar geometrical parameters (Rg/Rj, L/R* are the same, see 
Fig. 1) as in the case of ESA-13, having conically shaped ends 
of 45° half angle.

Figure 2 shows the calculated electron trajectories in the 
analyzers with 43° degree entrance angle, and the respective 
calculated functions describing the dependence of the focal 
length on the entrance angle of the electrons are shown in 
Fig. 3.

Fig. 1 Schematic diagram of the 
"box"-type distorted 
field cylindrical mirror 
electron spectrometer



í

Fig. 3 The calculated functions describing the dependence 
of the focal length on the entrance angle of the 
electrons at several different spectrometer 
constants (п=и0/Ек1п)

These latter results demonstrate that the modified 
distorted field spectrometer with conical endings has second 
order focusing properties.
References
1. D. Varga, A. Kövér, L. Kövér, and L. Redler, Nucl. 

Instrum. Meth. A236 ( 1985) 393.
2. A. Kövér , D. Varga, E. Szmola, Gy. Mórik, L. Gulyas

K. Tökési, to be published

122

I« 38 38 4 0
a lp h a  (рве)

Q n = 0 . 5 00825  Л  n = 0 .5 78 08830  О » = 0  8



THE OPERATION OF THE VAN DE GRAAFF ACCELERATORS IN 1988
L. Bartha, Á.Z. Kiss, E. Koltay, A. Nagy, Gy. Szabó

The operation time of the 5 MV Van de Graaff accelerator 
amounted to 1079 hours this year. The machine time was distrib­
uted mainly among atomic physics, nuclear physics, analytical 
studies, accelerator physics and machine tests, as shown in 
Table 1. In most cases protons (91%) were accelerated, only

Table 1

Field Hours %

Atomic physics 313 28
Nuclear physics 279 26
Analytical studies 338 31
Accelerator physics 46 4
Machine test 103 10

Total 107 9 100

short measurements were performed with alpha particles (1.5%). 
Some test runs were made with light heavy ions and molecular 
beam components (7.5%). For a period of three months the machine 
was closed. As part of a reconstruction activity planned for a 
few years period the whole insulator stack and acceleration tube 
has been dismantled for a careful cleaning, repair and for the 
replacement of some insulator and tube units.

The 1 MV Van de Graaff accelerator found an intense appli­
cation in ion-atom collision research in the joint regime of 
the accelerator and the electrostatic cylindrical mirror spec­
trometer ESA-13. We succeeded in lowering the minimum available 
bombarding energy to a value as low as 70 keV. Total measuring 
time amounted to 1118 beam hours.

In order to broaden the selection of ion species available 
from the 5 MV machine several experiments were made. In the first 
case test runs were made with Li beams extracted from the reg­
ular rf-ion source in a regime when the internal surface of the 
discharge tube was coated with a layer of LiF deposited by vac­
uum evaporation. In these runs analyzed Li+ and Li++ beams a- 
vailable with the intensity of 20 nA disappeared after a run­
ning time of the order of 10-20 hours due to the instability of 
the deposited layer. In other experiments N2+ beam component 
was produced under optimized ion source conditions. Up till now 
the practical intensity of 40 nA was obtained after the analy­
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zing magnet.
Special investigations could be performed in the field of 

ion-atom collision physics by using molecular beams. Searching 
for a possible source of simple light molecular beam components 
experiments were made with the use of methane as discharge gas 
in the ion source. As shown in Fig.l several molecular compo­
nents of practical intensities were obtained in the analyzed 
beam. The development work will be continued according to the 
needs of our users in atomic physics.

Fig. 1.
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STATUS REPORT ON THE CYCLOTRON
Z. Kormány and A. Valek

The operation of the cyclotron MGC-20 and the measuring 
centre met the requirements of the users in 1988. Because of a 
budget cut the utilization was concentrated to 8 months and the 
remaining part of the year was reserved for maintenance and de­
velopments. The overall working time at the cyclotron was al­
most 3500 hours with monthly distribution shown in Figure 1.
The cyclotron was available for the users 1935 hours; the ef­
fectively used beam time is summarized in Table 1.

