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NUCLEAR REACTIONS 

TOTAL KINETIC ENERGY RELEASE IN HEAVY-ION REACTIONS LEADING TO COMPOSITE SYSTEMS WITH Z a 108 

P. Gippner, K.D. Schilling, W. Seidel, F. Stary and E. Will 
Central Institute for Nuclear Research, Rossendorf 
H. Sodan, S.M. Lukyanov, G.G. Chubarian, Yu.E. Penionzhkevich and V.S. Salamatin 
Joint Institute for Nuclear Research, Dubna 

Using the double-arm time-of-flight spectrometer DEMAS /1/ systematic investigations were per-
formed concerning the energy and mass distributions of fragments originating from heavy-ion 
reactions at various mass asymmetries in the entrance channel. Ihe results have already been 
published /2-4/. Fig. 1 shows the TKE vs. mass distributions obtained by investigating reac-
tions leading to composite systems with Z> 108. The parabolic dashed lines indicate the ex-
pected TKE release in fission in accordance with the fission systematics /5/, which is scaled 
/6/ proportional to M 3M 4/(M^ / 3+ M* / 3): 

<TKE(AS)> = <TKE(S)> • k-M 3M 4/(M^ / 3
+ m J / 3 ) ( 1 ) 

Thereby, the expressions <^TKE(AS)^ and <^TKE(S£> denote the mean TKE release of asymmetric and 
symmetric /5/ fission products, respectively. The factor к is chosen in such a way, that both 
mean values coincide for Mj=M4=A/2, where A=M j+M2=M j+M4. The basic idea of the scaling for-
mula (1) is that TKE ~ ZjZ^/ir-j+r^), with Z ~ M and r ~ M 1^ 3, respectively. Fig. 1 shows 
that formula (1) describes only the general behaviour of the intensity ridges in the measured 

TKE vs. mass distributions. Calculat-
ing the mean values ^TKE^ per mass 
interval one obtaines results denot-
ed in fig. 1 by the circles, which 
deviate from the predictions of the 
systematics. Up to now, the reason 
for these TKE-deviations is not yet 
understood. They were found to oc-
cure in reactions, which undergo 

300 various reaction mechanisms /2,4/. 
One question-iis, how far the fis-
sion systematics (1) is able to de-
scribe exactly the TKE release in 
quasi-fission processes observed in 
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E „ = 220 MeV /2,4/. For these 
Л. J и 

reactions the contributions to the 
fragments TKE caused by the angular 
momenta of the rotating, rigid com-
posite systems were estimated in the 
sticking limit. They cannot explain 
the experimental results. On the 
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ян other hand, for the reaction 
2 2Ne + 2 4 9Cf, which is believed to 
undergo fusion-fission /2/ small 
deviations were also observed. 

/1/ Schilling, K.D. et al., ZfK-586 (1986), to be published in NIM 
/2/ Gippner, P. et al., Z. Phys. A325 (1986) 335 
/3/ Sodan, H. et al., 3INR Rapid Communications N4-84, Dubna, 1984, 
/4/ Gippner, P. et al., ZfK-592 (1986) 122 
/5/ Viola, V.E., Nucl. Data Al (1966) 391 
/6/ Töke, 3. et al., Nucl. Phys. A440 (1985) 327 
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TOTAL KINETIC ENERGY RELEASE IN HEAVY-ION REACTIONS WITH DOMINATING FUSION-FISSION 
MECHANISM 

P. Gippner, K.D. Schilling, W. Seidel, F. Stary and E. Will 
Central Institute for Nuclear Research, Rossendorf 
H. Sodan, S.M. Lukyanov, G.G. Chubarian, Yu.E. Penionzhkevich and V.S. Salamatin 
Joint Institute for Nuclear Research, Dubna 

In order to get more experimental material concerning the TKE release in heavy-ion reactions 
2 2 2*5? 79 ? 3 R at low incidence energies, the reactions Ne + and Ne + U were investigated, both 

at = 179 MeV. The measurements were performed by means of the time-of-flight spectrome-
ter DEMAS /1/. Because of the mass asymmetries in the entrance channel = 0.827 and 
0.831, resp.) the reactions considered are believed to undergo fusion-fission /2-3/. The ex-

« ° П 1 1 1 1 1 1 1 1 1 ' ' 1 1 citation energies of the hypo-
thetical compound nuclei are in the 

* 
region of E C N = 105 MeV for both 
systems /3/. The fig. 1 shows the 
mass distributions of the measured 
fragments, fig. 2 the TKE vs. mass 
distributions. The parabolic dashed 
lines in fig. 2 indicate the ex-
pected TKE release in fission /2,4/. 
Considering the results of refs. 
/4,5/ and of the present contribu-
tion we found deviations between 
the obtained mean values of total 
kinetic energy per mass interval 
^TKE^ and the systematics. These 
deviations may be characterized by 
the following features: (i) The 
^TKE^ tend to higher values than 
predicted for collision systems, 
which are believed to undergo quasi-
fission /2,5/. Collision systems 
with dominating contributions of 
fusion-fission show minor devia-
tions. (ii) Reaction products with 

^TKE^ values higher than predicted are observed at energies Ec(]) not far from the Coulomb 
barrier V n D. These deviations seem to decrease with increasing bombarding energies, 
(iii) Within a measured TKE vs. masé distribution the \TKE^ excess increases with increasing 
mass asymmetry of the fragments. 
Deviations of the -^TKE^ values from the systematics were also observed in the spontaneous 

258 
fission of Fm and of transfermium isotopes /6/. They have been interpreted by a more com-
pact scission configuration of magic fission products resulting in a higher Coulomb-repulsion 22 
energy. This argument may be valid for fusion-fission reactions as Ne + Th, U, Cf, where a 
compound nucleus is formed. It is difficult to use it for explaining the behaviour of the 
^TKE^ values in quasi-fission systems as 4 0Аг(я 220 MeV) + Th, U, where a compactly fused 
configuration is not attained. The reason for the observed ^TKE^ deviations remains, there-
före, an open question. 
R e f e r e n c e s ' 

/1/ Schilling, K.D. et al., ZfK-586 (1986) 
/2/ Gippner, P. et al., Z. Phys. A325 (1986) 33 
/3/ Gippner, P. et al., ZfK-610 ( Ш ) 42, in print 
/4/ Gippner, P. et al., this report, p. 1 ... . 
/5/ Lukyanov, S.M. et al., Proc. Int. School-Seminar on Heavy-Ion Physics, Dubna, 1986 
/6/ Hulet, E.K. et al., Phys. Rev. Lett. 56 (1986) 313 
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DESCRIPTION OP THE MASS DISTRIBUTION IN HEAVY-ION COLLISIONS 

G.D. Adeev 
Omsk State Utaiversity, Omsk, USSR 
V.V. Pashkevich 
Joint Institute for Nuclear Research, Dubna, USSR 
G. Saupe Zentralinstitut für Kernforschung, Rossendorf, Bereich KP 
The aim of the present calculations consists in the interpretation of fragment mass distributions ob-
served in the reactions 22Ne + 249Cf and 40Ar + 2'2Th which have been investigated at the heavy-ion 
cyclotron U 300 of the Laboratory of Nuclear Reactions in Dubna /1/. The symmetric fragmentations ob-
tained in these reactions at the highest incident energies support the idea that compound nuclei have 
been formed before fission. In these cases the bombarding energy of the projectile is large enough to 
overcome the conditional and unconditional saddles in the potential landscape of the entrance channel 
so that fusion can occur. Por the corresponding high excitation energies of the compound nuclei /1/ 
shell effects can be assumed to have been washed out. This leads to an important simplification of the 
theoretical treatment because only the liquid-drop term of the total potential has to be taken into 
account when calculating the potential energy surface of the nuclear systems. In the diffusion model 
presented here a Pokker-Planck equation for the distribution function of the collective variables cha-
racterizing the composite system is used as a dynamical equation for the description of the fission 
path from the saddle to the scission point /2/. The actual relevant variables are the distance R bet-
ween the centres of.mass of the two parts of the fissioning nucleus, the mass asymmetry x, and the neck 
radius. They are unambiguously connected with the dimen3ionless variables ̂ C,cC, hj which have been pro-
posed in ref. /3/ for the parametrization of the nuclear surface. In the numerical calculations two 
sets of the liquid-drop potential parameters have been used, but the resulting variances of the mass 
distributions show only a weak dependence on them. The diagonal elements of the friction tensor in the 
solved diffusion equation have been chosen proportional to the two-body nuclear viscosity parameter 
which is the only free parameter in this model. In the diffusion tensor also only the diagonal elements 
have been considered to be non-zero, where the components have been derived from the friction tensor 
via the Einstein relation. In addition, the influence of the angular momentum of the compound nucleus 
on the dispersion of the fragment, mass distribution has been studied /4/. The inclusion of the angular 
momentum leads to an additional term in the total potential energy which is given by the rotational 
energy, where the moments of inertia parallel and perpendicular to the axis of symmetry are functions 
of [C.oC, h] . Consequently, the stiffness coefficients entering into the Pokker-Planck equation become 
angular-momentum dependent too, but they change only by a few percent. The main effect consists in a 
significant shift of the saddle point to that potential region which is characterized by smaller C-
values and larger values of the neck radius. This corresponds to a shift in the direction of smaller 
stiffness coefficients what influences the dynamics of the fission process in such a way that the com-
puted widths of the mass distributions increase importantly. The results for the two nuclear systems 
shown in fig. 1 are in reasonable agreement with the experimental data /5/. 

»NtttnM'»CI E/Ver U7 4kr(30IM«V).n>lh ЕЛГс-1 
References: 
Л 7 Gippner, P. et al. Z. Phys. A325 ('1986) 335 
/27 Adeev, G.D., Gonchar, I.I. Z. Phys. A320 (1985) 451 
CiJ Ledergerber, T., Pauli, H.-C. Nucl. Phy3. A207 (1973) 1 
/47 Adeev, G.D. et al. JINR-Report B4-86-247, Dubna, 1986 
/ V Saupe, G., Adeev, G.D., Pashkevich, V.V. to be published 

40 120 2Ш 0 <0 MASS Eon»'' 120 200 

Pig. 1: Calculated (thin lines) and expe-
rimentally observed (thick lines) fragment 
mass distributions for the reactions 
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MEASUREMENT OF THE' ANGULAR DISTRIBUTION OF ¡f-RAYS IN THE BINARY FISSION OF 2 5 2Cf 

W.Neubert, W.Pilz 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 
H. Märten 
Technische Universität Dresden, Sektion Physik, WB Kernphysik 

The average angular momentum of the fission fragments can be derived from the angular distri-
butions of the accompanied ¡(-rays /1/. The fragments were detected position-dependently in 
coincidence with the ¡(-rays registred by a fixed detector (fig.l). The heavy and the light 
fragment groups were separated by using the time-of-flight method (time resolution At^îOOps, 
L=60mm). Thus, it was possible to cover the angular range from 0 deg to 180 deg for the 
¡(-rays with respect to the emission direction of the light fragments. 
The fission fragments were detected by a 20x40mm transmission parallel-plate avalanche coun-252 2 ter (mounted at a distance of 5mm from the Cf source) and a 35x180mm position-sensitive 
avalanche counter. Both of the detectors were operated in a n-heptane athmosphere of 10 
torr. The J-ray detector was a 2x2inches NaJ(TL) crystal coupled to a FEU-110 photomulti-
plier, resulting in an average energy and time resolutions of 15% and 10ns, respectively. 
The 7-quanta were distinguished from the promptly emitted neutrons by a flight-path of 

252 4 
L=50cm in a second TOF branch. The activity of the Cf source amounted to be about 10 fis-
sion fragments per second resulting in a coincidence counting rate of 6 events per second. 
The J-ray spectra were divided into 17 bins from lOOkeV up to 3MeV in order to obtain energy-
dependent angular distributions. The statistical error was less than 4%. The spectra were 
corrected for scattering radiation which affected the measured distributions up to 30%. For 
this purpose, a shadow c.one was inserted between the source and the ¡(-ray detector. The res-
ponce functions of the NaJ(TL) crystal were measured with calibrated radioactive sources of 

252 
¡(-rays placed at the position of the Cf source. The solid angle and efficiency of the po-
sition sensitive detector was calibrated by using the 2D plots of the fission fragment TOF 
and fragment coordinate measured without any ¡(-ray coincidence condition. The angular dis-
tributions were derived with respect to this calibration. Fig.2 shows the results for two 
bins of the ¡(-ray energy. These results are in agreement with a recent publication /2/. 

R e f e r e n c e s 

/1/ Ericson, T., Strutinskii, V., Nucl. Phys. В (1958) 2П4 
/2/ Skarsvag, K. , Phys. Rev. Ç22 (1980) 638 
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ENERGY AHD ANGULAS DISTRIBUTION OF 252CF(SF) NEUTRONS AT LOW ENERGY 

H. Märten, D. Richter and D. Seeliger 
Technische Universität Dresden, Sektion Physik, WB Kernphysik 
W. Neubert 
Zentralinstitut für Kernforschung Rossendorf 
A. Lajtai Central Research Institute for Physics, Budapest, Hungary 

A new method, i.e. the direction-sensitive spectroscopy of fission fragments based on a 
special set-up of parallel-plate avalanche counters in connection with neutron time-of-
flight spectroscopy, has been applied to measure the energy (E) and the angle (©) depen-
dent emission probability N(E,Ö) of prompt neutrons from spontaneous fission of ^-^Cf at 
low energy. The experimental scheme, the multi-parameter data handling, and the analysis 
procedures were described in ref. 1. Two ®Li-glass scintillators NE 912 have been used at 
35 cm flight paths. 
In this case, the main background components to be considered are the random background, 
the background due to scattered neutrons (to be deduced from a shadow cone measurement), 
and the delayed--у-ray spectrum (to be measured by means of ^Li-glass detectors NE 913). 
The method used provided the N(E,0) distribution for the 0.1 - 2 MeV range and the whole 
angular range (0-T80 deg) with a rather high angle point density (up to 120). The results 
represented in the figures indicate: 

(i) approximately isotropic angular distributions at very low energy (^120 keV)., 
(ii) a pronounced dip in polar direction (0 deg) at E close to 0.95 MeV 

(kinematic effect), and 
(iii) a raising anisotropy with increasing E. 

2 3 
The measured data can be well reproduced by the use of statistical-model approaches *J 

assuming that all prompt fission neutrons are evaporated from fully accelerated fragments. 
As an example, the angular distribution at 1 MeV is shown in comparison with the result 
of a 'calculation performed in the framework of an extended version of the generalized 
Madland-Nix model (GMNM)^ . IQ is the lower limit of temperature integration which was 
introduced to account for the neutron-y-competition of fragment de-excitation. The N(E,Ô) 
calculation is very sensitive to the choice of T0 at low energy, whereas the energy 
spectrum N(E) is little changed. The investigations didn't result in any significant 
indications of secondary emission mechanisms. 

Fig.. 1 Experimental N(E,9) data Fig. 2 The angular distribution at 1 MeV 
(histogram, concentrated data) in compari-
son with a GMHM calculation for different 
To parameters. 

References 
/1/ Fromm, W.D. et al.; Proc. Int. Symp. on Nucl. Phys., Gaußig, 1985 

ZfK-592 (1986) 39, H. Märten et al., to be published 
/2/ Märten, H., Seeliger, D.; J. Phys. G 10 (1984) 349 
/3/ Märten, H., Seeliger, D.i Nucl. Sei. Eng. (1986) 370 
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ENERGY BALANCE IN FISSION 

H. Märten, D. Polster aad A. Huben 
Technische Universität Dresden, Sektion Physik, WB Kernphysik 

Fission energetics depending on mass asymmetry are studied in the framework of a simple 
two-spheroid model (TSM) including empirical shell corrections /1/. The potential energy 
V at scission is considered as the sum of the Coulomb interaction energy Vc and the excess 
deformation energies E^ of the complementary fragments /2/. Assuming that E ¿ is quadratic 
in radius change and Vc is the Coulomb potential of two charges effectively located at 
the centres of the fragments, V is minimized to describe average fragment energies. The 
deformability parameters are strongly influenced by shell effects. Their deviation from 
the liquid-drop model values are related to the shell correction energy <fW as in ref. 2. 

On the basis of well-known fragment data for 252Cf(sf) and f)f empirical shell 
correction energies have been deduced in the framework of TSM (fig.1). They are in quite 
good agreement with calculated shell corrections depending on deformation /3/. Note the 
influence of closed-shell regions as indicated in fig. 1. 

Fig. 1 
Shell correction energies deduced from experimental 
fission data as a function of fragment mass number A. 
The arrows indicate the position of particular 
closed-shell regions as calculated in ref. 3. 
A and G correspond to closed neutron shells at 
N = 50 and N = 82, respectively. G' indicates the 
closed-shell region for the proton number 50. 

Considering the diminution of shell effects /4/ with increasing temperature and taking 
into account the excitation energy of the fissioning compound nucleus, the TSM is appli-
cable to any induced fission reaction. The actual cfW set is deduced from the accepted 
empirical data by interpolation. 
The calculations reproduce experimental data on the partition of energy in fission as 
function of incident energy satisfactorily /1/. Presently, the TSM can be applied for 
the Th-Cf region. 

References 
/1/ Märten, H. et al.; Proc. Int. Conf. Nucl. Phys., Gaußig (GDR), Nov. 1986 
/2/ Kildir, M. and Aras, N.K.; Phys. Rev. С 25 (1982) 365 
/3/ Wilkihs, B.D. et al.; Phys. Rev. С 14 (1976) 1832 
/4/ Bohr, A. and Mottelson, B.R.jNuclear Structure (Benjamin, New York, 1975), Vol. II, 

607 
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252CF(SF) NEUTRON EMISSION AT MEDIUM AND HIGH ENERGY 

H. Märten, D. Richter and D. Seeliger 

Technische Universität Dresden, Sektion Physik, WB Kernphysik 
W. Neubert Zentralinstitut für Kernforschung Rossendorf 

Based on a new experimental method for the determination of fragment-neutron correlations 
/1/ the double-differential emission probability N(E,e), i.e. depending on energy E and 
angle 0, <"f 2^2Cf(sf) neutrons has been measured in order to study the emission mechanism 
in detail as well as to specify the nuclear standard "Cf neutron spectrum" more precisely. 
Tha investigations include complex calculations in the framework of statistical-model 
approaches. /2,3/ 
Neutron time-of-flight spectroscopy with two NE 213 scintillators at .--1.6 m flight paths 
in connection with a direction-sensitive method of fragment spectroscopy (л/4-geometry 
/1/) has been applied. Experimental data, which cover the whole angular region, are shown 
in fig. 1 (data normalized to 1.). As in an earlier investigation of emission anisotropy 
/4/, the equatorial spectrum measured in this work doesn't indicate a pronounced hard 
emission component, which was concluded /5/ from previous experimental data./6/ 
The measured distributions can be well reproduced by calculations performed in the frame-
work of the complex cascade evaporation model (СЕМ) /2/ as well as the generalized Mad-
land-Nix model (GMNM) /3/ as shown in fig. 2 (example). Rather small deviations appearing 
in the equatorial region at high energy (£. 6 MeV) specifically are within experimental 
and theoretical uncertainties. Thus, no significant indications of secondary emission 
mechanisms have been found. The measured polar spectra extending to 18 and 15 MeV at 
0 and 180 deg, respectively, agree with the statistical-model calculations, too. 

Fig. 1 Experimental N(E,Ö) data Fig. 2 The measured angular distribution 
of Cf neutrons at 2 MeV (histogram, con-
centrated data)in comparison with previous 
data of ref./6/as well as theoretical 
results (СЕМ, GMNM). 
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EXTENDED STATISTICAL-MODEL APPROACH TO FISSION NEUTRON EMISSION 

P. Krimmling and H. Märten 
Technische' Universität Dresden, Sektion Physik, WB Kernphysik 

As emphasized in recent review papers /1,2/, accurate predictions of fission neutron 
emission probabilities have to be- based on complex statistical-model approaches to account 
for the diversity of fra&aent configurations as well as several emission characteristics 
like cascade emission, neutron—ц—competition of fragment de-excitation, and influence of 
fragment angular momentum. The complex cascade evaporation model (СЕМ) /3/ has been exten-
ded to meet these requirements. The new computer code ANNE (EC 1055) takes into accountt 

(i) the full dependence of fission neutron emission on mass number A and toted 
kinetic energy TKE of the fragments (cf. ref.3), 

(ii) excitation energy distribution depending on A and TKE /3/, 
(iii) cascade emission /3/, 
(iv) neutron—^-competition (statistical model, empirical y widths), 
(v) neutron width diminution due to angular momentum effects, 
(vi) optical-model calculation of transmission coefficients (inverse 

cross section) depending on A, 
(vii) semi-empirical level-density description including shell and pairing effects, 
(viii) angular distribution in the center-of-mass system CMS (semi-classical 

approach). 

The code is suitable to calculate multiple-differential emission probabilities,depending 
on emission energy, emission angle, A and TKE. To guarantee a sufficient numerical 
accuracy as required for detailed studies of the mechanism of fission neutron emission /1/ 
(in particular for 2^2Cf(sf)), the total emission probability is obtained as a superposi-
tion of about 30.000 single energy distributions. Due to the recent improvements of the 
СЕМ, experimental neutron data on the well-investigated 2^2Cf fission can be reproduced 
satisfactorily. 
Specifically the effects (iii)-(vi) have to be considered to describe the CMS spectra at 
low energy accurately. Deduced shape parameter agree with data obtained from experiment 
/4/. 

References 
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PRECISE ESTIMATION OP THE ANGULAR DEPENDING NEUTRON SOURCE STRENGTH FOR A 14 MEV 
NEUTRON GENERATOR 

Bach Iy Bah, B. Hildebrandt, К. Seidel and S. Unholzer 
Technische Universität Dresden, Sektion Physik, ffB Kernphysik 

A precise and absolute determination of the neutron flux is made by counting the associa-
ted a-particles of the T(d,n reaction by a Si-SB detector. This method is completed 
by use of relative monitor counters consisting of a BFylong counter and ein organic 
scintillation detector to check permanently the correct function of the a-monitor system. 
To estimate the energy and angular dependence of the neutron flux the differential neutron 
source strength - j ^ and the neutron energy distribution - d Мц(Ер,8) were calcula-
ted for a real %-target composition with the code QELL /1/. «J ̂ KÂÛ. 
The energy distribution of the neutron emission is given in fig. 1 dependent on the 
emission angle - в relative to the deuterium beam axis. 

Fig. 1 
The angle dependent energy distribution of neutron 
emission for a 3Ci - Зн-target at Ed=120 keV (Ed-energy of 
deuteron, Nn - number of neutrons, En - neutron energy 
0 - angle of emission) 

The calculated differential neutron source strength is 
compared with experimental results in fig. 2. 
The dash-dotted line is the weighted mean value of 4 inde-
pendent activation measurements with Al-samples. 
Open circles result from proton recoil measurements with 
an organic scintillator. The most part of error bars for 
the absolute scintillation counter measurements results 
from uncertainties in the neutron detection efficiency and 
is the same for all points. In contrast to the calculation 
(full line) the experimental results are influenced by 

neutron absorption and scattering effects in the target support and the beam tube. Such 
effects are considerably at в = 90° and 180° and must be considered. 

вМ 

Fig. 2 
The differential neutron source strength for 
a 3Ci - Зн-target. Calculation (full line) 
and experimental measuring points for a real 
target construction(a,A » о, x /2/ activation 
of Al-samples (-.-. mean value) 
о /3/ organic scintillation measurements ) 
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/3/ Bach Iy Bah; Abschlußbericht, TU Dresden, 1985 
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RECOMMENDED DATA OP THE NEUTRON EMISSION FROM PB AT 14 MEV INCIDENCE ENERGY 

T. Elfruth, D. Seeliger, К. Seidel and S. Unholzer 
Technische Universität Dresden, Sektion Physik, W3 Kernphysik 

The International Atomic Energy Agency started in 1982 the Coordinated Research Programme 
on Measurement and Analysis of 14 MeV Neutron Nuclear Data needed for Fission and Fusion 
Reactor Technology (CRP) to meet the increasing data requests arising mainly from the 
field of fusion reactor neutronics. One result of the Working Group "Double-Differential 
Neutron Emission Cross Sections" was a1 recommended set of neutron emission data from Pb 
derived from the compilation of experimental data obtained in the CRP or previously 
published. Pb was used because it is a neutron multiplier candidate for fusion reactor 
blankets and the material is easily available for groups starting measurements of DDX to 
compare their results. 
The data compiled came from groups of IRK Vienna /1/, Osaka University /2,3/, PINSTEGH 
Nilore /4/, University of California /5/, and TU Dresden /6,7/. Fig. 1 and Fig. 2 show 
some of these data. 
The recommended distributions axe the average of the experimental data points weighted 
with the inverse of their errors. 
It is of interest that the experimental data set obtained deviates from the evaluated data 

Fig. 1 
Angle integrated neutron emission spectrum from Pb 
measured by several groups (+/1/.ОД /2,3), x /4/, 
o<>/6,7), recommended from these data ( ) and 
evaluated in ENDF/B-IV ( ). 

Fig. 2 Angular distributions of neutrons emitted from Pb with the energies inserted. The 
experimental data are from Refs. /4/ - x, /2,3/ -AV/5/ -O , and /6,7 - o O . The 
recommended average is plotted as full line, the evaluation from ENDF/B-IV as 
dashed line. 
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THE NEUTRON MULTIPLICATION OP LEAD AT 14 MEV NEUTRON INCIDENCE ENERGY 

T. Elfrath, D. Seeliger, К. Seidel, G. Streubel and S. Unholzer 
Technische Universität Dresden, Sektion Physik, WB Kernphysik und WB Strahlenschutzphysik 
D. Albert, W. Hansen, K. Noack, C. Reiche and W. Vogel 
Zentralinstitut für Kernforschung Rossendorf, Bereich Reaktorphysik 
D.V. Markovskij and G.E. Shatalov 
Institut Atomnoi Energii "I.V. Kurchatova" 

In blanket conceptions for D-T-fusion reactors neutron multipliers are used for improving 
neutronic properties first of all the tritium-breeding coefficients. Multiplier materials 
must have large (n,xn)-cross sections, small neutron absorption cross sections and appro-
priate technological properties. Lead is one of the candidates. It is located directly 
behind the wall of the plasma torus. Therefore secondary neutron spectra from Pb bombarded 
with 14 MeV neutrons are of immediate interest. Structure and reaction parameters of the 
closed-shell nucleus Pb remarkably deviate from the mean systematic behaviour of the 
nuclei. Therefore, files of evaluated neutron data of lead should be more carefully 
checked against measurements of neutron current, neutron flux and reaction rates at Pb-
arrangements than for most of other nuclei. 
In the present benchmark neutron leakage spectra were measured with time-of-flight (TOP) 
and with proton recoil spectrometry (PRS) and activation and fission rates were deter-
mined for a lead sphere of 22.5 cm shell thickness fed in its centre with 14 MeV neutrons. 
The results were compared with neutron transport calculations using the ANISN-, BLANK- and 
MORSE-code, respectively, based on the ENDF/B and ENDL data files. 
Using several independent experimental methods, the uncertainties of consistent results * 
were expected to be smaller than the uncertainties of data obtained with only one of these 
techniques, for which a critical analysis of possible errors showed that uncertainties of 
^10 % as requested are hardly attainable. Also calculated quantities scatter in this 
range even if the same data set is used. 
Neutron spectra measured with TOF and PRS and activation rates indicate a neutron excess 
of » 10 -fo total in comparison with calculations based on ENDF/B-IV and ENDL-82 data, 
which is mostly concentrated in the energy range E Q « 1-2 MeV. Its description with an 
increased (n,2n) cross section should be probably combined with a variation of spectral 
shape parameters (level density, nuclear temperature, ...). At present the shape of the 
leakage spectrum seems to be some what better reproduced with ENDF/B-IV data. 
A detailed representation of the present lead sphere benchmark is given in /1/. The 
results obtained are discussed in connection with previous lead benchmarks. 

IT i i 11 i i 11 
10 ,0 Fig. 1 

Neutron leakage spectra per leakage and 
source neutron 
--v̂  ooo experimental results 
T_TL ENDF/B-IV-calculat ion 
lit. ENDL-82 -calculation 

—t-i i i 11 i i 11 i i 11 lO"2 " 10"' En[MeV) io' 

References 
/1/ Elfruth, T. et al.; Atomkernenergie-Kerntechnik 
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CORRECTION OF THE INFLUENCE OF FINITE SAMPLE SIZE ON MEASURED NEUTRON 
EMISSION CROSS SECTIONS 

T. Elfruth, E. Rodriguez, K. Seidel and S. Unholzer 
Technische Universität Dresden, Sektion Physik, WB Kernphysik 
K. Noack 
Zentralinstitut für Kernforschung Rossendorf, Bereich Reaktorphysik 

The neutron time-of-flight spectrometer at TUD was constructed with the view to measure 
accurate angular distributions of the neutron emission at 14 MeV incidence energy. The 
experimental arrangement /1/ allows measurements at emission angles from 15° up to 165° 
under nearly equal experimental conditions. The ring samples used have an outer radius 
of 6 cm an inner radius of 4 cm and a thickness of about 1/4 mean-free-path of the neutron. 
Therefore, attention is necessary to correct the influence of finite sample size. 
The corrected double-differential cross sections are calculated from the experimentally 
obtained data, ô^ 0 2^, by 

<WEo'E'^> - önMexp(E0,E,^).f1( 0̂,-Ä).f2(E,^).f3(E,1?'). (1) 

The factor f^ is the correction of the anisotropy of the neutron source strength /2/ 
normalized to-the associated a-particles detected at and averaged over those neutrons 
striking the ring sample at a scattering angle The factor f 2 is the correction for 
multiple scattering expressed as ratio of detected neutrons having only one interaction 
in the scatterer to the total number of .neutrons detected. It is calculated by simulating 
the experimental conditions with the 3-dimensional Monte-Carlo-Code MORSE /3/. The factor 
tj includes both flux attenuation inside the sample and geometry correction of the in-
coming and outgoing neutrons. It is calculated by integration over the sample volume 
without any geometrical approximations influencing the result. Fig. 1 shows as an example 
the correction factors f, and f, for a lead ring sample of 1.0 cm thickness. 

Pig. 1 
Correction factors of multiple scattering, 
flux attenuation and geometry for a lead 
ring sample of 1.0 cm thickness 
( ^ - = 30° ; 

- 90° ; 
....... _ 150°; 

- angle-averaged value) 

4» 
Ш 

1,1 -

V) 

References 
/1/ Elfruth, T. et al.; INDC(GDR)-34/GI, IAEA Vienna 1985, p. 11 
/2/ Bach I(jr Bah, Hildebrandt, В., Seidel, К. and Unholzer, S.; this report p. 9 
/3/ MORSE-SGC, A Users Guide, Oak Ridge, Nat. Lab., 1976 
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NEUTRON EMISSION SPECTRA FROM THE INTERACTION OF 14 MEV NEUTRONS WITH IEAD 

T. Elfruth, D. Hermsdorf, H. Kalka, J. Pöthig, D. Seeliger, К. Seidel and S. Unholzer 
Technische Universität Dresden, Sektion Physik , WB Kernphysik 

Because of the importance of lead for the conceptional design of fusion reactors it gives 
requirements to estimate more precise the neutron emission spectra. 
Measurements of n-TOF spectra were carried out on the 14 MeV pulsed beam neutron generator 
/1/ for scattering angles between -\T= 15° and 165° in steps of 15 . 
All spectra of the angular distributions for the lead sample, background and a carbon-
standard sample were simultaneously measured. 
The mean incident neutron energy was nearly independent from the scattering angle with a 
value between 14.07 and 14.14 MeV. 
In fig. 1 the angle integrated emission spectrum is compared with model calculations, 
consisting in a superposition of 3 reaction parts: 
- a DWBA reaction part /2/ describing collective excitations of the nucleus 
- a preequilibrium and compound reaction part, calculated on the base of the 

Generalized Exiton Model with the code AMAPRE /3/ 
- a (n,2n) - reaction part, calculated with the code STRAPRE /4/ 

Fig. 1 
The angle integrated neutron emission spectrum of Pb 
(o present data;1^)) for 14 MeV neutron incident energy 
compared with the ENDF/B IV evaluation ( ) and a theore-
tical model calculation (...) 

In fig. 2 angular distributions for 2 different neutron 
emission energies E are compared with AMAPRE calculations. 
With increasing emission energy E the angular distributions 
sure more and more anisotropic and forward peaked caused by 
the increasing preequilibrium and direct reaction contri-
butions. 
For E=5.5 MeV the calculation is in accordance with the 

experimental data for all scattering angles, at 3,5 MeV appear discrepancies between 
calculation and experimental data.for lT= 15° and iT= 30°. For E=7.5 MeV the shape of 
angular distribution is well described but the experimental data are overestimated by the 
calculation, as it can be seen also for. the angle integrated spectrum of fig. 1 
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SEARCH FOR METASTABLE HIGHLY CHARGED RECOIL IONS 
H. Schmidt-Böcking, V. Dangendorf, О. Euler, 3. Ullrich, S. Schmidt 
Institut für Kernphyeik, University of Frankfurt/Maln, D-6000 Frankfurt/Main 
G. Zschornack 
Technical University Dresden, Department of Physics, Division of Applied Nuclear Physics, 
Mommsenstr. 13, Dresden, 8027, GDR 
S. Hagmann 
Kansas State University, Manhattan, Kansas 66506, USA 

It ia well established that fast heavy ion beams are very efficient tools to produce slow 
highly charged heavy lone. Because of the high outer shell ionization, the fraction of 
inner shell excited metastable lone should be strongly enhanced compared to light ion 
bombardment. This might be of particular interest for the production of "beams" of meta-
stable highly charged ions. 

e x t r a c t i o n g a s 

It is the goal of the present experimental investigation to obtain by x-ray-recoil ion 
coincidence technique information about the correlation of final recoil charge states and 
inner-shell x-ray emission in very heavy ion-atom collisions. The apparatus is built in 
such a way that also delayed x-ray transitions with a lifetime T > 10 nsec can be detected 
for x-ray energies above about 500 eV. A schematic view of the whole apparatus is shown in 
Fig. l. The collimated 1.44 MeV/u U beam of the UNILAC accelerator of GSI at Darmstadt hits 

-4 
the Ar gas target (differentially pumped cell). The gas pressure was kept below 10 Torr. 
The recoil ions are accelerated in the electrostatic extraction field ( V ^ e 50 to 2000 Volt) 
and are then drifting with constant velocity towards the recoil ion detector (channeltron). 
The emitted x-rays are detected by a position sensitive x-ray detector which is viewing the 
target cell and the flight path (3.5 cm) of the recoil ions. A Soller Slit is mounted in 
front of the x-ray detector enabling one to detect the position of x-ray emission with a 
resolution of better than 0.5 mm in direction of the ion flight path. The position resolu-
tion of the detector (backgammon type anode) itself is close to 0.1 mm if the gas pressure 
in the detector is properly adjusted to the x-ray energy Ex. The time resolution of the 
x-ray detector is better than 10 nsec for Ex = 2.6 keV. Knowing the position of x-ray 
emission and measuring the time difference between x-ray and recoil-ion detection, the 
recoil-ion charge-state can be determined by time-of-flight technique and thus the correla-
tion between x-ray emission and recoil ion charge state can be measured. The "prompt" 
(0T< io nsec) and the delayed x-ray emission can be separated from the position of x-ray 
detection in the gas detector. Additionally, opposite to the direction of recoil ion extrac-
tion the electrons are detected in a second channeltron allowing a high efficient electron-

r e g i o n 4, ^ d r i f t r e g i o n 

Schematic view of the 
experimental set-up 

Fig. 1; 

b a c k g a m m o n a n o d e 
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recoil-x-ray triple coincidence. This triple coincidence is set up to reduce background 
random events in the x-ray-recoil-ion coincidence. Because the expected real x-ray rate 
is very low (rate Ä 1/eec) and the detector dark rate due to x-rays from other sources in 
the experimental area Is much higher ( ft;5/sec). This triple coincidence sets a very close 
time window ( < 10 nsec) for possible random coincidences. The measured electron-recoil 
ion time resolution was better than 10 nsec. Furthermore, to reduce the random coincidence 
background rate, the recoil ions are deflected in a week magnetic field thus only the 
interesting high charge states are detected in the recoil ion detector. First experiments 
testing the experimental set-up have shown that for 1.44 MeV/u U on Ar, the detected x-ray 
rate is much lower than the one estimated from the total Ar K-shell excitation cross 
section. This forced us to increase the efficiency of the detection system and to reduce 
the background as much as possible. Eliminating the magnetic field components in the tar-
get area, the random background in the electron-recoil-lon coincidence could be suppressed 
below 10~4 with respect to the Ar 1 + intensity. 

INFLUENCE OF BREIT AND QED CORRECTIONS TO ATOMIC PROPERTIES IN HIGHLY IONIZED KRYPTON 
I. Reiche, G. Zschornack 
Technical University Dresden, Department of Physics, Division of Applied Nuclear Physics, 
Mommsenstr. 13, Dresden, 8027 
Using computer programs studying atomic structure or atomic transitions in highly ionized 
atoms for diagnostics of heavy ion sources or the diagnostics and modelling of plasma de-
vices with relevance to fusion research it is important to know the influence of correc-
tions to the energies, calculated from the multiconfiguration Dirac-Fock formalism. For 
this purpose we have used a multiconfigurational Dirac-Fock (MCDF) program /1/. This pro-
gram solved the MCDF equations for an atomic system and dumped the solutions to tape. The 
adapted program BENA /2/ is able to read this dump and calculates corrections to the MCDF 
energy levels that result from including the transverse Breit operator /3/ in first order 
Pertubation ( E

B r 0i t)« the second order vacuum polarization /4/ (F-Vp) and an approximative 
estimate of the self-energy operator (Egg). Our actual interest was focussed to Krypton 
ion ground states, because we analyze this species in current experiments on the electron 
beam ion source "KRY0N-2" /5/ of the OINR Dubna. The object of our interest is here the 
variation of X-ray energies in different Krypton ion ground states. 

Table 
Contribution of QED and Breit corrections to X-ray energy shifts of К , and L ,,-transi-

Q+OED tions in Krypton of ionization stage I. E 4 -contribution to the X-ray energy due to QED 
B+ OED 

and Brelt corrections; дЕ - absolute X-Ray energy shift: дЕ ^ -X-Ray energy shift con-
tribution of QED and Breit corrections. All shifts are declared relative to the energy 
of the neutral atom. All shifts are measured in eV. 

К ДЕ* • ¡ ¡ f ™ I T cC 1 K«u K«a Ы 1 L <=U L 

2 21,451 0,330 - 0.031 - 1,882 - 1,279 - 0,042 
4 ' 21.504 0,926 0,022 - 1,836 0,885 0,004 
6 21,471 1,862 - 0.010 - 1,832 2,076 0,007 
8 21,451 3,036 - 0,031 - 1,831 3.673 0,008 
10 21.442 3,084 - 0,040 - 1,876 19,085 - 0,036 
12 21,464 2.307 - 0,017 - 1,894 31,093 - 0.054 
16 21,479 1,873 - 0,002 - - -

24 21,360 51,965 - 0.121 - - -
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In Fige. 1-3 contributions from H Q r e i t. Еур and E g E to the electron binding energy to the 
K-level are shown. In thie figures completely ionized subehells are indicated. We notice 
an shell dependent variation of different contributions. Significant alterations in values 
of the analyzed contributions appear for ionization of 2p-electrons, whereby changea of 

Fig. 1 : Fig. 2: Fig. 3: 
Breit contribution to the Vacuum polarization contri- Self-energy contributions to 
K-shell electron binding button to the K-shell electron the K-shell electron binding 
energies for different ioni- binding energies for different energies for different ioni-
zation stages I ionization stages I zation stages I 

Consequences of in the graphics for the K-shell demonstrated eituaii.on are reflected in 
the Tabl. for X-ray energy shifts of and L ̂ ^-transitions of highly ionized Krypton. 
We see, that for calculation of X-ray energy shifts the consideration of QED and Breit 
corrections is in many cases neglegible, because these contributions lie as a rule at 
about - 1 % of the absolute X-ray shift. Only for calculations of absolute quantities it 
is inevitable to consider QED and Breit corrections to the MCDF energy levels. This cir-
cumstance may be used to economize computer time in a wide class of different studies of 
atomic inner-shell properties. 
Literature : 
/1/ Grant I.P. et al.. Comp. Phys. Commun., 21, 1980, p. 207 
/2/ Mc Kenzie В.Л. et al.. Comp. Phys. Commun., 21, 198О, p. 233 
/3/ Grant I.P. and Mc Kenzie B.3., 0. Phys., В 13, 1980, p. 2671 
/4/ Grant I.P., Comp. Phys. Commun., 5, 1973, p. 262 
/5/ Donets E.D., ECAOA, 13, 1982, p. 941 
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ABSOLUTE MEASUREMENTS OF THE U-238 FISSION CROSS-SECTION AT 4.8 MEV AND 8.4 MEV NEUTRON 
ENERGIES USING THE TCAPM 
C.-M. Herbach, K. Merla, G. Mueiol, H.-G. Ortlepp"^ G. Pausch, U. Todt 
Technische Universität Dresden, Sektion Physik, WB Angewandte Kernphysik 

since 1984 CINR Roseendorf 
I.D. Alchasov, L.W. Drapchinsky, E.A. Ganza, O.I. Kostochkin, V.l. Shpakov, P.S. Soloshen-
kov, S.M. Solovjev 
Khlopin Radium Institute Leningrad 

The absolute measurements of the U-238 fission cross-section were continued by a measure-
ment at 8.4 MeV and a short test run with poor statistics at 4.8 MeV neutron energies /1/. 
The main experimental parameters (neutron production and associated particle (AP) detec-
tion) of both measurements correspond to those of the Pu-239 measurements /2/. Considering 
the parameters of the available AE-detectors the AP detection angle in the 8.4 MeV measu-
rement was changed to 41.5 deg.. Due to this, optimum conditions in the AP channel were 

The amount of fissile material in 
the fission chamber was increased 
to 177 % compared to /3/ by use of 
9 fission-foils. The error contri-
butions of the target parameters 
were reduced by the application of 
new fission-foils of better inhomo-
geneity. 
The areal densities of all used 
fission-foils were determined at 
the KRI Leningrad by 2ar-«~counting 
(using T 1 / 2 = 4.468*109y i 0.11 Ж 
/4/), and the inhomogeneity by Ru-
therford-Backscattering-measure-
ments at the CINR Roseendorf /5/. 
Based on these results, the true 
chamber design was optimized as ex-
plained in /1,2/. 
To calculate the fission counting 
losses by absorption of fission 
fragments ln the target layer a 

+ 2 0 2 value of (5.5-j g) mg/cm related 
to the Uranium content was assumed, based on a value of 7.5 о 
mg/cm for the averaged fragment range in UjOg /6/ and data 
from the foil manufacturer about microscopic inhomogeneity and 
admixtures of other elements. 
The 4.8 MeV result agrees within the error limits with the 
ENDF/B-V evaluation (0.540'10 cm ), the result at 8.4 MeV 
lies 2.82 % above this evaluation. 
R E F E R E N C E S 
/1/ C.-M. Herbach et al.. Absolute Measurements of the U-238 

Fission Cross-Section at 4.8 MeV, 8.4 MeV and 18.8 MeV Neu-
tron Energies, to be publ. as a TUD-report 

/2/ C.-M. Herbach et al., INDC(GDR)-036/G(1985) 
/3/ C.-M. Herbach et al., ZfK-584(1986), p. 5 
/4/ A. Lorenz (Ed.), INDC(NDS)-149/NE(1985) 
/5/ K. Merla, R. Grötzschel, ZfK-584(1986), p. 116 
/6/ P.H. White, Nucl. Instr. and Meth. 79(1970)1 

reached, but the neutron energy was shifted. 
dean neutron enerav (MeVV 4.8 - 0.2 8.4 i 0.2 

Corr. 
(%) 

Error Corr . 
(%) 

Error Corr. 
(%) 

contr. 
(%) 

Corr . 
(%) 

contr. 
(%) 

Counting of coincidences 
- Statistics of effect 
- Random coincidences 0.48 

2.22 
0.17 1.19 

0.87 0.11 
Fission chamber efficiency 
- Pulses below correlated 

background threshold 
- Extrapolation to zero 
- Fragment absorption 

1.02 
0.87 
3.07 

0.07 
0.27 
0.90 

0.56 
1.24 
2.74 

0.04 
0.14 
0.81 

AP counting 
- Background 3.30 0.60 0.94 0.29 
Neutron cone 
- Neutron scattering and 

effective foil thickness 
due to the cone aperture 

- Cone neutrons outside 
the angular extend of 
the fission foils 

1.07 0 .40 

0.02 

1.16 0.40 

0.01 
Fissile layers 
- Areal density 
- Inhomogeneity 

- 1.15 
0.54 

- 1.15 
0.54 

Result (10~24 cm2) 0. 551 1.022 
Standard deviation (%) 2. 82 1.82 



- 18 -

ASSOCIATED PARTICLE BACKGROUND NORMALIZATION IN TCAPM FISSION CROSS-SECTION MEASUREMENTS 
USING THE D(D,3He)-NEUTRON PRODUCTION REACTION 

C.-M. Herbach, K. Merla, G. Musiol, H.-G. Ortlepp"^ G. P a u 9 c h , U. Todt 
Technische Universität Dresden, Sektion Physik, WB Angewandte Kernphysik 

since 1984 CINR Rossendorf 

The associated particles (AP - He) in our TCAPM fission cross-section measurements at 
neutron energies around 8.4 MeV and 4.8 MeV are detected by a telescope of two completely 
depleted Si-SB-detectors in connection with a fast particle identification circuit /1/. 
This technique allows : 

5 —1 - to suppress rajes of scattered douterons up to 2.5»10 s 
- to reduce the He-background (originating especially in the С(d,<*)-reaction) essen-

tially by generating a particle significant spectrum (fig. 1) containing all events in-
side the former selected window around the He-peak in the total energy spectrum (fig. 2)/2/. 

The portion of the remaining not separated 4 He-peak and amounts to 0.5...6 % 
He-background Is caused by the tail of the 

3, 
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, To determine this background underlying the ''He-peek 
the particle significant spectrum is collected during 
the whole measurement. In intervals background spectra 
are collected using CH^-foils of comparable thickness 
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I 

and besides particle spectra gated by correlated (incone) 
neutron signals. The background normalization procedure 
by spectra fitting is illustrated by fig. 1. This proce-
dure is based only on experimental spectra, not on ma-
thematical descriptions of peek shapes. 

DIFFERENCE SPECTRUM (DI - (P ) - (N I Unfortunately, this method requires a sufficient large 
4He peak for the background spectra fitting. Therefore, 
the energy window in the total energy spectrum of the 
detector telescope must be choosen wide enough to admit 
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( F i g . 1, 2). This, of course, enlarges the 
within the AP window, too. In order to reduce the "He 
background as much as possible, a new and independent 
method of background determination was tested in the 4.8 
MeV measurement. In the total energy spectrum the events 
of a separated He peak were counted as a monitor rate 
during both the measurement and the background control 
runs, using CDg- and CHg-foils, respectively. The back-

ground particle spectra are normalized to the effect 
particle spectra by means of the ratio of these moni-
tor rates, and in the normalized background spectra 
the interesting background amount inside the particle 
window is determined. The results by using this inde-
pendent method confirm to these by spectra fitting 
within the error limits of 0.2 %. But for a general 
application of this method some experimental modifica-
tions are necessary to improve the separation of the 
used 4He peak, so that small electronic drifts do not 
influence the result. 

R E F E R E N C E S 
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EXPERIMENTAL DETERMINATION OF FISSION FRAGMENT ABSORPTION WITHIN FISSION LAYERS OF Pu-239 
С.M. Herbach and G. Musiol 
Technische Universität Dresden, Sektion Physik, WB Angewandte Kernphysik. 

In order to check the absorption correction, experimental inveetigations as proposed in £ 1 J 
were carried out at all of the Pu-239 fission layers £ 2 J which were used in our absolute 
fission cross section measurements /"3-5J. A further target (P) with the small thickness о 
of 3 40^/jg/cm was inquired additionally to improve the possible accuracy of the measure-
ment. All the fission foils were prepared by thermo-sputterlng of PuF^ with an isotopic 
purity of 99.97% at the Khlopin Radium Institute Leningrad in the 1977-84 years. 
The fissions were induced by neutrons of an Am-Be-source after their thermalization within 
a block of paraffin. The fission chamber channel was the same as in our cross section mea-

surements £ 4,6 J . For each of the fission events the energy 
loss of the fragments within the chamber gas was registered. 
By analysing the amplitude of the current pulse the induction 
effect was excluded and a sufficient good suppression of 
Ot-pile-up-pulses was reached. The normalization to an identi-
cal neutron flux was performed by utilizing a "standard" fis-
sion foil of U-235 in back-to-back geometry. 
Based on the registered fission chamber spectra an identical 
threshold was introduced for the evaluation of the measure-
ments to guarantee uniform conditions of the fission counting 
independent on small drifts of the electronic. The check up of 
the stability of the electronic conditions also made it pos-
sible to select a fixed plateau range for the determination 
of the plateau height P H within the several spectra. 

By means of accounting in low geometry a measure of fissio-
nable material within the foils was obtained. The spectra of 
Ot- and ^-emission confirmed the identical isotopic composi-
tion, the Pu-239 peak widths for perpendicular «.-emission 
indicate an equal chemical structure of the foils. Derived 
from this measurements, a stopping power of about 20% higher 
than the Ziegler data £ 7 J of UF4 was established. 

The presented results demand a revision of the absorption 
correction, which leads to essentially higher cross section 

as a 
of P 

300 n/l̂us-cm'Pu-aîl 
Fig .1 : Alpha peak widths 
caused by stopping power 
within the fission layers 
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Fig.2 : Plateau height of the 
fission chamber spectrum as 
a function of foil thickness 
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Fig.3 ! Fleelon events relative 
to the layer «.-activity as a 
function of plateau height Рн 
(Q-Ñ27r/(Nn.ÑAÚ) ;Nn=neutr. rate) 

data £ BJ. The analysis of the value ^ТТ^ЛИ 8 8 a f u n c t i o n 

H results in effective range parameters of about 
2-3 mg/cm2 . Moreover, additional counting losses were found at 
some of the foils, which can not be explained within the 
bounds of the model "microscopic inhomogeneous layer". This 
effect, which ie caused possibly by macroscopic surface struc-
tures, reduces the accuracy of the used method essentially. 

R e f e r e n c e s 
£ 1 J C.M. Herbach, G. Pausch; this report p. 21 
£ZJ K. Merla et al.; Zf K-584(1986). p.115 
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£ AJ C.M. Herbach et al.; INDC (GOR )-036/G 
£5 J C.M. Herbach et al.; ZfK-584(1986), p.4 
£ S J C.M. Herbach et al.; ZfK-559(1985), p.22 
£ 7 J CJ.F. Ziegler; Handbook of Stopping powers and 

Ranges in All Elemental Matter, Vol.4, 
Pergamon Prese, New York (1977) - _ 

£B J C.M. Herbach et al.; this report p. 20 
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foil 2 absorption foil yug/cm correction yug/cm 
( % ) 

I 287.9 4.99 ±1.24 
II 163.9 4.58+ 1.30 
III 138.3 5.56 +1.21 
V 160.6 5.73 ±1.24 
11 199.8 5.40 ±1.22 
13 198.1 4.03 ±1.24 

Tab.1 : Exp. determined 
absorption correction 
for thermal fissions 

FINAL RESULTS OF THE ABSOLUTE CROSS SECTION MEASUREMENTS ON PU-239 
C.M. Herbach, K. Merla, G. Musiol, G. Pansch, W. Wagner+) 
Technische Universität Dresden, Sektion Physik, IVB Angewandte Kernphysik 
+) at present 3oint Institute of Nuclear Research, Dubna (USSR) 
Within the bounds of the joint measuring programme of the Technical University of Dresden 
and the Klopin Radium Institute Leningrad £ 1 J until 1985 absolute measurements of the 
fission cross section on Pu-239 have been performed using the time-correlated associated 
particle method for monoenergetic neutrons at spot points within the 2-20 MeV range. 

Particularly in the result of experimental investigations about the 
fission detection efficiency /"2 7 a revision of the preliminary 
published data (see f.i. ref. /"3-5_7) becomes песезэаггу. 
The losses by counting the fission fragments of isotropic fission 
were determined for the same fission foils, which were used in our 
cross section measurements. The experiments resulted in values of 
2.7%...4.7% higher than calculated using the fragment range of о 
R=7.5 mg/cm as assumed up to now (see tab.l). Additional effects 
of absorption, which cannot be explained by "microscopic nonunifor-
mities" £ 6 J led to the large uncertainty of the correction and 

contribute the dominant error of the cross section data. To consider the fast neutron fis-
sion anisotropy the calculations discribed in £ 7 J were performed based on the individual 
effective range parameters ¿~6_7 of the foile. Because of the use of the fission foils in 
forward and backward direction relative to the neutron flux in the cross section measure-
ments, the unknown energy dependence of the additional absorption effect has only a small 
influence on the resulting error. 
The uncertainty of the layers areal density were reduced by low geometry Cx.-counting at the 
TUD £&J to the value of 0.6%. An estimation of the maximum error of the neutron flux deter-
mination due to cone neutrons outside the angle extent of the fission foils were carried out 
based on £ 9 J and results inlan essential contribution only for the 18.8 MeV measurement 
(0.71%). The neutron energy distributions were corrected in analysis of experimental infor-
mations . 
The given result of the 14.7 MeV 
measurement represents a summa-
ry of three single runs using 
the same target (I) £ 3 J . The 
revised result is in good 
agreement now with the measu-
rements of Adamov, Li Oingwen 
and Mahdavi (reviewed in /ÍQ7), 
which confirme within±1.8%. 
Only the data of Canee £ I X J 
give 7-8% lower values. 

All the final results are sum-
marized in tab.2, a comparision 
with current data files is shown 
in the fig.l. In contrary to the 
evaluation of Howerton (in £10/) a 
renormalization of the data files 
to higher cross sections must be 
required. It seems to be probable,, 
that the discrepancies of the 
Pu-239 data are caused by under-
estimation of the absorption los-
ses due to surface effects by 
using extremly thin fission foils. 

mean neutron 
energy (MeV) 

& f (Pu-239) 
(10"24cm2) 

£¿Of mean neutron 
energy (MeV) 

& f (Pu-239) 
(10"24cm2) <3f 

4.9 t 0.08 
8.65t 0.12 
14.7 t 0.15 
18.8 1 0.20 

1.800+0.039 
2.43310.050 
2.488+0.038 
2.51210.068 

2.18% 
2.03% 
1.52% 
2.69% 

Tab .2 : Final absolute cross sec-
tion data of our TCAPM measurements 
Fig.l : Comparision of the presen-
ted resulte with actual fission 
cross section data files 
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A SIMPLE METHOD OF EXPERIMENTAL INVESTIGATION ABOUT FISSION FRAGMENT ABSORPTION WITHIN 
THIN FISSION LAYERS BY USING THE FRAGMENTS ENERGY SPECTRUM 
C.M. Herbach and G. Pausch 
Technische Universität Dresden, Sektion Physik, WB Angewandte Kernphysik 

Particularly by using the time-correlated associated particle method in the energy range of 
2-20 MeV an essential progress was reached for the precision of neutron flux determination 
in absolute fission cross section measurements £ 1 J . Therefore, it is of great importance 
now to proof the absolute fission detection efficiency as demanded in £ 2 J. to improve 
the accuracy of the absolute fission сгозз section data. 
The real properties of fission foils are strongly influenced by several parameters of the 
target production, which can not be checked completely /"3,4 J . So it must be required, 
that the experimental investigations about absorption losses are performed by using the 
same targets as employed in the cross section measurements. 
An excellent method to measure the fragment absorption within U-235-targets was developed 
in £ Ъ J by utilizing a gridded ionization chamber and based on an intricate two-parameter 
analysis. An easier experiment, also useful at targets with higher oc-activity (Pu-239), 
was carried out by P.H. White £ 4 J : 
Fission foils with different thicknesses of the active layer n(i) are put into the same 
thermal neutron field. The number of detected fissions are counted in 27T-geometry (^2^)• 
The normalization to the number of fissile atoms is performed based on a measurement of 
alphas or fissions in low geometry (NAJ1) . Microscopic nonuniformities within the layer 
reduce the effective fragment range and are taken into account by the parameter 6Vn : 

N27r(i)/NAn(i) = CQ.( 1 - n(i).(l+(S-/n)2)/(2R)) (1) 
But by using eq. (1) the fragment absorption can only be determined, if all of the fission 
foils have the same chemical structure (R=»const.) and surface properties ( G"/n=const.). 
In the result of calculations of the fission fragment energy spectrum after their emission 
at a plane layer £ 5 , 6 J , the method of White could be modified to enlarge the range of 
its application. The value of the number of counting losses A below the threshold in rela-
tion to the number of fragment pulses P^ within a fixed plateau range of the fission chamber 
spectrum (fig.) was found to be independent of the parameter n/R. Further calculations 
simulating selected surface structures £ 7j indicate the constance of this value also in 
the case of microscopic nonuniformities. Significant differences are estimated only for 
surface structures with macroscopic dimensions. If the latter effect is excluded, it 
becomes possible to determine an individual effective range parameter of each fission foil 
by using the eq. (2,3) to calculate the absolute absorption without any restriction re-
flected by chemical structure and microscopic nonuniformities: 

N 2 7 r ( i ) / N û r l ( i ) = C 1 . ( l - C 2 . P H ( i ) ) ( 2 ) 

A ( i ) = l - ( N 2 7 r ( i ) / N A ß ( i ) ) / C l = : l / 2 - n ( i ) / R e f f > ( i ) ( 3 ) 

Only relative measurements are necessary, which сэп be carried out with high accuracy 
using a comparable simple experimental set-up. 

R e f e r e n c e s 
£ 1 J C.M. Herbach et al.; INDC(GDR)-036/G 
/ 2 7 IAEA Consultant's Meeting on the U-235 Fast-Neutron 

- Fission Cross-Section, Smolenice (Czech.), 1983, 
Conclusions and Recommend., INDC(NDS)-146, p.13 

£ Z J C. Budtz-30rgensen, H.-H. Knitter; NSE 86(1984), p.10 
£ Л J P.H. White; NIM 79(1970), p.l 
£ 5 _7 B. Sprenger; Dipl. work, TU Dresden, 1984 
£6 J C.M. Herbach, G. Pausch; ZfK-584 ( 1986) , p.,114 
£7 J G. .Pausch et al.; this report p. 22 

Definition of A and Рн 
within a simplified 
fission chamber epectrum 
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ON THE CORRELATION BETWEEN FISSION FRAGMENT DETECTION EFFICIENCY AND THE PLATEAU HEIGHT 
IN FISSION CHAMBER SPECTRA FOR THIN FISSILE LAYERS ON SCRATCHED BACKINGS 

G. Pausch, C.-M. Herbach, K. Merla, G. Musiol 
Technische Universität Dresden, Sektion Physik, W8 Angewandte Kernphysik 
W. Wagner, Ooin»- Tnstitute for Nuclear Research, Dubna, USSR 

Using the Monte-Carlo codes ROBER01...#3 /1/, first investigations were performed concer-
ning the systematics of fission fragment counting losses due to deviations from the idea-
lized plane target layer. The portion of "forward" fragments from thermal fission which do 
not leave the fissile layer with an energy above a threshold of 6 MeV, as well as the 
"plateau" height in the fission chamber spectrum were calculated for three different types 
of periodic surface profiles (1: covered scratch; 2: filled scratch; 3: scratch with cov-
ered bottom /1/) with a period of 30yum, a scratch width (2b) of 1 /jm, and a scratch depth 
(h) of 1 yum. A mean fragment energy of 84 MeV and mean ranges of 5.8 /um, 9.0 /im and 
21.6 mm in the backing material (KOVAR), the fissile layer (U30g), and the fission chamber 
gas (methane at 110 kPa) were assumed, respectively. The simple stopping power model /1/ 
allows to compare the results with analytic calculations for a plane target layer of an 
equivalent effective (i.e. averaged over a period) thickness /2/. Of course, no quantita-
tive description of true counting losses should be expected in this case; the aim was to 
find out systematic trends, especially in the counting loss / plateau height relation, 
which help to understand the results of experimental investigations /3/. 
Varying the target thickness t, a series of calculations was performed, each of them with 
a total number of 20 000 fission events. Fig.1-2 show the results; the standard deviations 
stated were deduced from the scatter of the channel contents in the plateau region of the 
calculated energy loss spectra. As expected, an additional counting loss occurs, depending 
on the type of the surface profile (Fig.l). On the other hand, no significant violation of 
the linear counting loss / plateau height relation was observed in spite of strong devia-
tions from the plane layer model (Fig.2) 1 Therefore, the "scratch" model does not explain 
the behaviour observed experimentally /3/. 
The "broad valley" calculation (surface type 3: period 20 mm, 2b=10 mm, h=0.1 mm, t=0.24 yum; 
total spectrum - lower absorption; spectrum of fissions originating inside the "valley" -
higher absorption) simulates shifted target edges in a first approximation. Even in this 
case, the enlarged fragment absorption is followed by a corresponding rise of the plateau 
height. Further investigations are planned. 
REFERENCES: /1/ G. Pausch et al., this report p. 23 

/2/ G. Pausch, Dissertation, TU Dresden, 1986 
/3/ C.M. Herbach et al., this report p. 19 
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ROBER - A MONTE-CARLO CODE SIMULATING THE INFLUENCE OF SCRATCHED BACKINGS ON THE ABSORP-
TION PROBABILITY AND THE ENERGY SPECTRUM OF PARTICLES EMITTED FROM A THIN TARGET LAYER 
G. Pausch, K. Merla, G. Musiol, R. Perez 
Technische Universität Dresden, Sektion Physik, WB Angewandte Kernphysik 
L.V. Drapchinsky, Khlopin Radium Institute, Leningrad, USSR 
W. Wagner, Oolnt Institute for Nuclear Research, Dubna, USSR 

The experimental examination of Pu-239 targets regarding the fission fragment counting 
losses /1/ suggested to investigate the influence of a rough backing or target surface on 
the absorption probability and the energy spectrum of fission fragments or alpha particles 
originating within a thin target layer. The code ROBER was created to simulate such effects. 
As a first step, three variants with different kinds of periodic surface profiles (Fig.l) 
and a simple stopping-power model for fission fragments (Fig.2) were implemented at the 
CDC-6500 computer of the CJINR Dubna. The "scratch" as the dominating type of surface dis-
turbances was suggested by microscopy /2/. The codes ROBER01...03 simulate fission chamber 
spectra, i.e. spectra of energy losses of "mean" fission fragments in a gaseous agent fil-
ling the space between the target surface and an electrode. Moreover, separate spectra are 
built up for fragments which are generated inside the scratch. To reach good statistics 
for the interesting rare events which cause the "plateau" in the fission chamber spectrum, 
a non-analogous Monte-Carlo method was applied. Two intuitive parameters allow to favour 
fission fragment trajectories with small angles relative to the target surface, and with 
an origin inside the scratch. In a series of test calculations the statistical uncertainty 
of the plateau height was reduced by a factor of 2...3, choosing optimum parameters. 
To verify the correct work of the complete codes, all subroutines and functions were tested 
separately following a bottom-up strategy; selected sets of input data guaranteed that each 
order was addressed. As an additional test, the plateau height as well as counting losses 
were calculated for a plane target layer applying the codes ROBER01...03 with a specialized 
set of geometrical parameters (Fig.3). In this case, it was possible to check the results 
by analytic calculations /3/. 
The chO'Jenl structure of the code ROBER allows to modify the geometrical model or to im-
prove the stopping power model by a simple exchange of selected subroutines. In this way, 

a broad variety of problems can be treated, e.g. simulation of natu-
ral alpha and RBS spectra from scratched foils or investigation of 
targets covered by inactive layers; the only restriction given by 
the implemented algorithm is that the geometry of the problem must 
be described by planes. 

Surface model 1 ' 
"Covered scratch ' 

Surface model 2 : 
•Filled scratch' 

Surface model 3 • 
'Scratch with covered bottom* 

L ••;•• • •• i 
J J 

ZZ2 Target layer 
GS) Backing 

REFERENCES 
/1/ C.M. Herbach et al., this report p. 19 
/2/ W. Wagner, Dissertation, TU Dresden, 1982 
/3/ G. Pausch, Dissertation, TU Dresden, 1986 
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INFLUENCE OF ATOMIC, MOLECULAR, AND SOLID STATE EFFECTS ON NEUTRON RESONANCE CROSS SECTION 

K. Seidel, D. Seeliger and A. Meister 
Technische Universität Dresden, Sektion Physik, WB Kernphysik 
S. Mittag 
Zentralinstitut für Kernforschung, Rossendorf 
ff. Pilz VEB Robotron - Meßelektronik, Dresden 

Commonly, nuclear reactions are considered as independent of atomic, molecular, and solid 
state properties of investigated samples, but the interaction of slow neutrons with atomic 
nuclei is one of some exceptions. The precise position and shape of neutron resonances 
depend not only on nuclear properties but also on the nuclear surroundings. The permanent 
improvement of precision of neutron spectroscopy gave the possibility to investigate a 
physical field including the properties of nuclei as well as their interaction with the 
environment in more detail. 
A detailed study of low-energy neutron resonances shows clearly an influence of atomic 
binding on Doppler broadening. The influence of different crystal lattice vibrations and 
intramoleculare oscillations on Doppler broadening had been observed experiment silly /1-3/. 
In addition, a temperature-dependent shift of neutron resonances was measured /4/. It 
became evident that the understanding of effects of this type is meaningfull also for 
applications of neutron resonance data, in particular for nuclear reactor calculations 
/5,6/. 
The observation of hyperfine interactions in neutron resonances gave the possibility to 
develope a new method for the investigation of nuclei excited in isolated compo'und-
nucleus states at excitation energy close to the neutron binding energy. 
In addition to the well-known parameters of these states as energy, spin, parity, and 
widths, magnetic dipole moments of compound-nucleus states were determined one decade 
ago /7/. In the last years, we succeeded in determining the mean-square charge radii of 
different compound-nucleus states /3»8/. In the case of heavy nuclei, these states are 
often fissionable with quite large fluctuations of fission widths from resonance to 
resonance. 
As a matter of course, it is specifically interesting to search for a correlation between 
the mean-square charge radii and fission widths of compound-nucleus states /9/. 
Such investigations can give new clues for the understanding of the fission process of 
nuclei caused by resonance neutrons. 
A review concerning the influence of atomic, molecular, and solid state effects on neutron 
cross section at low-energy neutron resonances has been finished recently /10/. 
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/2 / Seidel, К. et al.; Yad. Fiz. Д4 (1981) 1173 
/3 / Meister, A. et al.; Nucl. Phys. A 362 (1981) 18 
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A STATISTICAL MODEL FOR MULTIPARTICLE PRODUCTION IN HADRON-HADRON INTERACTION 

H.W. Barz, H. Müller and H. Schulz 
Zentralinstitut für Kernforschung Rossendorf, Bereich KF 

A statistical model for hadron-hadron interactions is developed by assuming that the 
reaction proceeds in two steps. First in a violent collision translational energy is trans-
ferred into internal excitation energy of two emerging fireballs, which are assumed to de-
cay afterwards indepedently of each other. The decay into the various channels is controlled 
by the phase space volume of the final hadrons as well as the corresponding flávour content 
via the underlying quark statistics. By adjusting essentially two parameters, which charac-
terize the size of the fireballs and the energy transfer, a large variety of experimental 
data for pp and pp reactions is succesfully reproduced. 

The mean transverse momenta and the mean numbers of various particle types as well as 
inclusive cross sections for the production of resonances and multiplicity distributions of 
charged particles are well described up to c.m. energies of about is* » 60 GeV. As an example 
we show in fig.l the mean multiplicity of various particle types as a function of the c.m. 
energy. Also the invariant cross sections as a function of the Feynman variable Xj- and the 
transverse momentum are in excellent agreement with experimental data below V T « 1 4 GeV. Up 
to this energy the rapidity distributions associated with the fireballs overlap strongly. At 
higher energies, however, the particle density in the central rapidity region is underesti-
mated. To improve the description of the momentum distributions at higher energies we plan 
a straightforward extension of the two-fireball picture by including gluon-gluon interac-
tions which give rise to central gluonic fireballs ( see refs./2/). 
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COULOMB FINAL-STATE INTERACTION IN IDENTICAL BOSON INTERFEROMETRY 
Hans-Ulrich Gersch 
Central Institute for Nuclear Research, Rossendorf, GDR 

In,relativistic nucleus-nucleus collisions second-order interferometry became an important 
tool for the determination of the size of the region of highly excited nuclear matter. 
Investigating pion and proton correlations, the radius of the socalled fireball was extrac-
ted to be in the range of R q Ä 2...6 fm. 
The method is based on correlations between identical particles with small relative four-
momentum due to quantum statistics. It is assumed that the particles under investigation are 
emitted during the collision of two heavy ions in a completely stochastic manner (without 
initial correlations) 111. Supposing a Gaussian-like distribution with R (radius) and 
t (lifetime) and isotropic emission of the emitted particles, the correlation function ta-
kes the form /1/ 

C(<ffr)~ 1 + exp f- £ * 9 „ V ; ] (1) 

q = P±~P2' % = ' P^ and E^ are the momenta and energies of the emitted particles. 
Usually one neglects the time dependence of (1). Further, a partially coherent generation of 
the particles is taken into account by a factor A < 1 /2,3/. Therefore, the experimental 
values are often fitted to the function 

C(q,A) «г 1 + Л exp (- x ). (2) 

This pure quantum statistical correlation is modified by the final-state interaction. 
Our considerations concern only to charged mesons (e.g. pions) and to the modification of the 
second-order interference due to the mutual Coulomb repulsion. In the literature this is 
taken into account by the socalled Gamow factor, G, obtained in a quantum mechanical treat-
ment /2,3,4/: л _ 

(3) 

2ir n m cL (1 _ — with n - — — • . (4) 
u expC2 ïïij)-i ' 9 

In this way, coincidences of particle pairs with small relative momenta should be suppressed 
by the mutual Coulomb interaction between them (Fig. 1). The number of particle pairs, once 
created, is not conserved. 
However, under the published experimental results of pion interferometry I did not find any 
indication for the necessity of the modification via the Gamow factor. 
As shown in Figure 1, the data of Zajc et al. /2/ agree well with the results of the pure 
quantum statistical treatment, given by (2), whereas the other data /4,5,6/ suggest an 
enhancement instead of the predicted suppression. The enhancement of the experimental pion-
data relative to the neutral-particle correlation function can be explaned in a classical 
picture, in which the charged mesons are repelled by the mutual Coulomb force. Here, compared 
to the initial (neutral-particle) correlation function, the asymptotic one is simply obtained 
by shifting the relative momenta toward higher values. Because of particle conservation the 
correlation function remains normalized. 
Thè effect of mutual Coulomb repulsion for the two outgoing particles can be introduced into 
an intermediate result of the correlation function (1), in which the inital separation s of 
the particles is explicitly given: 

The lifetime of the source has been neglected. In a nonrelativistic treatment, a meson pair 
with an initial relative momentum q s located at a distance s attains the asymptotic relative momen 

« ^ о о ^ У ? / with A = 4 m e2. (6) 
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2 2 (A = 805 and 2880 MeV fm/c for pions and kaons, respectively). 
Thus, instead of (5) we obtain an asymptotic correlation function given by 

with (8) 

о 
The lower integration limit, s = A/q^ , is due to the fact that smaller initial separations 
are not allowed classically. The correlation function gained in this way is shown in Fig. 2 . 
It differs markedly from the correlation function corrected by the usual Gamow factor. Con-
sequently the information gained about the size of the fireball is quite sensitive to the 
manner of the Coulomb correction. 
It should be noted that non-neglegible decay times of the fireball will reduce the correla-
tions. Further, until now, relativistic treatment of the Coulomb correction has been missing, 
in general. 
Experiments are now in preparation by Nagamiya /7/ that attempt to measure the correlation of 
kaons. Considering charged kaon pairs, the predicted correlation is modified even more by the 
Gamow factor. Further, as Fig. 3 shows, the discrepancy between the quantum mechanical and 
the classical treatment is more serious for kaons than for pions. Therefore, the size parame-
ter of the fireball generated in relativistic heavy-ion collisions can only be obtained 
unambigeously if the discrepancies concerning the Coulomb correction are clarified. 

Fig. 1 
Experimental correlation 
coeficients for identical 
pions from 
о S.Y. Fung et al. /5/ 
X 0. Beavis et al. /4/ 
A W.A. Zyjc et al. /2/ 
•»• N. Akhababian et al. /6/ 
For comparison, the Gamow-
corrected correlation func-
tions are shown. 

Fig. 2 
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quantum-statistical effect, 
Л corrected by the Gamow-

factor, 
О Coulomb final-state inter-

action considered classi-
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Fig. 3 
Identical-kaon correlation 
function. For details see 
fig. 2 
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NUCLEAR SPECTROSCOPY 

TEST OP LARGE-AREA SILICON DETECTORS IN HEAVY ION REACTIONS 

L. Funke, J. v.Borany, J. Döring, M. Preitag, K.B. Kaun, H. Prade, В. Schmidt, R. Schwengner 
Zentralinstitut für Kernforschung Rossendorf, Bereich KP 
A. Johnson 
Research Institute of Physics and Royal Institute of Technology, Stockholm, Sweden 
J.D. Garrett, К. Schiffer 
Tandem-Laboratory Ris/, Hiels-Bohr-Institute Copenhagen, Denmark 

о 
Ion-implanted silicon detectors of about 14 cm sensitive area (42 mm diameter) and a few hundred pi thickness 
[1] have been tested in connection with induced fusion-evaporation reactions at the tandem accelerator of 
the Niels-Bohr-Institute Copenhagen in Ria/. The goal of these experiments was to find out whether such kind 
of detectors could be used inside the NORDBALL [2] in order to separate reaction channels with evaporated char-
ged particles involved. 67 67 
Three different targets (self-supporting Cu and Zn foils and Zn backed on a Au foil) have been irradiated 
with the 70 MeV beam of the Ris/ tandem and the coincident events between charged particles and ̂ -rays 
(detected with a germanium detector) were stored In coincidence matrices of 256 x 2043 channels. As shown in 
fig. 1 the particle spectrum contains three distinct components, similar to spectra measured In c/-induced re-
actions [3,4]. At low energies the protons are dominating since they lose at most 3.5 MeV of their energy in 
the 100 fan sensitive depth, whereas the energy loss of o^-particles ranges up to 14 MeV. In the high-energy 
part of the spectrum the scattered ^0 ions can be seen. With the geometry used in these experiments (up to 
4 detectors surrounding the target at a distance of 15-20 ram) a solid angle of about 21Г can be covered. Scat-16 67 tered 0 ions reached the detectors only In the experiment with the Au backed Zn target. The fairly good 
distinction between protons, d-particles and heavier ions allows a separation of different reaction channels 
to be made. 

67 16 In the case of the Au backed Zn target the j-ray spectra gated with protons, ог-particles and scattered 0 
ions contain mainly the reaction channels (1®0,2pn), (1S,p2n) and (1^0,<*n), C1 ̂ 0, tW2n) as well as 
respectively. As expected, channels with only neutrons evaporated are not to be seen in these spectra. 
The applicability of such detectors in NORDBALL experiments depends essentially on two questions: 
1) How resistent are these detectors against radiation damages caused by scattered or emitted particles and 
il) Can a solid angle of 41Г be reached? In the experiments described each of the detectors registered about 

8 10 2 
5 • 10 charged particles, a dose far below the critical one which Is a few times 10 C*-particles per cm [57. 
The dose of about 10^ scattered ions that reached the detectors mainly under forward angles also did not 
deteriorate the resolution. Prom the present experiments in connection with the investigations of ref. 5 one 
might estimate that the detectors can be applied for several weeks in such H.I. induced reactions before beco-
ming radiation damaged (provided the number of scattered heavy ions of the beam can be kept relatively small). 
Furthermore, as shown in ref. Г53 there is a great chance for annealing the detectors. Finally, it seems to be .p possible to manufacture square-shaped detectors of 35 x 35 mm . A small box with 6 such detectors surrounding 

О О 

10s 

10* - / 
PROTONS 

•ALPHAS 

the target (with 2 detectors having an 8 mm hole for the beam) 
would fit inside the NORDBALL and allow the registration and 
approximate separation of charged particles in almost 4ТГ geo-
metry. 
References > 
C l ] Boreny, J. von, et &1.j Annual report ZfK-584(1986)56 
[2] Herskind, B.j Hucl. Phys. A447(1985)395 
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IN-BEAM EXPERIMENTS WITH 7Li - THE MAGNETIC MOMENT OF A NEW 15/2+ ISOMER IN j ^ g 

L. Kaubler, J. Döring, L. Funke, H. Prade, H. Rotter, R. Schwengner, E. Will and G. Winter 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 

7, By means of a sputter-ionsource used for the Li acceleration at the Rossendorf cyclotron, long period in-beam 
82 experiments have been performed. In the first experiments enriched (92 %) Se targets of different thicknesses 

have been bombarded with 35 MeV \i particles. Spectra of „-rays delayed to the beam bursts and vv-coincidences p"? 85 86 
have been measured so far to investigate different nuclear structure aspects in the final nuclei H->Br, 
and 85'86Rb. As a first result a new ns-isomer with 3*= 15/2+ at Ex = 2826.7 keV /1/ has been found (cf. fig. 1) 
on the basis of the delayed ^-ray spectra. • л In our earlier studies of the nucleus з6

Кг
4д. B o m e multiquasiparticle states have 

been identified /2/ showing the growing importance of spherical shell model aspects 
RS 

close to the magic shell number N=50. In Rb the positive-parity yrast states on top 
of the 9/2+ isomer are thought to result from the coupling of a proton in the lgg/2 

Fig. 1 
Schematic partial level 
scheme III of 85Rb 
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Fig. 2 
Spin rotation spectra 
for two transitions de-
exciting the 15/2+ iso-
mer in 85Rb 

O A т 

shell to the even-even Kr core III. Thus, these yrast states up to 21/2T are 
suggested to contain 3 qp components resulting from coupling the l g ^ proton to 
neutron (v) and proton (jf) IS9/2 c o r e excitations III. No conclusion has been drawn 
about the configuration of the 15/2^ and 17/2^ states lying between the 17/2^ and 
21/2j levels. In this region a backbending like behaviour is supposed /3/. 

+ 85 To clarify this situation, the magnetic moment of the new 15/2, isomer in Rb has 
2 82 rf 

been determined by the TDPAD-method using a 50 mg/cm Se powdeî target at room tem-
perature. The experimental arrangement is described in ref. /4/. Fitting the usual 
analytic expression for R(t) to the experimental results (fig. 2), the Larmor fre-
quencies tj ̂  observed for the 349.7, 1183.5 and 779.4 keV ^-transitions have been 
determined giving the averaged value u. = 147(4) MHz. Taking into consideration the 
external magnetic field В + = 2.535(6) T the g-factor amounts to g=+1.21(4) and the + R5 
magnetic moment of the 15/2 isomer in Rb to p=+9.1(3) p^. With respect to the 
large experimental error field corrections have been neglected. The positive sign 
of the g-factor has been deduced by comparison of the phases of the measured R(t) 
functions with the phases obtained for known g-factor and A2 values. From the time 
distributions a preliminary half-life of ' n s h a s 1368(1 determined. 
The comparison of theoretical estimates for g-factors (table 1) with the experimental 

_2 value demonstrates that the 3 qp configurations of the type v Jt- are clearly ruled 
3II2 

experimental g-factor is within the error limits in agreement with the values 
calculated for the 3 qp configurations ^59/2^5/203/2' '"here the configura-
tion Cn"99/2^5/2p3/2^4+-ll5/2+ m0S^ ^^ely one-

Table 1 
Estimated g-factors of 3 qp states 

Configuration ^calc 
C v K g ^ r W ] 13/2-3^21/2 b ) 

[Tg9/2f5/2P1/2] 1V2+ 

Cir09/2f5/2p3/2] 15/2+ÎJ-1?/2+ 

[m39/2(f5/2P3/2)4+] i5/2+ 

frg9/2(f5/2p3/2)3+3 1 5 / 2 + 

[jTB9/2(f5/2P3/2)4+] 17/2+ 

<0.60 
+0.99 

+1.14Sg<+1.26 
+1.21 
+1.19 
+1.21 

R e f e r e n c e s 

III Zell, K.O. et al., Phys. Rev. Ç25 (1982) 1379 
/2/ Rotter, H. et al., Phys. Lett. 1638 (1985) 323 
/3/ Lühmann, L. et al., Z. Phys. A313 (1983) 297 
/4/ Käubier, L. et al., ZfK-455 (1981) 1 
/5/ Lederer, C.M., V.S. Shirley: Table of isotopes. 

New York: John Wiley 1978 

a) Calculated by means of the additivity rule of effective g-factors /5/ with: g(vg9/?) g(7rp3/2)r+i.83, gOT5/2)=+0.54, g(n-g9/2)=+1.37. ' -0.24, g(írpi/2)=-0.14, 
Or) stands for all ^-configurations mentioned in footnote a) 
For different modes of spin coupling within the configurations. 
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BAND STRUCTURES IN 79 Br 
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A. Johnson and A. Nilsson 
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79 
The in-beam study of Br /1/ has been continued. Further experiments were carried out 
using the 78Se(a-,p2n) reaction (E0£=45 MeV) and the 77Se(ifc,pn) reaction (E^=27 MeV) at the 
cyclotrons in Stockholm and Rossendorf, respectively. The level scheme deduced from the 
present experiments is shown in figure 1. Mean lifetimes of states in 7 % r were extracted 
from Doppler-shift attenuation (DSA) and recoil-distance Doppler-shift (RDDS) experiments. 
To suppress y rays from (a,xn) reactions and background radiation a particle-y coincidence 
set-up /2/ or a plunger device in connection with a multiplicity filter /3/ were used in 
DSA or RDD3 experiments, respectively, that employed the 77Se(o¿,pn) reaction. The life-
times are given in table 1. 79 Three band-like structures have been identified in Br. The level spacings and large E2 

transition strengths (B(E2) 30-40 W.u.) within the yrast band built on the 9/2+ isomer 
7R 

are similar to those within the yrast band of the core nucleus Se end point to a de-
coupled motion of the gg/2 proton and the core. The transition energies within the 3/2 
ground state band decrease above the 13/2- state. This anomaly may indicate a band cross-
ing with the- 3qp band observed above the second 13/2" state. The levels of this band are 
depopulated by rather strong Ml transitions (B(M1)^0.4 W.u.) and might involve configu-
rations like a P3/2 Pro'torl coupled to a broken gy/2 Pair of the core or a Sg/2 Pr°ton coupled to certain negative-parity core states, similar to the 3qp band in Br /4/. 

References 
/1/ Schwengner, R. et al., Annual reports 1984 and 1985, ZfK-559(1985)28, ZfK-584(1986)20 
/2/ Schwengner, R. et al., Annual report 19B4, ZfK-559(1985)34 
/3/ Winter, G. et al., Annual report 1985, ZfK-584(1986)102 
/4/ Funke, L. et al., Z. Phys. A324(1986)127 

Table 1. Lifetimes of 

Figure 1. 79 
Level scheme of Br deduced 
from the present experiments. 

79 
states in '^Br. 
'without feeding 
correction. 
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HI GH-S PIN STATES IN 7 9Kr 
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na The Investigation of Kr has been continued. In order to enhance the excitation of high-spin states in additi-
77 on to the experiments performed in the reaction Se(o¿,2n) at the Rossendorf cyclotron /1,2/ several experl-

78 
ments in the reaction Se(o<,3n) hare been performed with 45 MeV o£-particles at the Stockholm 225 cm cyclo-
tron shortly before its shut-down. In a ̂ -coincidence experiment 3 large-volume HP Ge detectors of more than 
20% efficiency have been used. Two of them were positioned at a distance of about 5 cm from the target under 
90° relative to the beam direction and one detector about 8 cm apart under an angle of 135° (backward directi-
on). The 3 coincidence matrices of the different detector combinations have been added and the total matrix Q 
contains about 2 • 10 coincidence events collected during 25 hours of beam time. Furthermore, the two matrices 
of the 135°- detector with the two 90°-detectors have been added separately and analysed with respect to Dopp-
ler shift effects /3/. The angular distribution and linear polarisation of the »-rays have also been measured. 79 
The present status of the evaluation allows us to establish the level scheme of Kr as given in fig. 1, which 
goes far beyond earlier studies /4/. Besides the yrast sequence of positive parity that is discussed in ref. 
/3/ the level scheme contains the following level sequences: 
1) Both signatures of the 1 qp с ouf i gurat i oris ^5/2 ̂ ^ ^3/2 the basis states 1/2 ( ground state), 

5/2" 
ly large /2/. 

ii) Above 2.8 MeV four levels have been found, which show very complicated decay pattern and are likely to form 
a sequence of levels based on a 3qp configuration of negative parity. Possible low-energy transitions bet-
ween close-lying states of equal spin and parity (17/2* to 23/2") are present in the singles ̂ -ray spectrum 
but their intensities are too weak to be observed in the coincidence spectra. If they exist a strong mixing 
of 3 configurations would be suggested. 

at 147.1 keV and 3/2" at 384.2 keV. The collectivity, at least in the p^ 2 and f^ 2 bands, is relative-

iii) In addition to the yrast sequence some yrare states of positive parity have been observed, which have 
81 counterparts in Kr /5/. 

To get more insigit into the complicated level structure of 
mental material is necessary. 
References : 
/1/ Schwengner, R. et al., Annual report ZfK-559(1985)29 
/2/ Winter, G. et al., Annual report ZfK-584(1986)21 
/3/ Winter, G. et al., this reportp. 32 
/4/ Kajrys, G. et al., Phys. Rev. 027(1983)983 
/5/ Funke, L. et al., Nucl. Phys. A455(1986)206 
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TRANSITION PROBABILITIES IN THE BAND CROSSING REGION OP 79Kr 
G. Winter, J. Döring, L. Punke, H. Prade, H. Rotter and R. Schwengner 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KP 
A. Johnson 
Research Institute of Physics, Stockholm and Royal Institute of Technology, Stockholm, Sweden 
A. Nilsson 
Research Institute of Physics, Stockholm, Sweden 

Excited states in 7^Kr have been identified up to ITC= (27/2+) and (23/2") using in-beam j-ray spec-
troscopy in connection with (о̂ .,2п) and (c<.,3n) reactions at the cyclotrons in Rossendorf and Stock-
holm, respectively. The results are summarised in a level scheme shown in the proceeding contribution 
to this report /1/. Por many levels of the yrast sequence picosecond lifetimes could be deduced from 
linèshape analysis in Doppler-shift experiments. The results have been obtained either in a common 
analysis of the two lineshapes found at the observation angles of 25° and 155° or by analysing the 
lineshape found at an observation angle of 135° in a ̂ -coincidence experiment. Reduced E2 and Ml 
transition probabilities as derived from these lifetimes are given in table 1. 

Table 1, Reduced E2 and 111 transition probabilities 
given in Weisskopf units. to • 

e t M i , i — I - 1 J 

• ™Kr 

I. 1 ri(E2) I. i B(141) 

13/2+ 9/ 2* 37(5/3) ll/2+ 9/2* 0.020(6/4) 
17/2+ 13/ 2+ 44(4/5) 1Ы2* 13/2+ 0.035(16/13) 
21/2Î 17/2* 54(8/6) 19/2+ 17/2* 0.05(2) 
11/2+ 7/2* 14(4/3) 21/2*2 21/21 0.4(2/1) 
15/ 2+ 11/2* 45(15/11) 23/2+ 21/21 0.23(14/8) 
19/2+ 14/2* 36(14/9) 23/ 2* 21/2$ 0.6(6/3) 
23/2+ 19/2+ 46(45/23) 25/2+ 23/2+ 0.18(6/5) 
25/2* 21/2+ 48(12/7) (27/2+) 25/ 2* 0.22(17/9) 
(27/2+) 23/2* 57(43/22) 

d Ï 
5 0.1 : m 

The errors are given in parentheses in units of the 
last digit. When asymmetric the notation is 
(upper/lower) uncertainty. 

9/2 13/2 17/2 21/2 2S/2 
SPIN OF I N I T I A L STATE 

Pigure 1. The 1Л transition probabilities 
in the yrast sequence of in compari-
son with the corresponding data in ®^Kr 
/2/. The curves correspond to the predic-
tion of the coupling scheme /2,3/. 

79„ The E2 transition probabilities in the yrast sequence of Kr have been found to increase slightly with 
increasing spin (see table 1) but they do not show an irregularity at the band crossing. This behaviour 
might be interpreted as arising from a considerable mutual mixing of the lqp and 3qp configurations for 
several levels in the crossing region» The Ml transition probabilities, on the other hand, are for 
transitions above spin 21/2 considerably greater than for transitions at lower spin (see figure 1). 