1 2  3 4 5 6 7 8 9 10 11 12
months

beam time maintenance break  down

Fig. 1. Operation time distribution in 1988

In the maintenance period, besides the regular repairs and 
tests, the RF control system and the tuning capacitor block of 
the dees were completely changed in cooperation with the manu­
facturer. As developments, new dee inserts were built into the 
cyclotron centre, ensuring higher beam intensities in the third 
harmonic mode of acceleration (reported separately); the opti­
mum setting of the cyclotron was systematically investigated at 
various energy protons and diagrams were prepared for quicker 
and better tuning of the machine; 20 MeV energy protons were
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Table 1. Effectively used beam time

Project Beam time 
in hours

Nuclear spectroscopy 535
Nuclear reaction studies 332
Nuclear life-time studies 31
Isotope production 356
Neutron source 188
Material investigations 91
Charged particle irradiations 88

Total 1621

extracted from the cyclotron; new, higher current power sup­
plies were installed for quadrupole lenses of the 7th target 
station; and works with a rotating wire scanner system is in 
progress.
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Candidate of Physical Science Degree
A. Kruppa, Generalization of the GCM descripton; the cluster 
model of 8H and 8Be
T. Papp, Higher order processes in ion-atom collisions 

PhD in Physics
F. Sseleesenyi, Production of 6?Ga at the MGC-20 cyclotron, 
Supervisor: I. Mahunka
M. Jóssá, Alpha particle excited resonances in the nucleus 
40Ar, Supervisor: E. Somorjai

Diploma works
Gy. Kiss, Development of a measuring system and a computer 
program for measuring and displaying the beam profile of the 
MGC-20 cyclotron, Supervisor: T. Lakatos
K. Varga, Observance of the Pauli-principle in the description 
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SEMINARS IN THE ATOMSI

January 14Experimental evidence for nonseparability of quantummechanical 
systems in irreversible processes
E. Vatai

January 28
Image of radiation field obtained by directional detection
I. Petr, Technical University of Prague, Prague

February 4Resonances excited by alpha particles in nucleus 4®Ar
M. Jóssá

February 11
Electron loss at large angles
A . Kövér

February 18
E2 and М2 components in X-ray transitions
T. Papp

February 25Software systems for acquisition and evaluation of data
J . V égh

March 2 *
Heavy-ion reactions in particle physics
J. Ziroányi (Central Research Institute of Physics,Budapest)

March 17Generalisation of the GCM deseripton; the cluster model of 6H
and 8Be
A. Kruppa

March 24The evidence of the nonseparability of quantummeehanical 
systems
R . G, Lovas

March 31Miniature gas-expansion cooling system for semiconductors
Gy. Máthé
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April 6
Some recent nuclear chemistry work at KFA Jülich, with special 
emphasis on the production of cyclotron radioisotopes
S. M. Qaim, KFA, Jülich, FRG

April 12 **
Photoelectron spectroscopy of adsorbed xenon (PAX) as a local 
work function probe
K. Wandelt, Fritz-Haber Inst,, West Berlin 
April 12 **
Quantitative aspects of PAX
A. Jablonski, Inst, of Phys. Chera. of the Polish Acad, of Sei., 
Warsaw

April 13 **
Electron transport in the surface region of solids 
A. Jablonski, (see Apr 12)

April 14
Production of isotope s^Ga with small cyclotron
F. Sselecsényi

April 21
The application of algebraic cluster model for light nuclei 
J. Cseh and G. Lévai

April 22 **
Microprobe applications in the biomedical science
R. I). Vis, Vrije Univ. , Amsterdam, The Netherlands

April 28
Computer physics
Zs. Dombrádi

May 3 **
Interaction and dynamics of composite particles
E. Schmid, Inst, für Teoretische der Univ. Tübingen, FRG

May 4 *
Microwave methods in solid-state physics
S. Bódi, Kossuth University, Debrecen

148

/



May 12Radiative capture in light nuclei
A. Kiss

May 18 **
Description of the giant multipole resonances in a resonant RPA
T. Curuchet, Res. Inst, of Phys., Stockholm

May 19
Current Status of Solid State Nuclear Track Detectors
R. Ilie, Ljubljana, Yugoslavia

May 26The publications and the citation index of the ATOMKI
L. Zolnai

June 2
The complex program of the JINR,Dubna till 2000
T. Fényes

June 8Multiphoton ionization in strong electromagnetic fields
T. Aberg, Helsinki Lab. of Phys., Univ. of Technoi,,Espoo, 
F inland

June 9X-ray and Auger processes in high-energy heavy-ion collisions
S. Pics

June 16The plans and possibilities of the ATOMKI
D. Berényi

June 20 **Electron capture processes by ion-atom collisions
June 22 **Radiative processes induced by ion-atom collisions
T. Watanabe, Inst, of Phys. and Chero. Res. (RIKEN), Wako, 
Saitama, Japan

June 22 **Lev Landau. A portrait of a theoretical physicist
F. Janouch, Res. Inst, of Phys., Stockholm
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June 22Higher order processes in ion-atom collisions 
T. Papp

June 29
System project for computerization of the administration in our 
institute
G. Székely

July 1 **
Ion-atom/surface collisions relevant for plasma edge studies
H. Winter, Inst, für Allgemeine Fhys., TU, Wien

August 12 **
Electron rearrangement in non-relativistic and relativistic 
atomic collisions
R. D. Rivarola, Inst, de Fisica Rosario, Argentina