79 The increase of the B(M1) values in Kr by approximately a factor of four is smaller than in the case 
81 of Kr where the B(K1) values in the 3qp band are about ten times larger than in the lqp band. 

79 81 A plausible explanation for the B(M1) values in the 3qp band being smaller in Kr than in Kr is 
found on the basis of the semi-classical coupling scheme of the three particle angular momenta in the 81 
3qp configuration. Por the 3qp configuration in Kr it was assumed /2/ that the unpaired neutron 
occupies the =• 7/2 substate of the gg/2 multiplet. Since 7^Kr contains two neutrons less than 81Kr 
it is reasonable to assume that the unpaired neutron in the 3qp states of 7^Kr occupies the K Q = 5/2 
substate. Together with the smaller value of the aligned angular momentum of the two unpaired protons 
(is»4ft in 7^Kr compared to s»6ti in 81Kr), the lower value of К in 7^Kr gives rise to the reduction 
of the B(M1) values in the 3qp band of 7^Kr as compared to (see the broken and full curves in 
figure 1). 
References: 
/1/ Funke, L., et al.; this report p. 31 
/2/ Funke, L., et al.; Nucl. Phys. A455 (1986) 206 
/3/ DSnau, P.; NBI - ZfK Preprint 85 - 36 (1985) 
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NEAR-YRAST SFÎCTROSCOPY OP THE N=48 NUCLIDE °TCr 
H. Rotter, J. Döring, L. Funke, L, Kaubler, P. Kleinwächter, H. Prade, R. Schwengner and G. Winter 
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Phyoico-Technical Inatitute "A.P. Joffe", Leningrad, USSR 
About twenty new levels in 0^Kr up to spin 14 Ь and 7.65 MeV excitation energy have been established (see fig.1) 
as a result of an extensive in-beam spectroscopic study via the 82Se(oi, 2n) reaction at the cyclotrons in Lenin-
grad and Rossendorf. Based on Doppler-shift attenuation or plunger experiments, the mean lifetimes could be de-
termined for thirty of the levels excited. The dominant structure of a new long-lived 12+ isomer has been iden-
tified /1,2/ as the stretched 4qp configuration Är(P3/2,f5/2^® on the ot the »eaaured g-factor 
and the sum of the excitation energies of the involved 2qp states and 8^. Most of the negative-parity states 
could be grouped into two sequences with ЛI - 2 and ЛI » 1, respectively, built on the two lowest 5~ states. 
The 2qp configurations v(Sg/2,p1/2^5" 811(1 " ^ / г ^ / г ^ / г ^ / г ^ - »resPectiTely« •night be ascribed to them, 
but at least the odd-spin members of the two bands are strongly mixed as indicated by strong lnterband transi-
tions. The collectivity ln the negative-parity bands is rather low (В(Е2)яг10 -j- 20 W.u.) as in the ground state 
band. The (6g) level at 3.95 MeV turns out to have non-collective structure as shown by the low E2 strengths of 
the transitions deexciting this level. Together with the (8^) and (10g) levels it forms a band-like sequence 
with enhanced E2 transition strengths (about 30 -f- 40 W.u.) between them. This E2 enhancement might be due to 
the defoliation driving properties of the lowest вд/2 or4tala in the proton system indicating the presence of 
a broken pair of g^ 2 quasiprotons in this sequence. 

References : 
/1/ Rotter, H. et al., Annual report 1984, ZfK-559(1985)30¡ Phys. Lett. 163B(1985)323 
/2/ Prade, H. et al., this report p. 34 
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SPIN PRECESSION SPECTRA 
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Recently we reported on a new four-quasiparticle isomer at E = 5373.4 keV with 3 - 12+ in U4Kr /1/ which 
84 * ' 

was observed among the about 20 new Kr levels established as a result of extensive in-bea;.i spectroscopic meas-
urements. The isomeric state is deexcited by a cascade of two E2 transitions of 169.3 and 1968.0 keV feeding the 
known 8+ isomer at Ex = 3236.1 keV. A first measurement of the magnetic moment by means of the TDPAO method at 
the Rossendorf cyclotron resulted in g = +0.14(3) for the g-factor of the 12+ isomer /1/. Since this g-factor 
is rather small, only half an oscillation period could be observed within the given duty cycle of 90 ns causing 
a relatively large experimental uncertainty. 

In order to reduce the experimental error a further g-factor 
measurement was carried out at the Stockholm 225 cm cyclotron. 
The isomeric state was populated in the (<*. ,2n) reaction by 

Qn 

bombarding a Se target (enriched to 92 %) with 30 MeV re-
part icles. The TDPAD experiment was performed with two big 
Ge(Li) detectors placed at 135° (Det. 2) and -45° (Det. 3) 
relative to the incident beam direction as well as with one 
low-energy photon Ge detector at -135° (Det. 1). The external 
magnetic field applied perpendicularly to the beam-detector 
plane amounted to = 2.170(1) T. The beam was pulsed in 
the 1:9 mode with an electrostatic deflector /2/ giving a 
repetition time of 1.23 ps. Prompt and delayed signals of all 
three detectors were stored event by event in a two-parameter 
mode (Ej,t) on magnetic tapes. The subsequent analysis was 
carried out by setting gates on photopeaks and appropriate 
background intervals in the energy axes of the sorted matrices 
providing the time distributions for selected ^-rays. From the 
background-corrected time spectri the normalized ratios R(t) 

84 were formed for the 169.3 keV transition in Kr and the 1R 
184.1 keV one in F (fig. 1). Fits of the corresponding ana-
lytical expressions /3/ to the experimental R(t) ratios and 
also to the time curves for the 1968.0 keV ^-ray provided 4 inde-
pendent g-factor values, the weighted average of which amounts 
to g = + 0.175(15). The comparison with the R(t) function of 1 R 
the 184.1 keV E2 transition in F confirms the positive sign 
of the g-factor. 
Taking into consideration both g-factor measurements we 
finally got 

g(12+, 5373.4 keV) = + 0.168(14) and 

T1/2(12+, 5373.4 keV) = 44(2) ns. 
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Fig. 1 
Time-differential spin precession spectra 
for the 169.3 keV transition in 84Kr and 
the 184.1 keV one in 18F. The solid lines 
represent results of fits. 

As discussed in ref. /1/ on the basis of the additivity rule 
for effective g-factors this experimental result can only be 
explained by assuming the 4 qp neutron-proton configuration 
tion ^Эд/г^а+^Рз/г' f5/2^4+ t o b e d o m i n a n t i n t h e w a v e 

function of the 12+ isomer. 
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Earlier we have found Interesting structural effects In S!Kr [ 1] and also in 79Kr £2] and 8^Kr [З] , such as 
a shape transition and enhanced Ы1 transitions. In the corresponding Se isotones no information on three-quasi-

79 particle (3qp) excitations is known so far. Thus, we have initiated the study of Se that cannot easily be 
reached by in-beam ,-ray spectroscopy. Up to now only one experiment £4] has been performed using the reaction 
76 " 
Ge(o¿ ,n) at oi-particle energies of 13 - 16 MeV. As a result of this study low-spin states up to 11/2 have 

79 been established in Se. In order to get data on higher-spin states we measured -coincidences in Rossendorf 
in the («! ,n) reaction at 18.5 MeV c*-particle energy and the v-ray singlet spectra at 13, 16 and 21 MeV. Be-

7 8 -
cause of the low threshold of the (o¿,2n) reaction the Se transitions [5] become dominant already at low 
beam energies which makes the investigation of 3qp excitations above spin 21/2 practically Impossible. 
In the preliminary level scheme given in fig. 1 all levels above 2 MeV are newly established but they likely 
belong to 1qp excitations. Most of the transitions shown in fig. 1 have also been observed by us in the reac-ОЛ 
tion Se(oí,o¿n) at E^ « 27 MeV. In this сазе the weak (ы,ьСп) channel has been selected by using an ion-
iuplaated silicon detector to register the evaporated oí -particles and to measure the coïncident j-ray spectrum 
(see fig. 2 of ref. [6]). 
In order to excite 3<JP excitations we intend to study 7 % e via the 7®Ge(7Ll,p3n) reaction with the 35 MeV 7Li 
beam of the Roasendorf cyclotron. The cross section of this reaction is in the order of 1056 of the total cross 
section and the use of Si detectors for the registration of the evaporated protons may clean up the spectra 
sufficiently well. Furthermore, Doppler-shift life- Я15 »JI _ 
time measurements are planned in collaboration wit] 
a group of the FTI "Joffe" Leningrad. 
References: 
[1] Funke, L. et al., Nucl. Phys. A455(1986)206 
[2] Winter, G. et al., this report 
[3] Kemnitz, P. et al., Nucl. Phys. A456(1986)89 
[4] Zell, K.O. et al., Z. Physik A292(1979)135 
Г51 Schwengner, R. et al., Z. Physik (in press) 
Г6] Funke, L. et al., Z. Physik А324(198б)127 
Fig. 1: Preliminary level scheme of 79Se as obtain 

ned from investigations in the (<v,n) and 
(o<,o<n) reactions. 
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IN-BEAM INVESTIGATION OF THE N-82 NUCIEUS 142Nd 

L.Käubier, W. Enghardt and H. Prade 
Zentralinstitut für Kernforschung Rossendorf, Bereich KF 
In the course of our structure investigations of N>82 isotones also the even-even nuclei 138Ba /1/ and 140Ce 
/2/ have been studied. To follow especially the behaviour of negative parity states identified in these nu-
clei, in-beam measurements for the N>82 nucleus have been performed at the Rossendorf cyclotron using -
the reaction U0Ce(«,2n)142Nd with 20^ЕЛ<27 MeV. In the measurements 10 mg/cm2 thick l40Ce02 targets en-
riched to 99.5% deposited on lsvsan foils have been bombarded. The following experiments have been performed: 
Measurements of singles ̂ -ray spectra, relative excitation functions, the ̂ -linear polarization, prompt 
^-coincidences and j-RP time distributions. The evaluation of the data is in progress. 

Extended shell model calculations with configuration "H^ng for the positive parity states /1/ and particle-
core coupling .calculations for the negative parity states /3/ have been performed. 

R e f e r e n o e s 
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РАКПС1Е-С0КЕ COUPLING DESCRIPTION OP NEGATIVE PARITY STATES IN THE Z-50 NUCIEI 109,113Sn 

L. Këubler, W.Enghardt, P. Kleinwächter and H. Prade 
Zentralinatitut für Kernforschung, Rossendorf, Bereich KP 
Experimentally observed positive and negative parity states and the corresponding electromagnetic properties 
in the eemimaglc Z»50 nucleus 111Sn can be successfully described in the framework of the shell model with 
configuration miring (SCM) and the particle-core coupling model (PCC), respectively /1/. Further. , for posi-

109 
tive parity states and half-lives in Sn also agreement of the experimental results with SCM-calculaiions 
could be. found /2/. In the present work this structure investigations are extended to negative parity states 
in 1°5»113sn using known experimental data /3/. 
FCC-calculations for semimagic N«82 nuclei are described in ref. /4/. According to this concept the negative 

109 113 parity states of ' JSn (figs. 1, 2) arise from coupling one neutron in the 1h-, ,, shell to the positive 
108 112 

parity states of the corresponding oores • Sn, respectively. The core states have been computed within 
the SCM where the N-50 valence neutrons were distributed over the 2d^2, 2d^2 and orbits. The 
model parameters are the same as used in the earlier calculations on excited levels of 111Sn /1/. 
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Fig. 1. Comparison of experimental /3/ and theoretical Pig. 2. Experimentally observed negative parity states 
1Qq (PCC) energy spectra for negative parity states /3/ in 113sn compared to PCC calculations. In 

in Sn. In the calculated spectrum for each spin the the theoretical spectrum up to Ex<5 MeV the two lowest 
two lowest states are displayed up to Ez<4 MeV. states for each spin value J are given. 
The comparison of the experimental spectra with the theoretical predictions shows the following features In the 
experiments the energy differences between the 11/2̂ ", 15/2~ and 19/2^ states exhibit a vibrator like behaviour. 
Contrary, the corresponding calculated level spacings are more typical for multiparticle multiplets. For the 
neighbouring even-even nuolei'^'^^Sn the comparison of experimental observed low lying 2+, 4+ and 6+ states 
/5/ with SCM calculations /1/ gives qualitatively the same distinction. Compared with the N»82 nuclei , in 112 114 
the Z"50 nuclei a more complicated situation is found. In the tin nuclei ' Sn collective positive parity 
bands have been observed which are interpreted as two-proton two-hole excitations. In the even-even N>82 nuclei 
no collectivity has been found with the exception of the 3~ states and the shell model approach assuming an in-
ert Z«50, H-82 core has been proved to be an adequate description/6/. The results on tin nuclei show that the 
1ÓO IISncn core exhibits not so good inert properties for SCM calculations. Systematic experimental and theoretical ' 109 111 113 Investigations of half-lives in » Sn nuclei are in progress. 

/1/ Prade,et'al., Nucl. Phys. A425 (1984) 317 /4/ Enghardt, W., H.U. Jüger, Nucl. Phys. A438 (1985) 141 
/2/ KSubler, L. et al., Abstr. Contr. Int. Symp. /5/ Van Poelgest, A. et al., Hud. Phys. A346 (1980) 70 

on in-beam spectroscopy, Debrecen,1984,p. 27 /6/ Enghardt, W. et al., Ann. Phys. (Leipzig) (1986) 424 
/3/ Hashimoto, 0. et al., Kiel. Phys. A318(1979)145 
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NEUTRON 2f7/2 EXCITATIONS IN 139Ba 

H. Prade, W. Enghardt, L. Käubier and G. Winter 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 

During our in-beam study of by means of the 136Xe(oc,,2n) reaction we also got some information on "*"39Ba 
levels populated simultaneously via the (ot,n) reaction channel. 

139 139 So far mainly low-spin states of Ba have been studied in the Cs Q decay, via thermal neutron capture and 
by means of the (d,p) reaction /1/. The present experiments revealed four new levels on top of the known 11/2 

139 
state at 1308.2 keV. The partial level scheme of Ba as observed in the reaction is shown in fig. 1. 
The levels at excitation energies of 1828.7, 1977.1, 2091.6 and 2743.4 keV have been established on the basis 
of the ̂ -coincidence spectra with the 1308.1 and 230.8 keV lines gated. Taking into consideration the angular 
distribution coefficients obtained for the 148.4 and 520.6 keV ^-rays as well as the small half-life of the 
1977.1 keV level (Tjy2 = 0-40(25) ns) the most probable assignments proposed for the levels at 1828.7 and 
1977.1 keV are J* = (15/2") and 3 = (17/2), respectively. 139, 

DOMINATING 
BASIS STATES |j,T»eo),»l2fnl;J.-(,"eo» 
IW„> 

IT-

In ±J'Ba all single-neutron states within the 82 - 126 major shell 
have been identified /1/, i.e. 2f7y2 (g.s.), 3p-y2 (627 keV), Зру2 

(1082 keV), lh9/2 (1283 keV), 2f5/2 (1421 keV) and li13/2 (1539 keV). 
Besides these neutron single-particle excitations various particle-
core coupled states are likely to appear in the excitation spectrum 

This might be expressed by the high level density between of 139Ba. 

«зад» 
130« w 

Ш W.f„> |«,*.!и> — l'iMn) 
W « 7 n A t n > 
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1г,м„> |2?.t„> 

ЮЛЬ.) 

139c 

1.0 and 2.5 MeV experimentally observed /1/. Since the Ba g.s. 
is known to be a rather pure neutron state, which reflects 
the fact that the 2f^2 shell is lowest in energy among the single-
particle orbitals above the N = 82 gap, the coupling of the f 7 / 7 

13R 
neutron to low-lying Ba core states may form some of the yrast 
states with spin values of J 5 11/2. 139 
Therefore, excitation energies for negative-parity Ba states 
have been calculated within the framework of a particle-core coupling (PCC) model based on coupling one 2f- neutron to 
7r= +1 proton states of the N = 82 nucleus Ba. According to 
the PCC concept succesfully applied to odd-parity states of N = 82 
nuclei /2/ the latter core states are described by means of the 
shell model with configuration mixing (SCM) adopting a well 
established SCM approach of Wildenthal /3/. The only new parameter 
entering the present calculations is the strength of the neutron-

proton surface delta interaction between the f^ 2 neutron and the active protons in the core, which was chosen 
to be the same as for'the protdn-proton interaction (AQ = 0.373 MeV, A^ = 0.373 MeV). 

139 

In fig. 1 (right-hand side) the predicted spectrum of the corresponding odd-parity states for Ba is compared 
with experimental data. For all rr= -1 states with j"" = 11/2" a good correspondence between experiment and 
theory is found. Especially, the experimental excitation energies of the 11/2" and 15/2" states at 1308 keV and 
1829 keV, respectively, are reproduced very well by the theory. Our simple PCC model predicts the 11/2^ and 3/2^ 
levels to be rather pure states arising from an aligned and antialigned coupling, respectively, of the 2f?y2 
neutron to the 2^ core state, while for all other odd-parity states at least two core states should contribute 
to their wave functions. Nevertheless, the contributions of the dominating basis states given in fig. 1 are 
predicted to amount to more than 50 % in the calculated negative-parity wave functions. 
In order to compare the whole 2f^2 multiplets with experiment more unambiguous spin and parity assignments are 
needed. • 

Fig. 1 
Partial level scheme of J"'yBa as 
observed in the 136Xe(ot,n) reaction 
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El TRANSITIONS IN N = 82 ISOTONES CAUSED BY OUTER SUBSHELL CONFIGURATIONS 
W. Enghardt, L. Käubler and H. Prade 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 
Investigations on semi-magic N=82 nuclei with 138¿A£144 /1/ have shown that most of their spectroscopic pro-
perties at Ex < 5 MeV can be well understood from few proton excitations outside the doubly magic core 132Sn. 
The valence protons are assumed to occupy lg7/2. 2d5/2> 2d3/2> 3sl/2 and 1 hll/2 sin9le Particle states. But, it 
is not possible to account for the rather strong El transitions observed for some of these nuclei /1-3/, since 

they are j-forbidden. The present attempt to explain the El transi-
tions is suggested by data of the proton stripping reaction 
*44Sm(«t,t)14̂ Eu /4/, where significant 1=3 and 1=5 components in the 
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Fig. 1 Levels of N=82 isotones decaying 
via El transitions 

proton strength distributions between 2.7<Ex<5.5 MeV have been 
observed, which may be attributed to the 2f?^ ancl lh9/2 shells a~ 
bove the Z=82 gap. Thus, we conjectured that the wave functions of 
negative parity may contain admixtures of configurations, where one 
proton occupies either the 2f7y2 or the shell instead of the 
^11/2 one. The remaining valence protons are assumed to be on the 
gds shells /5/. We applied this approach to observed El transitions 
in the N=82 nuclei (cf. fig. 1). The B(E1) values of single-proton 
transitions between the and the ^7/2 or 2d5/2 subshells as 
well as between the l h ^ and the ^7/2 ones w e r e calculated by means 
of the combination of the particle-core coupling model (PCC) for 
ft =-1 states and the shell model with configuration mixing (SCM) for 
7Г =+1 states as explained in ref. /5/. The B(e,L)-values of the com-
peting Ml and E2 transitions have also been computed. Considering 
the results in table 1 we found that very small admixtures of outer 
subshell excitations in the 7Г =-1 wave functions are sufficient to 
understand the experimental branching ratios or the lifetime in 
fig. 1. As an example, the El decay bunch of the 23 ns isomer in 

will be correctly reproduced, if the state with a pre-
dominant structure (lg7J2, lh^J2) /1/ contains only 0.007 X of the 

configuration (lg7/2,2d5/2)3,2f7/2 or 0.003 X of the configuration (lg7/2>2ci5/2^3,lh9/2' 
Table 1 Predictions obtained from PCC and SCM calculations on the deexcitation of levels which decay via an El 

branch for the nuclei 140Ce, Ш р г and l*5Eu 

Nucl. El transitions Competing transitions Nucl. 
Ê (keV: 3* Jf B(El,f)a,c; B(El,h)b'CJ Ej(keV) 3* Jf B(Ml)c; B(E2)c; 

140Ce 222.4 10+ 9" 0.016 0.032 202.3 a+ 7.4 
135.3 12" 11 0.0044 0.0026 - 188.8 1Í 0.010 1.6 
377.4 12" И 1 0.34 4.7 x 103 232.6 13 0.051 93 

141pr 650.2 13/2+ 11/2" 2.7 x 10"4 2.2 x 10"4 273.7 11/2* 0.0021 8.8 13/2+ 
310.3 9/2* 17 

868.8 13/2+ 11/2" 9.4 x 10 4 0.026 218.6 13/2 0.028 5.1 
454.0 23/2" 21/2 2.2 0.30 74.2 21/2" 0.012 130 

14>Eu 569.3 17/2" 15/2+ 0.0064 0.0066 239.5 15/2" 0.0062 95 
530.2 15/2" 0.012 38 
968.5 13/2" 3.8 

329.2 15/2" 15/2+ 0.020 0.0014 972.0 11/2" 7.0 15/2" 
1858.0 11/2" 42 

, Reduced El strength of proton transitions between the outer 2f^2 shell and the lg7/2 or 2d5/2 shells. 
^ Reduced El strength of proton transitions between the lhg/2 and the lg7/2 orbits. 
°^ The reduced transition probabilities.^ce given in units of e2fm2L and pN2fm2^L_1^ for electric and magnetic 

transitions, respectively. 
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106Ag:p-n MULTIPLETS AND BAND-LIKE STRUCTURES 

W. Andrejtscheff, L.K. Rostov, L.G. Kostova and P. Petkov 
Institute of Nuclear Research and Nuclear Energy, Sofia, Bulgaria 
A. Dewald, J. Eberth, K.O. Zell and P. von Brentano 
Institut für Kernphysik der Universität zu Köln, BRD 
L. Funke and E. Will 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 

The odd-odd transitional nucleus ^ 6 A g has been thoroughly investigated in (HI,xn) reactions 
/1/ and in several light-particle induced reactions /2/. An extensive effort has been under-
taken /1/ to interpret the spectroscopic data from the (HI,xn) experiments in terms of a model 
including the couplings of the two odd quasiparticles to a weakly deformed core. Thereby, 
a long half-life (200 ns) was predicted for the 6~ level at 765.2 keV supposed to have the 
structure "̂ "99/2 ̂  hn/2' 
Little is known about the structure of low-spin states in spite of the rich experimental 
information on energy levels. Earlier, 3+ isomers were located in the odd-odd neighbours 
108,110дд b u t g o f g r n o t i n Ю6д д N o défaite suggestions on the structure of these isomers 
have been made so far. 
In the present work, excited levels of ^ 6 A g were studied using the reaction 
on the Cologne tarvdem and on the Rossendorf cyclotron. Delayed ^-coincidences were performed 
between germanium detectors (electronic START) and fast scintilators (or signals associated 
with the beam pulsing) providing the electronic STOP pulses. The data were analyzed accord-
ing to the generalized centroid shift method /3/. 
The time centroid of the 675.5 keV reveals only a small deviation from the zero-time line 
which indicates an upper limit 

T1/2(765.2 keV) < 0.2 ns 

in contradiction to the above mentioned theoretical prediction. Further^ 

T1/2(364.4 keV) = 0.9 + 0.1 ns 

could be derived for this 3" level (364.4 keV). For all levels with 3 = 3+ a value of 

T1/2(205.9, 389.2, 596.1, 741.6, 835.4 keV)<0.2 ns 

was found. 
An estimate of the Ml transition strength of the 87.4 keV transition (B(Ml)exp = 5.3-10"3 W.u.) 
connecting the 3" level at 364.4 keV and a lower-lying 2~ level supports the assumption that 
both states belong to the multiplet ^^5/2' su99es'l: 'tha't t h e structure of 
the 3 isomers in •LU°>xiuAg arises from the coupling of a d ^ ^ neutron to three 9 ^ 2 proton 
holes. Oue to the shift of the Fermi level with decreasing neutron number, the d,/7 neutron 

106 

orbital in Ag is supposed to lie rather high. This explains the non-existence of a low-
lying 3+ isomer in this nucleus. In this way, the low-lying states in'^"^Ag can be understood 
in terms of spherical multiplets. In excitations where the h^jy2 neutron is involved deformed 
shapes may occur due to the deformation driving force of the orbital. 
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ENHANCED E1 DECAY OF THE К 1 Г= 6~ STATE IN 1 7 4Hf 
W. Andrejtscheff, L.K. Kostov, L.G. Kostova and P. Petkov 
Institute of Nuclear Researoh and Nuclear Energy, Sofia, Bulgaria 
J. Döring, L. Käubier, H. Rotter and E. Will 
Zentralinstitut für Kernforsohung, Rossendorf, Bereioh KF 
Two-quasipartiole exoitatlons of even-even nuclei ln the olassioal deformed region 
150<A<190 have been the subjeot of numerous investigations. Of speoial interest are 2qp 
band heads with measurable lifetimes as transition probabilities reveal details of their 
intrinsio structure, which facilitates e.g. a better understanding of the high-spin be-
haviour. 

This work is a continuation of our earlier studies /1/ on this topic. Recently, the nuoleus 
1 7 4Hf has been extensively investigated in (Hl,xn) and (ot,xn) reactions /2/. Several long-
lived (T 1^2 >' 1 0 0 n s ) states have been found with rotational bands built on top of them. 
The K T C= 6~ level at 1713.5 keV appears as the band head of a ¿ J = 1 rotational band iden-
tified up to J 7 C= 15". The half-life of this level was estimated /2/ as 2 ns<T 1 /, 2<10 ns. 
We performed delayed ^ - r.f. coincidences in the 172Yb(oc,2n) reaotion at the Rossendorf 
oyolotron. The time distributions were analyzed aooording to the generalized centroid shift 
method. The experimental set-up and details of the data analysis are described e.g. in ref. 
/1/. The level under investigation is de-exoited by two E1 transitions of 1105.1 keV (to 
the 6 + member" of the ground state band) and of 164.3 keV (to a KIt= 6 + 2qp band head of a 
AS = 1 rotational band) as illustrated in fig. 1. From the time centroids of these two 
transitions an average value of 

T 1 / 2 (1713.5 keV) = 0.45 - 0.10 ns 
TT — 

has been obtained. The configuration of this J = 6 , К => 6 level is supposed /2/ to arise 
from the stretohed coupling of two quasineutrons: О(7/2/633/,5/2-/512/). The structure of 
the S71 = 6 +, К = 6 level at 1549.3 keV is suggested /2/ as 92%7Г(7/2+/404/,5/2+/402/) + 
8#̂ (7/2-/514/,5/2-/512/). Thus, the 164.3 keV transition oonnecting these states should be 
associated with the 8$ admixture:\> 7/2+/633/ О 7/2~/514/. However, the Weisskopf hin-
drance faotor F w = 3.3 x 104 of the 164.3 keV transition does not show any appreciable re-

tardation /3/. The E1 transition of 1105.1 
keV to the 3 T C= 6 +, К = 0 level Is 5-fold 
K-forbidden. The hindrance faotor of this 
transition, F w = 3.8 x 106, is by two or-
ders of magnitude larger than that of the 
164.3 keV transition, but still too low 
for a 5-fold K-forbldden transition. More-
over, the resulting hindrance per degree 
of K-forbiddenness (F,,)1/^*""1 ' = 21 is by 
far the lowest one among the known values 
ln the region 150«sA<190. This is quite 
surprising especially for an even spin 

(J = 6) of the Initial state where ootupole admixtures with T¿F = 0~ are not expeoted /1/. 
In 1 7 2ïb the J71"» 6", К = 6 2qp state decays by a similar E1 transition to the S7* = 6 +, 
К = 0 level with F w = 7.3 x 1010, i.e. (?w)1/Слк"1) = 149 (of. /1/). In this way, both E1 
transitions depopulating the 2qp state at 1713.5 keV appear strongly enhanced. For a more 
detailed understanding, configuration mixing of this state assooiated with a possible ro-
tational alignment of the l 1 3y 2 neutron (7/2+/633/) has to be taken into consideration. 
Referenoes: 
/1/ Kostov, L.K. et al., Nuol. Phys. A376(1982)451, Nuol. Phys. A406(1983)541 
/2/ Walker, P.M. et al., Phys. Sor. T5(1983)29, Phys. Lett. 168B(1986)326 
/3/ AndreJtsoheff, W. et al., ADNDT 16(1975)515 
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Fig. 1 Partial level soheme of 174gf 
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LIMITS ON HEAVY AXION PRODUCTION FROM p(n,a)d 
W. Enghardt, K.H. Kaun and H. Prade 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 
J. Blümlein and K. Lanius 
Institut für Hochenergiephysik, Zeuthen 

The observation of correlated monoenergetic enhancements in the electron and positron 
spectra measured in heavy ion collision experiments /1/ may he interpreted as signals of a 
light neutral boson decaying dominantly into e+e~-pairs. A candidate for such an object is 
an axion desired for a chiral solution of the strong CP-problem /2/. Up to now the 
searches for standard axions /3/ have been negative. The data of ref. /1/ suggest an axion ? —l'} —1? mass of m ~ 1.7 MeV/c and a lifetime of Г 'J ... 10 s leading to unnatural par-a a 
ameters /4/ in the standard scenario. These problems and, furthermore, experimental con-
straints on the standard axion can be circumvented for variant axion models /5,6/ which 
were proposed recently. 

In order to derive limits for the parameters of a class of these axion models we inves-
tigated the positron production accompanying the radiative capture of thermal neutrons by 
protons at an external neutron beam of the 10 MW Rossendorf Research Reactor (Fig. 1), 
since axions may be produced in competition to the magnetic dipole radiation (E^ = 2223 
keV) from the p(n,^)d reaction /7/. The decay of these axions would enhance the usual pos-
itron production by pair formation (PF) and internal pair creation (IPC) of the ^-radia-
tion. The positrons were detected via their annihilation radiation that was measured by 
means of a coincidence spectrometer consisting of two Nal(Tl) detectors in colinear ar-
rangement. Simultaneously a ^-ray singles spectrum was taken with a Ge(Li) detector for 
monitoring the 2223 keV radiation. 

The positron yield measured was corrected for IPC and PF and an axion-to-gamma branch-
ing ratio of Rexp(x,N) = (0.1 ± 4.7) • 10-/,"/£(x,N) remains, where £(x,N) is the acceptance 
function obtained from a Monte-Carlo-calculation. This has to be compared with the theo-
retical value /7/ R(x,N) =1.1. Ю - 4 ^ - (mac2/E^)2]3/2 9 (m& - 2me)[ 5е1 }-'J 2, with 

=/^p ~/^n. ûiffe1,61106 o f the proton and neutron magnetic moments. The quantity 
^ ^ = f(x,£,N) is related to the coupling of axions to nucléons, where x denotes a scale 
parameter, j" e {-x-'1, xj /6/ and N = 1,2 gives the number of active quark families for 
variant axions. The mass and the lifetime are obtained from 
т а(х,Ю = N - 25 keV (x + x - 1 ) and r|+e~(x) = G^ m3/(ma/2me)2 - l'], <q = x _ 1 

(Gp being the Fermi coupling constant). The standard axion model results from these for-
mulas if N = 3 and Ç = ^ = x. The comparison of the experimental and theoretical R allowed 
us to give limits (90 % confidence level) on the parameters for the standard axion and for 
the variant axion with N = 1, | = x (Table 1). For N = 2, jf = x and ß = -х-'' as well as 
for N = 1, ̂  = -х-*1 the 90 % CL for R does not constrain the theoretical predictions. 

Table 1: Axion parameters excluded by the present experiment 
at 90 % CL 

N = 1, j= x N = 3, J = ' X 

X 41 < x < 83 0.038 < x < 0.062 
ma (MeV/c2) 1.05 < ma < 2 1.2 <r ma < 2 
â (ps) 0.33 < ra < 9.1 3.3 < 2ra < 23 

Detector 2 
N o i m ) 

. . , Fig. 1; Detector arrangement at the external neutron beam for 
measuring the e+ creation rate in the p+n reaction 
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THEORY 

EXACT SCALING BEHAVIOUR OF THE EFFECTIVE CHIRAL ACTION AND STABILITY OF THE CHIRAL SOLITON 
H. Reinhardt 

Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 

The effective chiral action of QCD can be assumed to be given by 

S(U) = - iTr log i0 (1) 
where 

i0 = if -m(UPR + U + P L ) , P R / L = i ( 1 + у 5 ) . ( 2 ) 

Here U is the chiral field living in the coset space SU(n)^ x SU(n)v with n being the number 
of flavours and m is the constituent quark mass, which is assumed to be generated by sponta-
neous breaking of chiral symmetry. The effective chiral action (1) has been evaluated within 
a novel improved heat-kernel expansion which includes gradients of the chiral field in a non-
perturbative way /1/. The exact scaling behaviour of the effective action of a spatially 
localized chiral field with respect to a change in the size of the field was found. The en-
ergy of the chiral field scales for both R —» 0 and R—y o° like R, showing that the chiral 
soliton is instable against collapsing. The collapsing of the soliton is, however, accompanied 
by a vanishing of the baryon charge. The vanishing of the baryon number for R —г>0 indicates 
that the valence quarks have escaped the bosonized theory. In fact, the evaluation of the 
fermion determinant in Euclidean space fixes the reference state to be that of the physical 
vacuum; i.e. the state of lowest energy. As an explicit numerical solution of the Dirac equa-
tion in the presence of a chiral field with winding number one shows the energy of the va-
lence quarks becomes negative for large spatial extensions of the chiral fields. The physical 
vacuum is then the state with the valence orbit occupied, and, hence, acquires baryon charge 
one. As the spatial size of the chiral field is descreased the valence quarks get less and 
less bounded and eventually their energy becomes positive. The state with the lowest energy 
(i.e. the physical vacuum) is then that in which the valence orbit is empty. This explains 
the vanishing of the baryon current as R — 

Due to the vanishing of the baryon number for R —> 0, the scaling behaviour obtained for the 
energy (M ~ R) does not necessarily imply that the chiral soliton with Ng = 1 is instable. 
Since the baryon number is not independent of the explicit form of the chiral field, to find 
chiral solitons with given baryon number one should minimize the energy under the constraint 
of a fixed baryon number. The constrai/ied energy functional may still have a local minimum. 

R e f e r e n c e s 

/1/ Reinhardt, H., NBI-preprint, NBI-HE-86-46 
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VACUUM INSTABILITIES IN THE EFFECTIVE CHIRAL ACTION 

H. Reinhardt 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 
A. Wirzba 
NORDITA, Copenhagen 

Many different approaches show that the effective meson action of QCD for a chiral field 
U€SU(n) L x SU(n)p/SU(n)y (n - number of flavors) can be approximated in the absence of ex-
ternal scalar, vector and axial-vector fields by 

where 

S(U) = -iTr log i ̂ M D M 

= I & 4 " M ( U P R + U + P L ) ' P R / L = 7 <1 Î JT 5> • 

(1) 

-p * u "y - \ -• к - ' L' ' ' R/L 

Here m denotes the constituent quark mass. In ref. /1/ the action (1) was calculated in an 
improved heat kernel expansion which includes gradients of the chiral field in non-perturba-
tive way. This expansion is expected to converge sufficiently fast for both R œ> and R-*0. 
Restricting to next-to-leading order one finds from (1) the following Lagrangian of the 
chiral field 

2 
- 4 ч 2 « V > * ^ « ^ f V ' . - <V> 2J- 7 ) 

(2) 

where 
.2 

is the pion decay constant, L^ = U + d e n o t e s the left current, and 
u = m + tr(L„LM) a position dependent mass. The energy of a chiral field of the hedgehog 
form U = exp£c r 0(r ) J with a profile function 0 ( r ) = N7lexp(-r/R) was calculated from 
eq. (2) as function of the spatial extension of the field, R, for winding numbers N = 1,2,3,4. 
As one can see in the enclosed fig. 1, for small sizes R the field energy becomes negative 
and eventually approaches zero linearly. The- latter behavior is expected from the general 
scaling behavior of the chiral action (1) (see ref. /1/). With increasing winding number N the 

minimum of the energy curve 
^ e v e n t u a l l y increases. Quali-

tatively, this behaviour can 
be found for other profile 
functions. In physical terms, 
the negative energy at small 
R means that the system would 
gain energy by forming 
"chiral bubbles" of small size 
R ~0.04 - 0.08 fm with non-
zero winding numbers. The 
vacuum would hence not be 
translationally invariant on 
a microscopic level, but would 
consist of a gas of topologi-
cal^ non-trivial "chiral 
bubbles". Similar results have 
been found by a numerical 
evaluation of the fermion 
determinant in a resticted 
space /2/. 

-250 
0 . 00 0.04 0.08 0.12 0.16 

R ( F I D 
0. 20 0. 24 

Energy of the chiral field U in MeV as defined in eq. (2) 
plotted as function of the spatia¥~extension R of the profile 
function ô ( r ) = N exp(-r/R) for several winding numbers N. 
Winding number N = 1 corresponds to the solid line, N = 2 to 
the dotted line, N = 3 to the dashed-dotted line, and N = 4 
to the short-dashed line. 

/1/ Reinhardt, H., Niels-Bohr-Institute preprint, NBI-HE-86-46, /2/ Kahana, S., G. Ripka, private communications 



- 44 -

"NONLOCAL EXPANSION OF THE EFFECTIVE CHIRAL LAGRANGIAN" 
F.-M. Dit tes and L. Münchow 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 
We present an explicit expression for the second order term in the nonlocal 
expansion of the effective chiral action and estimate the corresponding 
contribution to the field energy. 
At present it is widely accepted that low energy hadron physics can be described 
by the effective chiral lagrangian (see, e.g., /1/, /2/) 

X- f —и } 

where the matrix U is usually chosen in the "hedgehog" form 

The real part of the corresponding action can be represented as 
* X »*r Ш . ? i Í 

where V=-im^U (m being the constituent quark mass, mar345 MeV), and Óc(xj,x2) 
is the causal Green function of a scalar field with mass m. 
The leading term of this expansion is 

s . J A \J\ fr J* fr иму/íh). 
i T 

The corresponding contribution to the field energy (S=-^ E dt) after some 
algebra can be brought into the form (for Nc=3) 

F = F + F 

where ^ „ - ¿ r - g f в'*+2 <>:«lß) 
is the usual kinetic term with the pion coupling constant prenormalized 
to its physical v a l u e 9 3 MeV, and л t. л °° 

! i f Ц ^ р ^ ' ^ Ч 

where ,, . 
A-»e - V ••— » 

J U ) - l í c X ( ^ S A ) r f é ) * 

+ i , s i ! „ ¿ к . 
ln-йI ' a 4 

stems from the trace Tr v(xj)v(x,,) and all distances are measured in units of 
the hedgehog "radius" R (KQ and K^ are the Bessel functions of Imaginary 
argument). 
One sees that E n o ni o c goes to zero for both R-90 and R-*oo , A numerical estimate 
shows, however, that there is a minimum of E_ for R«0.3 fm (cf. the fig. for 

_ 2 
the parametrization &(r)*2 arctan (R/r) ). This can be interpreted as an indi-
cation for the formation of a bound state of pions with baryon number one. 
Of course, all numerical values should be taken with care due to the possible 
influence of higher order effects and to the importance of heavy mesons at 
small distances. 

eCMtVl 
,' References: 

If 00 ¡= 
/ ̂ttim i г. /!/ Ebert D. and H. Reinhardt: 
/ / Nucl. Phys. A271 (1986) 188 

/2/ Dyakonov D.I. and V.Yu. Petrov: 

-koo. 

\ /i. preorint INPI 1162 (1986) 
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PROM QUARK FLAVOUR DYNAMICS TO A CHIRAL SOLITON MODEL WITH DYNAMICAL RESTORATION OP 
CHIRAL SYMMETRY 

H. Reinhardt and B. Kämpfer 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KP 

Effective meson Lagrangians derived from Nambu Jona-Lasinio type of quark flavour dyna-
mics have proved successful in describing low-energy meson physics /1/. These effective 
Lagrangians are usually calculated in a gradient expansion around the meson field confi-
guration of the vacuum corresponding to the phase with spontaneously broken chiral sym-
metry. Here we report an effective meson theory derived from the Nambu Jona-Iasinio model 
in a generalized heat kernel expansion /2/ around a space time dependent chiral radius 
field configuration 0(x)=<qq> (for details cf. /3/). The resulting chiral meson Lagrang-
ian reads , . ^ 

£ „ ф Уф - У(ф) - A p£c Ф) Ar CLr>Lv ICW.L'J f 1) 
with e=2er and I y U ^ U being the left current of the chiral field U W i S U ^ j X S U ^ ^ / 

. t<£) , ¡ w - . C - - . -<•. « ) , <o 
is the effective potential of the chiral radius field 0 and 
is a kinetic coefficient. Furthermore 

(Ks number of colors, P : incomplete gamma function) is a dynamical pion decay constant 
and Л is a Euclidian cutoff. The effective potential (2) has the typical "mexican hat" 
shape and decribes the spontaneous breaking of chiral symmetry in the vacuum where V'=0. 
By putting the vacuum value of the pion decay constant F̂ XíJ) to its physical value of 93 
MeV, the cutoff Л can be fixed in dependence on the vacuum value of 0Q, which represents 
the constituent quark mass. 

We have calculated the soliton model solution by exploiting the hedgehog ansatz for 
the chiral field with winding number one. In Pig. 1 we show the order parameter 0 and the 
chiral angle в for the soliton as function of the radius. The partial chiral symmetry 
restoration in the soliton center is a consequence of the symmetry breaking potential V. 
In case of 0=0O our model degenerates to the standard Skyrmion model with an energy of 
1080 MeV for fixed coupling constants. Our model explains why in almost all chiral soli-
ton models the pion decay constant has to be reduced by about 30% to bring the soliton 

REFEREHCES 
/1/ Reinhardt, H., and Ebert D.; Hucl. Phys. B271 

(1986) 188 and references therein 
/2/ Reinhardt H.; Ann. Phys. in print 
/3/ Reinhardt H., and Kampfer В.; to be published 
Pig. 1s The chiral angle в and the scalar field 0 as 
function of the radius x=rPiy(0o) (full lines s 0Q=32O 
MeV,A =667 MeV, g=0.971, dashed liness 0o=15O MeV,Д 
=2510 MeV, g=0.535). 

Pig. 2s The soliton mass as function of the constitu-
ent quark mass 0Q. S denotes the Skyrmion mass. 

energy down to the nucleón mass. 
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ANALYSIS OF THE ISOTROPIC LAMBDA-PARTICLE EMISSION IN C+C COLLISIONS AT 3.66 A*GEV 

H. I we 

Zentralinstitut fuer Kernforschung Rossendorf, Bereich KF 
At the Dubna synchrophasotron the production of lambda particles was investigated in the 
reaction C+C at a bombarding energy of E/A=3.66 GeV [1]. The angular distribution 
dK/dcose' (in the NH-system) of the laitibda particles stemming only from central 
collisions show3 a remarkable unexpected degree of isotropy (fig. 1d). The lambda 
particles produced in the elementary reaction p+p > lambda + X in the energy region 
of interest are anisotropicly distributed (fig. 1a) and have a marked forward-backward 
symmetry. In the reactions {He+Li, C+C} > lambda + X without any trigger conditions 
the Dubna experimentalists have found angular distributions with the same behaviour 
reflecting the fact that these reactions can be understood to a good approximation as a 
sum of independent nucl^on-nucleon collisions. Central collisions between carbon nuclei 
including all nucléons of the system into the interaction show the isotropic lambda 
emission as mentioned above. 
This experiment was analysed using our intranuclear cascade code CASIMIR [2]. This code 
models the interaction process of heavy ions as a sequence of binary collisions of 
freely moving hadrons. The production of lambda particles proceeds via either direct 
nucleon-nucleon encounters or else via secondary pion-nucleon encounters. Mean field 
effects are neglected. Casimir includes completely the rescattering effects of the 
lambdas with the surrounding matter. The Lamda particles produced via pp > NKlambda 
have been distributed according to w(cos0') = (1+3cos^6,)/4 representing a good fit io 
experiment (fig. 1a). The calculated lambda distribution (fig. 1b) of the reaction C+C 
differs only somewhat from the input distribution w. On the other side, outgoing from an 
isotropic^input w=1/2 the calculation leads to obviously anisotropic distributed lambdas 
(fig.1c). In order to compare with experiment the distribution in figs, b) and c) are 
averaged according to the experimental intervals (fig. 1d). Finally an anisotropic 
distribution is contained the side points of which lie clearly outside the experimental 
unaccuracy. The CASIMIR calculations show a lambda emission favoured in forward-backward 
direction. The considerable pion induced lambda production (about 35%) increases the 
anisotropy further. In conclusion one can state: on the basis of binary collisions it is 
impossible to understand the isotropic lambda production in central C+C collisions. 
Maybe, here, a hint has been found that a new mechanism is at work. 

-OS 
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C) 

Fig.1 
Angular distributions dN/dcose' of lambda 
particles in the NN-system. Fig. a) shows 
two experiments p+p »lambda + X together 

d) with the fit (full curve) used in CASIMIR. 
The experiment C+C >lambda + X (full line 
in fig. 1d) is compared with CASIMIR calcu-
lations. 
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INVESTIGATION OP ZL HYPERNUCLEI IN THE FRAMEWORK OF THE CONTINUUM SHELL-MODEL 

R. Wünsch 

Zentralinstitut für Kernforschung Rossendorf, Bereich KF 

J. 2ofka 

Nuclear Physics Institute, Czech. Acad. Sei., Rez/Prague, Czechoslovakia 

JEJ single-particle properties 
Numerical calculations showed that the use of the harmonic oscillator potential for the 
description of^Shyperons bound in nuclei may be misleading. Binding energy and radial 
wave function calculated in the more realistic Woods-Saxon potential deviate essentially 
from the oscillator values, in particular for states close to the threshold and, for 
angular moments 1< 2, above the threshold. These differences are much more important 
than in the case of nucléons or .Л hyperons, since the average ¿-nucleus potential is 
still shallower than the A potential /1/. The calculations performed have shown that, 
for light Z hypernuclei (A;fl6), quasi-bound states with 1=1 do not exist for central 
potentials with a depth 15 MeV ¿ V__ á 25 MeV and an arbitrary value of the spin-re 
orbit potential. This is in contradiction to the interpretation of the measured A = 12,16 
2 hypernuclear systems/2/. On the other hand, our calculation stresses the role of 
atom-like states with a hyperon bound mainly by the attractive Coulomb force with a 
mean sqúare radius of the orbit several times larger than the nuclear radius. Resonant and quasi-free mechanisms of strangeness transfer 
Due to the shallow Z - nucleus poten-
tial, the quasi-free process turns out 
to give a considerable contribution to 
the (K~,JT) cross section in the region 
of £ production even at small or 
vanishing momentum transfer /3/. 

Pig. 1 
Calculated 1б0(К~, ДГ+)16С spectre vs. 
.S binding energy B z for two values 
V r e of the average nucleus poten-
tial, and a vanishing spin-orbit 
potential V„ л . The arrows indicate S • о « 
the positions of the thresholds of 
Ih-disintegration channels. The broken 
lines show the quasi-free contribution, 
while the boxes indicate the excitation 
strengths of bound or narrow resonance 
states. Above the resonance peqks, 
their dominating 1p-1h structure has 
been displayed. 

Bj(MeV) 

160 (Кjf)1|C,Рк=A50MëJlo.Ô Cf,DWIA ,VSO=0 
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Threshold effects which are connected with a pronounced enhancement of the quasi-free 
process may simulate a resonant behaviour of theZ hypernuclear system. (See fig. 1) 
On the other hand, the significant differences between nucleón and Z hyperon radial 
wave functions diminish the excitation probability of bound and resonance hypernuclear 
states (indicated by the boxes in fig. 1). So the quasi-free knock-out of-S hyperons 
may account for all the gross structure in the observed spectra. In this case, there 
is no reason for a strong spin-orbit splitting for J3 hyperons, as has been deduced on 
the basis of the dominating excitation of substitutional states /2/. 

•S hyperons in a complex nuclear potential 
The JE hyperon undergoes a strong conversion to Л. if it is surrounded by nucléons. In 
extended nuclear matter, this process is characterized by a width of 20-40 MeV which 
would cover all the nuclear structure. Nevertheless, structures narrower than 5 MeV 
have been observed for finite hypernuclear systems. Up to now this discrepancy could 
not be unraveled and the conversion process is generally neglected in J3 hypernuclear 
structure calculations. The interpretation of the structures in the experimental spectra 
as threshold effects may solve this problem. If the observed structures are actually 
connected with the threshold behaviour of the quasi-free component rather than with 
the excitation of resonance states, their widths can be smaller. A SI hyperon in a 
scattering Btate has a much smaller probability of meeting a nucleón and converting to 
a than a 2 hyperon which moves in the nuclear interior. 
We investigated the influence of the conversion on the shape of the J-C exci-
tation spectrum measured in the (K~, 3T+) reaction on a ^ 0 target. The conversion 
process was taken into account by an imaginary part of 10 MeV depth in the average 
hypernuclear potential. Real and imaginary parts were taken to be proportional to the 
nuclear density. The calculation was performed in continuum shell-model approach /4/. 
We observed an additional decrease of the strength of the resoncnne excitations, while 
the threshold behaviour of the quasi-free process is almost unaffected. Moreover we 
noticed a remarkable difference between resonance states with a hyperon in deeply bound 
shells (e. g. in the hypernuclear ground state) and states with a hyperon in a weakly 
bound Coulomb state. While for the former a width of more than 10 MeV was calculated, 
for the latter we got less than 1 MeV. Their excitation probability, however, is too 
small to explain the observed structures. 
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TWO-FLUID MODEL APPLIED TO ULTRA-RELATIVISTIC HEAVY ION REACTIONS 

H. W. Barz and 3. Kämpfer 
Zentralinstitut für Kernforschung Rossendorf, Bereich KF 
L. P. Csernai 
NSCL, Michigan State University, East Lansing, Michigan 48824, USA 
В. Lukács 
Central Institute of Physics Budapest, H-1125 Budapest, Hungary 

Heavy ions colliding with ultra-relativistic energies (E/A >10 GeV) are expected to 
penetrate one another. To describe this process the target and the projectile are re-
presented by two fluids. If the rapidity difference of the two fluids is large, no par-
ticle can be transferred and only energy and momentum can be exchanged. Thus, the model 
is defined by two sets of equations of motion: 

i ik 
where n, u , and T denote the baryon number density, the four-velocity and the energy 
momentum tensor of the target fluid while the barred quantities refer to the projectile. 
The coupling term can be related to the longitudinal rapidity loss Ay in a single nucl-
eon-nucleon collision via D= m <oirj Ay, which we estimated to be 1.2 GeV fm2. The local 
coupling has the consequence that the energy is conserved within the fluids. Therefore, 
the model is applicable only for not too high energies, presumably below 100 GeV. For 
larger energies the leak-out of energy from the fragmentation region into the midrapidity 
region has to be considered. 
The equations are solved using an equation of state thst allows for a transition from 
nuclear matter into the quark-gluon plasma /1/. To reduce the numerical expense only 
one spatial dimension was considered by investigating the collision of two slabs with 

thickness d. The energy den-
sity attained in the central 
part is shown in fig. 1 to-
gether with the baryon num-
ber density. For a thickness 
od 10 fm most oí' the matter 
is in the phase of a hot quark 
gluon plasma with an energy 
density of 2 GeV/fm^. 

Fig.1. Maximum of energy den-
sity and particle number den-
sity as a function of slab 
thickness calculated using a 
relaxation time of 0.1 fm/c 
for the phase transition. 

Reference 
/1/ Barz, H.W. et al., Phys. Lett. 143B(1984)334 
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ISOTOPE DISTRIBUTION IN NUCLEAR MULTIFRAGMENTATION 

H. W. Barz and H. Schulz 
Zentralinstitut für Kernforschung, Roesendorf, Bereich KP 
J. P. Bondorf and K. Sneppen 
The Niels Bohr Institute, 2100 Kobenhavn 0, Denmark 
R. Donangelo 
Universidade Federal do Rio de Janeiro, 21944 Rio de Janeiro, Brazil 

Several models were developed to describe the process of multifragmentation of nuclei. 
Most of them were succesfully applied to analyse mass distributions. Now, we use the 
statistical model of multifragmentation /1/ to calculate the isotope distribution. This 
model considers the fragmenting nucleus in the moment of the break-up as a thermodynamic 
ensemble containing different partitions of the nuclear system. To each partition a tem-
perature is attributed which is calculated using particle number, charge and energy con-
servation. The probability for the occurrence of a partition is taken to be proportional 
to the entropy factor exp(S). The isotope distribution of the hot fragments is shown in 

fig. 1 by the thin lines. This di-
stribution is wider than observed 
in experiment. Taking into account 
the evaporation of particles from 
the hot fragments the isotope dis-
tribution becomes narrower and the 
most probable mass number is shif-
ted to the ß-stability line.Fig. 2 
shows the good agreement to experi-
mental results/2/ obtained in pro-
ton induced reactions on Kr. 

As a consequence of this cooling 
process of the fragments the isotope 
distribution gives only little in-
formation about the break- up 
temperature. 

25 

moss number A 

Fig.1. Primordial and final isotope distribution for 
two different excitation energies per particle of 
3.7 MeV (dashed lines) and 6.5 MeV (solid lines) for 
charge numbers Z=8 and Z=13. respectively. 

Fig.2. Calculated isotope distributions for different 
charge numbers Z compared to the data of ref./2/. 
References 
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SITE-PERCOLATION APPROACH FOR MASS AND ISOTOPIC DISTRIBUTIONS IN FRAGMENTATION REACTIONS 

0. Knospe, R. Schmidt 
TU Dresden, Sektion Physik, Wissenschaftsbereich Theoretische Physik 
H . Schulz 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 

The production of nuclear fragments has been viewed as a percolation phenomenon. Former 
percolation models /1/ - /3/ are able to describe the trends of mass distributions only. 
To describe isotopic distributions the consideration of the isospin degree of freedom 
is necessary, what was introduced in ref. /4/. This isospindependent percolation model 
supplemented with isospindependent statistical weights reproduces the experimental 
features of mass and isotopic distributions in proton induced fragmentation reactions, 
as it is shown in figs. 1 and 2. The inclusive percolation picture used in ref. /4/ 
is an approximation of the exclusive percolation /6/ considering mass and charge conser-
vation in every event. 

Fig. 1 Fig. 2 
Mass Distribution Isotopic distributions 
of the reaction p + Xe for incident protons between 8o and 35o GeV of 
ref. /5/ (dots) compared to the prediction of the percolation approach (lines) 
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SUBTHRESHOLD PION PRODUCTION AND STATISTICAL MULTIFRAGMENTATION IN NUCLEUS-NUCLEUS 
COLLISIONS 

H.W.Barz and H.Schulz 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KP 
J.P.Bondorf and J.Lopez 
The Niels Bohr Institute, 2100 Copenhagen, Denmark 
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GAÑIL, 14021 Caen Cedex BP 5027, Prance 

The mechanism for subthreshold production of pions in nucleus-nucleus collisions at 
a bombarding energy of some tens of MeV per nucleón is - despite many experimental and 
theoretical efforts - still an open problem. We investigated the probability for pro-
ducing subthreshold pions at the late stage of heavy ion collisions when multifragmen-
tation occurs. In doing so we assume that pions are in thermodynamical equilibrium with 
a given nucleonic system at break-up. If they are freely emitted or absorbed in a volu-
me V, their number is given by 

dN(Ao) = 
w(E-m -£_) 4 ТГ ^.gVr__TPiT(m¥+£Tr)d£T/ w(E )-w(E -m-jj- - (2тгЪУ 

where íTl, p m , g denote in turn kinetic energy, momentum, mass and degeneracy of 
the pion. The number of nuclear states for the total excitation energy E 

---•» » » - - " - ">-• —JJ- r- - ..та* 
is denoted 

by wCE*) and depends on the mass number AQ. In the limit the above formula 
goes over to Planck's formula for black-body radiation. The number of nuclear states 
at the freeze-out stage is evaluated by means of the statistical multifragmentation 
model /1/. The differential cross section is calculated according to 

d!HAo[b]) 

1= vu -p 

ds =2 TTxbdb cA £тг ° C-TT 
Por illustration we consider the reaction 
TT°+ X at 44 MeV/nucleon /2/. The results are shown in the 
figure. One sees that the multifragmentation scenario gi-
ves a much too small pion cross section, whereas the com-
pound nucleus model (Fermi gas, dashed line) reproduces 
the data reasonably well enough. Thus we conclude that 
pions cannot coexist in the interaction volume together 
with fragments at break-up. If we rely on a statistical 
process for subthreshold pion production, the emission 
has to occur early enough before the hot participant zone 
expands and fragmentation may set in. 

A443 (1985) 321; 

€w (MeV) 
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PROTON EMISSION IN AND OUT-OF PLANE WITHIN THE TSM 

M. Biedermann and P. Mädler 
TU Dresden, Sektion Physik, Wissenschaftsbereich Theoretische Physik 

We apply the phenomenological two-stage-model (TSM) for fast particle emission /1/ to 
calculate the ratio of proton emission cross sections perpendicular (ф = 9o ) and inside 
( ф = 0°) the reaction plane for different polar angles 0 . Corresponding experiments /2/ 
have been performed for the 1 4N + 1 9 7Au, E/A = 3o MeV reaction. Possible deviations of 
the reaction plane from the plane fixed by the fission fragments are taken into account 
in the same way as in the simple source-model interpretation of /2/ (averaging cross 
sections over ф with a Gaussian-like weight). 

The calculated ratio of out-of-plane to in-plane coincidences is shown in Fig. 1 in com-
parison with the data. The experimentally observed trend of a preferential in-plane 
emission, especially for fast particles, is generally not reproduced by our calculations. 

Owing to the fact that proton-proton correlations calculated within the TSM for similar 
reactions /3/ qualitatively reproduce experimentally observed /4/ V-shaped azimuthal 
correlations these discrepancies do not necessarily imply that the physical picture of 
the TSM fails: For a first look the present calculations have been performed without 
averaging out substantial unphysical structures in the momentum distribution of emitted 
particles arising from our pragmatic assumption of particles escaping only perpendicular 
to the surface of the hot zone. 

Our treatment of possible fluctuations of the reaction planes cannot smooth out these 
structures in polar direction. Furthermore the ratio of cross sections at different 
angles is much more sensitive to those structures then the cross section itself. Hence, 
the variety of qualitative trends obtained for different polar angles 0 might be a 
consequence of our "9o°-approximation" /1/. 

However, to check this statement a corresponding calculation would require two additional 
angle integrations, which is connected with a very high numerical expense. But only after 
that conclusions can be drawn from the comparison of TSM predictions with the experimental 
data . 

LO 60 

(MeV) 

Fig. 1 
Calculated ratio of out-of-plane to in-
plane coincidences between fission frag-
ments and light particles for 3 different 
angles 0 as a function of proton energy. 
Experimental points available .for 0 = 55° 
only ( • ) are also shown for a rough 
qualitative comparison in the other cases 
( O ) . Note the different scales. 

References 

/1/ Biedermann, M., Mädler, P.; Z. Physik A323 (1986) 315 
/2/ Tsang, M.B. et al.î Phys. Rev. Lett. 52 (1984) 1967 
/3/ Biedermann, M., Mädler, P.; ZfK-584 (1986) 34 
/4/ Tsang, M.B. et al.; Phys. Letters 148B (1984) 265 



- 54 -

SOME MODEL CALCULATIONS OF LINEAR MOMENTUM TRANSFER IN INTERMEDIATE-ENERGY HIC 

M. Biedermann and P. Mädler 
TU Dresden, Sektion Physik, Wissenschaftsbereich Theoretische Physik 

The most probable amount of linear momentum transfer ? = (P i i > /P í is an important gross 
property characterizing intermediate-energy heavy ioncollisions. Of special interest is 
the queestion to what extent У is influenced by two-body dissipation (TBD) . While in the 
simple momentum-space model of /1/ a substantial TBD (enhancement of the pure one-body 
(OB) results) must be incorporated to fit the data, the additional consideration of coor-
dinate space as well of angular momentum has been shown in /2/ to have a similar effect. 

We have proved the findings of /2/ by using a 3-dimensional generalization of the 
quantum-mechanical OB model described for one dimension in /3/. Since that model for any 
incident energy and mass number combinations only slightly overestimates the missing mo-
mentum carried away by fast particles in a corresponding TDHF evolution /3/ we claim that 
the corresponding 3D results for 3 shown in Fig. 1 both for direct and inverse kinematics 
might be close to or somewhat smaller than corresponding (not-existing) realistic TDHF 
results. This means (cf. Fig. 1) that in the case of direct kinematics realistic TDHF 
values of S really could be close to the data in contrast to the OB results of /1/ which 
are also shown in Fig. 1. 

For the case of inverse kinematics our 3D-box results are close to unity (like in /2/). 
Besides the large c.m. momentum of the system this is connected with the fact that in TDHF 
/4/ as well as in our box model more particles escape in the direction from the smaller 
nucleus to the heavier one. TBD, however, is expected to at least partially balance this 
difference (rescattering of nucléons). Hence, a given amount of TBD should lower S for 
inverse kinematics with respect to the OB result to a larger extent than enhance it in the g» 
case of direct kinematics. Consequently, deviations of experimental S values in the inver-
se kinematics from unity might be more indicative for the role of rescattering than model 
comparisons in direct kinematics. 

For further comparisons in Fig. 1 also results of model calculations within our two-
stage model /5/ are included, which - by assumptions - incorporates also two-body effects. 
Some overestimations of the data probably indicates a slightly too small forward-peaking 
of preequilibrium- particle emission. 
Fig. 1 Ratio of transferred linear momentum to incident momentum for varying incident 

upper case: 2°Ne+197Au reaction (Ne-projectile) 
lower case: 1 9 7Au+ 2 oNe reaction (inverse kinema-
tics), r.h.s. for TSM results 
meaning of the curves:« • TSM, 3D-box model, 
-•- model calculation of /1/ (one-body part only) 
O: exp. point for Ne+Au /6/ 
о : some exp. points for different systems taken 

from /7/ 

energy for central collisions. 

a. \ 

0.998 

0.9% 

0.990 1 2 В U 5 b 7 
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RANDOMIZATION BY COLLECTIVE FLUCTUATIONS IN THE EARLY STAGE OF A HEAVY-ION COLLISION 

P. Mädler 
Technische Universität Dresden, Sektion Physik, Wissenschaftsbereich Theoretische Physik 
L. Münchow and A. Pfitzner 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 

Since collective fluctuations render effective with respect to a redistribution of occupation numbers J'y in 
the contact phase /1/, we apply the same mechanism to the approach phase of a nucleus-nucleus collision. Here, 
the approximations made in /1/ are not valid. Rather, we have to solve the coupled system for and the 
variances /1/ % , f and <<Tp'^. , together with i IV^ b(b) /V^ , consistently on the computer. The 
master equation for reads 

GO " " "" " (1) 

»¡A M¡*'(f, t-v),Fip(HFfv(t-v,u,. U S^&'íz/f)- tf i«) J f í-c. 

The equations for the variances, together with the (<fy -dependent) transport coefficients, are quoted in /2/. 

The projectile is simulated by a Woods-Saxon potential (V = -50 MeV, Я = 0.6 fm, Rq = 4 fm), which approaches 
the HF-potential of the target nucléons with <R> = 0.2 c. The initial conditions are taken at the instant t , 
where the s.p.-potentials begin to overlap: , % (*/>)=• вСХ~£у) > М Ы - ?(+<>) = <?&>) = 

Preliminary results are shown in figs. 1 and 2 at t = t + 40 fm/c (vanishing s.p.-potential barrier). A com-
parison with two-body collisions is made using an improved version of the collision term given in /3/. Fluctua-
tions (**» in fig. 1) and two-body collisions ( O D D ) produce each a randomization of the same order of magni-
tude. Both mechanisms together (• •• ) yield a significant amplification, especially for the continuum (£ц>&). 
This amplification is due to the reduction of Pauli blocking by the fluctuations. The s.p.-density profiles in 
fig. 2 exhibit a similar behaviour: the effect of fluctuations ( — ) is amplified if two-body collisions are 
added (oooo). This effect is most important for nucléons outside the s.p.-potential (••••• ), which is a hint 
for a new mechanism for pre-equilibrium particle emission. 

'Fig. 1 
Randomization of occupation numbers (see 
text). Fermidistributions for several tem-
peratures are shown for comparison. 

x [fm] 

Fig. 2 
Change of one-body densities (see text) 

HF g.s.-state density of the target 
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FLUCTUATION-INDUCED RELAXATION IN ONE-BODY DYNAMICS 

A. Pfitzner and L. Münchow 
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P. Mädler 
Technische Universität Dresden, Wissenschaftsbereich Theoretische Physik 

Simulating part of the evolution in a nucleus-nucleus collision by collective dynamics, we 
have to account for correlations between the collective {R,P} and the intrinsic variables 
lx,p [. They produce not only fluctuation and dissipation in the collective subspace /1/, but 

( 4 Л 
also a "collision" term I( g ) in the equation for the one-body density 111-. 
C h i H j S ^ J -h ¿Ks'* 1)- We refer ¿ R , p } to the relative motion and suppose <5"£ =» ^ ~ 
to be small. Then, I( J ^ ) reads ( s m

3 A - Ç ^ 1 ) 

Г О Т - [ m t + h.C.} } (1) 

with the collective variances the stiffness of the 
collective potential and the reduced mass p. Intrinsic transitions are managed by the gra-
dient F = Ъч1д R of the coupling V(x,R) (FI(t) = çf&b') Fttigfat') } with g(t,t') the mean-
field propagator). 
From (1), a master equation for the occupation numbers S^ has been derived /3/. 
Supposed the evolution proceeds through a contact phase (¿R> зта1^Л.г>0) a relaxation time 
can be extracted which reads, f or ç'iÇ^ÔQf-g^within ~¿¡-J¿ < < Ç+¿l, 

ъ/ъЪз lplLeèr[m-KJ, г = JiV2- , idi'tçh = i/z^v). (3) 

Here, g = A/10 is a level density parameter, f 
О 

= 10" 22 s the memory time, and Х ъ ^ С Ь / ь Л ] -1 

the zero-point fluctuation. Stable (damped) and unstable (exponentially increasing) solutions 
Xfflare separated by the line-3=20,- in the / Fl} -plane (fig. 1). It is the solution of 

¿̂"(ji) i with yÙr the feed back of the correlations on the collective potential /3/. When 
approaching this line from above (2i>2or ) , ^ f f gets smaller than the collective relaxation 
time V v e i anc' attains a few 10 - 2 2 s at This is demonstrated in fig. 2, which shows 
relaxation times along a vertical cut of fig. 1 at IFI « 0:4 MeV/fm. Since equilibration 
times from two-body collisions are of the same order of magnitude we conclude that the flue-' 
tuation-induced relaxation may compete with two-body collisions if 9 «r . 

0.5 0.7 
IFI [MeV / fm] 

Fig. 1 
The line of instability""for 
A 1 = A 2 = A = I O O 

Z( t) 
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Fig. 
Relaxation times near Zc, 0.6 
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VALIDITY OF THE LANDAU-ZENER FORMULA FOR OUASIELASTIC HEAVY-ION REACTIONS 

B. Milek 
Ooint Institute for Nuclear Research, Dubna 
R. Reif 
TU Dresden, Sektion Physik, Wissenschaftsbereich Theoretische Physik 

In order to test the validity of the Landau-Zener formula for particle promotion between 
molecular orbits numerical investigations of the same problem have been performed within 
a semiclassical description of the heavy-ion collision, including a realistic choice of 
the single-particle scheme of the radial coupling matrix element as well as of the tra-
jectories for the relative motion of the collision partners. As an example we have chosen 
the inelastic excitation of the first l/2+ state of 1 70 in a 1 70 + 1 3C collision /1/, for 
which a pronounced avoided level crossing between two branches originating from the 

17 
asymptotic 2Sjy2 and ld5^2 levels in О occurs. The radial coupling matrix element as a 
function of the distance between the centers of the ions shows a long-range tail, which 
is responsible for a strong excitation of the upper level already at rather large distan-
ces. This behaviour which does not allow to localize the transition in a narrow region 
around the crossing point has been discussed in ref. /2/ (see fig. 1). By further calcu-
lations it has been confirmed that the jump probability reaches a saturation value even 
if the system passes the crossing region once with high collective velocity. As a function 
of the bombarding energy the two-way jump probability exhibits an oscillatory behaviour: 
it has a first maximum for incident energies near the barrier, which falls down rapidly 
(half-width of about 1 MeV) and a smaller peak (half-width of about 5 MeV) located at 
2o MeV above the barrier, depending on the orbital angular momentum. Such a resonance-
like structure cannot be understood within a diabatic picture of two independent jumps 
but is well known in molecular physics as an interference phenomenon between transitions 
in the entrance and exit stsge of the reaction (Stückelberg phase in the expression for 
the two-way jump probability) . 

- Ecjn.-ia2MeV 
0.7 I- L . ,5 

The importance of these features in the jump 
probability, which are not covered by the 
Landau-Zener formula, should be further 
explored 

12 10 в 

in —» 6 6 в 10 i; R (fm) out -

Fig. l 
Radial coupling matrix element T^2 and jump 
probability P 1 2 for 1 70 + 13C (from ref./2/) 12 
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PHOTO- AND ELECTROEXCITATION OF 1 4C AND 1 4N 

A. N. Golzov, N. G. Goncharova, 

Institute for Nuclear Research, Moscow State University, Moscow, USSR 
H. R. Kissener 
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For the lp shell nuclei the data on inclusive and partial photodisintegratlon cross sec-
tions through the GDR region are more complete and consistent than those in other mass 
regions. Thorough checks of microscopic theories against the photonuclear data at photon 
energies below 50 MeV have been performed for the lp shell nuclei (for reviews see /1,2/). 

The corresponding data for the nucleus 1 4C have been published only recently for the 
channels ( n

t o t)« ( У«1")» ( X»2n) and (]£ »n ). These cross sections differ in seve-
ral respects from the trend observed for the neighbouring nuclei with g.s. isospln TQ^0: 
(i) there is only little structure in the pygmy resonance region E^<17 MeV, 
(ii) the Tj. GDR peak is found at relatively high energy, and 
(iii) the (У ,2n) process constitutes a significant part of the inclusive photoneutron 
cross section. 

A shell model study with standard input can explain all important features of the ex-
perimental evidence. We have calculated the integral response, the expected prominent 
partial disintegration channels ( У,N.) and the particle emission spectra for the decay 

j i 4 « il л 1 A a 

chain С С С. The dominant disintegration branches of the GDR in С feed the 
15.1 MeV state in 1 3C (about 25 %), the g.s. of 1 3B (about 30 %) and the g.s. of 1 3C 
(about 20 % of the dipole sum). In order to discriminate between model versions, more 
data on the partial disintegration channels are needed. Details are given in /3/. 

The same model has been used to calculate excitation strengths, formfactors and disin-
tegration channels of the stretched M4 configurations excited in backward electron scat-

14 14 14 tering on С and N /4/. Recent high-resolution data for C(e,e')1Bco at momentum 
transfer q«250 - 400 MeV/c show three narrow 4~ resonances at 11.72, 17.33 (T=l) and 
24.3 MeV (T=2); theory reproduces both positions and relative strengths. The T=2 M4 reso-
nance is a good candidate for searching for isospin impurity in the giant resonance re-

14 
gion through partial disintegration channels. For the N(e,e') data theory also provides 
a good description, but some ambiguity remains in assigning the M4 strength to the obser-
ved resonances (5", 4~, 3"; T=l). Estimates for the disintegration channels of prominent 
M4 stretched configurations in 1 4N are given /4/. 
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ON THREE-BODY FORCES 

I. Rotter 
Zentralinstitut für Kernforschung, Rossendorf 

The difference between the nucleus and the atom consists in the fact that the central field 
in the atom, in which the electrons are moving, is created by the nucleus, while the nucléons 
inside the nucleus move in a central field created by the nucléons themselves. In this central 
field, essential cooperative aspects of the interplay between the constituent particles are 
involved. In a shell model description, the single nucléons of the nucleus differ therefore 
from free nucléons at least by the contribution they give to the central field. Accordingly, 
the shell model wavefunctions are mixed strongly in the basic wavefunctions in the case of the 
nucleus, while they are more or less pure in the case of the atom. The nuclear shell model is 
therefore characteristic of the nuclear many-body problem. A shell model for the description of the motion of 
one nucleón does not exist in contrast to, e.g., the description of the hydrogen atom where only one electron 
moves in the central field. But a shell model description has been used already for the four-nucleon system. 

Because of the existence of highly excited states above particle decay thresholds, the nuclei 
should be described by taking into account the coupling to the continuum in a straightforward 
manner from the very beginning. In the Rossendorf continuum shell model /1/, the starting 
point is a standard nuclear structure calculation with inclusion of the single particle 
resonances into the space of bound single particle wavefunctions up to a certain cut-off radius. 
The coupling to the continuum, including the tails of the single-particle resonances beyond 
the cut-off radius, is taken into account by the same Hamiltonian H = H + V without addition-' ' о 
al approximations. The part V contains the residual two-body forces. 

The corrections to the results of a standard nuclear structure calculation, which arise from 
the coupling to the continuum, are connected mainly with the correction term HgpGp+^Hpg to 
the Hamiltonian which takes into account the coupling via the continuum. Here, the Q subspace 
is the function space of the standard nuclear structure calculation with the Hamiltonian 
HqO = QHQ, the P subspace is the function space of scattering states with the Hamiltonian 
Hpp = PHP and one particle in the continuum, Hgp = QHP etc. and P + Q = 1. 

A consequence of the replacement of Hgg in the shell model by Hgg^ in the continuum shell 
model is the appearance of some symmetry violation in the nuclear forces. The matrix elements 
° f HQQ f - HQQ a r e 

<\\ H O P ^ H M I - f JdE' «ЫЩЛ ft'-O'Vf Л H > (i) 
where фр is eigenfunction of Hqq, ^ ^ is solution of the coupled channels equations 
(E-Hpp)^^ + ̂  = 0 while с denotes a channel with threshold energy £ c - The matrix elements 
(1) do not vanish also at energies where all channels are closed, i.e. for bound states. The off 
eigenvalues of Hgg are real in this case, otherwise complex. The real part determines the 
energy, the imaginary part the width of the state. 
The matrix elements (1) induce some charge dependence of the nuclear forces which has nothing 
to do with the problem of charge symmetry of the nuclear forces in nuclear matter or between 
free nucléons. This charge dependence is caused by the differences in the scattering wave-
functions of neutrons and protons owing to the Coulomb interaction as well as by the 
different threshold energies t Q for neutron and proton channels. The differences have, accord-
ing to eq. (1), regularities with general many-body properties of the nuclei as, e.g., binding 
energy and shell closure /2/, which are in accordance with the trends observed in the Coulomb 
energy anomaly. 

The success of including three-body forces into the calculations for the A = 3 system has been 
demonstrated by Sasakawa et al. /3/. The three-body forces in the A = 3 case may be of the 
same origin as the many-body forces (1) in heavier nuclei, since already for A = 4 or 5 the 
shell model with its cooperative effects can be used. 
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SYMMETRY VIOLATION IN THE OPEN QUANTUM MECHANICAL NUCLEAR SYSTEM 
I. Rotter 
Zentralinstitut für Kernforschung, Rossendorf 

The Rossendorf continuum shell model /1/ allows to describe the nucleus as an open quantum 
mechanical many body problem. The starting-point is a standard nuclear structure calculation 
with inclusion of the single particle resonances into the space of bound single particle 
wavefunctions up to a certain cut-off radius. The coupling to the continuum, including the 
tails of the single particle resonances beyond the cut-off radius, is taken into account by 
the same Hamiltonian H = HQ + V without additional approximations. 

The corrections to the results of a standard nuclear structure calculation, which arise from 
the coupling to the continuum, are connected mainly with the correction term HgpGp+^Hpg to 
the Hamiltonian, which takes into account the coupling via the continuum. Here, the Q sub-
space is the function space of the standard nuclear structure calculation with the Hamiltonian 
Hgg = QHQ, the P subspace is the function space of scattering states with the Hamiltonian 
Hpp = PHP and one particle in the continuum, Gp+^ is the Green function for the motion of the 
particle in the continuum, HPP S QHP etc. and P + Q = 1. 

A consequence of the replacement of Hqq by Hgg^in an. open quantum mechanical system is the 
appearance of some symmetry violation in the nuclear forces for finite nuclei which does not 
exist in nuclear matter. The nucleus is, indeed, an open quantum mechanical system in rela-
tion to the nucleón degrees of freedom. But the threshold for the emission of Л isobars is so 
high in energy that the nucleus may be considered as a closed system in relation to these 
particles. As a consequence, the NN, ù& and л N correlations in finite nuclei are different 
/2/ although they may be the same in nuclear matter. The differences correspond to the 
differences in the effective nuclear forces used, e.g. in the standard shell model and in 
the continuum shell model calculations. 

In the ansatz for the spin-isospin dependent particle-hole interaction, all corrections other 
than those considered explicitely are summarized in the parameter g1 /3/. This parameter is 
obtained from a fit to the experimental data and involves, therefore, all the effects in 
finite nuclei which are connected with the coupling to the environment. This parameter should 
be assumed, for this reason, to be smaller for д isobars than for nucléons in finite nuclei 
although the universality of the spin-isospin correlation, suggested by the naive quark model, 
holds surely in nuclear matter /4/. 

In a similar way, a small charge dependence of the nuclear forces is induced by the environ-
ment /5/. which has nothing to do with the problem of charge symmetry of the nuclear forces in 
nuclear matter. 
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COOPERATIVE EFFECTS IN NUCLEI AND SELFORGANIZATION 

I. Rotter 
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The Rossendorf continuum shell model (CSM) /1/ describes the nuclear system as an open quan-
tum mechanical many body problem. The starting-point is a standard nuclear structure cal-
culation with inclusion of the single particle resonances into the space of bound single 
particle wavefunctions up to a certain cut-off radius. The coupling to the continuum, includ-
ing the tails of the single particle resonances beyond the cut-off radius, is taken into 
account by the same Hamiltonian H = H + V without additional approximations. 

The corrections to the results of a standard nuclear structure calculation, which arise from 
the coupling to the continuum,are connected mainly with the correction term Hgp 

to the Hamiltonian, which takes into account the coupling via the continuum. Here, the Q 
subspace is the function space of the standard nuclear structure calculation with the Hamil-
tonian Hqq S QHQ, the P subspace is the function space of scattering states with the Hamil-
tonian Hpp = PHP and one particle in the continuum, is the Green function for the 
motion of the particle in the continuum, Hgp = QHP etc. and P + Q = 1. 

The CSM /1/ allows to describe longliving states and shortliving ones in a unified manner and 
can therefore be used in order to investigate the interplay between the shortliving collec-
tive states and the longliving states of single-particle nature. The results of numerical 
calculations obtained show that the collective features of the nuclei may be identified with 
cooperative effects in self-organizing systems 111. Structures in space and time are formed 
since all the resonance states have a finite lifetime due to their coupling to the continuum. 
The paradigm of synergetics formulated by Haken /3/ seems to be valid also for nuclear struc-
ture studies although the mathematical formalism used is completely different. Moreover, the 
concept of a value parameter defined by Eigen /4/ is included automaticaly into the nuclear 
structure studies /5/. 

A proof of this statement consists in investigating processes which, although very improbable 
from a pure statistical point of view, may appear due to their large "selective value". A 
process of .such a type is the emission of a high-energy particle in a nuclear reaction by 
leaving all the remaining nucléons in their energetical lowest states. The concentration of 
all the energy on one particle is the less probable the higher the available energy is and 
should be suppressed from a pure statistical point of view at high energies but favoured 
from the point of view of selforganization. 

Another proof bases on the finite lifetime of the compound nucleus resonance states. All the 
memory to the entrance channel is lost in the limit of a very long lifetime of the resonance 
states as it has been assumed in the original definition of the compound nucleus. The 
opposite is true in the limit of a very small lifetime. The reaction proceeds in this case 
almost without formation of a compound nucleus. The existence of a finite lifetime of the 
compound nucleus, seen by means of entrance channel effects, points therefore to the fact 
that in the nuclear reaction considered, structures in space and time appear by self-
organization. At high excitation energy, the lifetime of these (dissipative) structures is 
longer than expected on the basis of naive statistical models. 
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THE Г FFECT OF ASYMMETRIC ION RANGE DISTRIBUTIONS ON THE MODELING OF OXYGEN DEPTH PROFILES 
IN IMPLANTED SOI STRUCTURES 
H. U. Oäger 
Zentralinstitut für Kernforschung, Rossendorf, Bereich !<F 

The phenomenological model £ í j developed to describe the evolution of oxygen depth pro-
files during high dose oxygen implantation into silicon takes into account phenomena such 
as target swelling, surface sputtering, internal oxidation due to unbonded oxygen, and 
to a certain extent, also changes in ion range. The model has been generalized £ 2 J to 
analyse tracer experiments £ Ъ , 4 J . One finds that the computed oxygen profiles have an 
incorrect slope in the lower Si02/Si interface region (compare fig. 1). 

One Identifiable parameter in the calculations which can affect this slope is the ion 
renge distribution used. Up to now this was assumed to be a simple gausslan for the pure 
silicon target (i.e. et low doses). It consisted of parts of three gausslans when a dis-
tinct buried layer is formed. If instead of gaussians the skew range distributions of 
oxygen ions in Si and SiO^ reported in ref. £Ъ J are adopted and put together by dose 
matching, we compute the new results shown in figs. 1 - 3 . 

CK 06 
OEPTH (MICRONS) 3 

Fig. 1. 1 60 and 1 80 depth pro-
files in a Si sample after two 
successive implantations: 

ions to a dose 
(ii) 210keV 

(i) 200keV 1 60 
of 1.65xl018 cm-2 

18 + О ions to a dose of 3.5x 
17 - 2 10 cm . The theoretical 

profiles given refer to the 
left-hand scale and differ from 
each other by the use of sym-
metric (dashed lines, ref. /27) 
or asymmetric (solid lines) 
ion range distributions. They 
are compared with SIMS data of 
Kilner et al. £ 3 J . 

02 OA Q6 OB 

OEPTH (MICRONS) 

Fig. 2. 1 60 and 1 80 depth 
profiles in as-inolanted 
samples. The SIMS profiles 
of ref. /47 for the lmplan-

18 

tation of О ions into 
buried implanted oxide 
structures are compared 
with corresponding model 
results (dashed lines; 
right-hand scale). 

1 2 . 3 
DOSE (Ю Cf cm"2) 

Fig. 3. Surface silicon 
layer thicknessee versus 
implanted oxygen doses for 
various implant energies. 
For Elon=400keV, the pre-
sent results are compared 
to those of ref. /2/ (thin 
lines). 

Re ferences 
£l J Oäger, H. U.; Nucl. Instr. Meth. В 15 (1966) 748 
£ZJ Oäger, H. U. et al.; to be published in Thin Solid Films 
£Ъ J Kilner, 3. A. et al.; Nucl. Instr. Meth. В 7¿§ (1985) 293 
£4 J Chater, R. 0. et al.; IBMM'86 contr. 111-31: to be published in Nucl. Instr. 

Meth. В 
£ 5 J Burenkov, A. F. et al.; Tablit'sy Parametrov Prostranstvennogo Raspredeleniya Ionno 

Implantlrovannykh Primesei, Izdatel'stvo BGU im. V. I. Lenina, Minsk, 1980 
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ON THE LINEAR CASCADE THEORY FOR INHOMOGENEOUS TARGETS 

M. Posselt, Zentralinstitut für Kernforschung, Bereich KF 

Ion implantation into multilayer targets and into more complicate heterogeneous structures is increasingly used 
in processing steps of the modern microelectronic technology. 
The linear cascade theory describes the phenomena in ion-beam induced collision cascades by linearized Boltzmann 
equations. For inhomogeneous targets we have to take into account the spatial dependence of the differential 
cross-sections in the collision terms of the equations. Further, in the case of inhomogeneity the Boltzmann 
equation cannot be transformed /1/ into the so-called "backward" form which is the fundamental relation of the 
well-known LSS(WSS) theory. Therefore we have to treat the "forward" equations. In this report we only consider 
the equation for the incident particles using the following assumptions: (i) The properties of the target only 
vary with the target depth x. (ii) At x=0 we have a stationary plane source of particles with normal incidence 
and initial energy Eg. Then our problem depends on: (i) the depth x, (ii) the energy E and (iii) the 
direction cosine of the particle motion with respect to the x-axis, 4 . We can derive the following equation 
for the parjicle flux J(x,E,->¿) = F(x,E,-»2) v 

ЭЗ/Эх = StnJ + SteJ 
F(x,E,^) is the statistical distribution function. The collision terms Stn3 and SteJ describe the interaction 
of the incident particles with the screened target nuclei and the target electrons, respectively. In the first 
part of StnJ = Stn^J+ Stn23 the energy transfers from the projectiles to the target atoms are greater than a 
threshold T ,<< E. We obtain min 

t2(x E,E0) 1 
, , J(x,Ee(x,E,t),7} ) StnlJ = - d-ifaix.Ê.t,̂  )—: — 

,, v f m t 'ч _ 9(sin̂ (x,E,t)(l--??2)1/2̂ -Vcoŝ >0(sim}(l-̂ 2)1/2-')?H-Vco5̂  ) 
' ' V ~ 7T-(sin^ ( 1 - ^ ) - % - V c o s ^ ) ¿ ) m 

cos^(x,E,t)=((m+H(x))/2m)(e(x,E,t))-1/2+((m-M(x))/2m)(e(x,E,t))1/2 e(x,E,t)=(l/2)(l+(l+(4t f Ы Ж С ^ х Ю 2 ) 1 * 1 ) 
V * ' E ' W = ^ V S ^ ^ W - T m i n t;(x)E,E0)=CE2(x).min((E2/(l-3r(x)),Ed(E0-E)/y(x)) 
• ^ x . t . W - C E ( X ) ^ E ' W i W t^(x,E)=CE(x)2.E2 
m and M are the masses of the projectiles and the target atoms, respectively. C-E and Cx-x are the reduced energy 
and the reduced length and jf = 4mM/(m+M). We assume that collisions with energy transfers below T^ n do not 
change the direction of motion of a projectile. Further we take into account that T Similar arguments can 
be applied to all collisions of the incident particles with the target electrons.We get the simple expressions 

Stn2J = (Cx(x)/CE2(x))^E Jh dt S V = ^ [ s e ( x , E ) 2 ^ 1 

The electronic stopping power S e and the function f for the nuclear scattering can be abtained from /2/. The 
solutions 3 of our equation have to obey the boundary condition 3(0,E,-̂ ) = 3g S(E-Eg)<f(->j-1) + 3g(E,̂ )6(-̂ ). 
Og and Jg are the flux of the incident particles and a given flux of backscattered primaries, respectiveley. 
From 3 or F we can derive range profiles and other essential informations.Inserting 3=^6^) - ) into the 
equation for J we obtain two coupled equations for 3+and 3_.For heavy ions and light target atoms we can neglect 
the contribution of 3_to 3. The numerical treatment of the remaining equation for shows analogies to the 
iteration schemes of Christel et.al./З/ and Ashworth et.al./4//5/ which have been successfully applied to range 
profile calculations in homogeneous and multilayer targets.In comparison with the iteration schemes our method 
has two advantages:(i)It is based on a consequent derivation from the Boltzmann equation.(ii)It is more general. 

/1/ Sigmund, P\ ¡Topics in Applied Physics , vol. 47, ed. R. Behrisch (Springer, Berlin, 1981) p.9 
/2/ Ziegler,3.F.,Biersack,3.P. and Littmark,U.¡The Stopping and Range of Ions in Solids (Pergamon.New York,1985) 
/3/ Christel, L.A., Gibbons, 3.F. and Mylroie, S.; 3. Appl. Phys. 51(1980) 6176 
/4/ Ashworth, D.G., Moulavi-Kakhi, M. and Kranti V. Anand; 3. Phys. С 17(1984) 2449 
/5/ Moulavi-Kakhi, M. and Ashworth, O.G.; 3. Phys. C18(1985) 1135 
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SCALING PHENOMENA OF PRIMARY CRYSTALLIZATION STUDIED BY COMPUTER EXPERIMENTS 
H.-J. Müller and K.-H. Heinig 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 

The term Primary Crystallization (PC) is used for the phase transformation of a metastable solid into a 
thermodynamically more stable modification, caused by nucleation and growth of nuclei. Besides the problem 
of the theoretical description of the rates of nucleation and growth, the process is characterized by com-
plicated geometrical constraints inside the grain ensamble induced by grain impingement. This impingement 
causes a random network of grain boundaries within the final polycrystalline structure. 

To study the kinetics of the network formation and its characteristics in the final structure, a computer 
simulation has been performed. The basic idea of the computer simulation is the combination of macroscopic 
formulae for the temperature dependence of nucleation and growth rate with an appropriate description of geo-
metrical conditions, deviding space and time into suitable temperature dependent cells /1/. Simulations 
of isothermal transformations at various temperatures have been accomplished. 