September 8
High-temperature superconductivity with Y-Ba-Cu-O ceramics
K. Vad

September 11 **
Level structure of neutron-deficient Sm, Nd and Ce isotopes and 
the IBA 0(6) approximation
B. D. Kern, Univ. of Kentucky, Lexington, K Y , USA

September 12 **A review of the GSI e+e- experiments and the Stanford gamma- 
gamma experiment
W. E. Meyerhof, Stanford Univ., Stanford, CA, USA

September 15
pn multiplett states in nucleus i®«In
A. Krasznahorkay

September 17 **
Development of all-aluminium alloy ultra high vacuum systems
H. Ishimaru, Nat. Lab.for High Energy Fhys., Ohio-machi, 
Tsukuba-gun, Tokyo
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September 19 **Zero degree Auger spectroscopy
September 22
Electron correlations in heavy-ion collisions
N. Stoterfoht, Hahn-Meitner Institute (HMI), West-Berlin

September 28 *
Trends and results in the Laboratory of Neutron Physics in the 
JINR in Dubna
I. M. Frank (Dubna)

October 6
Cluster Conference in Kyoto 88
J . Cseh

October 13Results with a fast, adaptive X-ray spectrometer
T. Lakatos

October 26Electron capture to the continuum and electron loss processes
L. Gulyás

November 3
Corepolarisation in odd-odd In nuclei
Zs. Dombrádi

November 10
Ionisation and electron capture at low projectile energy
L. Sarkadi

November 16 *
The education of exact sciences in the Calvinist College of 
Debrecen
B. Ssénássy (Kossuth University,Debrecen)

November 28 **
Enhanced double ionisation of the 3do molecular orbital
V. Zoran, Centr. Inst, of Fhys., Bucharest

November 25 **Coupled channel calculations of the ionisation probabilities in 
a relativistic, dynamic basis
I. C. Legrand, Centr. Inst, of Fhys., Bucharest
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November 28 **
Sone recent experimental results on three-body Coulomb systems
M. G. Menendes, Univ. of Georgia, Athens, G A , USA

December 1
On the qualification of research topics and research workers 
E. Koltay

December 8
The Stockholm-Debrecen collaboration
A. Paál and G. Székely

December 13 **
The interacting boson model of light nuclei 
P. Van Isacker, Daresbury Lab., UK

December 22
The development of the quadrupole mass spectrometer produced by 
ATOMKI
J. Gál and G. Langer

Comments:
1. unindexed: hebdomadal seminars
2. * denotes: seminars at the Physical Centre of Debrecen

(which consists of Kossuth Univ., Medical 
Univ., ATOMKI)

3. ** denotes: seminars at the divisions and sections

152



AUTHOR INDEX

Andó L. 3, 76 
Andi'äs L. 100 
Andre S. 16
Ärva-Sos E. 84
Bacsó J. 92, 94, 106 
Bakulin V. A. 94 
Balogh К. 84 
Bang J . 36 
Barneoud D. 15, 16 
Bartha L. 123 
Beck F. A. 13,15,16 
Berényi D. 43, 53, 55 
Borbély-Kiss I. 101 
Brakoff K. 47 
Brant S . 9 
Bredbacka A . 20 
Brenner M. 20
Curutchet p. 36, 37
Cseh J. 31, 33 
Cserny I. 80 
Csige I. 77, 87, 110 
Csötő A. 35
Dezső В. 92 
Dietze К. 110
Ditrói F, 71, 72, 73, 74, 75, 115 
Dombi I . 71
Dombrädi Zs. 5, 6, 9, 22, 25
El-Nasir S. Seif 74 
El-Samman H. 16 
Engstier S. 39, 41
Fekete S. 86 
Fenyvesi A. 96 
Fényes T. 5, 6, 22, 25 
Főin С. 16 
Freyer К, 110 
Fujii M. 77
Gácsi Z. 9, 11 
Genevey J. 16 
Gémesi Z. 75 
Gibbons J. 53 
Gizon A. 13, 15, 16 
Gison J. 13, 15, 16 
Grambole D. 47 
Greife U. 41