Two main features of the PC have been studied: (i) static analysis of the 
computer graphics of the final structures with respect to mean grain size, 
grain edge, and grain size distribution (Fig.l), and (ii) kinetic analysis 
of transient quantities of the crystallization process like normalized 
mean grain size (Fig.2), fraction of crystallized material, number 
of nucleated grains, exhaustion of the crystallizing interface, and 
exhaustion of the unrecrystallized volume. 

Despite of the strong temperature dependence of the mean grain size and the 
duration of transformation, a fundamental statistical scaling behaviour has 
been found for the topological static features as well as for all kinetic 
parameters (see Fig.l and Fig.2) using appropriate (temperature dependent) 
scaling factors. Universal laws for these parameters of PC have been found. 
This is rather surprising, because (i) these laws are independent of the 
ratio between the rates for nucleation and gru»íth, which varies drastically 

within the investigated temperature range (800.. ДЗООК), and (ii) the computer graphics of the final poly-
crystalline structures seems to have pronounced differences. 

This temperature independence leads to the conclusion that the statistical scaling behaviour must be a result 
of the topological features within the random network of grain boundaries. It has been pointed out by 
Rivier /2/ that random cellular networks, which fulfill the conditions of space filling, topological sta-
bility (see Ref. /2/), and equal physical constraints of network formation exhibit the same "most probable" 
cell size distribution of the final network. 

The networks of grain boundaries of structures obtained from the 
computer simulation fulfill these conditions provided that random 
nuclration (with respect to space and time) and a constant ratio 
between growth and nucleation rates during transformation are assumed. 
Therefore, the mean grain size distribution corresponds to the "most 
probable" cell size distribution. The scaling behaviour of all the 
other parameters, also of the kinetic parameters, result from the 
discussed basic features of the random grain boundary network. 

The investigation of the scaling phenomena of PC leads to a deeper 
understanding of analytical transformation formulae, their abilities 
and their limits of application, and it facilitates the inter-
pretation of experimental data of PC and the transformation conditions. 

/1/ Müller, H.-J., Heinig, K.-H. and Hennig,' K.; Computer Simulation of Primary Crystallization 
amorphous to crystalline, Proceedings of the E-MRS - Strasbourg, June 1986 

/2/ Rivier, N.; PhiTos* Mag. 52 (1985) 795 

scaled grain-size distribution ( 700K, -..- BOOK, FÍO 1- - - 1000K, -.- 1100K, M' ' and ... 1200K) 

normalized mean grain „ size vs. scaled time Fig.2: uитак, xloooK, • HOOK, and 
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COMPUTER STUDIES OF THE STATISTICAL DISTRIBUTION FUNCTIONS OF PARTICLES MOVING IN COLLISION CASCADES I: 
INCIDENT PARTICLES 

M.Posselt, G. Otto, Zentralinstitut für Kernforschung, Bereich KF 

Extensive informations about the evolution of the ion-beam induced collision cascades can be obtained from the 
statistical distribution functions of the particle species moving in cascades. 
At first let us consider the incident particles. Our calculations are based on the following assumptions: 
(i) stationary irradiation, (ii) plane source of particles with normal incidence and initial energy Eg at 
the target surface and (iii) linear cascades. Then our problem only depends on three variables: (i) the target 
depth x, (ii) the energy E of the particles and (iii) the direction of motion with respect to the x-axis, cosÖ . 
Using the last Rossendorf version of the TRIM Monte Carlo simulation program /1//2//3/ we have logged the num-
ber of incident particles penetrating marker planes at x during dt with (E,dE) and (cos0 ,dcos0 ) 

dO = j(x,E,cos6 ) dE dcos0 dt 

The statistical distribution function f is obtained from the flux j by a simple transformation 

f(x,E,cos0 ) = j(x,E,cos0 )/(v-|cosß| ) with v = V2E/m' 

m is the particle mass. The number of particles moving at time t in (x,dx) with (E,dE) and (cos0 ,dcos0 ) is 
given by dF = f(x,E,cosß ) dE dcosö dx. Instead of the particle numbers dJ and dF we can define probabilities. 
For example, 

is the probability that a particle penetrates the marker plane x with (E,dE) and (cos0,dcos0 ). The distribu-
tions ( 3oN(x,E)/3 E ) = J" jN(x,E,cos6 ) dcosÔ and ( "Ô 3jg(x,cos9 )/3 cos0 ) = J"j^(x,E,cos0 ) dE 
are shown below. The two figures illustrate the spatial evolution of the incident particle beam for 50 keV As+ 
implantation into Si. It is evident that the peak of the energy distribution must shift from Eg at x=0 to Ej at 
sufficiently high values of x. E^ is the final energy in the simulation of the particle motion. We have chosen 
Ej,=15 eV. Fig. 1 shows very broad energy spectra at small and medium depths. Therefore we can conclude that the 
energy distribution loses the memory of the initial energy Eg at relatively small depths. On the other hand, 
the directional distribution in fig. 2 always shows a strong anisotropy which is determined by the direction of 
incj 

Fig. 1 Fig. 2 

/1/ Biersack, 3. P. and Haggmark, L. G. ; Nucl. Instr. and Meth. 174(1980) 257 
/2/ Posselt, M. ,Biersack, 3. P. ; Nucl. Instr. and Meth. B15(1986) 20 
/3/ Posselt, M. ;Phys. Status Solidi A94(19B6) 403 
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COMPUTER STUDIES OF THE STATISTICAL DISTRIBUTION FUNCTIONS OF PARTICLES MOVING IN COLLISION CASCADES II: 
RECOILING TARGET ATOMS 

M. Posselt, G. Otto, Zentralinstitut für Kernforschung, Bereich KF 

The knowledge of the statistical distribution functions of the particles in cascades is not only important for 
the understanding of the surface effects (backscattering and transmission of the primary particles, sputtering 
of target atoms) but also for investigations of bulk phenomena (implantation, recoil implantation and mixing). 
In the present studies we have used the same assumptions as in part I /1/. Similar registration techniques 
for the recoiling target atoms have been employed. In contrast to part I we have to simulate the motion of all 
cascade particles which have a chance to penetrate the given marker planes. Target atoms begin to move if the 
energy transferred from a projectile exceeds the displacement energy E^. 
For 50 keV As+ implantation into Si we have investigated the energy and directional distributions of the 
recoiling target atoms penetrating the markers at x. Two cases have been considered: (i) The histories of the 
particles have been followed until £^=£^=15 eV. (ii) Only recoils with energies E = E^ = 5 keV have been 
simulated. In both cases the energy distribution shows very marked peaks at E^. The peaks have approximately 
equal heights at all marker depths. Therefore the great majority of the particles are always the recoils of the 
lowest energies. The thin high energy tails of the energy distribution are the remaining memory of the energy 
distribution of the incident particles /1/. The length of the tails decreases with increasing depth x. In the 
case of Ef=15 eV the energy distribution function decreases approximately proportional to 1/E in agreement 
with the Sigmund theory /2/. The directional distribution of the particles with energies E = Ef =5 keV 
(fig. 2) shows a stronger anisotropy than the distribution of the recoils with E = Ef = 15 eV (fig. 1). This 
is evident since the distribution of the high energy recoils is more influenced by the directional distribution 
of the incident particles /1/. This influence decreases with decreasing energy and with increasing generation 
of the cascade recoils. The isotropic limit /2/ is given by the dashed lines. The spatial evolution of the 
directional distribution is not very pronounced. With increasing marker depth the fraction of the particles 
moving in a backward direction decreases slightly. 

Fig. 1 Fig. 2 

/1/ Posselt, M. and Otto, G. ; this report p. 65 
/2/ Sigmund, P. ; Topics in Applied Physics, vol. 47, ed. R. Behrisch (Springer, Berlin, 1981) 
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ON THE CALCULATION OF THE MULTIPLICITIES OF QUASICRYSTAt DIFFRACTION SPOTS 
V. Heera and B. Rauschenbach 
Zentralinstitut fur Kernforschung Rossendorf, Bereich KP 

The position Q of every icosahedral Quasicrystal (i-QC) diffraction peak in the reciprocal space is given by 
formulae (1) in /1/. The diffraction spots car. be indexed by a set of six integers (r̂ ), i=1.. .6. There are 
various reflexes Qj, j=1...M, with the same Q=IQjI. The value M 1з called the multiplicity of the reflex. 
The knowledge of the multiplicities is important for e.g. the calculation of the intensities of diffraction 
rings obtained in powder diffraction experiments. 

There exists a simple rule for the calculation of multiplicities in the classical crystallography: Hie 
multiplicity is the number of the possible permutations and sign changes of the 3 Miller indices. Because of 
the linearly dependence of the 6 basic vectors used in the i-QC indexing this rule is not valid. A 
straightforward computer calculation of the i-QC multiplicities is possible, but very expensive, because 6 
integers must be varied independently. In thi3 paper a simile algorithm for the calculation of the i-QC 
multiplicities should be presented. 

» 

Using the notation of Bancel et al. for the 6 Basic vectors given in /1/ and carrying out a simple index 
transformation (i^) —> (N^) defined by 

N̂ -,+112, Nĵ -ng, M3=n3+n4, N̂ -̂r̂ , Nĵ +rig, N6=n-j-n4 
we can obtain Q 2 in the following foim: Q 2 = S + Y * D with .618 the golden mean and S= J]]] N^2. D can 
be splittet in 2 terms: D = S., - S2 with S1={(N1-tN2)2+(N3̂ 4)2+(N5-tN6)2} and S2 = {N.,2-^2-^2}. Since S 
and D are integers and Tis a irrational number both are independently constant for ¿ill ̂  corresponding to 
a fixed Q. The high symnetry of the tenu S according permutations and sign changes is reduced by D. The 
expression D is only invariant under permutations and sign changes of the 3 suns (N.|+N2), (N̂ +N/,) and 
(Ntj-fWg). 

Let us now describe the steps of calculating the multiplicities of a reflex with given Q: 
- Deteimine the terms S and D corresponding to the Q under investigation. 
- Split up the tenn S in all possible ordered sets of 6 positive quadratic numbers [IN^UJ, 
IN̂ |>|N2I>...>|Ngl with j=1...z and z the number of possible sets. 
- Take one of these sets and pick out fron these 6 numbers all different ordered triples, which must be 
assigned to the numbers M-pN^N^. The residual 3 numbers are the complementary triple. 
- Calculate the corresponding S2 and S^D+Sg. There is the helpful restriction that S1 cannot be smaller 
than 0. 
- Then split up the sum Ŝ  in 3 positive quadratic mmbera and puzzle out Aether-there is a possibility to 
assign this numbers to the teims (N.]+N2), (N̂ +N̂ ) and (N̂ +Ng) so that |N2I, IN̂ I and INgl are the nuribers of 
the complementary triple. This step determines the sign of the numbers. 
- The multiplicity "of the found index set (N^j is then Mg3=23*3!/(q*2m* TTn^!) with q=1 for all N± even or 
odd and q=2 for N^ of mixed type, m is the number of the zero number pairs (N̂ ,Nj)=(0,0) and m^ the number 
of equal number pairs ( iNjI, IN.¡ I ), (i,i)= (1,2),(3,4),(5,6), in the set (INjI), 1=1...6. 
- Repeat this procedure for all sets [1I]^ with S=constant. the total multiplicity is then given by the 
sun of all M q j. 

In conclusion it should be noted that the diffraction spots related to each other by scaling transformations 
described in /1/ and discussed also in /2/ have the same multiplicity. Thus it is possible to optimize the 
procedure described above by using the scaling laws to minimize the value of the sum S. 

/1/ Heera, V. and Rauschenbach, В., this report p. 68 
/2/ Elser, V. Phys. Rev. B32 (1985) 4892 
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SOME REMARKS ON THE INDEXING OF THE DIFFRACTION PATTERN OF ICOSAHEDRAL QUASI CRYSTALS 
V. Heera and B. Rauschenbach 
Zentralinstitut für Kernforschung Rossendorf, Bereich KF 

Since the discovery of the icosahedral quasicrystals (i-QC) /1/ many papers concerning the interpretation 
and calculation of the observed diffraction pattern have been published /2/. Because of the 
noncrystallographic icosahedral point group of the QC pattern, coimion crystallographic rules for indexing, 
calculation of multiplicities and intensities of the diffraction spots cannot be used. In addition, 
different notations in the QC description render the understanding in this matter more difficult and give 
raise to confusion. The aim of this paper is hence to present the connection between the index notations 
of Bancel et al. /3/ and Elser /4/. The position of every i-QC Bragg peak in the reciprocal space is given 
by 6 

? = тг/а* Vqj/q (D 
i=1 

with n^ integer, often denoted by the index shorthand (ni)=(n1,...,ng) analogous to the Miller indices in 
conventional crystallography. The б basic vectors q̂  with length q can be selected from the 12 vectors 
pointing to the vertices of an icosahedron under the restriction for all i,j. There are numerous 
possibilities to choose the basic vectors in this frame and hence there exist different index notations. The 
most common notations are given in /3/ and /4/. The connection between this 2 sets of basic vectors is 
presented in table 1. The co-ordinate representation according Bancel et al. is also shown in this table. 

Vectors q^ according /3/ «1 t2 T3 4 «5 % 
X 1 1 0 0 r - T 

co-ordinate representation у V - У 1 1 0 0 
z 0 0 T - R 1 1 

connection with vectors"?1̂  /4/ q * е-.," -q * Гб" q * f2" q * q * ез" -q * ê " 

Table 1: T =(1+УГ)/2 is the golden mean; for further explanation see text 

It is obvisious from table 1 that the same Bragg reflexes are denoted by different index sets, e.g. the 
(110000) reflex according Bancel corresponds to the (ЮОООТ) reflex in Elser's notation. There are, however, 
still further complications in the QC indexing. Because of the self similarity of the QC the indexing is 
ambiguous in the sense that the diffraction pattern can be scaled (inflation and deflation rules) and then 
re-indexed. This means that the QC lattice constant a* in fonnulae (1) is only defined up to a scaling 
factor s. Thats why the QC lattice constant follows from the work of Bancel (a*=1.08 A) strongly differs 
from the one -given by Elser (a=4.60 A). The connection between both is given by the scaling relation a=s*a* 
with s= Г 3. 

/1/ Shechtroan, D., Blech, I., Oratias, D. and Cahn, J. У1. Phys. Rev. Lett. 53 (1984) 1951 
/2/ see e.e. Levine, D. and Reinhardt, P. J. Phys. Rev. B34 (1986) 596 
/3/ Bancel, P. A. and Heiney, P. A. Phys. Rev. Lett. 54 (1985) 2423 
/4/Elser, V. Phys. Rev. J332_ (1985). 4892 
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APPLICATION OF THE POINT KERNEL INTEGRATION METHOD TO THREE-DIMENSIONAL NEUTRON FLUX CALCULATION OUTSIDE THE 
HEXAGONALLY SHAPED LWR- CORES 

F. Seidel'' 
VEB Kombinat Kraftwerksanlagenbau, Berlin 

The strong anisotropic neutron scattering on hydrogen supports the approximated determination of the neutron 
flux profile in the shield of light water reactors (LWR) using the method of unscattered neutrons. A simple 
and time saving problem solution can be performed by the well known point kernel integration method (PKM), 
which offers possibilities to use a flexible geometry mo del. The accuracy of the PKM-results sensitivdy 
depends on the point kernel parameters fitted to experiment-al results or to reference solutions of high 
order transport calculations /1/. 

The PKM presented here is based on the separation of the whole neutron shielding problem in a one-dimensional 
multigroup-S^-calculation to determine the point kernel parameters and a tree-dimensional one-group point 
kernel integration /2/. 

For shield points r distributed three-dimensionally the point kernel integration determines the neutron flux 
spectrum part above the energy limit Eq (usual 1.0 or 0.5 MeV) 

( 1 ) 
The integration is carried out over all neutron 
source points r of the source Volume V 

(2) 

in which the neutron flux contribution resulting 
from the source 

QJrbQcn X(E.)dE. (3) 
is attenuated on the way |r-r| from the source to 
the shield point in consideration of the optical 
thickness l?-fl ckness If-r'l 

TEo(ir-?'i) = J £ 

Fig. 1 Schematical representation of the geometry and 
the ray-tracing of a typical LWR-core-shield 
arrangement with hexagonally shaped assemblies. 

X ( E ) is the fission spectrum and ZJ , (s) is the point kernel parameter depending on the material distribution 
and averaged over the energy range above Eq. In order to consider the material boundaries V- in eq. ( 4 ) the 
approximation 

is performed with respect to hexagonal, coaxial and eccentric-cylindrical boundaries. Such geometry options 
ensure the practicability of an exact ray-tracing through a core with hexagonally shaped and trigonally dis-
oretisated assemblies and through a typical light water reactor shield, s. fig. 1. For each assembly a regu-
lar trigonal fine mesh grid of an arbitrary mesh size may be chosen. 

Eq.(2) is solved using a semi-analytical integration procedure. The integration along the z-direction is 
approximated by a sum of line integrals, which correspond to the axial boundaries. To accelerate the z-inte-
gration a suitable representation of the SIEVERT-integral table is used. 

The efficiency of the method for calculating the neutron fluence of reactor shield materials was demonstrated 
by some model calculations. The first results offer that an improvement of the point kernel parameter fit 
will be necessary to obtain accurate fluxes /2/. 

Reference 
/1/ Wood, J., .Computational Methods in Reactor Shielding, Pergamon Press, 1982, c. 6 
/2/ Krell, J., Seidel, -p., Kernenergie, to be published 

1) Aspirant at TU Dresden, Sektion Physik, WB Theoretische Physik 
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APPLIED METHODS 

PIXE INVESTIGATION OF A^Bg-SEMICONDUCTORS 

H.U. Frey, A. Hupfer+ 

Karl-Marx-Universität Leipzig, Sektion Physik, WB Angewandte Kernphysik 
Karl-Marx-Universität Leipzig, Sektion Physik, WB Halbleiterphysik+ 

The XPS and PIXE methods have been used to determine the elemental composition of ultra-
high vacuum prepared A^Bg-semiconductors. A quantitative XPS (X-Ray Photoelectron 
Spectroscopy; information depth of about 5 nm) analysis is complicated by compositional 
changes due to the preparation (gentle ion bombardment, low temperature annealing) and 
uncertainties of XPS sensitivity factors. The information depth of PIXE (Particle-Indu-
ced X-Ray Emission Spectrometry) is in the range of about 5^um and quantitative applica-
tion of this method is well established /1/. 
Following the UHV-preparation and XPS-analysis the thick semiconductor crystals have been 
PIXE-analyzed with protons of 1.7 MeV energy and with proton currents between 0.5 nA and 
2 nA. It took (40 - 90) minutes to collect charges of (2 - 5)^,uC. The quantitative com-
position was determined using the thick target PIXE formalism /2/. 
The quantitative results of both methods (table 1) are in an unexpected good agreement. 
The stoichiometric composition of the A ^ b Y materials with a slight deficiency of the V — — 
В -component was confirmed. In the case of the (Cd.Zn)^As2 solid solution the PIXE re-
sults confirmed the nominal composition of the bulk material showing, that preparative 
influences disarranged the Cd/Zn ratio on the surface. 
While the XPS results were normalized to 100 % absolute concentrations have been deter-
mined with PIXE. Only for one sample a total concentration of 100 % was obtained. The 
lower total concentration of the other samples showed the existence of contamination 
elements (C,0) that could not been analyzed by PIXE. Impurities of Fe and Cu (in the 
уug/g region) could be found and some Cd was analyzed in Zn 3As 2. 
Despite of the very different methods important conclusions could be drawn with regard 
to the analytical description of the UHV-preparation /3/ and the reliability of the used 
quantitative XPS formalism. 

Sample P Zn As Cd С 0 Sum 
Zn 3P 2 stoich. 

XPS 
PIXE 

240 
188 ж 
193 i 15 

760 
792 ^ 
775 - 15 ; - 4.7 15.6 

968 

Zn 3As 2 stoich. 
XPS 
PIXE 

567 
583 . 
574 - 15 

433 
403 
411 - 10 3.5 - 1 

9.2 4.9 
988.5 

C d 3 P 2 atoich. 
XPS 
PIXE 

155 
143 
148 - 20 

— 
-

845 
843 
852 - 15 

9.5 4.2 
1000 

Cd 3As 2 stoich. 
XPS 
PIXE 

308 
295 ^ 
292 - 10 

692 
648 . 
688 - 20 

34 23 
980 

(Cd,Zn)3A82 stoich. 
XPS 
PIXE 

-

214 
256 
212 - 10 

355 
363 
331 - 10 

431 
367 1 7,8 
424 * 10 1 

6.3 
967 

Table 1: Elemental composition (concentrations in mg/g) of the semiconductor materials 
which were supplied by the PAN-IFCS Zabrze (Prof. Dr. W. Zdanowicz) 

- The authore thank the staff of the WB Physikalische Chemie (KMU) for the possibility 
of performing XPS measurements, expecially D. Hirsch for experimental cooperation. 

R e f e r e n c e e 
/1/ Proc. 3rd PIXE Conference, Heidelberg 1983, Nucl. Instr. and Meth. 3 3 (1984) 
/2/ H. Frey, 0. Vogt, G. Otto, 0. Radioanal. Nucl. Chem. 99 (1986) 193 
/3/ A. Hupfer, S. Schulze, D. Hirech, W. Zdanowicz, Cryst. Res. Techn. (in press) 
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PROFILING OF (Al,Ga)Ae/GaAe HETEROSTRUOTURES BY EXPERIMENTAL AND COMPUTER-SIMULATED 
BACKSCATTERING SPECTRA 
R. Flagmeyer, H.-E. Zechau, and A. Koch 
Karl-Marx-Universität Leipzig, Sektion Phyaík, WB Angewandte Kernphysik 

Quantum well AlxGa1_)Ae-GaAs structures require uniformity with respect of composition 
and thickness of individual layers, abruptness of interfaces and high crystalline quali-
ty. Recently, the thickness of the individual periodos in (Al,Ga)As-GaAs superlattices 
were accurately measured by backscattering spectrometry /1/. In order to determine depth 
profiles of composition of various AlxGa1_xAe/GaAs heterostructures we eroploied two 
methods : 
(i) Comparison with computer-simulated spectra. The computer code RBSSIM /2/ was used 

to generate RBS-spectra of multilayered structures and of pure GaAs according to the 
experimental situation. In all cases thin slabs of 1 no thickness are chosen, A 
Gaussian filter with an energy spreading P = 15...25 keV was applied for smoothing 
the generated spectrum to avoid statistical fluctuations. 

(ii) Direct evaluation from experimental random backscattering spectrum. A marking routine 
allows the rapid analysis of multielemental and multilayered structures using an 
improved mean-energy approximation successively for each layer /3/. 

An example of an AlxGa^_^s/GaAs(100) heteroepitaxial structure (T 2) is shown in Fig. 1. 
The best fit to the experimental 
spectrum by means of computer 
simulation (i) was achieved with 
parameters specified in Tab. 1. 
Mole fractions x and layer 
thicknesses are in excellent 
aggreement with the results 
using method (ii). 

63 

5A 

э 3.6 

•g 2.7 

S 
Figure 1: 
Observed and simulated 
backscattering spectra from 
Alj(Ga1_yAs / GaAs multi-
layered structure compared 
to bulk GaAs 

sample T2 aiM&iM<js tjpAs 

RBS onatysis 
1.7 MEW He*, 9^=165° , 
random incidence, 3.2 keV/ch. 

simulation /2/ 
1nm slabs, Г = 22A keV 

backscattering energy (MeV) 

Table 1: Thickness (nm) / Al content x 

Layer No. 1 2 3 4 5 
Computer simulation 385 / 0 70 / 0.80 725 / 0.40 100 / 0.80 - / 0.40 
Direct evaluation 379 / О 73 / 0.84 733 / 0.39...0.42 103 / 0.82 - / 0.41 

The detailed analysis of the first GaAs/Alg g6aQ gAs interface results in transition 
width of about 25 nm. 
For both methods, the accuracy in measurement of thicknesses d and x values amounts to 
Ad = 0.05 d + 5 nm) and A x » - 0.02. respectively. 

R e f e r e n c e s 
/1/ Hamdi, A.H., et al., Phys. Rev. В 31, 2343 (1985) 
/V Zschau, H.-E., Annual Report ZfK-503, 74 (1983) 
/3/ Koch, A., diploma work, Karl-Marx-University Leipzig, 1986; Chu, W.K., O.W. Mayer, 

and M.-A. Nicolet, Backscattering Spectrometry (Academic, New York, 1978) 
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MEASUREMENTS OF HYDROGEN INCORPORATION AND OF DAMAGE DENSITY ON PROTON BOMBARDED InP 
C. Ascheron, V. Riede, H. Sobotte, R. Flagmeyer, с. Neelmeijer* 
Karl-Marx-Universität Leipzig, Sektion Physik, 
+Zentralinetitut für Kernforschung, Bereich KF 

On proton bombarded InP single crystals we have studied the fluence dependences and 
depth profiles of the incorporated hydrogen, chemically bonded hydrogen and of the im-
plantation induced damage density by use of particle induced Jf-spectroscopy, infrared 
spectroscopy and Rutherford backscattering/channeling technique, resp.. Depth distri-
butions were determined on bevelled samples (tan« = 2 • 10~4). 
The investigations show that up to relatively high fluences ( О к З ' Ю 1 7 cm-2) nearly the 
whole implanted hydrogen is retained within the implanted samples. The hydrogen distri-
bution within InP (fig. 1) nearly coincides with the one measured on as implanted GaP 
/1/. H is partly contained chemically bonded to P atoms (but probably not to In atoms) 
as ir absorption measurements show (fig. 2, /2/) and partly contained in relatively 
stable small bubbles as indicated by scanning electron microscopy. 

Fig. 1 Fig. 2 Fig. 3 
Fig. is Depth profiles of damage density, of total H and of chemically bonded H. 
Fig. 2: Variation of the ir absorption of InP due to the P-H valence vibration. 
Fig. 3: Fluence dependences of mean damage density N / N within the highly damaged re-

gion and of integrated absorption A in the ranges of the corresponding local 
modes shown in fig. 3, 

The profile of bonded H is shifted against the one of total H towards the surface and 
agrees with the profile of radiation damage concerning depth and shape of the maxima. 
This fact as well as their qualitatively according fluence dependences (fig. 3) let con-
clude to a chemical bonding of H to P atoms at defect sites. Despite the accordance of 
the H distributions within as implanted GaP and InP and despite the higher correspon-
ding damage density of InP, in InP about twice less H is bonded then in GaP. This re-
sult and the strong difference between the concentrations of bonded and total H (fig. 1) 
are due to a very low concentration of dangling bonds as indicated by electron spin re-
sonance measurements. The concentration of dangling bonds is two orders of magnitude 
lower than the damage density. The formation of secondary defects is responsible for the 
mutual compensation of dangling bonds. 

R e f e r e n c e s 
/1/ C. Ascheron et al., phys. stat. eol. (a) 89¿ 740 (1985) 
/2/ V. Riede et al.. Solid State Comm. 47, 33 (1983) 
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MEASUREMENTS WITH THE ROSSENDORF HIGH ENERGY ION MICROPROBE 
D. Grambole, F. Herrmann, W. Rudolph 
Zentra1 inst i tut für Kernforschung Rossendorf, Bereich KF 

In the last year the microprobe /1, 2/ was used for first elemental analysis and mapping in 
the fields of medicine, material science, and corrosion. For this nondestructive ion beam 
analysis the following analytical methods are available: particle induced X-ray emission 
(PIXE), Rutherford backscattering (RBS), and nuclear reaction analysis (NRA). 

The lateral distribution of Cr deposited in the surface oxid layer of steel samples is a pro-
blem of interest. In principle Cr and Fe can be separated by means of PIXE. In our case a 
very small Cr signal (К* peak) was observed on the tail of a very strong Fe- K^ peak. There-
fore, it was difficult to separate the Cr peak from the background. This leadfto a large un-
certainty of the Cr intensities. 

Nuclear medicine makes increasing use of radiopharmaca. The distribution of these ra-
diopharmaca in the organism of test animals is examined, for instance, by autoradiography of 
microtome sections. Kidney and brain tissue of rats were measured with the microprobe 
with the aim of comparing and showing whether the Tc is deposited alone in the tissue or to-
gether with the ligands. Tests with the microprobe showed that Tc can be traced by PIXE and 2 
RBS measurements at an energy of 3 MeV up to a concentration of about 0.1ц.д/тт . The re-
sults of the microprobe measurements of the tissues showed that the Tc concentration of the 
specimens was lower than the detection limit. Examinations shall be continued with specimens 
containing larger Tc concentrations. 

Furthermore piezo sinter ceramis consisting of (Pbg ¿Ba^ ^)Nb20g were measured with the mi-
. croprobe to determine the elemental distribution after the sintering process. Relatively 
strong structures found in the elemental maps were similar for Pb, Ba, and Nb, respectively. 
In principle such a behaviour is typically for isolated islands on the surface. But in case 
of a thick target such islands are not to be expected. Additional SEM (scanning electron 
microscopy) investigations showed, that the measured lateral elemental distributions are 
influenced by the surface roughness of the specimens. Fig. 1 shows a SEM picture of a sample 
surface. Since the X-ray detector was arranged at 120° relatively to the proton beam, some 
parts of the target were shadowed and some preferred. In case of a strong roughness of the 
surface it is impossible to get a correct elemental map. Further examinations using smoother 
specimens are envisaged. 

Fig. 1: SEM picture of the surface of a piezo 2 ceramic sample, (140*107)p.m 

R e f e r e n c e s 
/1/ Grambole,D. and F. Herrmann; Annual Report 1984, ZfK-559 (1985) 92 
/2/ Fromm, W.-D.,D. Grambole, F. Herrmann and F. Schwarzenberg; 

Proceedings 5th International IMEKO Symposium, June 1986, Jena 
IMEKO, TC event series No.1,Vol.2, p.271 
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HYDROGEN DEPTH PROFILING IN H IMPLANTED SEMICONDUCTORS USING ELASTIC RECOIL DETECTION 
D. Lehmann, С. Aacheron, and C. Neelmeijer* 
Kerl-Marx-Universität Leipzig, Sektion Physik, WB Angewandte Kernphysik 
+Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 

Mechanical, electrical and optical properties of semiconductors and other materials are 
rather modified by the presence of hydrogen, e.g. /1/. However, most methods of elemen-
tal analysis are not successful in the quantitative determination of H without sample 
destruction. But in the last decade the problem could be solved using ion beam methods 
(nuclear resonance reaction analysis - NRA and elastic recoil detection - ERD) /2/. 
Continuing earlier measurements to H profiling on GaP /3/, we investigated the hydrogen 
distribution of further semiconduct ing materials (Si and InP). For H detection we used 
ERD in the earlier described experimental arrangement /3/ with ^ e projectiles of 1.5 
and 1.7 MeV, respectively. The relatively small analysed depth interval of t ̂  300 nm 
has been extended by one order of magnitude by taking a bevelling technique for prepa-
ration of the irradiated areas of the single crystals. After H Implantation with 0.3 

17 -2 x 10 cm ) the irradiated areas of the samp-MsV protons (InP: 3 x 10 1 7 cm"2; Si: 1.7 
les were sputtered with 1 keV Ar ions. Thus a wedge was prepared with a slope of about 
300 nm per mm. The experimental results (fig. 1) for the two materials show, as known 
from GaP /3/, a strongly marked maximum of H con-
centration in a depth, which is equivalent to the 
range of implanted H, and a low H content in re-
gions nearer to the surface. Each measured value 
was taken in a depth of about 150 nm below the 
actual surface, to eliminate influences of sample 
preparation and interferences with the H surface 
peak. A comparison of the InP results with those 
of GaP /3/ shows nearly coincidence concerning 
the maximum H concentration as well as the FWHM 
of the distribution and the position of the peak, 
but also the H content near below the surface. In 
the case of silicon 3hape and height of the H pro- g 
file are slightly changed in comparison to InP. A 
larger content-of hydrogen in the region between 
surface and peak compensates partly the H loss 
within the peak. 
For InP the H profile was also obtained with NRA 
( 4l( 1 5N ,<x]f) 12C reaction). The two results are 
in good agreement within the error limits. 

1.7*10'7 H+ 

i n p l a n t . 

S 
с о 

с ф о 
0 
1 

3 
d e p t h (¿jm) 

Fig. R e f e r e n c e s 

/1/ Ascheron, С. et al., Phys. Stat. Sol. A 89 
(1985) 549 

/2/ Ziegler, 3.F. et al., Nucl. Instr. & Meth. 
149 (1978) 19 ' , 

/3/ ГёБтапп, D. et al., Ann. Rep. 1985 on Nucl. Phys. Activ. and Appl. ZfK-584 (1986) 75 

1: Hydrogen depth profile in Si 
and InP. 

Implantation: with 0.3 MeV H . 
Analysis: • - NRA; O - ERD 
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DEPTH PROFILE OF MICROHARDNESS ON HYDROGEN IMPLANTED GaP AND InP SINGLE CRYSTALS 
C. Ascheron. R. Schäfer*, A. Schindler++ 

Karl-Marx-Universität Leipzig. Sektion Physik, WB Angewandte Kernphysik 
+Martin-Luther-Univereität Halle, Sektion Physik 

++Zentralinetitut für Isotopen- und Strahlenforschung Leipzig, Bereich SF 

We have extended.our investigations of the effect of proton bombardment on the surface 
hardness of GaP /1.2/ to depth dependent studies on GaP and InP. The measurements were 

1 7 — 2 

performed on (ill) oriented GaP and InP single crystals implanted with 3*10 cm 0.3 
MeV protons and bevelled by 1 keV Ar+ eputterlng. Using a Vickers microhardnese teeter 
a load, of 20 g wee applied for a duration time of 15 s. On unimplanted material values 
of 8.0 GPa and 4.2 GPe are found for GaP and InP, resp. 
In order to interpret the hardness measurements the corresponding distributions of ra-
diation damage and of implanted hydrogen are taken into consideration (figs. 1 a and b/3. 
4/). The depth ¿pendent changes of the microhardness of the bevelled samples are shown 
in fige. 1 с and d. Though the measurements do not exactly represent the hardness at the 
given depth since there is a gradient in hardness within the region of indentation 
depth and since effects of deeper layers cannot be neglected, the following qualitative 
tendency can be recognized: 
1. Within the point defect rich region (tS1.5^um) hardness increases with damage density. 
2. Within the highly damaged region in which extended defects predominate a distinctly 

smaller increase In microhardness is observed (the effect of gas bubbles can be ex-
cluded) . 

3. Within the H rich region hardness reincreases. 
Theee results make us suppose that point like defects have a stronger hardening effect 
then more extended defects and that the incorporation of hydrogen hardens material. 

depth l/Um) depth (/um) 
Fig. 1: Depth dependences of the relative changes in microhardness of GaP (c) and InP (d), 

of the damage density (o) and of the H concentration (v) of GaP (a) and InP (b) 
1 7 — 2 

implanted with 3 • 10 cm 0.3 MeV protons. 
R e f e r e n c e s 
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A STUDY OF VACANCY TYPE DEFECTS ON PROTON BOMBARDED GaP SINGLE CRYSTALS 
C. Ascheron, G. Dlubek+, R. Krause*. H. Erhard*, D. Kllmm++ 

Karl-Marx-Universität Leipzig, Sektion Physik. WB Angewandte Kernphysik 
+ Martin-Luther-Universitât Halle, Sektion Physik 
+ + Karl-Marx-Universität Leipzig, Sektion Chemie 

Negatively charged and neutral vacancy type defects produced in GaP by proton bombard-
ment (Ep = 1.7 MeV) were studied by use of positron annihilation (Doppler broadening 
and lifetime measurements). The measurements show with fluence increasing concentration 
of vacancy defects. 
The study of annealing (stepwise conventional annealing for 30 min) shows various sta-
ges (fig. 1) which are discussed by taking into consideration the results of internal 
friction (fig. 2), Rutherford backscattering/channeling and electron microscope measure-
ments : 
- Near room temperature and at lower damtlge densities (below about 0.5 %) isolated va-

cancies predominate. 
- At around 430 К P vacancies become mobile. Here the formation of P-Ga divacancies 

begins due to the coalescence of isolated vacancies. Measurements of internal friction 
which respond to unisotropic defects support this assumption (fig. 2). 

- The stage near 500 К is supposed to be connected with the annealing of isolated Ga 
vacancies. This is confirmed by electron spin resonance measurements /1/. 

- Near 700 К the formation of mainly vacancy type defect complexes occurs what is also 
visible in cross-sectional transmission electron microscope patterns /2/. 

- The annealing stage near 800 К which is а1эо expressed in Rutherford backscattering/ 
channeling measurements /3/ is believed to be connected with the annealing of smaller 
defect agglomerates consisting of vacancies, interstitiels and antisites. 

400 500 Tan (K) 
Fig, 1: Temperature dependence of the rela-

tive changes дБ (o) of the S-para-
meter and At (•) of the mean posi-
tron lifetime on proton bombarded 
GaP 

Fig. 2: Internal friction tfp of 
proton bombarded GaP as a func-
tion of the inverse temperature 

R e f e r e n c e s 
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INVESTIGATIONS OP THE ANNEALING BEHAVIOUR OP HYDROGEN IMPLANTED GaP SINGLE CRYSTALS BY MEANS OP PARTICLE 
INDUCED GAMMA-SPECTROSCOPY, INFRARED SPECTROSCOPY AND RUTHERFORD BACKSCATTERING CHANNELING TECHNIQUE 

C. Ascheron, H. Sobotta, V. Riede, С. Bauer , R. Grötechel 
Karl-Marx-Universität Leipzig, Sektion Phybik, WB АКР 

A. Schindler 

Zentralinstitut für Kernforschung Rossendorf, Bereich KF, der AdW der DDR 
fZentralinstitut für Isotopen- und Strahlenforschung Leipzig, Bereich SF, der AdW der DDR 

Previous investigations of proton bombarded GaP /1/ were extended to annealing experiments. On GaP sing-
le crystals implanted at 300 K, annealed and subsequently bevelled by 1 keV Ar+sputtering, the variation 
of the depth profiles of incorporated H, bonded H and of damage density was studied. 

The measurements give the following results: 
-With rising temperature, the H profile slight-
ly broadens, increases outside and decreases 
inside the concentration maximum. Since these 
variations are not very strong, a very low 
mobility or a trapping of the implanted H can 
be assumed. 

-The defects in the less damaged region anneal 
more strongly than in the damage peak region, 
which points to the predominance of larger de-
fects with higher activation energy within the 
heavily damaged region. 
-The bonded H, which is contained in one order 
of magnitude lower concentrations than total 
implanted H and which is bonded at defect si-
tes /1/, exhibits an annealing behaviour simi-
lar to the simpler defects. This behaviour sug-
gests that the main H fraction is bonded to 
smaller defects also present in the damage 
peak region. 

-Immediately below the surface (t<0,5 yum) a . 
chemisorption-like gettering effect of the da-
maged layer to H trapped at the surface is oo-
served after annealing. 

References 

/1/ C. Aacheron et. al., phys. stat. sol. (a) 
89 , 740 (1985) 

depth l/jml 

Fig. 1 • Depth profiles of (a) total H content ( analysis 1H(19?,*y) 1 60 and 1H(15N,«.JT) 12C reactions), 
(bj concentration of bonded H (IR analysis) and of (c) damage density (RBC analysis with 1,7 MeV 
He+ions) at bevelled GaP single crystals implanted with 3X1017cm~2, 300 keV protons at 300 К (— 
and 30 min poetannealed at 480 К (-0-), 620 К ("V") and 720 К ). 
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SWELLING OP He* IMPLANTED GaP SIHOLE CRYSTALS 

C. Ascheron, A. Schindler*, R. Flagmeyer, G. Otto 
Karl-Harx-Universitttt Leipzig, Sektion Physik 
Zentralinstitut für Isotopen- und Strahlenforschung Leipzig,Bereich Strahlenforschung, der Ad* der DDR 

The bombardment of A-^By materials with He* ions offers the possibility to produce isolating regions 
suitable for gain-guided lasers with high reproducibility /1/. 
Changes in volume are due to radiation damage and implanted gas. They are expressed as swelling and 
strain. These changes were studied together with damage as a function of fluence and post-bombardment 
annealing temperature. Fig. 1 shows the results of swelling measurements. 

Fig.l Swelling h of (111) GaP bombarded with 0,6 ( П ) and 1,0 MeV He+ions (O ) and difference Ah (AV) 
as a function of fluence for implantation at 300K (a) and following annealing at 450K (b) and 
720K (c). 

s 

The measurement indicate increasing swelling with rising fluence which exhibits saturating behaviour 
for medium fluences and a stronger reincrease for higher fluences up to volume changes exceeding the 16 —2 
amorphization value. At lower fluences (D-<2X10 cm ) the swelling of the near surface layer t^ and 
its annealing behaviour are described by the corresponding strain; the fluence dependences of swelling, 
strain and damage density agree qualitatively which is also observed on H* implanted GaP /2/. 
At higher fluencee, strong swelling occurs since the damage peak broadens towards the surface due to 
the coalescence of point defects at the front side of the damage peak. Thus, by energy dependent RBC 
measurements two regions with predominantly different defect types can be distinguished: The near sur-
face region, which contains small defects, and the highly damaged region containing voids and dislo-
cations, which broadens with rising fluence. Annealing at 450 К reduces swelling, strain and damage den-l 6 - 2 
sity for all fluences studied, annealing at 720 К does so for fluences D<3X10 cm . At higher fluen-
ces flaking occurs during annealing due to the pressure of the implanted gas. 
References 

1 M.W. Focht, A.T. Macrander, B. Schwartz, L.C. Feldman, J. Appl. Phys.. 55, 3859 (1984) 
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FISSION-TRACK AGES OF NATURAL GLASSES 
A. Docekal and W. Stolz 
Bergakademie Freiberg, Sektion Physik 
O. Leeder 
Bergakademie Freiberg, Sektion Geowissenschaften 

By means of the fission-track method age determinations were performed with five native 
rhyodacitic glasses (volcanic glasses). To this date physical ages of these rocks were 
not yet determined. Geologicel-stratigraphic classification is also based on assumptions. 
Samples were split with one part being retained for later determination of spontaneous 
track density. The other part was heated in air at 400°C for two hours to erase all spon-
taneous tracks. These sections were then neutron irradiated with a fluence of about 

J Q 

(1.48+0.30)«10 m in the channel VK III of the nuclear research reactor in Rossendorf. 
After a series of preliminary examinations the optimum etching conditions were fixed as 
follows: 
Etchant: HF (20 %); temperature: T - 296 K; etching time: t - 10 s. 
The geological age /1/ is determined according to 

t 1 1„ ( p* A.d4>¿fi + Л. 
Ad V PiA.f J 

where: t » age in years; p a number of spontaneous fission tracks per area; p. = number * 238 —10 —1 
of induced fission tracks per area; = total changing constant for U (1.6-10 a ); 

238 -17 " 1 ¿к Д,х » changing constant for spontaneous fission of U (8.5'10 a ) ; Ф = fluence of 
235 

thermal neutrons; = cross-section for thermal neutron-induced fission of 0 
(5.82.10"25m2); I = isotopic ratio of 2 3 5U/ 2 3 8U (7.2-10"3). 
The etch pits were observed under an optical incident-light microscope at 1000 magnifi-
cation. 
The fission track ages in this study are compared with K-Ar-ages in Table 1. 
Table 1: Fission-track ages and K-Ar-ages of the rhyodacitic glasses 
sample No./ fission-track error stratigraphie K-Ar-age hitherto existing strati-
locality age in 10® a in % classification in 106 a graphic classification 
1/Garsebach 241 + 49 20 Triassic 45 + 4 Upper Carboniferous 
near Meissen 
2/Garsebach 240 + 53 22 Triassic 98 + 8 Upper Carboniferous 
near Meissen 
3/Brauns- 185 + 13 7 Jurassic 136 + 6 Upper Carboniferous 
dorf 
4/Spechte- no age deter- - - 190 + 9 Upper Carboniferous 
hausen mination pos-

sible 
5/Queck- 131 + 27 21 Ouraseic 82 + 3 Rotliegendes 
hain 
Although there are partly relatively great differences between fission-track ages and 
hitherto existing geological classification, a correspondence relating to the order of 
magnitude can be found at least for the samples 1, 2 and 3. К-Ar ages which were deter-
mined with the same material are in a higher contradiction to the geological assumptions 
than the fission-track ages. 

R e f e r e n c e 
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THE POSSIBILITIES OF CPAA IN GEOLOGICAL SAMPLES BY THE ROSSENDORF CYCLOTRON Y-120 
D. Degering, S. Unterricker, and W. Stolz 
Bergakademie Freiberg, Sektion Physik 
The charged particle activation analysis (CPAA) is well established in analysis of metal-
lic samples /1,2/. We tested the possibilities at the Rossendorf f-f cyclotron for the in-
vestigation of geological materials as a complement to the instrumental neutron activation 
analysis (INAA). The cyclotron accelerates ce-particles, deuterons and protons with primary 
energies of 27 MeV, 13.5 MeV and 6.75 MeV, respectively. An estimation according to /3/ 
under the assumption that equal amounts of energy are absorbed in the thick targets led 
to the following results: 
- because of the relatively high energy of the oc-particles the threshold energies of a 

number of possible reactions (a.n), (a,2n), (<x,p), (oc.pn)are exceeded and all deliver 
thick target yields of about the same order; i.e., helionic activation is non-unique 

- for deuterons the (d.n), (d,2n) and (d,p) reactions reach satisfactory thick target 
yields but somewhat higher than in the case of ос-particles; only for light nuclei the 
(d,0C) and (d,2p) reaction must be taken into account 

- the activation by protons is based on the (p,n) reaction; only for light nuclei the 
(p.oc.) reaction is possible; however, the thick target yields lie about one order below 
the values for deuteron reactions. 

Therefore, activation by deuterons seems to be favourable. 
The main problem in the analysis of geological samples is the increased background of the 
Jĵ -ray spectre as a consequence of major element activation like 0, SjL, Al, Ca, Mg, Na, К, 
Fe and H. That's why we investigated geological standard materials with varioue composi-
tions: ZGI anhydrite AN, ZGI basalt BM, ZGI granite GM, ZGI limestone KH, ZGI slate ТВ, о 
and fluorita Х Ж . The materials were pressed to rectangular samples (area 5 x 10 mm , 
thickness - 1 mm) and four of it were bound on an aluminium target as described previously 
/4/. With this preparation a beam current of 3|Л.А for d and oc and 6>uA for p in the inter-
nal beam of the Rossendorf cyclotron i3 possible. 
The ̂ --spectra showed strong contributions of the following nuclides, all resulting from 
the activation of major elements: 24Na (from Na); ^Sc, 44raSc, 46Sc, 47Sc, 48Sc (from Ca); 56_ 57_ 58 
Table 1: List of the elements, whose 

unique origin could be proved 
Element Reaction Half life 
Mg 24Mg (d.Oi )22Na 2.6 a 
Ti 4 7Ti (d.n) 4 8V 16 d 

48 T i (d.2n)48V 
Co 5 9Co (d.p) 6 0Co 5.3 a 
Zn 6 6Zn (d.n) 67Ga 3.3 d 

6 7Zn (d,2n)67Ga 
Sr 8 6Sr (d,n) 8 7Y 3.8 d 

8 7Sr (d,2n)87Y 
8 7Sr (d.n) 8 8Y 107 d 
8 8Sr (d.2n)88Y 

Y 89y (d,2n)89Zr 3.3 d 

Co, ~"Co, """Co (from Fe). For examination of 
other elements the method of the internal stand-
ard was used /4/. We plotted the concentration 
ratio of the investigated to the reference ele-
ment vs. the decay corrected intensity ratio of 
selectedy'-lines from the refering nuclides. The 
lines used for the etandard were the 271 keV 
line of 4 4 mSc (Ca-activation) and the 122 keV 

57 
line of Co (Fe-activation). Presuming a unique 
origin of the considered nuclide, we must obtain 
a straight line. Naturally, the activation of the 
major elements hinders the analysis of some ele-
ments. The method is suitable for the elements 
in Tab. 1. Of it are Mg, Ti, Sr, and Y of special 
interest, because their determination by INAA is 
difficult or unpossible. 

R e f e r e n c e s 
/1/ Barrandon, 0. N.; Nucl. Instr. Meth Phys. Ree. B14 (1986) 133 
/2/ Ieehiki, M., et al.; 3. Radioanal. Nucl. Choro., Articles 82/1 (1984) 135 
/3/ Keller, к'. A., 0. Lange, H, Munzel; Q-Values and Excitation Functions of Nuclear Reac-

tions, Ländolt-Börnstein, New Series Vol. I 5c, Berlin (1973) 
/4/ Degering, D. and S. Unterricker; Gemeinsamer Oahreebericht 1984, ZfK-559 (1985) 83 
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FLUORINE DEPTH PROFILING FOR CARIES PREVENTION 
H. Zechau, 3. Vogt, and G. Otto 
Karl-Marx-Universität Leipzig, Sektion Physik, WB Angewandte Kernphysik 
M. Schneider, end A. Trelde 
Karl-Marx-Universität Leipzig, Sektion Stomatologie, Poliklinik für Orthopädische und 
Klefers tomatologie 

Following preleminary investigations /1,2/ the depth profiling using proton-induced 
^-ray emission (PIGE) is an established method ready for routine analysis. Our main 
object is the fluor ine profiling in tooth enamel up to a depth of 500 nm. Applying the 

19 16 
resonance at a proton energy of Ep = 340 keV of the reaction F(p,«.^-) О = 
6.129 MeV, 6.916 MeV, 7.115 MeV and P R = 2.5 keV) fluorine distributions can be measured 
with a depth resolution of (20...25) nm at the surface. Using proton current of (100... 
150)tjA. charges of (20...40)^,uC were collected for each energy at a beam spot of 1 mm 
diameter. In order to optimize the clinical application of fluorine varnishes the know-
ledge of the "washing-out" behaviour of the deposited fluorine is an essential question. 
Hence teeth divided in three parts were prepared as follows. Except the control each 
sample was touched with the Ouraphat laquer and another laboratory drug called D and DAP, 
respectively. After a 20-hours exposition the laquer was removed and the samples with 
index "1" were profiled, however those denoted with index "15 T" after a remaining of 
15 days in a simulated mouth milieu (Figs. 1 and 2). 
From RBS-spectra one obtains a significant lack of phosphorus and oxygen for the sample 
D 1 which is daused by a 250 nm thick layer rich in CeF^ at the surface. 
R e f e r e n c e s : 
/1/ Wolf, U. st al., Annual report 1984, ZfK-559 (1985) 84 
/2/ Zechau, H.-E. et al.. Annual report (1985),ZfK-584 (1986) 72 
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PIXE ANALYSIS OF ELEMENTAL DISTRIBUTIONS ALONG SINGLE HAIR STRANDS 
H.U. Frey, end G. Otto 
Karl-Marx-Unlvereitfit Leipzig, Sektion Physik, WB Angewandte Kernphysik 
Ae the trace elenent levels In the human body can be influenced by the total trace element 
statue and the extent of environmental exposure the medical and environmental research 
needs concentration velues of several elemente in various organs of the human body. Slowly 
growing parts (e. g. hair, nail) nay reveal elemental dletrlbutions which correspond to 
the actual elemental supply at the time of their growth. Thus scanning analysis of the 
concentrational distributions within parts of different age may be helpful in diagnosis 
of time-depending processes. Human hair seems to be an excellent tissue for non-invaeive 
inveetigatlon of the trace elenent status end is therefore of increasing interest in toxi-
cology, forensic science, nutrition, and environmental technology /1/. 
A homogeneous proton beam /2/ with 1.7 MeV energy was used for PIXE analysis of elemental 
distributions along single hair strands. As high currents resulted in damage of the heir о 
/3/ beam intensities of about 0.5 nA/mm and measuring times of 90 minutes were used. The 
number of ions falling onto the sample was determined using the diameter of the homoge-
neous proton bean and the thickness of the hair, which was determined before Irradiation 
by use of a light microscope. Characteristic X-rays were measured by a Si(Li) detector 
with an energy resolution of 195 eV FWHM at 5.9 keV. Special experimental conditions /3/ 
and the formalism for thick target PIXE /4/ were used for the quantification of the ele-
mental content. 

The vleible differences in the two PIXE spectra of 
flg. 1 are the higher natural Ce-content in the hair 
of the female /1/ and the higher content of metals in 
the hair of the male. Some results of the analysis of 
hair of a male are shown in table 1. 

Element x = 15 X » 20 x = 25 x = 30 

Ca 729 736 934 1160 
Cl 2370 2680 3350 2410 
Fe 38 40 74 50 
К 411 425 637 392 
S 47000 45200 45700 45300 
Zn 262 219 204 224 

Channel 

Table 1: Elemental concentrations (^ug/g) in the hair 
of a male analyzed in various distances 
( V m ) from the root of the hair 

Figure 1: 
PIXE spectra of single hair ana-
lysis of e female (top, Q = lOyuC) 
and в male (botton, Q * 18^uC) 
R e f e r e n c e s 
/1/ M. Anke. M. Riech, Haaranalyse und Spurenelementetatus (Gustav Fischer Verlag, Oena, 

1979) 
/2/ H.U. Frey et al., this report, p. 144 
/3/ H.U. Frey. Thesis, Leipzig, 1986 
/4/ H. Frey, J . Vogt. G. Otto. 0. Radioanal. Nucl. Chera. 99 (1986) 193 
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^-SPECTROMETRIC INVESTIGATIONS TO THE INTRINSIC RADIOACTIVITIES OF SHIELDING MATERIALS 
Kim Oung Ho, S. Unterricker, and W. Stolz 
Bergakademie Freiberg, Sektion Physik 
For the construction of a low levels-spectrometer beside the location /1/ also radioacti-
ve impurities in the shielding and construction materials are of great importance. Common 
shielding materials are metals of high atomic number, mostly Pb, Bi, Hg but also Fe, Cu, 
Sn and Cd. These substances contain natural radioactive impurities. In some cases also man 
made radioactive nuclides can be detected. 
The activities are small in every case, though one must use a vary sensitive low back-
ground spectrometer to select suitable shielding and construction materials. In our case 
the ̂ -spectrometer consists of a 45 cm3 Ge(Li)-detector shielded by 9 cm of lead at the 
outside, 2 cm mercury and 0.6 cm electrolytic copper. The cold finger is directly surroun-
ded by a lead plug and the preamplifier is enclosed with low activity copper sheets. The 
samples were grained and filled into a Marinelli beaker of 3 cm wall thickness. 
The contents of radioactivities in the samples are determined by i) the geology and geo-
chemistry of the ores, ii) the metallurgical procedure, and iii.) the age of the metals. 
Beside discrete photopeaks y-spectга of the samples show remarkable differences in the 
background continuum below about 0.7 MeV. These preferentially originate from the/3-brems-
spectrum of 2 1 0Bi which is a daughter of 2 1 0Pb (half life 22 a, U chain). For most of the 
discrete lines there are hardly differences between the blank and the sample. To our expe-
rience only the following peaks can be analysed: 40K-1.46 MeV, 208T1-2.61 MeV, 
210Pb-0.24 MeV, 214Bi-0.61 MeV, 226Ra-0.19 MeV. In every case there must be a careful cor-
rection for absorption of background radiation by the sample and for the self absorption 
in the sample. Such corrections can be performed very exactly by a Monte-Carlo procedure 
/2/. We made approximations with a point detector and a series expansion of the correspon-
ding integral relations. The self absorption correction is problematically for energies be-
low 0.3 MeV and large effective sample thickness. Therefore the bremsspectrum contributions 
(first column of Tab. 1) are not corrected. Printed are only relative numbers which are _2 
comparable because the samples have all an equal effective thickness of about 12 gem 
The numbers are differences between a sample and a blank measurement. Owing to the absorp-
tion of background by the sample the best shielding material is that with a large negative 
value. Tab. 1 shows for selected materials beside the bremsradiation contribution the cor-
rected photopeak rates per kg of ^ K and 2<^8T1. 
References 
/1/ Kim, 0. H. et al.; Annual Report 1985, ZfK - 584, April 1986, p. 120 
/2/ Nakamura, T. and T. Suzuki; Nucl. Instr. and Meth. in Phye. Res. 205 (1983) 211 
Table 1: Counting rates for intrinsic radioactivities of shielding materials 

shielding material A counts per 10 s 
0.1 - 1 MeV 
relative numbers 

counts 
40 - К 
1.46 MeV 

4 per 10 s'kg 
208 - T1 
2.61 MeV 

yellow lead bricks 
- radiation protection 

12800 0.4(7) 0.3(5) 

lead Halsbrücke 
- electrolytic, 99.99 % 

2700 0.2(4) 0.1(3) 

lead bars 
- old lead installation 

2600 1.7(7) 0.2(4) 

lead slabs 
- Muldenhütten, 40 a old 

800 0.6(6) 0.2(3) 

bismuth HalsbrOcke 
- 99.9 % -260 <0.1 0.6(4) 

lead U.S.S.R. 
- underground laboratory 
ZfK Rossendorf 

-660 0.8(5) 0.1(3) 

lead Korea (KDVR) 
- wire form 

-310 0.2(4) 0.6(3) 

mercury-China -1040 0.7(6) 0.1(5) 
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MOESSBAUER SPECTROSCOPY OF THE TEMPERING BEHAVIOUR OF THE SPRING STEEL 62SiCr5 

C. Pietzsch, Bergakademie Freiberg, Sektion Physik 
U. Thieme, TU Karl-Marx-Stadt, Sektion Chemie und Werkstofftechnik 

The structural changes of martensitic steel owing to the tempering are determined mainly 
by the decomposition of the state of strain in the supersaturated solid solution and the 
carbide formation. It influencee the properties of the resulting microstructure of the 
steel in a strong way. 
In the literature there exist different opinions on the composition and crystallography of 
the induvidual carbide phasee after tempering which are influenced by the content of al-
loying, the hardening, and the tempering conditions. The X-ray phase analysis ofp¿(Fe,.C2)-
carbide and 0 carbide (Fe^C) mixtures often fails in consequence of the structure simila-
rity of mixture components. If different alloying elements are introduced into the steel 
matrix the lattice parameters of the single carbide phase change in different extents. We 
report investigations of the carbide formation in the austenitic steel 62SiCr5 (0.62 C; 
1.27 Si; 0.91 Mn; 0.5 Cr; 0.14 Cu; 0.024 P; 0.011 S) after a heat treatment by different 
tempering temperatures using the Moessbauer effect. The investigations were performed at 
293 К and at 80 K. 
Table 1 shows the measured results. 

Table 1: Moessbauer parameters of carbide phases ( ¿ » isomer shift (rel.OC Fe), 
Д = quadrupole splitting, H^ = internal magnetic field) 

Т = 293 К T = 80 К 
tempering 
temperature S /mm.s~* A/mm's"1 н±/т са rbide cT/mm" -1 -1 s Д/mm'S н± /т carbide 

293 К 0.32 0.83 - spm £ 0.41 
0.16 

i .00 
0.64 2.21 

spm £ 
(%+©) 

423 К 0.30 0.79 - spm £ 0.37 
0.11 

0.78 
0.64 2.25 

spm £. 
(X+ ©) 

543 К 0.28 
0.28 

0.82 
0.43 1.93 

spm £ 
( x + 0 ) 

0.30 
0.30 
0.26 

1.07 
0.36 
0.21 

2.33 
2.38 

spm £ 
(%+в) 
0 

698 К 0.21 
0.13 
0.17 

0.89 
-0.07 
0.07 

1.76 
1.96 

spm £. 
X 
0 

0.32 
0.34 
0.34 

1.10 
0 
0 

2.13 
2.35 

8j>m £ 
© 

The complete set of the spectra shows a central quadrupole doublet. The parameters of this 
doublet are nearly unchanged in the full region of temperature and can be assigned to a 
superparamagneticspm) £-carbide (Fe^C) according to the literature. Up to tempering tem-
peratures of 543 К the magnetically splitted spectra correspond to an intermediate carbide 
of the and @-phases /2/. With rising temperaturee the structures of and ©-car-
bide appear well separated. 
The occurence of spm ¿-carbide in the full investigated temperature region is eurprising 
and can be explained only by the high silicon content in the steel matrix /3/. The forma-
tion of intermediate carbidee is supported by the high content of alloying elements in 
the steel. With rising tempering temperatures the crystallinity and the portions of the 

and ©-carbide phases improve in favour of ¿-carbide. 

R e f e r e n c e s 
/1/ Le Caer, G., et al.; phys. stat. sol. (a) б (1971) K97 
/2/ Nakagura, S., et al.,; Metall. Trans. 14A (1983) 1025 
/3/ Mathalone7 Z., et al.; 3. Appl. Phys. 42 (1971)687 
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WEAR STUDIES OF COMPONENTS USING DEUTERON ACTIVATION 
Ch. Eifrig 
Zentralinstitut für Isotopen- und Strahlenforschung Leipzig, Bereich IA 
K. Eichhorn 
Zentralinstitut für Kernforschung Rossendorf, Bereich G 
P. Hammer VEB dkk Scharfenstein 

The deuteron activation of a ball and socket Joint at the tandem accelerator makes it possible to 
determine the wear rate, the transport of abraded material, and the contamination of the sliding parts. 
A new series of refrigerating compressors with ball and socket Joints (fig. 1) is developed in the 
VEB dkk Scharfenstein. 

Figure 1: The ball and socket Joint (1 Piston with the socket, 
2 friction areas at the ball and at the socket, 
3 ball, 4 connecting rod) 

1 2 3 ^ 

The compressors must have a service life of 15 years. In the course of years the wear depth may reach 
only some micrometers. The radionuclide technique was used to study the wear behaviour of the ball and 
socket Joint. The applied thin layer activation is very sensitive in comparison with conventional 
methods. It allows the on-line control of selcted friction areas during machine operation. 

For acitvation the pistons or the balls are adjusted in a vacuum chamber with a position reproducibility 
better than 0.1 mm. After adjusting the deuteron beam with an energy of 3-5 MeV is passed through a 2 mm 
diameter collimator and then it is directed to the ring-shaped friction area of the compressor part. 
8 activity spots with a diameter of 2 mm are produced in these areas by rotating the part in the beam. 
The nuclide Co-57 is generated in trace quantities in a 15 pm deep layer. The parts activated in this 
way require only elementary handling precautions. The activation quality is controlled autoradiographi-
cally, and by ^-spectroscopy. Measurements of the micro-hardness of test samples show that this activation 
leaves the wear properties of the materials unchanged. 
After the radioactivation the Co-57 intensity of the parts is measured in relation to a calibration source. 
The parts are assembled into a complete compressor which is mounted in a test stand with an additional 
oil circuit and an oil filter collecting the wear particles. The filters are changed after a definite time 
and their radioactivity is measured with a scintillation detector. After the test run the machine is 
disassembled, the individual parts are checked for Co-57 contaminations. The Co-57 intensity of the 
piston or the ball is measured again. With the difference between this value and those value measured 
before the beginning of the test run, and with the calibrated activation depth profile, the total wear 
depth can be determined and coordinated to the values of the oil filter measurements (fig. 2). 

t' 
I 

¿¡1E8-—' 

IMPa 

I S MPa 
Ю0 200 
Running Time CM 

Figure 2s Wear dependence on the running time of seloted 
compressors at different pressures 

300 

This method causes an error of 20%. This is a typical value for wear measurements. 
With the described method it is proved that the oil exchange and the lubrication of the Joint take place. 
The measurements show that the wear of the Joint has a degressive behaviour. This is important for the 
durability. Further the- fact that only a few wear particles from the activated friction area are found 
on the opposite surface of the frictional partner shows that the destructive kinds of wear - abrasion 
and adhesion - are negligible. 
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ENERGY AND DOSE DEPENDENCE О? DAMAGE PRODUCED BY LOW ENERGY Ar ION BEAM ETCHING OP GaAe 
MEASURED BY 64Cu ADSORPTION AND AUTORADIOGRAPHY AND RBS-CHANNELbING 

R. Fechner, A. Schindler, R. Plagmeyer+ and P. Bigl 
Zentralinstitut für Isotopen- und Strahlenforschung Leipzig, Bereich SP, der AdW der DDR 
+Karl-Marx-UniversitHt Leipzig, Sektion Physik, WB АКР 

Studies of low energy Ar+-ion bombardment damage of<100> GaAs surfaces by means of ^ C u 
adsorption, autoradiography and Rutherford backacattjring were presented in previous 
papers /1,2/. In this paper the studies are extended to dependences on Ar ion energy (0.5 
to 2.0 keV) and on dose (1 . 10 J to 5 • 10 cm ). The experimental conditions are the 
same as In /1, 2/. ^ C u adsorption was carried out at room temperature in an aqueous so-
lution (1 mg Cu^-ions; 10 ml . 1 nHCl and 15 MBq б4Сц in 100 ml HgO) for 5 minutes. Auto-
radlographs were taken with the samples in contact with the film for 1 to 10 hours. 
Blacking curves were measured by a photometer. A quantitative CU concentration measurement 
was made by autoradiographic imagingtfcalibration standards on the same film. 
Pig. 1 shows the adsorbed Cu concentrations as a function of the ion dose for four ion 
energies. The adsorbed Cu concentrations on the non bombarded areas at the samples are 
lower than 6 . 101^ cm"2. The solid curves are only guides for the eye. The adsorbed Cu 

15 
concentration increases with ion dose and begins to be saturated at a dose of 1...2 x 10 
cm"2 for 0.5 keV ions. With increasing ion energy the Cu concentration increases for the 
same dose and the beginning of the saturation shifts to higher doses. 
This behaviour is in qualitative agreement with the behaviour of the damage production 
measured by RBS-channelling, shown in Pig. 2 for GaAs and Si. RBS measurements were carried 
out with 1.2 MeV He+ ions using a backscattering angle of 95° (5° grazing exit geometry). 
With the given detector resolution power of 15 keV the surface depth resolution becomes 
better than 4 nm. The results of Pig. 2 are in good agreement with previous measurements 
/2, 3/. Pig. 3 shows ion energy dependences of the adsorbed ^Cu concentration and of the 
damaged layer thickness at the saturation level of the ion dose 10^ cm"2). Also shown 

Pig. 1 Adsorbed 64Cu concentration on Ar 
Ion bombarded GaAs surfaces as a 
function of ion dose for 0.5 keV 
( ), 1.0 keV (-х-), 1.5 keV 
( - a — ) and 2.0 keV (—4—) ion energy 

Pig. 2 Total amount of damage measured by 
RBS surface peak intensities of 
<100> aligned spectra of Ar-ion 
bombarded GaAs andSI as a function 
of ion dose for 0.5 keV (-•-), 1.0 
keV (-*—) and 2.0 keV (— Д-) ion 
energy. The right-hand scale indi-
cates the thickness of the damaged 
layer, estimated under the approxi-
mation of rectangular damage profiles 
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Pig. 3 Comparison of the behaviour of the ad-
sorbed Cu concentration (o), left-hand 
scale and the damaged layer thickness 
(x)thia work,(*)/3/j right-hand scale 
of Ar ion bombarded GaAs at saturation 16 —? 
dose (> 10 cm ) as a fonction of Ion 
energy*also shown: Ar* implantation 
(Rp + A R ), (solid curve) and damage 
(Rc+ A R j j) (dashed curve) calculations 
(right-hand scale) after Pearson /4/ and 
Sigmund and Sanders /5/ respectively 

are the theoretical curves for R p + Л R for implanted Ar and for the produced damage 
Rj) +4Rjj (projected ranges Rr, Rp plus standard deviations A Rp, A Rß) after /4/ and /5/ 
respectively. Pig. 3 demonstrates a rather good qualitative agreement of the behaviour of 
Cu concentration and damaged layer thickness at the saturation dose level as a function of 
the ion energy. The experimental results lead us to the conclusion that the adsorbed Cu-
atoms penetrate into the damaged layer and are gettered at defect sites. This assumption 
is confirmed by the high diffusitivlty of copper in. GaAs. A rough estimate of the copper 
concentration in the damaged layer for saturation doses gives values of 15 to 20 atom 
percent. Measurements of the depth profiles verify the distribution of the copper atoms in 
the damaged layer /6/. 
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STUDÏ OP DBAS SURFACE DAMAGE DEPTH PROFILES OP Ar Ю Н BEAU ETCHED GaAs BY MEANS OF 6*Cu 
ADSORPTION AND AUTORADIOGRAPHIC DETECTION 

R. Pechner, A. Schindler, P. Bigl, J. Flachowsky 
Zentralinstitut für Isotopen- und Strahlenforschung Leipzig, Bereich SP, der AdW der DDR 

In previous papers near surface damage of Ar ion beam etched GaAs crystals was investi-
gated by means of 6^Cu adsorption and autoradiographic detection /1, 2/. The adsorbed 
copper concentration dependences on ion etching energy and dose behave qualitatively as 
the damage layer thickness depends on these etching parameters. On this account it is con-
cluded that the primarily adsorbed copper atoms penetrate into the whole damaged layer 
where they are gettered. Depth profile measurements of adsorbed Cu atoms on damaged layers 
made to cheek this assumption are presented in this paper. The sample preparation for depth 
profile measurements was done by very low energy ion beam etching (0.2 keV Ar+ ions) of 
bevelled sections on the damaged and ^ O u adsorbed GaAs surface. Autoradiographic re-
gistration of the Cu distribution at the bevelled section and differentiation of the 
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Pig. 1 Pig. 2 

Pig. 1s Autoradiograph of ^Cu, adsorbed at partly ion beam etched (Ar, 1.6 keV, 
1 . 1017 cm"2), black¿>art of the sample, <100 > GaAs. A bevelled section for 
depth profiling made by low energy ion beam etching (Ar, 0.2 keV, 80 juAcm"2) is 
also shown. The scheme indicates the area (1 x w) and the inclination (oc) of 
this section. 

Pig. 2: Step height profile of the bevelled section of Pig. 1. All measured points of the 
Talystep measurements are shown: (— » — ) damaged area, (—л — ) undamaged area. 

blacking curve of the autoradlograph in connection with the mechanical profile measured 
by the Talystep method give the copper concentration depth profile. Pig. 1 shows the 
autoradiograph of a sample which was prepared as mentioned above. The bevelled section on 
the partly damaged sample is indicated. Ion beam etching was done with 1.6 keV Ar ions 17 —2 
with a dose of 1 . 10 1 cm . In Pig. 2 the mechanical profile of the bevelled section of 
the sample in Pig. 1 is shown (-x- not ion beam etched, —»—ion beam etched). The differe-
rence in step height between the damaged and the nondamaged part results from the higher 
sputtering rate of the damaged layer. 
There are obvious problems with the used profile measurement technique because damage 
caused by ion beam etching has to be measured by ion beam etching depth profiling. Ab-

. solute concentration profiles cannot be reliably measured in this case but contrasts bet-
ween different conditions of damage production are easily registered. Pig. 3 shows the 
copper concentration depth profiles of four different ion energies and of the unetched 
sample pari* The profiles are normalized to unity at the maximum. 

The depth profile of the unetched sample part is also shown. The copper concentration is 
more than one order of magnitude lower than in the damaged layers. 
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Figi 3 

^Cu. depth distribution of adsorbed copper on ion beam 
etched <"100> GaAs. Ar ion beam etching parameters 17 -2 
are normal incidence dose 1 . 10 cm , ion energy 
0.7 keV (JB); 1.0 keV (x); 1.6 keV (•), 2.0 keV (A ) 
and unetched (л ). The solid curves are only guides 
for the eye. 

The measurements show clearly that the copper is distributed throughout the damaged layer. 
It is also shown that there are very deep tails in the profiles, far deeper than the pre-
dected and measured /2/ thicknesses of the heavily damaged layers. Similar results were 
obtained for the depth distribution of implanted Ar-etching gas in Silicon by SIMS /3/. 
Our experiments suggest that the combination of ^^Cu adsorption and bevelled sections is 
a useful tool for the characterization of near surface damaged layers in GaAs. 
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A PATTERN EDGE PROFILE SIMULATION POR ION BEAM ETCHING PROCESSES 

G. Ringel, A. Nickel, P. Bigl 
Zentralinstitut fUr Isotopen- und Strahlenforschung Leipzig, Bereich SP, der AdW der DDR 

The erosion of surfaces by low-energy ion bombardment has important industrial and 
scientific applications. Ion beam etching is an important process in semiconductor tech-
nology for pattern delineation. 

A number of mechanisms may be responsible for the formation of ion-induced topography. 
One of the most -important mechanisms under most circumstances relates to the dependence 
of the etching rate V on the angle of incidence в. A typical dependence for ion milling 
is shown in Fig. 1. 

The erosion of a surface profile can be described by the following equation /1/: 

X(T + t) = X(T) + t (V(e).sin в + cos в . dV/de) 
Y(T + t) = Y(T) + t (sin в•dV/de + cos в«У(в)) 

with T, t - erosion time 
7(9) r- etching rate for the edge angle 0 
X, Y - coordinates of the points for the generally discrete points at time T or 

(T~+ t) 

It is known that these equations are valid £»r homogeneous materials. So it is necassary 
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in addition to solve the following equation for 
interfaces. 

vM(e)/sin (ем) o vs(es)/sin (es) 
with VM(6M) - etching rate of the masking material 

for an edge angle № 
VM(es) - etching rate of the substrate ma-

terial for the unknown angle OS of 
the substrate profile 

Figure 2 shows the time-dependent evolution of the 
pattern edge profile for the ion beam etching of a 
500 nm Si02 layer with Ar ions. The SiOg layer was 
overmatched with 100 nm. The edge erosion of the 
masking material is so high that after a quarter 
of the total etching time an etching process In 
the SiOg layer has taken place both in the vertical 
and the horizontal direction. The edge angle in the 
SiOg layer is relatively small. 

Though for a lot of materials the differences of the etching rates in ion milling are very 
small, the next figure shows their considerable influence on profile evolution. 

Let us suppose that the smallest etching rate is the etching rate of the masking material 
and the highest etching rate is the etching rate of the layer which has to be structured, 
see Pig. 1. The result is shown in Pig. 3« The edge angle of the structured layer would be 
increased, to about 76°. On the other hand the displacement of the edge would inorease to 
0.3 ли». 
The present program for the modelling of pattern edge profiles during ion milling is also 
used for reactive ion beam etching. 

References 
1 M. Cantagrel, IEEE Trans. Elect. Dev. ED 22, 7, 1975 
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SCANNING MICROBEAM WITH A LIQUID METAL IDN SOURCE 

J. Mittenbacher 
Friedrich-Schiller-Universtität Jena, Sektion Physik 

The focused ion beam (FIB) technology in the future will be applied in many ways in VLSI 
process. For it, high intensity ion probe systems with liquid metal ion sources (LMIS) have 
been developed recently. Continuing our work on LMIS /1,2/ an electrostatic optical system 
has been designed to produce FIB. Using components of an electron microscope ELMI-D an op-
tical column was built up. It consists of the ion gun (emitter, control-electrode, extrac-
tor), condensor lens, beam alignment plates, ExB mass filter, octupol stigmator, objective 
lens and pqstdeflector. An electron-photon conversion-type secondary electron detector is 
set close to the work stage. The block diagram of the equipment is illustrated in Fig. 1. 

Preliminary operation of this s ystem was done with a Ga+-LMI-source without the mass fil-
ter-stigmator module. The Ga+ ions are accelerated to 6 - 35 keV and fqcused on the target. 
By employing two three-electrode einzel lenses a fixed image and object distance is achieved 
while variing the beam energy. Lens operation occurs in the acceleration mode. Electro-
static beam deflection control the beam position, while writing various patterns from single 
point to 64-1024 lines. A CRT driven synchronously is modulated by the z- or y-signal. A 
typical scanning ion micrograph (SIM) image of an MOS-IC bombarded with 25 keV Ga+ ions is 
shown in Fig. 2. The dominant image contrast mechanism is conductivity. SIM resolution of 
approximately 1 - 2 pm has been achieved till now. In order to obtain spot diameters in the 
submicron range, improvements to develop a condensor lens with lower aberration and to re-
duce electrical power supplies ripple are provided for the next time. 

W-LMI-
I0N GUN 
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CONDENSOR 
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LU С ALIGNER 

[Ñ] [ s ] - - MASSFILTER 

_iqodi4stigmator 

2.APERTURE 
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DEFLECTOR 

-SE. DETECTOR 

TABLE 

Fig. 1 
Schematic diagram of the 
FIB system 

Fig. 2 
SIM of an integrated circuit 
70 x 
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DETERMINATION OF THRESHOLD VOLTAGES OF LIQUID METAL ION SOURCES 

I. Stiebritz, R. Mühle, F. Machalett 
Friedrich- Schiller- Universität Jena, Sektion Physik 

In the present work the ion source consisted of a needle emitter wetted by liquid gallium 
and an extraction electrode without aperture. 
The dependence of the threshold voltage on geometrical parameters was determined experimen-
tally and computed numerically by a finite difference scheme using a spherical coordinate 
with increasing mesh size /1/. 
The threshold voltage V^ as a function of the tip radius r^ and the distance d is represented 
in the figures 1 and 2, respectivly ( d-distance between extraction electrode and emitter 
tip). 
From the experimental as well the numerical data a simple empirical equation could be derived 
for calculation of threshold voltages: 

vt = 2 i K V v 
(¡¡"- surface tension, dielectric constant). 
By this expression it is also possible to determine 
metals or alloys. For temperatures near the melting 
10 percent for: 

gallium h = 0.7 N/m 
Au-Si i = 0.8 N/m 
gold Ü = 1.1 N/m 

in good agreement with tabulated values /2/. 

Fig.l Threshold voltage Vt vs. tip Fig.2 Threshold voltage Vt vs. distance 
radius r t for gallium emitters between extractor and emitter tip 

for one gallium emitter 

the surface tension of various liquid 
point we determined with a precision of 

R e f e r e n c e s ; 
/1/ Kang, N.K., Tuggle, D. , Swanson, L.W., Optik 1982 
/2/ CRC Handbook of Chemistry and Physics, Florida (1980) 
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MASS SPECTRA OF Au-Si ALLOY LIQUID METAL ION SOURCES 

R. Mühle, F. Machalett, I. Stiebritz 
Friedrich-Schiller-Universität Jena, Sektion Physik 

In order to optimize the working parameters of Au-Si alloy liquid metal ion sources the in-
fluence of the alloy composition and the source current on the beam composition was investi-
gated. The measurements were carried out by means of the ion source and the mass spectrome-
ter described in /1/ and /2/, respectively. 
The influence of the source feed composition on the intensity of the main ion species in the 
beam is shown in Fig. 1. It is visible that an increase of the silicon fraction in the source 
material causes an increase of the proportion of silicon ions and of the Au-Si compounds too. 
Fig. 2 shows the flux ratios of the various ion species normalized to the total ion flux as 
a function of the source current. For these measurements the eutectic composition of AUg2Si^g 
was employed. It can be, seen that for increasing source current the Si+ and AuSi+ fractions 
increase while the Au+ fraction decreases and those of Si++, Si2

+, Au 2Si + +, Au++(beyond 40pA) 
are nearly constant. The ratios of doubly to singly charged ion fluxes as functions of the 
source current are shown in Fig. 3. There can be seen that the two ratios decrease with 
increasing source current. 
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Fig.3 Ratios of doubly to singly charged 
ion fluxes as a function of the 
source current 

Fig.2 Ion flux ratios of varios ion species 
normalized to the total ion flux as a 
function of the source current 

R e f e r e n c e s ; 
/1/ Mittenbacher, J., Gemeinsamer Jahresbericht 

1984, ZfK-559 (1985) 94 
/2/ Mühle, R., Machalett, F., Annual Report 1985 

ZfK-584 (1986) 125 



- 94 -

MEASUREMENTS WITH AN E*B TYPE MASS SEPARATOR 

R. Mühle, A. Matthies, I. Stiebritz, F. Machalett 
Friedrich-Schiller-Universität Jena, Sektion Physik 

In ion microbeam systemjan E*B type mass filter is often employed for the separation of the 
different ion species, delivered by the liquid metal ion sources. While its mass resolution 
is considerably lower tharr that of a sector magnet, use of this filter leads to a simple op-
tical configuration because of its straight beam line /2,3/. The design of the E*B mass sepa-
rator is described in the article by Seliger /1/. 
A schematic diagram of our ion optical column is shown in Fig.l. It consists of the following 
elements: ion source, condenser lens, E*B mass separator and Faraday cage. The emitted ions 
are accelerated by the extractor voltage to energies between 5 and 25 keV and are focused by 
the condenser lens on the separation aperture. The lenght of the field region is L.j = 5cm and 
that of the drift space Lcj = 7cm. Separation apertures with diameters of 1, 0.5 and 0.1 mm are 
used. The magnetic field of the strength of 0.1 T is realized by a Maniperm-ceramic magnet. 
The ions are collected by a Faraday cage. 
The atomic composition of the alloys used was Aug2Si-i8 ancl Au80®e20° ob'tainetl mass spec-
tra are shown in Fig. 2 and 3. The V c j u e s of source current I and of extractor voltage U e x are 
indicated. Using a 0.5 mm diameter separation aperture, a mass resolution of about 30 was ob-
tained. The silicon isotopes could be separated. The observed Al ions in the Au-Be mass spec-
trum arise from the corundum ampoule where the alloy was melted. The observed ion species and 
the related ion flux fractions of the Aug2Sijgalloy correspond with those measured with a 
magnetic spectrometer /4/. The values for the AuggBe2Q alloy are not yet been published and 
are the following: 

ion species Au2
 + Au+ Au++ Al^+ Al+ Al++ Be+ Be++ 

ion flux fraction {'-.) 7.28 65.17 6.84 1.24 0.83 0.36 14.37 3.91 

ION SOURCE 

EXTRACTION APERTURE 

CONDENSER LENS 

ENTRANCE APERTURE 

E»B HASS SEPARATOR 

0RIFT SPACE 

SERARATION APERTURE 

FARAD» CAGE 

Fig.l Ion optics column Fig.2 Mass spectrum of the 
A u 8 2 S i 1 8 a l l o y 

Fig.3 Mass spectrum of the 
A u80 B e20 a l l o y 
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AMORPHIZATION AND ELECTRICAL PROPERTIES OF SILICON AFTER HIGH ENERGY PHOSPHORUS IMPLANTATION 

W. Skorupa, R. Grötzschel and E. Wieser 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 

31c First results concerning the properties of silicon after 0.99 MeV, ^P^-implantation and 
different annealing schemes have been reported recently /1,2/. Further experiments included 
the test to amorphize silicon at such high energies and the investigation of the electrical 

12 16 - 2 properties after implantation of doses in the range 1 0 - 1 0 cm 

Previously, it was reported that amorphization is not possible by depositing that energy 
density into nuclear processes being sufficient at low implantation energies /2/. Implanta-
tion with doses higher than 7.5 

,15 
10*4 cm^ as used in /2/ was performed in the range 

0.75 - 6 • 10*' cnT^. It was shown by RBS (1.7 MeV, 4He +) that a buried amorphous layer was 
formed after implanting a dose of 4 15 -2 10 cm . This dose is higher by a factor of about 

Implantation :3 V . 0.99 MeV 
Annealing :o.1350°C.20ms,air(FL) 

x+«00°C.8h.N2 IF) 

7 compared with results of Morehead et al. /3/ who reported a threshold dose of 6 • 10*4 cm-^ 
at 200 keV and 300 K. Retarded amorphization at higher energies, may be explained by radiation 
enhanced selfannealing due to charged point defects. They should be formed with a high prob-
ability considering the large amount of energy deposited into electronic processes at high 
energy implantation /2/. 

The results of van der Pauw-meas-
urements are shown in Fig. 1. Post 
implantation annealing was done by 
flash lamp irradiation at 1350 "C, 
20 ms, air. The dashed line repre-
sents an activity of 100 %. Most of 
the experimental values are in the 
range 70 - 100 %. The cause for the 

12 - 2 

low activity at 10 cm is not 
clear at present. The Hall mobility 
behaviour points to impurity scat-
tering indicating well annealed 
material. For a dose of 

1 4 - 2 
7.5 • 10 cm the mobility was 
correlated with the volume carrier 
concentration determined from SIMS 
profiling. A good agreement with 
conventional values /4/ for the same 
volume concentration was reached. 
For the low dose range also the 
values reached after furnace anneal-
ing at 1000 °C, 8 h, N2 are included. 
Only a little difference was found. 

Such an anneal step was used to simulate the influence of technological processes after CMOS 
well formation. 

IMPLANTED DOSE 

Fig. 1 
Sheet carrier concentration and Hall mobility in 
dependence on implanted dose after 0.99 MeV, P +-
implantation 
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STRONG DOPANT DEPENDENCE OF IMPLANTATION DEFECT ACCUMULATION AND AMORPHISATION IN HEAVILY 
DOPED SILICON 

R. Grötzschel and 0. Schöneich 
Central Institute for Nuclear Research, Rossendorf, Dept. KF 
A.V. Dvurechenski i and V.P. Popov 
Institute of Semiconductor Physics, Novosibirsk 
H. Bartsch 
Institute for Solid State Physics and Electron Microscopy, Halle 

The process of defect accumulation and the mechanism of the crystalline-to-amorphous phase 
transition during ion implantation has been studied widely for elemental and compound crys-
tals /1,2/. The amorphisation is understood as the overlapping of amorphous spikes or, at 
lower defect creation densities, of collision cascades, where the lattice collapses when a 
critical relative number of displaced atoms of fvO.l is reached /3/. In the latter case the 
defect accumulation - and annihilation processes are mainly influenced by the mobility of the 
simple defects and their probability for agglomeration, which are dependent on the tempera-
ture (e.g. 1/. We have shown that the defect accumulation rate and the amorphisation dose, 
resp., also depends on the dopant concentration, and in the case of heavily boron doped 
silicon (Ng ~ 3 at.%) the influence is so strong that the amorphisation dose for 80 keV Ne+ 

ion implantation has been found to be 10 times higher than for pure silicon /4/. 
Heavily doped silicon surface layers were obtained by ion implantation (B+, As+, and B+ + As+) 

16 -2 at doses of 5 • 10 cm and subsequent liquid phase epitaxy by means of РЕВА /5/. These 
samples were implanted simultaneously with 80 keV Ne+ ions. To avoid thermal effects at - 2 
elevated temperatures the current density was kept below 0.2 pA cm . The implantation was 
performed in increasing partial doses up to full amorphisation. After the implantation of 
each partial dose aligned RBS spectra have been taken with the He+ beam incident along the 
<100> axis. As a measure for the accumulated damage we used the maximum values of the 

normalized scattering yield from the dis-
placed fraction of the Si atoms. 
In Fig. 1 the dependence o f ^ m a x

 o n the 
implanted Ne+ ion dose D is shown for the 
different doping atoms. 
In the case of silicon crystals and room 
temperature implantation the crystalline-
amorphous transition is complete at the 
amorphisation dose D g, when the aligned 
yield reaches the random yield level. This 
usually used criterion for amorphisation 
is in good agreement with the results ob-
tained by electron or X-ray diffraction. 
The results, summarized here in Fig. 1, 
are interpreted qualitatively taking into 
account the Watkins mechanism /6/. 

0.01 

Fig. 1 
The Xmax values the normalized backscattering 
yield of the aligned spectra as a function of the 
Ne+ implantation dose D for Si (1), Si <B>, 
Si <As> , and Si <B+As> 
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MODELING OF ENHANCED DIFFUSION AND ELECTRICAL ACTIVATION OF As IMPLANTED INTO Si BY RAPID 
THERMAL ANNEALING 

R. Kögler 
Zentralinstitut für Kernforschung, Rossendcrf, Bereich KF 

A comparison of experimentally determined dopant profiles and sheet carrier concentrations 
with computer simulations shows a transient enhanced diffusion of As in Si during rapid 
thermal annealing (RTA, Tm = 1000 - 1200 °C, duration 1 to 20 s) with respect to the used 
computer model by Tsai /1/. The Tsai model describes the diffusion of As in Si according to 
a vacancy mechanism taking into account neutral and single charged vacancies (Vo, V ). For 
maximum As concentrations exceeding the solubility limit the formation of electrically 
inactive, non mobile As-vacancy clusters is assumed. 

The comparison of this model, valid for conventional furnace tempering, with experimental 
results, obtained by RTA of As implanted Si (energy 100 keV, dose range 5 • 101"5 to 

16 - 2 2 • 10 cm ), results in a diffusion coefficient for RTA enhanced by a factor between 2 
and 6 depending on As concentration, T and annealing duration /.2/. r max a 

This enhanced diffusion coefficient йд5 can be veil described using a model considering 
beside Vo and V~ also twofold charged vacancies V 2 - /3/. 

°As = d ° + d" + 0 2' (n/n^ 2 

D° = 6 • 10~2 exp (-3.44 eV/kT) cm2/s, 0" = 12 exp (-4.05 eV/kT) cm2/s 
D2~= 125 exp (-4.6 eV/kT) cm2/s 

(n = charge carrier concentration in the profile, n. = intrinsic carrier 
concentration) 

The transient behavior of the diffusion enhancement results from the decreasing carrier con-
centration due to precipitation or clustering as well as to the diffusional broadening of 

2-
the profile. The D term is only for high carrier concentration important. 