Groeneveld К. О. 53, 55 
Gulyás J. 5, 6 
Gulyás L. 53, 55
Gyarmati B. 35 
Györffi M. 86
Hakl J. 88
Haláss G. 69
Heil 0. 53, 55
Heiser С. 47
Herrinan F. 47
Hertelendi E. 86, 103
Hunyadi I. 77, 87, 100, 110
Jossa M. 13, 16, 17, 18 
Julin R. 5, 9
Kalinka G. 78
KalInan К. M. 20
Kádár I. 43
Kedves F. J. 69
Keinonen J. 1
Kibédi T. 9
Kiss А. Z. 1, 123
Kiss J. 86
Kiss L. 108
Kiss-Varga M. 78
Klamara W. 13, 15
Kochbach L. 47
Koltay E. 1, 101, 123
Kormány Z. 117, 119, 125
Kovács A. 82
Kovács P. 78
Kovács Z. 3, 98
Körösi F. 100
Kövér A. 53, 55
Kövér L. 51, 90, 121
Krassnahorkay A. 6, 9
Krauss A. 39
Kruppa A. T. 35
Kumpulainen J. 5, 6, 9
Lakatos T. 112 
Langanke К. 39 
Lénárt. L. 88 
Lévai G. 29 
Liotta R. J. 36, 37 
Lovas R. .27 
Lusstig G. 92
Mahunka I. 71, 72, 74, 75, 76, 96 
Manngard P. 20 
Máté Z. 17, 18, 20 
Medvecsky L. 105

154



Merdinger J, C, 13, 15, 16 
Mészáros S, 69, 86 
Mikecs F. 98 
Molnár T. 96
Nagy A, 123 
Neelmeijer C. 47 
Neldner K. 39 
Niki I. 87
Nyakó B. M. 13, 15, 16
Oganov V. S. 94 
Ormai P. 103
Paar V . 9
Papp T. 45, 47
Passoja A, 5, 9
Pálinkás J. 45, 47, 53
Pécskay Z. 84
Pintér G. 78
Pintye É. 1
Rachmanov A. S. 94 
Ries S . 43 
Rolfs C . 39, 41 
Rudolf W. 47
Sarkad! L. 45, 47, 53 
Schröder U. 39, 41 
Sellin I. A. 53
Somogyi G. 77, 87, 88, 100, 110
Soroorjai E. 39
Sudár S . 3
Sulik В. 43, 57
Svingor É. 82
Szabó Gy. 53, 55, 101, 114, 123 
Szelecsényi F. 3, 76, 116 
Szigeti I . 92 
Szilágyi S. 20 
Szűcs 1, 117, 119
Takács S. 71, 72, 73, 74, 75, 115
Tárkányi F. 3, 116
Tikkanén P. 1
Timár J . 5, 6, 9
Tóth Gy. 98
Tóth J . 90
Tőkési K. 80, 121
Török I . 49
Treutier H. C. 110
Uchrin Gy. 103 
Usonyi I. 92, 94, 106



Vad К. 69
Vajnai T. 53
Valek А. 117, 119, 125
Varga D. 43, 80, 121
Varga K. 27
Vatai E. 63, 65, 67
Vámosi J. 119
Veress Z. 17, 18, 36
Verho E. 6
Vertse T. 18, 36, 37
Végh J. 43
Végh L. 57, 59, 61
Watanable T. 59
Zolnai L , 16, 17, 18, 19, 20, 114

156



Kiadja a
Magyar T u dományos A k a d é m i a  

A t o m m a g k u t a t ó  Intézete 
A k i a dásért és s z e r k e s z t é s é r t  felelős 

Dr. Berényi Dénes, az Intézet igazgatója 
Készült a Piremon ki s v á l l a l a t  n y o m d á j á b a n  

Törzsszám: 65780 
Debrecen, 1989. márc i u s








	CONTENTS
	Nuclear Physics
	Atomic Physics
	Materials Science and Analysis
	Earth and Cosmic Sciences, Environmental Research
	Biological and Medical Research
	Development of Methods and Instruments
	Papers Published
	Conference Contributions and Talks
	Theses Completed
	Seminars in the ATOMKI
	Author Index
	Oldalszámok
	_1
	_2
	_3
	_4
	_5
	_6
	_7
	_8
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40
	41
	42
	_9
	_10
	43
	44
	45
	46
	47
	48
	49
	50
	51
	52
	53
	54
	55
	56
	57
	58
	59
	60
	61
	62
	63
	64
	65
	66
	67
	68
	_11
	_12
	69
	70
	71
	72
	73
	74
	75
	76
	77
	78
	79
	80
	81
	_13
	_14
	_15
	82
	83
	84
	85
	86
	87
	88
	89
	90
	91
	_16
	_17
	92
	93
	94
	95
	96
	_18
	97
	98
	99
	100
	101
	102
	103
	104
	105
	106
	107
	_19
	_20
	_21
	108
	109
	110
	111
	112
	113
	114
	115
	116
	_22
	117
	118
	119
	120
	121
	122
	123
	124
	125
	126
	_23
	_24
	127
	128
	129
	130
	131
	132
	133
	134
	135
	136
	137
	138
	139
	140
	141
	142
	143
	144
	145
	146
	147
	148
	149
	150
	151
	152
	153
	154
	155
	156
	157
	158
	159
	160