This model describes the diffusion behaviour of As in Si 
very well as demonstrated by the results in Fig. lb. 
The following conclusions about essential processes during 
RTA of As in Si are possible: 

21 -3 
- For As concentrations > 10 cm the assumption is not 

correct that the clusters of As exceeding the solubility 
limit are completely non mobile. Such a model gives a 
profil with a hump in disagreement with the experiment 
(see Fig. la) 

- For very short dwell time at T m g x (t^ < 5 s) the computer 
model results in a too high electrical activation. This 
points on a higher formation velocity of electrically 
inactive As in the early stage of annealing than assumed 
by the Tsai model. 

Fig. 1 
Depth distribution of arsenic following annealing 
computer simulation (line) and RBS depth profile 
a) 1-1016 As+/cm2 (100 keV), T m a x = 1 Ю 0 °C, td = 10 s 
b) 5-1015 As+/cm2 ( ю о keV), Traax = 1175 °C, td = I s 

/1/ Tsai, M.Y., F.F. Morehead, O.E.E. Baglin, A.E. Michel, 3. Appl. Phys. 51 (1980) 3230 
/2/ Kögler, R., E. Wieser, M. Voelskow, G. Otto, Nucl Instr. and Meth. В in print 
/3/ Hoyt, J.L., J.F. Gibbons, Mat. Res. Soc. Conf. Fall Meeting 1985 
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THRESHOLD OF THE ELECTRICAL ACTIVATION OF Si IMPLANTED GaAs BY SHORT TIME ANNEALING IN THE 
SOLID PHASE REGIME 

D. Panknin and E. Wieser 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 
Ya.V. Fattachov and O.B. Khaibullin 
Kazan Physico-Technical Institute, Kazan 

The annealing of Si implanted GaAs is characterized by a maximum of the electrical activation 
for the optimum values with regard to temperature and time. This maximum is caused by the 
competition of increasing electrical activation due to improved lattice relaxation and of the 
negativ effect of the surface degradation. 

15 2 
The SI Cr-doped (100) GaAs was implanted in the dose range up to 10 Si/cm at an energy of 
200 keV at about 100 °C. Annealing was performed without encapsulant by flash lamp irradia-
tion with pulse durations between 20 and 500 ms or using a set of tungsten halogen lamps 
with dwell times à- 0,5 s. 

«00 
G1000 
e 
^ 900 

800 

700 -

- dlwociollon 

101 10° Us) 10' 102 

r \ 
5 . 1 0 " S i/cm 2 . 

200 k « V 

-ЛО octlvotioft 

10-' 10" tjs) 10 2 

Fig. 1 
Dependence of the optimum 
annealing temperature (a) and 
of the sheet carrier concen-
tration (b) on the dwell time 
at T (capless annealing). 

In fig. la the dependence of the optimum annealing tempera-
tur on the annealing time is shown for tempering without 
caplayer. The experiments show a upper temperature limit 
at about 1100 °C for very short times as well as a smal 
time dependence at temperatures & 750 "C. 
Fig. lb presents the dependence of the electrical activa-
tion on the annealing time for an implantation of 
5 • 1014 Si/cm2. For each time the optimum temperature 
according to figure la was used. The short time threshold 
for electrical activation has been found at about 50 ms. 
For a pulse duration of 20 ms no dopant activation has 
been measured up to the temperature limit of massive 
surface degradation (»1100 °C). Annealing with a Si-jN^ 
cap up to as 1200 °C gave no better results /1/. 

The sheet carrier concentration in fig. lb is charac-
terized by a maximum of the short annealing time of 
about 200 ms. This was observed only for Si implanted 
GaAs with doses ¿ 1 • 101* Si/cm2. An additional anneal-
ing at 900 °C, 2 s leads to no remarkable decrease of 
values observed at annealing < 1 s. This maximum at short 
annealing times is due to the amphoteric character of Si 
in GaAs and can be explained by the assumption of a Si 
concentration on As sites lower than the value for long 
time annealing /2/ 

R e f e r e n c e s 
/1/ Panknin, D. et al., Nucl. Instr. and Methods'(in press) 
/2/ Panknin, D. et al., Acta Physica Hungarica (in press) 
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REDISTRIBUTION OF IMPLANTED As IN A MoSi2/POLYSILICON STRUCTURE BY SHORT TIME ANNEALING 

E. Wieser and Ch. Weise 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 
E. Vetter and Th. Geßner 
Technische Universität Karl-Marx-Stadt, Sektion Physik/Elektronische Bauelemente, Technikum Mikroelektronik 
Refractory silicides combined with a polysilicon layer to a polycide structure are of growing interest for MOS 
gate metallization schemes. Thereby, short time annealing is now accepted as a very promising process for 
silicidation tempering arc! dopant activation within the polysilicon. An important problem is the redistribution 
of the impurity atoms used for doping the polysilicon within the sheet system. In the present paper the 
redistribution of As implanted into M0SÍ2 on undoped polysilicon will be considered. Rapid thermal annealing 
(RTA) and conventional furnace annealing will be compared and the influence of a Si02 cap layer is shown. 

<100> p-type Si wafer were covered with 100 nm Si02. Following 150 nm undoped polysilicon were deposited. A 
stoichiometric Mo/2Si sandwich layer was deposited by cosputtering technique. The thickness of the tempered 
MoSi9 layer amounts to 100 nm (deposition thickness about 130 nm). The sample were implanted with As at an 

16 - 2 

energy of 125 keV up to a dose of 1 • 10 cm . Annealing was performed in a furnace in H2-atmosphere for 
30 min at 1000 °C or using a set of halogen lamps for 15 s at 1050 °C in air. Before annealing a part of the 
wafers was covered with a 200 nm cap layer of plasma CVD Si02- The depth distribution of As was measured using 
the SIMS technique. 

Figure 1 shows the obtained As profiles. The two different depth 
scales take into account the shrinking of the MoSi2 by the tempering. 
The As depth distributions are very similar for both the short time 
annealed samples as well for the sample d, tempered at 1000 °C for 
30 min with the Si02 cap. While the as implanted As profile is mainly 
concentrated within the MoSi2 layer after silicide formation the 
largest part of As is found in the polysilicon sheet. 
About 40 to 60 percent of the implanted As is lost. After an anneal-
ing treatment of 1000 "C/30 min without a cap layer only 1 to 4 
percent of the implanted As could be detected. 
The present results can be explained in the following way. By the high 
temperature treatment the hexagonal MoSi2 formed during implantation 
transforms into the tetragonal phase in a time shorter than 15 s for 
the considered temperatures. Only a small amount of As is build in 
the growing tetragonal MoSi2 grains. The main part is concentrated 
at the grain boundaries and moves very fast in the polysilicon layer 
and to the MoSi2/Si02 interface. Due to saturation of the upper inter-
face and the polysilicon an equilibrium state is approached in about 
10 - 15 s for the capped samples. This is proved by the nearly un-
changed As distribution after 1000 "C/30 min tempering. 
For uncapped samples the evaporation of As leads to a monotonie 
decreasing As concentration. The As trapped at the MoSÍ2/Si02 inter-
face of the capped samples was removed by the Si02 etching. 
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Fig. 1 
Depth distribution of As in a MoSi,/ 
polysilicon sheet system: a - as 
implanted, b - 1050 "C/15 with cap, 
с - 1050 "C/15 s without cap, d -
1000 "C/30 min with cap, e -
1000 "C/30 min without cap 
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FORMATION OF BURIED Si3N4/Si0xNy LAYERS IN SILICON BY HIGH DOSE IMPLANTATION AT 60 keV 

17. Skorupa, K. Wollschläger and R. Grötzschel 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 
H. Bartsch 

Institut für Festkörperphysik und Elektronenmikroskopie, Halle 

Intention 
- Formation of buried compound layers at very low implantation energy oí 60 keV compared 

with the usual energy range 150 - 300 keV, 

- Synthesis of silicon oxynitride by combined N/O-implantation in alternating sequence, 

- Test of the annealing scheme of previous experiments with 330 keV nitrogen beams: 
^target = 5 0 0 p o s t i m p l• a n n e a l ( pIA) = 1200 °C, 5 h, /1,2/. 

Results and conclusions 

- Gaussian profile shape in all cases after implanting a total dose of 
b) 3 N+ + 3 0 + or c) 3 0 + + 3 N+ 

random spectra; see channels 200 - 250 in Fig. 1 for case c) 

a) 6 N+ or 
17 -2 10 cm as deduced from the silicon part of RBS 

Fig. 1 
RBS spectra (1.2 MeV, 4 He+) after combined 
N+, 0+-implsntation (a) and annealing at 
1200 °C (b) 

By RBS oxygen and nitrogen profiles of 
be evaluated 
150 in Fig. 1). 

Other methods are to be used. 

the Si0xNy layers can not 
separately (channels 100 

- PIA leads to nearly rectangular profiles 
with steep interregions Si-jN^/SiO^N^-Si 
due to precipitate dissolution /2/. 

- The damage density is lowered drasti-
cally after PIA to values of about 5 % 
for case a), 10 % for b) and 15 % for 
c). The higher values for the last two 
cases are caused by the lower dissolu-
tion velocity at 1200 °C of precipitates 
containing oxygen. 

- By IR spectroscopy the importance of 
oxygen for crystallization inhibition 
in silicon nitride was emphasized /3/. 
Only Si0xNy compounds have random 
bonding structure before and after 
PIA at 1200 °C. 

- Little crystallites of silicon within 
the SiO N layers were found by XTEM. x y 
That means the total dose may be some-
what too low for the synthesis of 
stoichiometric compounds. 

R e f e r e n c e s 

/1/ Skorupa, W. et al., Gemeinsamer Jahresbericht 1985, ZfK-584 (1986) 46 
/2/ Skorupa,"W. et al., Proc. 5. Int. Conf. IBMM, Catania 1986 
/3/ Skorupa, W. et al., DDR-WP, H 01 L/291 3642 
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CHEMICAL DEPTH PROFILING OF BURIED SILICON NITRIDE LAYERS IN SILICON BY AUGER ELECTRON 
SPECTROSCOPY 
W. Skorupa 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 
J. Albrecht and J. Götz 
VEB ZFTM Dresden 

In extending previous studies of ion beam synthesized compounds in silicon with Infrared 
spectroscopy and X-ray photoelectron spectroscopy /1/ Auger electron spectroscopy with a 
scanning probe was used to study the chemical structure of buried silicon nitride layer 
systems. In detail, the depth profiles of bonded silicon and nitrogen and free silicon were 
recorded. Two modes of profiling were tested: conventional sputter profiling and scanning of 
a focused electron beam (d W 0.4 pm) on a bevel. The latter method is more advantageous 
because compound decomposition by sputtering leading to errors in determining the chemical 
state and the depth scale is avoided. Sputtering was used only for surface cleaning of the 
bevel before the measurement. Moreover, this method is much more time saving. 

First results reached by the scanning 

as 
DEPTH tum] 

method are given in Fig. 1. The buried 
layer system was produced by implanting i о + _ о 
a dose of 1.3 • 10 N cm at an energy 
of 330 keV. Furnace annealing was per-
formed at 1200 °C, 5 h, N2_ 
The nitrogen rich region between 0.4 pm 
and 0.7 pm represents the buried silicon 
nitride layer. Both, after implantation 
and annealing a layered structure is 
visible which is more distinct after 
the anneal step. An overstoichiometric 
peak as found by RBS in the centre of 
such layers after annealing /2/ was not 
seen. Furthermore, the interfaces be-
tween silicon nitride and silicon are 
steepened after annealing. The steepness 
is then twice as high as before and 
comparable to that one of an interface 
between a Si^N^ surface layer deposited 
by rf-sputtering and the silicon top 
layer. This SijN^ layer was used at 
bevel measurements as a surface marker. 

Fig. 1 
AES depth profiles of silicon after high dose 
nitrogen implantation and annealing 

R e f e r e n c e s 

/1/ Hensel, E., W. Skorupa, Thesis, AdW der DDR, 1985 
/2/ Skorupa, W. et al., Proc. 5. Int. Conf. IBMM, Catania 1986 
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ION BEAM INDUCED .EPITAXIAL CRYSTALLIZATION OF DOPED AMORPHOUS SILICON LAYERS 

M. Voelskow, W. Skorupa and J. Matthai 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 

Ion beam induced epitaxial crystallization (IBIEC) has become an interesting new method for 
solid phase epitaxy of amorphous silicon at temperatures below that of conventional furnace 
variant (>550 °C). Firstly, this method was reported for silicon by Golecki et al. /1/. 

Because the recrystallization rate is proportional to the energy of the annealing ions 
deposited into nuclear process the use of low implantation energies should be advantageous 
for a high recrystallization velocity. However, most of the previous work was concerned with 
high energies > 300 keV. Otherwise, only self ion amorphized layers were studied system-
atically . 

In this letter we report about a peculiarity of IBIEC at relatively low energy of 165 keV 
15 - 2 applied to arsenic doped (100 keV, 1 • 10 cm ) amorphous silicon layers. Target heating 

as necessary for IBIEC was firstly done by the ion beam itself. A target temperature of 
400 °C was realized using 165 keV N + (330 keV, N„ +) ions with a beam current density of 

- 2 

8 pA cm 
In Fig. 1 RBS spectra of an amorphous silicon layer with 
an initial thickness of 140 nm after different regrowth 
steps by IBIEC are shown. The regrowth process begins at 

15 - 2 doses 1 • 10 cm" and after implanting a dose of 
16 - 2 

7 • 10 cm full recrystallization is reached. At a 
depth corresponding to the projected range of the nitrogen 
annealing ions 380 nm) a defect peak grows due to the 
high nitrogen concentration in this region. Surprisingly, 17 -2 
further irradiation up to a dose of 1.2 • 10 cm leads 
to the evolution of a second defect peak in the region 
of the regrown amorphous layer (lower part of Fig. 1). 
The depth of this peak corresponds well to the projected 
range of 70 nm of the arsenic atoms used for amorphization. 
To circumvent the influence of arsenic in our experiment 
self ion amorphized layers were regrown by IBIEC in the 
same manner as the arsenic amorphized ones. As shown by 
RBS measurement no defect peak was found in this experi-
ment. That means, the presence of arsenic within the 
amorphous layer of the first experiment is of crucial 
importance for the evolution of the second defect peak. 
The formation of this defect peak may by explained by 
point defects which will by created especially at the 
projected range of the annealing ions. Due to the high 
target temperature they are expected to migrate during 

IBIEC. A part of those moving to the surface may be trapped by arsenic atoms forming point 
defect clusters or secondary defects like loops. 

R e f e r e n c e s 

/1/ Golecki, I., G.E. Chapman, S.S. Lau, В.-Y. Tsaur, 3 .W. Mayer, Phys. Lett. A71 (1979) 267 

Fig. 1 
RBS spectra (1.2 MeV, He +) of 
amorphous silicon layers (100 keV, 
As , 1 • 10l5 cm"2, RT) on mono-
crystalline silicon after differ-
ent steps of IBIEC (165 keV, N , 
400 "O.'random (1), aligned 
(2-8) , , 
2 - as amorphized: 3 - 1 - 1 0 
cm-2; 4 - 3 • 10lb cm-2; 5 -
5 • 1016 c m-2 ; 6 - 7 • 1016 cm"2; 
7 - 9 • 1016 cm-2; 8 - 12 • 10*6 
cm"2 
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ELECTRICAL PROPERTIES OF MOS STRUCTURES FABRICATED IN LAMP RECRYSTALLIZED FILMS ON Si02 

N. Sieber, H. Oertel and M. Voelskow 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 

Recent investigations have shown, that lamp recrystallized silicon (r-Si) exhibits n-type 
conductivity with a free carrier concentration between 3 • 10 1 5 and 1 • 1017 cm ' /1/. 
Values for the generation lifetime range from 0.1 ps to 1 ps /2/. These different values of 
the generation lifetime are probably caused by different preparation prior or after the 
recrystallization. 

It is the purpose of this paper to investigate the effect of some process steps, such as 
chemical cleaning, preoxidation and HCl oxidation on the electrical properties of MOS struc-
tures prepared in 0.45 pm thick silicon films recrystallized by lateral zone melting. The 
effect of preoxidation was investigated by growing a thermal oxide approximately 60 nm thick 
in dry 0 2 which was subsequently etched away. Other samples were prepared by standard 
chemical cleaning of the silicon films only. 

Planar MOS capacitors were fabricated growing a 70 nm thick gate oxide in dry 0 2 at 1000 "C 
with or without HCl. The electrical properties of these MOS structures have been investi-
gated using high-frequency and quasistatic capacitance voltage (CV), triangular voltage 
sweep (TVS) and Halleffect measurements. 

As a result the doping concentration in the r-Si films gives a value of 1.4 • 10*^ cm 
This relatively high unintentional doping concentration could be due to diffusion and/or 
segregation of impurities such as N, C, 0 and P /1/ from the cap layers and the underlying 
oxide during the recrystallization process. 

The other electrical properties, such as interfacial effective charge N^ at flat band con-
dition of high frequency CV characteristics, density of interface states N ^ at midgap point 
of the quasistatic CV characteristics, sodium concentration determined at 250 °C, Hall 
mobility pH and generation lifetime L are summarized in Table 1. 

Table 1 

Process 

/eV" 

Nst 
1 cm"2/ 

NNa 

/cm"2/ 
Z4» 

/ c m W 1 / 
¿9 
/ps/ 

Gate-Oxide without HCl 

Chemical 
cleaning 
Preoxida-
tion 

5. 

5. 

.6 • 

,3 • 

1010 

• 1010 

4.1 

4.0 

• 1010 

• 1010 

1010-8 • 1010 

1010-8 • 10 1 0 

750 

760 

<0.1 

C0.1 
Gate-Oxide with HCl 

Chemical 
cleaning 
Preoxida-
tion 

4. 

4. 

.6 • 

; 6 • 

• 101Û 

• 1010 

3.8 

3.0 

• 1010 

• 10 1 0 

<10 1 0 

<10 1 0 

860 - 900 

900 

2.4 

2.4 - 2.6 

The data of Table 1 demonstrate that preoxidation of r-Si has no advantageous effect on the 
electrical properties against chemical cleaning only for both kinds of oxide. A comparison 
of the'data for the samples oxidized with and without HCl shows an appreciable improvement 
in the electrical parameters and..especially in the generation lifetime due to the HCl 
oxidation. 

R e f e r e n c e s 

/1/ Tsaur, B.-Y., John C.C. Fan, M.W. Geis, Appl. Phys. Lett. 41_ (1982) 83 
/2/ Vu, D.P., A. Chantre, H. Mingam, С. Vincent, J. Appl. Phys. 56 (1984) 1682 
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ETCH RATE MODIFICATION OF THERMALLY GROWN Si02 LAYERS BY ION BOMBARDMENT 
H. Münzer, C. Neelmeijer, M. Posaelt, В. Schmidt 
Zentralinstitut für Kernforschung Rossendorf, Bereich KF 
Thermally grown silicon oxide layers are widely used as both dielectric layers in MOS-
structures and passivation layers against moisture penetration and alcali ion contamina-
tion. Defects, impurities as well as clusters of both creating during the semiconductor 
device production change the structure of the amorphous SiOg-network in connection with 
changed bonding states. The chemical reaction velocity between Si02 and the etching solu-
tion is determined by the bonding state. 
We present experimental results for enhanced etching rates owing to ion bombardment in-
duced defect creation in comparison to calculated defect profiles in thermally grown Si02. 
Thermal Si02 films were deposited on<100> p-type polished silicon wafers by wet oxydation 
at T = 1150 °C. Wafers with different Si02 layer thickness (715 nm and 414 nm) were implan-
ted with He+ and Ne+ ions respectively. The implantation was curried out at E = 60 keV and 
D = 1-1015 c m" 2

# After ion implantation the wafers were etched with 2.7 % HF at T = 25 °C. 
The thickness of the removed Si02 layer was measured both mechanically by means of a Taly-
step and by the optical interference technique. Combining these methods it was possible to 
determine the refractive index n in dependence of the layer depth, lío change of n was ob-
served. For nonimplanted SiOg layers the etch rate of vQ = 16.5 nni'min-̂  was found. 
Fig.1 presents the etch rate profiles. The ion induced defect profiles were simulated 
using Monte-Carlo-calculations [1] .To get information about the relative location and 
shape of the experimental etch profile with respect to calculated defect distribution the 
theoretical peak maximum was normalized to the maximum of the etch rate v . , max 
In the case of Ne the position of experimental and theoretical peak maxima agree well in-
dependent of the nuclear potential applied for calculations. This agreement is generally 
not observed for He+. The introduction of a Moliere-potential instead of an universal 
potential improves the theoretical description slightly. However we assume the major part 
of diviations to be caused by uncertainties of the model (Lindhard, Scharff - Bethe, Bloch, 
LSBB) for electronic stopping applied. In both cases the shape of the defect profiles is 
less affected by the nuclear potential. For Ke+ implantation the remaining diviations at 
the high energy tail have been not completely understood until now. 

implanted SiO, 
References 
[1.] Posselt, M. and J.P. Biersack, Hucl. Instr. and Meth. B, 1¿ (1986) 20. 
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A NOVAL PROCESSING TECHNIQUE POR THE FABRICATION OP THIN ANISOTROPICALLY ETCHED SINGLE 
CRYSTALLINE SILICON LAYERS 

B. Schmidt, U. Kreißig, H. Münzer, E. Rost 
Zentralinstitut für Kernforschung Rossendorf, Bereich KP 

There are several etch stop techniques that exhibit strong dependence of the etch rate on 
the dopant concentration of single crystalline silicon [1,2] . Por the usually used alka-
line solutions (ethylenediamine-water and potassium-hydroxide-water mixtures), the etch po —̂  
stop is realized by heavy boron doping (NB~1»10 cm J). Insulating etch stop layers 
such as SiOg and Sî IÎ  to this time are only used for poly-silicon or nonsemiconducting 
layers [3,4]. 
In the present work at the first time ion implanted buried Si^N^-layers are used as an 
etch stop for epitaxial silicon layers. Por the investigation the starting material was 
<100>-oriented polished silicon wafers with pQ = 1...10 Qcm and 40% KOH-water mixture 
as selective anisotropic etchant was applied. The wafers were implanted with nitrogen at 
E = 330 keV and D = 1.2«1018 cm-2 to form the buried Si^-layer. The mean layer depth 
was about 600 nm and the layer thickness about 300 nm. Undoped epitaxial layers with 0.5 ^ cL -i//1"11 - 5 were deposited on the single crystalline silicon top layer above the epx / 
buried Si^N^-layer. The anisotropical etching was chosen through a mask from the backside 
of the wafer (Pig.1). 

<100>spi-Si 

<100>-Si-
substrate 

Si0„ (1 y urn) 
buried Si,N. 
(300 nm) J 4 

SiOg (1 ,um) 

Fig.1 : 
Cross section of the anisotropically 
etched wafer with buried SijN^ as 
an etch stop layer 

The etch process stops excellent when the buried Si^N^-layer is reached. We have 
observed a high selectivity with an etch rate ratio of R 1 0 Q Sj¡/Rsi-4N = 1° 2 , I n o o mP e _ 

rison, the etch rate in heavely boron doped p+-layers is lowered by a factor 10...100 [1]. о о 
Good flatness for small etched areas until 135x135 /um and 135x2135 /um was observed. 
Etched areas until 10x10 mm2 were wavy but mechanical very stable. 
Possible applications of this noval etch stop technique for example are the construction 
of sensor elements, micromechanical devices and the manufacturing of thin masks for 
X-ray lithography. 

References 

[1] Petersen, K.E., Proc. of the IEEE JO (1982) 420 
[2] Csepregi, Li et al., Forschungsbericht BMFT-FB-T 84-209 (1984) 
[3] Müller, J.E. et al., Proc. 2nd Symp. Measurement in Ind. & Sei., Suhl (1984) 179 
[4] Choi, I.H., K.D. Wise, Proc. 3rd Int. Conf. Transducer '85, Philadelphia (1985) 132 
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RESULTS OP HIGH RESISTIVITY NTD - SILICON SLICE PRODUCTION 

L. Bischoff 
Zentralinstitut für Kernforschung Roesendorf, Bereich KP 

The Neutron Transmutation Doping (NTD) technique to produce high resistivity n-type Si 
( gj* 10 kQcm) became a standard process in ZfK last year /1/. This NTD-Si is necessary 
to manufacture nuclear radiation detectors (NRD) with depletion layers up to 1 mm and 
detectors for backscattered electrons in the energy range 10...30 keV with very low 
capacities. The electron-detectors (ED) are installed in the Electron-Beam Inspection 
System ZRM 20 of Carl Zeiss Jena. 
Table 1 gives a survey about the several irradiation cycles. The starting material used 
in the present work was p-type Si ( j • 2...5 kûcm) from the Central Institute of Elec-
tron Physics Berlin. The application of a two-step-annealing to reduce the phosphorous 
concentration and to improve the minority carrier livetime V fut led to an increase of 
the yield (Yield parameters: f n > 8 kûcm, V > 200yus). 
The doping rates Кф = N and their deviations are represented in Table 2. On an P /• 11 -1 average an overirradiation according to 1.65 • 10 cnr was found. 
The failure was caused by slices with too low resistivity, by broken slices during the 

NTD-process and by slices for calibration. 

cycle No. of No. of No. with yield application 
cassettes slices two-etep-a. slices % 

I 2 8 - - - calibration 
II 2 23 - 23 100 ED 
III 2 35 18 35 100 ED, NRD 
IV 2 59 - 58 98 ED 
V 2 65 40 26 40 ED 
VI 2 59 10 54 92 ED 
VII 3 96 - 69 72 ED, NRD 
VIII 2 12 - - - calibration 

IX 2 27 - 15 56 ED, annealing exp. 

s 19 384 68 280 73 

Table 1 Results of the several irradiation cycles 

cycle II III IV V VI VII IX 
cassette 
D 40- 28 52 53 54 56 57 58 59 60 61 85 86 87 90 91 
K4>alm 1012cm" 3 4.1 5.1 3.0 4.4 3.4 2.0 1.8 2.8 1.6 3.2 2.5 3.8 3.7 3.0 3.4 
Кф real1012cm" 3 4.0 5.0 3.7 4.9 3.5 2.1 3.0 3.2 1.7 3.7 2.0 3.5 3.6 2.8 3.3 
д к ф 10 ncm" i 1.0 1.0 7.0 1.0 1.0 1.0 12 4.0 1.0 5.0 5.0 3.0 1.0 2.0 1.0 

± % -3 -2 ••22 *11 V2 4-7 +69 +15 •5 fl4 -20 -8 -4 -7 -3 

Table 2 Doping values of the several irradiation cycles 
References 
/1/ L. Bischoff Dissertation,- Academy of Sciences of the GDR 1986 
/2/ L. Bischoff Annual Report 1985, ZfK-584 (1986) 52 
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EFFECTS OF 20 keV ELECTRON BÊAM RADIATION ON MOS STRUCTURES USING THIN ANODICALLY GROWN 
OXIDE FILMS 

G. Mende and M. Deutscher 
Zentralinstitut fur Kernforschung, Rossendorf, Bereich KF 
H.-J. Döring 
VEB Carl Zeiss Jena 
H. Flietner 
Zentralinstitut für Elektronenphysik, Berlin 

Annealed anodically grown SÍO2 films are comparable in quality to thermally grown SÍO2 /1/ 
although there are structural differences between anodically and thermally grown films 111. 

It is known that exposure to ionizing radiation can cause an increase in the fixed oxide 
charge density and in the surface state density of the interface between thermally grown Si02 

and Si. 

In the present work we investigated the influence of 20 keV electron beam radiation (dose = 
3.6 • Ю-"5 As) on MOS structures using anodically grown oxide films at first time. 

Before and after irradiation the fixed oxide 
charge density p b) and the surface 
state density in the midgap (N . M ) depend s x, Mg 
on anodization technique, oxide film thick-
ness, post-anodization cleaning and anneal-
ing conditions. 
However, the influence of post-anodization 
cleaning and of annealing conditions dimin-
ishes with decreasing of oxide film thick-
ness . 
The influence of oxide film thickness on the 
flatband voltage shift (Up^) and the fixed 
oxide charge density (Nefj p̂ ,) of anodical-
ly grown silicon oxide films annealed at 
400 °C in a nitrogen stream is shown in 
Fig. 1 before and after electron beam irra-
diation (U*b, N * f f > F b ) . 

The radiation hardness of anodically grown oxide films annealed at 800 °C and of thermal Si02 

films grown in dry oxygen at 1000 °C is practically identical (Table 1). Best results could 
get with ultrathin anodic oxide films (Table 1). 

Table 1 
Electrophysical properties of MOS structures using anodically grown or thermally grown 
oxide films before and after irradiation 

oxide 
type 

dox 
/nm/ 

UFb 
/V/ 

"Éb 
/V/ 

Neff,Fb 
A O 1 0 cm"2/ 

nE eff,Fb 
/1010 cm"2/ 

Nst,Mg 
/1010 eV_1cm"2/ 

Nst,Mg 
/1010 eV_1cnf2/ 

thermal 24 -0.15 -0.24 -15.2 -7.8 2 140 
anodic 20 -0.26 -0.28 -5.8 -3.79 2 80 

и 15.5 -0.24 -0.26 -10.4 -5.92 - 33 

The leakage current of electron de.tectors passivated with ultrathin anodically grown oxide 
films (d t 17 nm) is stable under high-vacuum conditions. 
The increase of leakage current generated by electron beam irradiation diminishes with oxide 
film thickness. _ 
R e f e r e n c e /2/ Mende, G. et al., 16. Arbeitstagung "Physik der 
/1/ Mende, G. et al., Thin Solid Films 102 (1983) 65 Halbleiteroberfläche", Tagungsbericht, S. 253 

Fiatband voltage shift and fixed oxide charge 
density of anodically grown silicon oxide 
films before and after electron beam irradiation 
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OUT-DIFFUSION OF OXYGEN DURING ION BOMBARDMENT OF POLYMER FOILS 
W. Rudolph, R. Grötzschel 

Zentralinstitut für Kernforschung Rossendorf, Bereich KF 

15 19 During N and F ion bombardment of plastic foils a strong hydrogen out-diffusion was 
observed /1/. In those measurements we found slightly increasing yields of the ^N,«y0 1 2C 

1 19 16 
and H( F 0 nuclear resonance reactions at low ion fluences for oxygen containing 
foils. This effect could be explained by an additional out-diffusion of oxygen. 

To test this assumption we measured the oxygen to carbon ratios of polyester (Mylar) and 
polycarbonate (Lexan, Makrofol E) in dependence upon the 4He + ion fluence by means of 
1.32MeV 4He backscattering analysis. The results are shown in Fig.l. For both materials a 
strong oxygen out-diffusion is found, at the beginning of the irradiation process, whereas 
for larger ion fluences a constant oxygen content is observed. 

For polycarbonate the oxygen out-diffusion is already finished at a He+ fluence 
0Í»4*1O14 He+/cm , whereas in the case of polyester the constant oxygen level is only 
reached forÇÎZ25*1014 He+/cm2. Therefore, the out-diffusion of oxygen depends on the irra-
diated material. On the other hand our results hint to a constant and material independent 
oxygen to carbon ratio for large He+ fluences (see Fig.l). 

0 10 20 *lOUHe+/em2 
% Nc 

0.4 

0.3 

0.2 

0.1 

0 

Fig.l: Oxygen to carbon ratios in dependence upon the 4He fluence 
for polyester (t*10HgO4)n

 a n d polycarbonate 

R e f e r e - n e e 

4 (C,0HeO4 )n 

(C16H4O3 )n 

•100 200 300 He\uC/em2 

/1/ Rudolph, W. et al.; Nucl. Instr. Meth. B15 (1986) 508 
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A DIFFRACTION - RELATED CLASSIFICATION OF POLYCRYSTALLINE MATERIALS 
P. Klimanek 
Bergakademie FreiberQ, Sektion Metallurgie und Werkstofftechnik 

Theoretical consideration on X-ray or neutron diffraction by polycrystals arp often related to a single-phase 
model structure (ideal polycrystal /1,2/), whose scattering phenomena can be described by averaging the intensity 
distribution of its single-crystallite scattering over all orientations of the diffraction vector g*= (s - sQ)/A. 
The diffraction peaks associated with families of crystallographically equivalent nodes |h| = const, of the 
reciprocal space may be called diffraction singlets in this case. Of course, in order to interprete diffraction 
by real polycrystals (e.g. by real powders or massive materials interesting in materials science and technology) 
physically realistic structure models must be used. In the following table a hirarchy of such models is proposed 
which takes into account the chemical (phase) composition of a microstructure, physical (structural) homogeneity 
of the crystallites and the spatial arrangement (distribution of positions and orientations) of grains with 
different structure (arrows indicate interrelations between the structures). 

single-phase objects 
ideal polycrystals 

ideal phase mixture 

statistically 
homogeneous 
materials 

statistically 
inhomogeneous 
objects 

layer 
structures 

multiphase systems 

Realization by 
carefully prepared, 
fine-grained — 
powders 

real powders 
_ _ _ massive materials, I 

thin layers | 

A more detailed discussion of the scheme will be given in /2/. Here only the following explanations may be 
given: 
- Statistically homogeneous polycrystals shall be defined as objects with random (isotropic) spatial arrangement 
of sufficiently (i.e. with regard to the actual scattering object volume) small grains with similar geometry 
and only small fluctuations of the lattice disorder. On such conditions all beam pathes are statistically 
equivalent with respect to absorption in both single-phase and multiphase materials, and the diffraction peaks 
are practically diffraction singlets yet. 

- Statistically inhomogeneous polycrystals are objects, the crystallites of which are nearly randomly (iso-
tropically) distributed but have significantly different size (and shape) and/or non-random orientation 
distribution (i.e. texture) and/or must be devided into fractions with different lattice disorder. X-ray or 
neutron reflections of such structures are so-called diffraction multiplets (i.e. weighted sum of partial 
reflections due to ihe crystallite fractions with different lattice disorder) /1,2/, which in multiphase 
systems with various grain diameters D or absorption parameters pD are influenced by the effect of so-called 
microabsorption u b , for instance). 

- Layer structures are jnhomogeneous polycrystals with anisotropic arrangement of crystallites having different 
lattice disorder (e.g. in deformation gradients), orientation distribution or grain size (e.g. in thin layers) 
and/or phase composition (multiphase layers). As in the case of statistically inhomogeneous structures the 
reflections (hkl) of such structures are diffraction multiplets, but the intensities of the partial reflections 
are additionally weighted by absorption.now, depending on the position of a crystallite fraction within the 
layer structure. Moreover, the effect of absorption on the partial reflections is different for transmission 
and backreflection scattering. 

Experimental realization of the effects mentioned just will be discussed in /4/. 
/1/ Klimanek, P., Cryst. Res. & Technol. 18 (1983) K15 
/2/ Klimanek, P., Dissertation B, Bergakademie Freiberg 19B7 

/3/ Taylor,A., X-Ray Metallography, J.Wiley & Sons, 
New York, London, 1961 

/4/ Klimanek, P., A.Mücklich, p. 110 
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SAMPLE-INDUCED ERRORS IN QUANTITATIVE OIFFRACTION ANALYSIS OF TEXTURES 
P. Klimanek 
Bergakademie Freiberg, Sektion Metallurgie und Werkstofftechnik 
A. Mücklich 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 
Texture analysis by diffraction methods is based on the fact, that the observed intensity Ih(y) of a reflection 
h : {hkl) associated with a direction y in the sample related axis system of a polycrystal is connected with 
the orientation distribution of the crystallites by 

f 
Ih(y) - рм(у)А1м<у) (1) 

where Wj is the volume fraction of 8 texture component having the pole density Ph ̂ (y) and reflecting tie in-
tensity д1ь j(y) into the detector. If Al^ j(y) = is equal for all texture components, normalization of 
(1) leads to the quantity 

ph<y> • - ph,j<y>i С -/v*** «> 
3 

which represents the direct pole figures defined in quantitative texture analysis (/1/, for instance). On prac-
tical conditions the equation (1) is valid if 
- all crystallites are equivalent with respect to the operating scattering mechanism, 
- absorption can be treated as a volume effect and taken into account by a correction factor for all texture 
components, 

- statistical errors due to grain-size induced local fluctuations of Ph .(y) are sufficiently small and 
- the detector in all positions of pole figure registration measures the integrated intensity (or the sane 
constant position of it, respectively) of all scattering crystallites. 

However, real polycrystalline materials with textures are often structurally inhomogeneous objects and do not 
fulfil the conditions just mentioned. In this case the equation (2) must be replaced by 

h i 
where the weight factors * h j(y) = Ih £ 1 depend on the special properties of the microstructure of 
the scattering object. According to /2/, in this connection two types of structural inhomogeneities must be 
taken into account: 
- statistical inhomogeneity due to randomly (isotropically) distributed crystallites of various texture compo-
nents with significantly different grain size and/or lattice disorder as realized, for example, by mixtures 
of deformed and recrystallized grains in hot-worked materials and 

- inhomogeneity due to anisotropic spatial arrangement of the crystallite fractions associated with different 
texture components in so-called layer structures as caused, for instance, by strain or temperature gradients 
in plastically deformed or annealed metallic materials, respectively. 

In the first case the parameters «c h ^(y) = # h ^ are independent of the direction y, but usually different for 
various reflections h. That means, statistical inhomogeneity of a polycrystal essentially gives rise to sys-
tematic errors of the volume fractions of the texture components but does not influence the distribution func-
tions Ph j(y). However, in layer structures absorption is different for various textures components even in 
single-phase materials and the parameters * h »(y) depend on both the direction у and the type of the reflec-•ъ J 
tion. Moreover the beam geometry of the diffraction experiment (transmission or backreflection technique) have 
to be taken into account, too. For this reason in diffraction experiments with layer structures both the volume 
fractions Wj and the distribution functions Ph ^(y) of the texture components can significantly be modified. 
In order to check the considerations sairple inhomogeneity was experimentally simulated by neutron diffraction 
with model objects composed from Cu sheets having different, well-known microstructures and textures. The in-
vestigations show that significant changes of pole figures due to sample inhomogeneity are possible. 
R e f e r e n c e s 
/1/ Bunge, H.-3.: Mathematische Methoden der Texturanalyse. Berlin: Akademie-Verlag 1969 
/2/ Klimanek, P., this report p. 109 
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DETERMINATION OF THE IMPLANTATION-INDUCED TEXTURES BY ELECTRON DIFFRACTION 
K. Helming and B. Rauschenbach 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 

The formation of textures induced by implantation is a phenomenon not investigated up to now 
Because of the small thickness of the texturized material (я*100 nm) the determination of 
such textures is only possible using electron diffraction. At this the measured values (pol 
figures, see fig. 1) are usually insufficient for a quantitative texture analysis (reproduc 
tion of the orientation distribution function (ODF) of the crystallites). With the help of 
extended MPDS-conception /1/ the ranges of measurement of the pole figures absolutely neces 
sary for an ODF-calculation may easely be determined. They have at least to be large enough 
in order to solve the problem of determination of a single orientation unambiguously. 
With the MIMV-method /2/ modified for treatments of incomplete pole figures /1/ the first 
OOF based on electron diffraction was calculated /3/. Fig. 2 shows the fibre texture of the 
TiN-crystallites induced by implantation of N in Ti (direction of implantation parallel 
to the direction of the normal N of the sample). It describes the density of probability to 
find crystal planes with the normal fb = (4^ , j^) parallel to ïî. 
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Fig. 1 
a) Diffraction intensity of (100) and 

(111) planes (• experimental, о theo-
retical ) 

b) measurement scheme 

ODF of the normals of crystal planes 
hi = ( P a r a l l e l t 0 N 

R e f e r e n c e s 
/1/ Helming, K., Dissertation A, ZfK Rossendorf, 1985 
/2/ Matthies, S., G.W. Vinel, Phys. Status Solidi B112 (1982) Kill, K115 
/3/ Helming, К., B. Rauschenbach, Phys. Status Solidi B138 (1986) K1 
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ANALYSIS OF THE INNER COMPATIBILITY OF EXPERIMENTAL POLE FIGURES BY SINGLE POLE FIGURE FITS 
S. Matthies 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 
G.W. Vinel 
Zentralinstitut für Kernforschung, Rossendorf, Bereich G 

Independently on the variation width of an orientation distribution function (OOF) reproduced 
from diffraction pole figures in quantitative texture analysis (the variation width is con-
nected with the ambiguity of the results of the central problem /1/ and can in principle be 
reduced by conditional ghost corrections /2/) erroneous experimental data lower the value and 
reliability of a reproduced ODF. If the degree of falsification of the experimental data is 
too great the sense of a reproduction activity itself may be questionable. For this reason 
criteria are of interest permitting to characterize the quality of the experimental data 
already before the beginning of the expensive solution of the reproduction problem 
(i = 1,2,....I; j = 1,2,...,0): 

Nb 2V _ 

" í ^ i ) J f(Í9bn • V * } " 1 -{7j,0})/(2irNb) d * . (1) n = l о 
Erroneous experimental data are not compatible, i.e. several pole figures as well as the - у 
values indifferent pole points (Yj) of a given pole figure correlated by the crystal 
symmetry^g cannot be interpreted as projections of one and the same ODF f(g). The first 
circumstance ("outer compatibility") can be investigated with the help of group theoretical 
invariants /3,4/. For a characterization of the inner compatibility there was not a quanti-
tative approach up to now. 
In difference to the harmonic method /5/ considering (1) as a linear problem and using the 
FOURIER-apparatus the WIMV-method 111 (solving (1) together with the non-linear condition 
f(g) ft 0) is able to get an approximative solution even for a single polt figure without any 
formally mathematical restrictions. The quality of such solutions can be characterized by the 
RP-values (mean value of the relative deviations of the recalculated from the experimental 
pole figures). 

Due to the underdeterminate character of a single pole figure fit its minimized RP-values 
provide a lower estimation of the RP-values that can be expected for the whole problem 
(consideration of some pole figures, additional falsifications for a perturbed outer compa-
tibility). At this the ODF's determined in single pole figure fits are completely out of 
interest. Test calculations using model distributions as well as experimental data confirm 
the statements just given. So for the test example MIX-2 (cf. /2/) we got following RPO^, 
RP1^-values of the pole figures (111), (001), (110) for the 3-pole figure fit respectively 
single pole figure fits (in parentheses): 

RP0i /X/: 0.46(0.41), 0.86(0.35), 0.57(0.55) 
RP1. /XI: 0.56(0.52), 1.05(0.71), 0.80(0.73). 

R e f e r e n c e s 
/1/ Matthies, S., ZfK-480 (1982), ISSN 0138 - 2950 
/2/ Matthies, S., G.W. Vinel, Phys. Status Solidi B112 (1982) Kill, K115 
/3/ Matthies, S., G.W. Vinel, Gemeinsamer Jahresbericht 1984, ZfK-559 (1985) 81; 

ISSN 0138 - 2950 
/4/ Matthieá, S., Annalen der Physik 43 (1986) 299 
/5/ Preferred Orientation in Deformed Metals and Rocks: An Introduction to Modern Texture 

Analysis. (Ed. H.R. Wenk) New York: Academic Press 1985 
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TEXTURE INVESTIGATIONS ON A FLUORITE VEIN STRUCTURE BY NEUTRON OIFFRACTION 

M. Betzl, K. Helming and W. Voitus 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 
Н.Э. Franzke 
Zentralinstitut für Physik der Erde, Potsdam 
In rocks texture features are of interest in two aspects for geosciences because they provide information about 
the history of rock formation, deformation and metamorphic processes. On the other hand, the rock texture is 
responsible for the forming and orientation of megascopically measurable anisotropics of physical parameters. 
This gives the way to special applications of the neutron diffraction method in the future. 
More recent investigations have a more or less methodical and orientation character and concentrate on mega-
scopical and light-to scaning electron microscopical examination of undeformed and deformed Fluorites of 
hydrothermal vein structures of the Thuringian forest (3 samples) and the Eastern Harz mountains (3 samples). 
According to the similarity of results in both occurences, here we report only about the deformation profile of 
the Harz mountains. 
Fig. la - lc show the pole figures of a undefortned fluorite, fig. 2a - 2c the pole figures of a deformed sample. 
As for the position of peaks one has to take into account that the determination of sample coordinates 
axis has a deviation of • 10° from the exact position, because the sampling in practice is always related to 
megascopically visible structural features. 
The undeformed sample has a clearly distinct texturation (PQJQ) S 20; Pqqo) 81 a УегУ distinct 
main component {lllj <112> a less intensive secondary component {100}<01Q> is formed. This type of fluoride 
was not influenced by further deformations. Thats why we conclude that this strongly ordered texture pattern is 
mainly a product of recrystallization under static conditions. 
The deformed sample has not reached such a highly oriented texture, but we notice also 4 preffered orientations 
which, however, are hardly ever determined only by discussion of pole figures. 
Nevertheless, it is fundamental to conclude that the primary highly ordered texture pattern with preffered 
orientations of (100)- and (lll)-lattice planes parallel to the vein walls in the deformed Fluorite is regularly 
partially moved into new positions, so that seems to be axiomatically possible to explain deformation stages of 
Fluorite veins by texture analysis with help of neutron diffraction. 
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SMALL-ANGLE NEUTRON SCATTERING ON SILICON NITRIDE POWDERS 
F. Eichhorn 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 
3. Biasing 
Technische Hochschule "Otto von Guericke" Magdeburg, Sektion Mathematik und Physik 

Silicon nitride is a prefered substance for future materials. Because the construction details 
must be processed by sintering of powders the shape and the size of grains have to be in a 
suitable range. We used small-angle neutron scattering in order to determine these properties. 
By the help of this method the material can be investigated in a nearly original state. As the 
volume of samples used can reach the order of 1 cm' a representative portion of grains takes 
part in the scattering of neutrons. 
In the two-phase approximation (the sample consists of particles within a matrix) the differ-
ential cross section of small-angle scattering /1/ is 

* 
I ж 

with Np - number of particles with the volume Vp, 
Çp, (9M) - scattering length density of the particle (matrix), 
N - number of atoms in the sample, 
IQi = 4 JT sin б/А , 
Л - wavelength, 
29 - scattering angle. 

Term I determines the scattering contrast and term II is the single particle form factor. 
The scattering of thermal neutrons(Л а» 0.1 nm) into the scattering angle range of few seconds 
of arc contains'information on structure elements with a size of several pm. Samples produced 
by nitriding silicon powder and chemical reaction of ammonia with silicon chloride, respec-
tively, have been tested on a double crystal diffTactometer equipped with perfect crystals. 
After the separation of the apparatus function /2/ the measured scattering cross section was 
expanded within the frame of the Guinier approximation into components of particles with 
different shape or size. 

Figure 1 shows the obtained particle size distri-
bution function of a nitrided silicon powder. 
Taking into account not only the results of the 
particle shape determination but also the data 
of sedigraphic and electron microscopical analyses 
particles with a diameter of equivalent spheres 
less than 2.5 pm are individual ones whereas the 
greater sizes are caused by agglomerates of 
20...150 single particles. 
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Fig. 1 
Partiel» size distribution of a silicon 
nitride powder produced by direct 
nitriding of silicon 

R e f e r e n c e s 
/1/ Kostorz, G., Treatise on Materials Science 

and Technology. Vol. 15, ed. G. Kostorz, 
Academic Press 1979, p. 227 

/2/ Schild, L., Dissertation A, Technische Hoch-
schule Magdeburg 1982 
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SANS STUDIES ON THE HYDRATION PROCESS OF PORTLAND CEMENT PASTE 
F. HauQler and U. Miehe 
•Technische Hochschule Leipzig, Sektion Naturwissenschaften % 
F. Eichhorn 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 

Small-angle neutron scattering (SANS) was applicated to problems of material research in 
civil engineering. Hydrating Portland cement paste was investigated on a double crystal 
difftactometer equipped with perfect crystals. 
Portland cement paste contains many crystallographic phases existing in various ranges of 
size. Therefore the scattering curve is a superposition of these phases and structures. 
Following formula can describe this fact /1/: 

s / 
K B ) = К û j ^ P i u. j Vpi(a) W.(a) |fiCQ,e){2 da (1) 

i = l V„ Pi 

0 = 4* »in(W)/A (2) 

20CE 

The measured SANS curve 1(B) is'a function of the rocking angle 0 of the second diffractome-
ter crystal. |f(Q,a)(2 characterizes the particle form factor. The variable a is the charac-
teristic linear size of the scattering objects, while W(a) represents the distribution func-
tion of a. Vp describes the volume of the scattering particles with the volume-concentration 
p and with a SANS contrast u. The summation is extended over s types of scattering objects 
with different phases and geometries. The constant К and the smearing operator 0 take into 
account properties of the diffTactometer device. 

First experiments /2/ showed the develop-
ment of the scattering curves during the 
initial 24 h after the beginning of 
hydration. The changes of the scattering 
curves are caused by the microstructural 
development confirmed by measurements of 
temperature, electrical resistivity and 
dielectric constant /3/, too. Now, 
fig. 1 shows the development of radii 
of gyration during 28 days after the 
onset of hydration /4/. The radii of 
gyration vary with the water/cement 
ratio in the range from 500 to 3000 nm. 
0.38 is the calculated water/cement 
ratio for complete hydration of the 
Portland cement used. In contrast to 
the other samples the sample with a 
water/cement ratio of 0.27 shows another 
asymptotic cinetic behaviour. The exist-
ing deficiency of water causes both a 

prolonged hydration process and a decrease of the gaps between the individual cement phase 
grains. 
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2« 

Fig. l 
Syration radius for cement paste of different 
water/cement ratio versus hydration time 

R e f e r e n c e s 
/1/ HäuBler, F., Dissertation A, Technische Hochschule Leipzig 1986 
/2/ Eichhorn, F. et al., Annual Report 1985, ZfK-584 (1986) 71 
/3/ McCarter, K.J., A.B. Afshar, 0. Materials Science Letters 4 (1985) 405 
/4/ Miehe, U., Diplomarbeit, Technische Hochschule Leipzig 1987 
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THE STRUCTURE OF METAPHOSPHATE GLASSES BY NEUTRON DIFFRACTION 
W. Matz 
Zentralinstitut für Kernforschung. Rossendorf, Bereich KF 
D. Stachel 
Friedrich-Schiller-Universität Jena, Otto-Schott-Institut 
E.A. Goremychkin 
Joint Institute for Nuclear Research Dubna, Laboratory of Neutron Physics 

In connection with the development of athermal optical glasses with anomalous partial dispersion there is a 
growing interest in phosphate glasses. Up to now the structural reasons for the athermal behavior of the glasses 
are not known. 
We studied the atomic structure of a series of metaphosphate glasses, Me(P0j)2 with Me = Zn, Mg, Ca, Sr, Ba, 
by neutron diffraction. In such glasses exist very short interatomic distances. To resolve these distances the 
structure factor S(Q) have to be measured up to high values of Q (= Atrsinzf/Д). With a conventional neutron 
diffractometer at the RFR a maximum value Qmgx = 93 nm"1 can be achieved. In order to extend the Q-range of the 
structure factor time-of-flight neutron diffraction experiments were performed at the pulsed reactor IBR-2 of 
the JINR Dubna. With = 168 nm"1 a good resolution in real space was obtained /1/. For the interpretation 
of the diffraction data the function T(r) was used. 0 

, _ sin (га/р__х) 
T(r) = 4Ttí / Q[S(Q)-lJ 2S2- sin (Qr)dQ 

r о 
Here is the mean particle density of the sample. The figure shows the T(r)-curves for the investigated 
glasses. 

The separated peaks in T(r) 
especially for Mg(P0j)2 
and Zn(P0j)2 indicate the 
the possibility to divide 
T(r) into single peaks. 
The procedure of dividing 
T(r) into single Gaussians 
was performed at a graph-
ical display. To obtain a 
good quality of the fit 
the difference between 
experimental and fitted 
peaks (dotted line) was 
minimized. 
These peaks can be attri-
buted to distinct atomic 
pairs according to the 
different ionic radii of 
the samplefe constituents. 
The pairs are indicated in 
the figure. From the results 
of the peak separation 
procedure the following 

description of the structure of the glasses can be given. The main structural elements are РОд-tetrahedra with 
a mean P-O-distance of 0.155 nm. The tetrahedra are only a little distorted, as indicates the O-P-O bond angle 
distribution deduced from P-0- and O-O-dtetances. The 0-0 coordination number of 4.5 allows the conclusion, that 
tetrahedra are connected up via two bridging oxygen ions in chains. The РтО-Р bond angle distributions have a 
maximum around 140 * , so that the chains are not linear. The metal ions are located between the chains of РОд-
tetrahedra and are surrounded by oxygen ions. For the glasses with Zn,Mg,Ca the metal has 4 nearest oxygen 
neighbors and in the Ba glass 8. The structure of strontium metaphosphate glass seems more complicated. 
/1/ Matz, W., U. Hoppe, Gemeinsamer Jahresbericht 1984, ZfK-559 (1985) 77 
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Eig. 1 
Reduced radial distribution functions T(r) of metaphosphate glasses as deduced 
from neutron diffraction experiments (continuous lines). The dashed lines are 
the fitted Gaussians attributed to different atomic pairs and the dotted lines 
are the residuals. 
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ACCELERATORS 

OPERATION OF THE CYCLOTRON U-120 

B. Anders and H. Ouratssch 
Zentrallnstltut fur Kernforschung Rossendorf, Bereich G 

In the pest year the total operation tine of the cyclotron has been 5650 hours. The bean has been 
used nalnly for basic nuclear research (1508 hours) and Isotope production (1469 hours). 
Table 1 shows the complete tine distribution. 
Table 8 gives the aurvey of accelerated particles with their percentages of bean tine. 

Э+ 
For the generation of Li Ions an Internal ion source with an indirect heated cathode was put 
into operation. This has given the possibility to increase the beam tine with Ll Ions used for 
nuclear spectroscopy studies. 

Table 1 

Beam tline distribution for 1986 
Table 2 

Accelerated Ions and their 
percentages of beam tine 

Cyclotron operational 5650 h 

Turning on and off; 
Maintenance 502 h 

Scheduled revision 476 h 

Total beam tine: 4672 h 

Nuclear physics 1508 h 

Isotope production 1489 h 

Neutron therapy 200 h 

Thin-layer 
activation 100 h 

Cyclotron improvement 510 h 

Others 865 h 

D+ 52 * 

3 * 

*He2+ 34 * 

6;7Ll3+ 11 * 
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OFKRATIOR OF ÏH8 SLÍCTROSTATIC ACCXtSRATOHS П» 1986 
V. Burger and S. Turuo 

Zentral Institut für Karnforsohung Bossendorf, Bereich О 

Tanden-Acoelerator 
The accelerator has been operated ln a 3-ehift node. It haa been used for experiment« of nuolear 
physics, solid state physios, thin layer activation. Irradiation of polymer foils aad for experiments 
directed to the development of accelerator components. 

Characterlclng parameters of accelerator employment are given In table 1 and 2. 

hours species of lona rel. op. tine 
Available time 5802 P 22 S 

Accelerator under voltage 4421 d 21 * 
Experimente with beam *139 d (pulsed) 14 * 

Development 692 С 3 * 
H 24 % 

Maintenance and planned 
stand 971 Si 5 * 

Cl 11 * 
Br, 0 с 1 * 

The accelerator did not need an opening of the vessel for maintenance during the paat year. 
The life time of the charging belt (Qreengate) Is now about 12000 hours. 

The equipment for foil Irradiation ln connection with the production of nuclear track microfiltere 
has been improved. Because of the insufficient long tern stability of Ion ourrent the relation 
"Ion current/foil speed" haa to be kept constant. The foil belt tension Is controled ln order to 
achieve exact winded finished rolls. 

A test stand for experiments with an external ion beam has been built up. First activities using 
this possibility dealt with investigation of art objects. 

Vlth respeot to beam diagnostic at present we study a decelerator lens assembly for measuring the 
energy spread of a low energy Ion bean. 

In connection with our development of sputter Ion sources we delivered and set up Into operation 
an ion source KISS 483 at the tandem accelerator of the University of Helsinki. 

Van de Graaff Accelerator 

The 2 KT VdG accelerator haa been used 3200 hours mainly for nuclear analysis (protons, deuterons, 
helium lona). During that time the rf-source waa running without any maintenance. 

Ve changed the charging belt and we use now a Poly-C-belt. At present the life time of this belt 
1s about 2300 hours. The charging with bruahes waa not aatlsfylng because of the high dust 
generation. How we use a conventional needle arrangement with good success. 

The activities for improving the energy stability of the Ion beam have been continued. 
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NUCLEAR ELECTRONICS AND METHODS 
E L E C T R O N I C E Q U I P M E N T FOR T H E 4тг - S P E C T R O M E T E R P H O B O S 
W.D. Fromm and H.-G. Ortlepp 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 
H. Sodan and O.V. Strekalovski 
Joint Institute for Nuclear Research, Dubna, Laboratory of Nuclear Reactions 
At present the installation of «the 4iT-spectrometer PHOBOS /1/ for reaction products of medium 
energy heavy ion collisions is prepared at the JINR Oubna, Laboratory of Nuclear Reactions. 
Parallel with the development and test work on models of the gas-filled detection modules/2,3/ 
parts of the electronic equipment have been developed /4/. The conception for the whole 
electronic system has been worked out. It includes: 

i) special timing and spectroscopic.equipment which has been optimized with regard to the 
chosen gas detectors, 

ii) the first level trigger logics for events exceeding a certain multiplicity level, 
iii) the CAMAC multiparameter data acquisition system based on the system crate principle, 
iv) the computer configuration for data collection, control and on-line analysis, 
v) the preliminary conception of the electronics for the phoswich scintillation detectors. 

The concept is based on maximum simplicity and economy with the technology presently available 
at the JINR Dubna and the CINR Rossendorf. At the first step the event selection is performed 
only by a multiplicity criterion (fig.l). Later the majority coincidence may be replaced by 
a more sophisticated set-up, but the individual detector-specific modules organizing analysis 
or fast reset must not be changed. A second level trigger is not foreseen, but may be intro-
duced later, too, e.g. by replacing the system crate by a faster multiprocessor bus system. 
The computer-controlled detection electronics for the chamber and the scintillator part for 
each of the 30 modules of PHOBOS is realized as dedicated CAMAC-units. Therefore, a CAMAC-
system consisting of several branch highways has to be chosen. 
The data-taking computer will be connected to a specialized CAMAC-crate, the system crate, via 
a crate controller KE001 /5/ with DMA-capability. As branch drivers single width CAMAC units 
KK008 /6/ placed in the system crate are used. Also the trigger electronics is located in the 
system crate allowing in this manner fast service of the interrupt by first transferring the 
response pattern to the computer which then selects the crates with hit modules. Their infor-
mation is read blockwise with DMA into a buffer which is periodically written to magnetic tape. 
A second, more powerful computer is coupled to the bus of the data-taking machine and can use 
parts of the event-data for on-line analysis. Singles and two-dimensional spectra can be dis-
played and stored on magnetic disk. Several small computer systems control subsystems of the 
spectrometer, e.g. the vacuum system, the gas-supply and the high voltage system. The status 
of these autonomous systems is supervised by the data-analysis computer during the experiment. 
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THE VACUUM AND GAS HANDLING SYSTEM FOR THE Alt SPECTROMETER "PHOBOS" 
W. Seidel and D. Walzog 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 
H. Sodan 
Joint Institute for Nuclear Research, Oubna 
The vacuum and gas handling system for the АТС spectrometer PHOBOS /1/ was designed. From this 
conception practical demands were derived for the technical specifications of the main com-
ponents of the vacuum and gas handling system which are to be regarded in the practical 
design work. Several considerations have to be addressed regarding the feasibility of such a 
design: , 

(1) In the reaction chamber a vacuum of 10"* - 10"^ Torr should be attained. 
(2) The 30 Bragg ionization chambers (BIG) /2/ and 30 double grid avalanche counters (DGAC) 

/3/ have to be evacuated initially to 10"2 - 10"' Torr. 
(3) The 60 counters and the reaction chamber should be simultaneously evacuatable or aera-

table. 

(A) The counters must operate with a steady gas flow and one has to control the pressure and 
gas flow. 

(5) The control system must prevent wrong manipulations. 
Fig. 1 shows the concept of the vacuum and gas handling system (pumps, gate valves, bellows 
etc.), which is based on NW250, NW100, NW40 and NW25 components. The BIC and DGAC operate in 
a continuous gas flow mode with different highly purified gases. For easy exchange of the 
detector modules the whole spectrometer PHOBOS is planned to be turnable by + 90". All detec-
tors are, therefore, connected by flexible tubes with a movable system of four ring tubes, 
which provide the evacuation and a separate gas flow through both counter types. The outlets 
of the counters are connected to vacuum pumps and the amount of gas flow is regulated by 
needle valves behind the detectors. The gas pressures can be adjusted with a precision of 
about 1 X by means of automatic valves VBR 40 /4/ located before the detectors. 

The corresponding reference 
signal is given by a vacuum 
meter M 501 /4/. It is planned 
to use one of such systems for 
each group of 3 BIC working 
with the same gas pressure. 
The 30 DGAC are provided with 
one common control system only. 
A prototype of the gas flowing 
control system is under test. млело* 

CHAMBTFL 

Fig. 1 
Vacuum and gas handling system 
for the 4lfspectrometer PHOBOS 

R e f e r e n c e s 
/1/ Sodan, H. et al., Annual report 1984, ZfK-559 (1985) 144 
/2/ Seidel, W. et al., this report p. 122 
/3/ Seidel W. et al., Annual report 1985, ZfK-584 (1986) 94; this report p. 121 
/4/ VEB Hochvakuum Dresden 
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FURTHER TEST RESULTS WITH THE DOUBLE GRID AVALANCHE COUNTER 

W. Seidel and H.-G. Ortlepp 
2entralinstitut für Kernforschung, Rossendorf, Bereich KF 

The overall design of the double grid avalanche counter (DGAC), provided for the 4V&pectrome-
ter PHOBOS III, and first test results have been described previously /2/. During the last 
year the time and position resolutions could further been improved. Fig. 1 shows the measured 

252 
time resolution for the light group of Cf fission fragments versus the gas pressure for 

two different wire distances. Both counters had the same anode-
cathode gap of 3 mm and were operated 15 V below the (pressure 
dependent) voltage, where the spark discharge sets in. For 1 mm wire 
distance the minimum at about 2.5 Torr is caused by the contrary 
action of the pulse height and the drift time dispersion which de-
crease with decreasing gas pressure. For 1.5 mm wire distance this 
minimum cannot be attained due to the much higher field inhomo-
geneities between the wires. For different gas pressures the posi-
tion spectra of fig. 2 were measured with the 1 mm OGAC irradiated 
with<£-particles through the diaphragm depicted (upper part). The 
signal' processing has already been described in /3/. At low pres-
sure (p < 3 Torr) the electron diffusion causes a lateral spread 
of the avalanche surpassing the wire distance. A continuous posi-
tion information may be obtained from the centre of gravity. For 
p > 5 Torr the wire structure is resolved, corresponding to an ava-
lanche width of about 1 mm, in agreement with /4/. Fig. 3 shows an 
etched Cu diaphragm (above) and its image (below) produced 
with «С-particles and the 1 mm DGAC. 
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R e f e r e n c e s 

/1/ Sodan, H. et al., Annual report 1984, ZfK-559 (1985) 144 
/2/ Seidel, W. et al., Annual report 1985, ZfK-584 (1986) 94 
/3/ Ortlepp, H.G., W. Seidel, Annual report 1984, ZfK-559 (1985) 149 
/А/ Breskin, A. et al., Nucl. Instrum. Methods 21Л (1983) 107 
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A BRAGG IONIZATION CHAMBER WITH LARGE SOLIO ANGLE 

imueiue 9 n* г*ц> ммвыслшв 

W. Seidel, H.G. Ortlepp, D. Walzog and F. Stary 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 
M. Andrassy and H. Sodan 
Joint Institute for Nuclear Research, Oubna 
We present here the prototype of a Bragg ionization chamber (BIC) with a solid angle of 
30 msr designed for the second detector layer of the 4Г spectrometer PHOBOS /1/. By using the 
Bragg curve spectroscopy /2/, one measures the energy and the atomic number 1 of high energy 
heavy ions stopped in a gas-filled ionization chamber with the electric field parallel to the 
incoming particle trajectory. The principle of operation and the analogue signal processing 
were already described in /3/; first test results obtained with a digital signal processing 
system are described in /А/. Compared to conventional ionization chambers with the electric 
field perpendicular to the particle trajectories, the BIC offers the additional advantage of 
close packing, necessary to follow the demands for high solid angle efficiency of PHOBOS. The 
schematic view of the detector is shown in fig. 1. The BIC consists of a truncated hexagonal 
pyramid made from stainless steel. The entrance window has a diameter of 13 cm and was made 

of 3 ym (340 pg/cm ) thick aluminized polyethylene, 
supported by horizontally stretched steel wires 
(diameter 0.2 mm) with 2 mm spacing. The grounded 
window withstands a pressure difference of about 
400 Torr. The 1 mm wide and 1 mm spaced field 
shaping electrodes were etched from copper-plated 
fiberglass epoxy laminates glued together in form 
of a truncated hexagonal pyramid. The voltage 
divider of totally 100 MÄresistance supplies a о 
field strength Ewl/r , necessary for position-
independent Z calibration. The distance between 
the cathode and the Frisch grid amounts to 22 cm, 
that between grid and anode to 1.5 cm. The Frisch 
grid consists of copper-beryllium wires of 70 pm 
diameter, separated by 0.4 mm. The screening in-

efficiency was calculated to be 
0.25 X. The preamplifier signals 
were fed into two different shap-
ing amplifiers - a standard spec-
troscopic amplifier with 6 ps 
shaping time for the energy deter-
mination and a second one with 
0.5 ps shaping time corresponding 
to the electron drift time between 
the Frisch grid and the anode. 
The chamber was operated in a 
stationary regime with 90 X Ar • 
10 X CH. non-purified gas at a 
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pressure of 150 Torr. First tests were performed witheC-par-
ticles from zl0Po and 241Am sources. Fig. 2 shows the meas-
ured energy spectrum. Subtracting the contributions of the 
energy straggling in the entrance window ( A E ^ 4 0 keV) and 
"the electronic noice (A E = 49 keV) from the observed value 

of AE = 71 keV, the intrinsic energy resolution of the BIC is estimated to be ДЕ = 32 keV 
(ДЕ/Е = 0.6 X). From the oí-particle Bragg peak spectrum shown in fig. 3 a Z resolution of 
3.6 X was deduced. Further optimizations of the energy and Z resolutions are under work. 
/1/ Sodan, H. et al., Annual report 1984, ZfK-559 (1985) 144 /3/ Kotte, R. et al., ZfK-591 (1986) 
/2/ Gruhn, C.R. et al., Nucl. Instrum. Methods 196 (1982) 33 /4/ Romaguera, A., H.G. Ortlepp, this report p. 123 
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INTRODUCTION OF DIGITAL FILTERING METHODS INTO THE BRAGG-CURVE SPECTROSCOPY 
A. Romaguera and H.-G. Ortlepp 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 
During the development and test of a small Bragg ionization chamber (BIC) at CINR /1/ it be-
came clear that the usually applied signal processing /2,3/ is not optimal, especially with 
regard to pile-up problems. Therefore, the introduction of digital filtering methods was 
considered. A complex study has been started including: 

i) model calculations of expected errors due to the quantization in dependence of the 
analogue shaping and the flash ADC resolution and sampling period 

ii) storage of real BIC wave forms of alpha praticles and low mass heavy ions from the 
CINR 5 MV tandem accelerator by use of a transient recorder (fig. 1) 

iii) off-line test of several algorithms for obtaining the Z information applied to the 
stored waveforms (fig. 2) in order to optimize the digital filter operation 

iv) real time processing of BIC signals digitized by а В bit video ADC with 200 ns sampling 
period in a model digital filter arithmetics for gaining the energy information 
(fig. 2). 

In these first attempts both the E and Z resolutions did not attain the values of the ana-
logue method. Reasons are the small number of only 14 samples and the unsufficient stability 
of the used ADC. The stability requirements for pulse spectroscopy are at least one order of 
magnitude higher than for video applications. A new digital system based on an 8 bit flash 
ADC chip is under construction. 

Fig. 2 
Alpha-particle Bragg-peak 
(upper part) and energy (lower 
part) spectra obtained by ana-
logue and digital signal proces-
sing 

R e f e r e n c e s 
/1/ Kotte, R. et al., ZfK-591 (1986) 
/2/ Abíielineau, 3.M. et al., Nucl. Instrum. Methods 219 (1984) 506 
/3/ Shenhav, N.3., H. Stelzer, Nucl. Instrum. Methods 228 (1985) 539 
/4/ Koeman, N., Nucl. Instrum. Methods 123 (1975) 161 
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A TEST OF THÇ BRAGG IONIZATION CHAMBER BY- USING THE REACTION 10B+35Cl(32MeV) 
A.A. Kotov*), W. Neubert and W. Pilz 
Zentralinstitut für Kernforschung Rossendorf, Bereich KF 

The observation of various charged particles produced in inelastic H.I. reactions at very low 
energies is restricted to some light target nuclei. A sensitive test of the ionization cham-
ber was performed with a target enriched in 10B(mixed with 12C) which was bombarded by a 
32MeV '^Cl-beam. In this case the incidence energy exceeds the Coulomb barrier of about 
22 MeV and the production of reaction products is favoured by the positive Q-values. Indeed, 
we observed pronounced branches of C, N and 0 out of the products of elastic scattering. The 
1®B and constitutents of the target scatter the incoming '*C1 ions elastically into nar-
row cones which are not accepted by the ionization chamber mounted at 27.5 deg with respect 
to the beam axis. This feature enables us to follow the low intensity branches of nitrogen 
and oxygen down to about В MeV. Nevertheless, the upper branch in fig.l belongs to the scat-

35 tered beam particles. Ions of CI with energies up to 23 MeV can be produced by elastic 
scattering from the Al target holder. The lower branch in fig.l is formed by the 19в target 

- 2 recoils. The range of these recoilsC3^.5mgcm ) exceeds somewhat the depht of the ionization 2 chamber (corresponding tol.85mgcm of butane) and the non fully stopped boron ions lead to 
12 

the vertical fringe. On the other hand, the track of the С recoils of about the same energy 
fits within the chamber lenght. The branches of nitrogen and oxygen are lower in the intensi-35 CI induced ty. An inspection of the kinematics shows that both nuclei may be produced by 
reaction on and 12C. As a consequence of the low energies, all branches in the BP-E plo 
are inclined and a somewhat modified data processing is required. We subdivided the energy 
range from 9.6 MeV to 15.2 MeV into 20 bins and determined the cehtres of gravity. Fig.2 
shows the projections onto the BP-axis whereby the distances between the peaks refer to the 
energy-averaged values. We find a good separation of adjacent nuclear charges in the 
region regardless of their low energy and moderate energy resolution of the detector. The 
charge resolution amounts to be about Z/4Z *16. The BP-response (for a shaping time of 0.25 
Ms) fulfills the linear relationship Z=0.125»BP+1.35. 

') On leave from LNPI, Gatchina, 
U.S.S.R. 

Fig.2 

Fig.l 
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PROPERTIES OF A COAXIAL IONIZATION CHAMBER TESTED WITH LOW-ENERGY HEAVY IONS 
A.A. Kotov*), W. Neubert end W. Pili 
Zentralinstitut für Kernforschung Rossendorf, Bereich KF 
Experiments with purifisd n-pentane resulted in good energy and charge resolutions /1/. 
However the purification is time-consuming and a simple alternative is the use of other alke-
nes. Commercial butane which contains up to 6BX of isobutane was used in the experiments at 
the Rossendorf Tandem Accelerator. A disadvantage is that the signal amplitude for heavy ions 
goes down by about 2% per hour in our ionization chamber /2/ newly filled with this gas. 

12 4 + A series of tests was performed with С ions of En = 20 MeV. The ions elastically scattered 
- 2 

by a Au target (290pgcm ) enter the ionization chamber under 27.5 deg. with respect to the 
beam axis. The entrance window (lBmm in diameter, supported by a Ni grid) was made from Form-

_2 
var with a thickness corresponding to 57pgcm . The ionization chamber was operated at 6.,8., 
9.and lo.io'pa. In order to maintain the same E/p-values the voltage was always adjusted. The 
total charge released by the ionization was measured with a pulse shaping of 2ps by using 
spectroscopic amplifiers SPV 5024. The measurements cover the range 0.75 V/Torrcm - E/p * 2V/ 
Torrcm in the space between cathode and Frisch grid. The peak position-remains unshifted for 
E/p ^1.8 V/Torrcm indicating full charge collection. At fixed E/p, the amplitude of the ener-
gy signal (E) rises to a pressure of 9.103 Pa where total absorption is reached for 18.7 MeV 
carbon ions. This result is confirmed by calculations of the Bragg curves using the input da-
ta of ref. /3/. The Bragg-Peak signal (BP) was generated by using the spectroscopic amplifier 
SPV 5023 with a shaping time of 0.25ps which becomes comparable with the collection time of 
the electrons produced around the Bragg peak. A Gated Biased Amplifier (П17ТЕП rtorlnl 444) al-
lowed the necessary ps-delay of these analog signals required for the two-dimensional data 
processing. Both the E and the BP signals were fed into stretchers followed .by В bit ADCs. 
The digitized information was combined in a 16 bit interface (SWB 4901) and processed by a 
microprocessor-controlled 2 0-analyzer with colour display. A two-dimensional BP-E plot subse-
quently generated at E/p=2.35 V/Torrcm by ions of 1ZC3+(14.7 MeV), 28Si7+(27.3 MeV) and 
35Cl7+(26.2 MeV) shows fig. 2. The values in the brackets are the energies after the entrance 
window. This plot shows 8 good separation for silicon and sulfur above 15 MeV. A linear rela-
tion between the BP-amplitude and the nuclear charge Z is fulfilled for the three ions (and 
ions of B,C,N,0, next contribution) as seen in the insert of fig.2. 
R e f e r e n c e s 
/1/ Kotte.R., Ortlepp,H.-G., Keiler,H.-3., Stary.F., Annual Report 1985, ZfK-584(l986) p.97 
/2/ Andronenko, L.N. et al., Annual report 1985, ZfK-584 (1986) p.99 
/3/ Northcliffe, L.C. and Schilling, R.F. 
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A DETECTOR TELESCOPE FOR MEASURING ANGULAR DISTRIBUTIONS OF NEUTRON INOUCEO CHARGED REACTION 
PRODUCTS 

P. Michel, J. Hutsch, J. Mösner, К. Möller end G. Schmidt 
Zentralinstitut für Kernforschung Rossendorf, Bereich KF 

A charged particle spectrometer, described in /1/, has been changed in several details and completed by two 
position sensitive multistep avalanche chanters (MSCs) /2/ in order to measure the differential cross section 
of neutron induced charged particles in forward direction. At present we use this upgraded spectrometer for a 
mea sûrement of the zero degree differential cross section of the n-p capture reaction at ER « 25 MeV. In a 
forner experiment we determined the total cross section of this reaction /3/. 

The n-p capture reaction and its inverse, the deuteron photodislntegration, has recently recieved ouch atten-
tion from both the experimental and theoretical sides. Especially the 0* cross section excitation function seems 
to give deeper Insight into details of the N-N interaction, see e. g. /4/. 
Fig. 1 shows the spectrometer consisting of a gaseous target and a detector system. The gas cell contains two 
MWPCs which ensure that detected particles are originated within the cell. The two scintillation counters (SCI, 
SC2) serve for measuring the time of flight and the response of the charged particles and the two MSCs are used 
for the determination of the track coordinates in order to reconstruct the neutron-deuteron angle. The position 
resolution of the MSCs allows a determination of this angle with an accuracy of 1.7 mrad (FWm). 

The spectrometer was designed in order to minimize multiple scattering and energy loss. The exit window of the 
2 2 gas call was made of 13.5 mg/cm mylar foil, the thickness of the plastic scintillator of SCI is 5.2 mg/cm and о 

the MSC1 has an average mass density of 3.8 mg/cm tungsten. In order to avoid windows for the MSCs the whole 
vessel is filled with isobutan corresponding to a density of 2.4 mg/on along the path between the gas cell and 
SC2. The MSCs operate in the gas flow mode (*» 100 cm'/min) using a system to maintain a constant pressure of 
(16 +0.1) mbar. A mean scattering angle of about 28 mrad for 10 MeV deuterons results from these values taking 
into account additionally the multiple scattering within the gas cell containing hydrogen at a pressure of 
0.4 MPa. 
The spectrometer has a mean opening angle of + 107 mrad resulting from the distance of 700 mm between the centre 
of the gas cell and the SC2 and the diameter of 150 mm of the SC2. 
The other components of the experimental setup are similar to that described in /1/. In order to obtain a larger 

12 2 

rate of capture deuterons a Ti-T target of 2.5 • 10 Bq/cm and 8 neutron collimator with enlarged opening 
angle are applied. Thereby, the neutron flux crossing the gas cell amounts to about 4 • 10* n/s at a pulsed 

deuteron beam of l.S pA. Consequently 
the total rate of capture deuterons per 
hour is about 80, that means a factor 
20 larger than fornerly. 

S e S 1« 
Fig. 1 
Schematics! viev of the telescope 

R e f e r e n c e s 
/1/ Stlehler, T. et al., Hucl. Instrum. Methods A 236 (1985) 343 
/2/ Michel, P. et al., this report p. 127 
/3/ Stiehler, T. et el., Phys. Lett. В 151 (1985) 185 
/4/ Zieger, A., Grower, P. and Ziegler, В., Few-Body Systems 1 (1986) 135 
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POSITION SENSITIVE MULTISTEP AVALANCHE CHAMBERS FOR OETECTION OF LIGHT CHARGED PARTICLES 
P. Michel, 0. Hutsch, 0. flösner, K. Möller end G. Schmidt 
Zentralinstitut für Kernforschung Rossendorf, Bereich KF 

Two low pressure position sensitive multistep avalanche Chambers (MSCs) have been developed for an experiment 
measuring the differential cross section of the n-p capture reaction at En=25 MeV /1/. This kind of detectors 
have been chosen due to the spezific conditions of the experiment resulting in the following demands. The mass 
density of the chantiers has to be small in order to minimize multiple scattering and energy loss, the efficien-
cy for detection of deuterons up to 15 MeV should be nearly 100 X, track localization of better than 0.5 mm 
(FWVW) is required in order to obtain a sufficient angular resolution and a stable operation is necessary with 
respect to position response and efficiency during several weeks at pulse rates up to lo'c/s. 

2 2 We have built two MSCs with effective areas of 100x100 mm and 190x190 mm , respectively. Fig. 1 shows the 
2 2 arrangement of the electrodes, where A is a 50 pg/cm fomvar foil with 40 pg/cm gold evaporated, В is a 1 x 1 2 

iim mesh of 20 pm Au-tungsten wires, С and E are the cathode grids made of 28 pm Au-tungsten wires in 1 mm 
distance and 0 is the anode grid consisting of 13 pm Au-tungsten wires 2 mm apart. The PPAC gap (A-B) is 3.7mm, 
the gap of the drift space and the distances between cathode and anode wire planes are 5.3 mm. The E-grid is 
orthogonal to that of D and C. The principle operation mechanism of low pressure MSCs has been investi-
gated by several authors /2/. We applied delay-line read out using special low noise preamplifiers /3/. 
The two MSCs have been tested with 5.5 MeV««-particles (241Am), 5.9 keV /'s (55Fe), protons (5 to 25 MeV) and 
deuterons (5 to 22 MeV) at pressures of 8 and 16 mbar isobutan. Position resolution of 320 pm (FWm) for oc-par-
ticles and 480 pm for 5.9 keV >'s have been obtained in both coordinates over the whole active areas of the 
chambers. A differential and integral nonlinearity of track localization of smaller than 0.8 X has been measu-
red with an ot-source using a computer controlled mechanical scanner. Fig. 2 shows the result of the determina-
tion of the efficiency for protons and deuterons at 16 nbar which have been obtained by operating the chamber 
in coincidence with a scintillation counter telescope described in /1/. 
More details about the properties of the chambers will be published. Finally it should be noted that excellent 
operation stability of the chambers including electronics and gas flow system has been observed during several 
days under the real conditions of the experiment. 

too 
90-

8 0 -

70 

60-

1 protons 
» douterons 

N 
UMIIMV 

Ю го JO <0 so 
s « 6 20 25 

Fig.l: The arrangement of the electrodes of the MSCs. Fig.2: The efficiency of the MSCs for protons 
and deuterons. 

R e f e r e n c e s 
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P A R A M E T E R O P T I M I Z A T I O N OF H I G H - D E N S I T Y A V A L A N C H E C H A M B E R S 
P. ManfraB, W. Enghardt, W.O. Fromm and 0. Wohlfarth 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 

High-density avalanche chambers as proposed by Jeavons et al./l/ are intended for use as 
position sensitive detectors of a positron emission tomograph (PET) which is under construc-
tion. The PET is planned to consist of a hexagonal arrangement of such detectors, each having 
a size of 50*28 cm*. Before finally designing the positron camera the essential properties of 
the detectors had to be studied. The results of these investigations are summarized in this 
report. 

The detectors were operated with different filling gas mixtures at normal pressure: 
(i) Ne + 4% Hexan + (0.07, 1.3 or 2.6)X i-propanol, 
(ii) Ne + (10 or 20)X C02 * (0, 1.3, 2.6 or 4.0)X i-propanol. 

Layout of- the j-ray converters 
The multi-hole converters consisting of 0.2 mm thick PbSn3Sb2.5 foils insulated by layers of 
glass fabric reinforced epoxy-resin were made in the KSG Gornsdorf by means of machines that 
are commonly used for producing multi-layer printed circuit boards. 

We tested four kinds of converters with holes of 0.8, 1.05 and 1.7 mm diameter. The mini-
mum thickness of the remaining converter material between the holes is 0.2 mm. It could be 
shown that for both gas mixtures the converters with holes of 1.4 and 1.7 mm diameter allow 
the detection of all escaping electrons by the MWPC. Therefore, converters with 1.4 mm dia-
meter holes will be used for the positron camera. 

Time resolution 
The aim of this investigation was to get information on the maximum time resolution (2i ) 

that is achievable for this detector type, where special interest was focused on the change 
from the drift to the avalanche regime of converter operation. For this purpose the anode vol-
tage of the MWPC was adjusted at 1.4 kV that ensures a convenient registration of the time 
distributions of the conversion electrons in the drift mode, and the the electric field 
strength at the converters (Ec) was increased. Fig.l shows the typical time spectra in the 
drift and avalanche modes as well as in the transition phase. The latter is limited to a 
rather narrow field strength interval of about 1 kV/cm. The avalanche regime begins for elec-
trons escaping the converter foils on lowest potential and extends over the whole converter 
with increasing E . For a converter consisting of 20 layers (0.2 mm Pb + 0.1 mm insulator) 
and Ne + 4X Hexan + 2.6X i-propanol as filling gas the maximum field strength is limited to 
Ec=7.2 kV/cm by electric discharges in the converters because of the roughness of the inner 
surfaces of the holes. The corresponding time resolution amounted to 2tQ = 16 ns at FWHM. 

Using converters with thicker insulation layers (10 times 0.2 mm Pb + 0.2 mm insulator), 
the practical limit of the electron amplification (Raether's condition) is reached at E =8.7 

22 
kV/cm, i.e. electric discharges occur during the irradiation with the j-rays of a Na source. 
The time resolution attained at this field strength was 2vq = 14 ns FWHM. Basing on these 
results the converters of t.he positron camera will consist of 16 layers of 0.2 mm Pb and 
0.2 mm insulator each. 
Efficiency and yield 
Fig.2 shows the detection efficiency for 511 keV j-radiation of a MWPC with one converter 
consisting of 20 layers (0.2 mm Pb + 0.1 mm insulator) in dependence on the converter field 
strength Ec; the MWPC anode voltage was kept constant. The efficiency amounts to í= 4.8X 
at Ec=6 kV/cm. Since the absorption of 511 keV radiation in the converter was experimentally 
found to be 16X, the converter yield is 30X. Thus stacking 8 such converters will give a 
detector with an efficiency of f =22.5X for Ej=511 keV. 
Electron-amplification-and discrimination against low-energy- Compton-scattered radiation 
The electron amplification in the converter depending on E_ at constant anode voltage was mea-

55 
sured for the 6.3 keV photons emitted from a Fe source. The exDerimental setup and the re-
sults are displayed in fig. 3. 
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The source was mounted on top of the converter and their radiation was collimated parallel to 
the converter surface by means of Pb-foils. Using the filling gas Ne + 10X C02 + 2.6X i-propa-
nol a maximum gain of Mc=35 at Ec=6.2 kV/cm was measured. This preamplification in the conver-
ter is sufficient to reject the low-energy signals of the MWPC by pulse-height discrimination. 

R e f e r e n c e 
/1/ A. Oeavons et al.; Nucl.Instr.Meth.176(1980)89 
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Electron time spectra in dependence on the 
electric field strength at the converter. 
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experimental arrangement. 
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EXTENSION OF THE DUBNA TIME-OF-FLIGHT SPECTROMETER DEMAS FOR MEASURING LIGHT CHARGED 
PARTICLES IN COINCIDENCE WITH FISSION FRAGMENTS 

H.-G. Ortlepp 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 
К. Heidel and H. Sodan 
Joint Institute for Nuclear Research, Oubna, Laboratory of Nuclear Reactions 

New experimental information about the fusion-fission process at about 10 MeV/u is expected 
from light charged particle (mainly alpha particles) - fission fragment coincidence meas-
urements. The Oubna double-arm time-of-flight spectrometer DEMAS /1/ has been used for the 
spectrometry of two correlated heavy reaction products only. Recently a 5 cm diameter дЕ-Е 
silicon detector telescope manufactured at the CINR Rossendorf /2/ has been included. The 
telescope is placed inside the reaction chamber at 20 degrees with respect to the beam direc-
tion (fig. 1). In addition to the quantities TOF, E, X, Y measured in both DEMAS arms the 
values A E and E of the telescope and the time A T between the light particle and one of the 
fission fragments had to be recorded. For that aim the event trigger logics (fig. 2) and the 
data acquisition system were modified. The system is triggered by a majority coincidence unit 
if at least two of the three signals TOF 1, TOF 2 and д Т are in coincidence within the 1 ps 
resolving time. In this case the gates of each of the 11 CAMAC ADC's are opened and, after 
conversion, 11 codes are transferred to the SM-3 computer. In the analogue д Е and E channels 
linear gate and stretcher units (ORTEC 542) serve to suppress pile-up and to match the timing 

22 

conditions at the ADC input gates. A first measurement was performed with 178 MeV Ne ions 
bombarding a gold target. The data analysis is under way. 
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Fig. 1 
Oetector arrange-
ment of the <*-f f-
experiment 

Fig. 2 
Block diagram of the event trigger logics 
(TRSP - true stop) 

R e f e r e n c e s 

/1/ Schilling, K.O. et al., ZfK-586 (1986) 
/2/ Oeutscher, M. et al., annual report 1985, ZfK-584 (1986) 54 
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A AE-E ANNULAR SEMICONDUCTOR DETECTOR TELESCOPE FOR LIGHT CHARGED PARTICLES FROM HEAVY ION 
REACTIONS 
M. Deutscher, E. Hentschel, 3. Keller, R. Kotte, H.-G. Ortlepp, W. Seidel and F. Stary 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 

For measurements of forward peaked fast light particles in coincidence with other products of 
heavy ion reactions an annular detector together with its readout electronics /1,2/ was de-
veloped. In a first step а AE-E telescope in ring like geometry consisting of a silicon 
surface barrier diode with 6 concentric sensitive areas and a plastic scintillator /2/ was 
used. Based on the experience with large Si(Li) particle detectors /3/ a modified type with 
a central hole was developed to replace the scintillator. The preparation and performance of 
this type is similar to the full plane one /3/. Fig. 1 shows its cross section and the 
dimensions. The design allows a radiation sensitivity up to the edge of the hole. о 
During a test experiment at the Rossendorf U-120 cyclotron a 0.2 mg/cm (CÜ2)n target was 
bombarded with 7 MeV protons, 13 MeV deuterons and 27 MeV alpha particles. The elastically 
scattered particles were detected by the ring telescope at 72 mm distance downstream. The 
ДЕ, E and ring number codes were collected event by event. Off-line the events were sorted 
for each ring number into separate AE-E plots. Fig. 3 shows the added spectra of the p, d 
and alpha runs. 
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ДЕ-Е plots of events related to the second (left) and fifth (right) ring 

R e f e r e n c e s 
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/2/ Kleinwächter, P. et al., Annuel report 1985, ZfK-584 (1986) 92 
/3/ Deutscher, M. et al., Annual report 1985, ZfK-584 (1986) 54 
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INVESTIGATIONS ON THE DETERMINATION OF THE Pu ISOTOPIC COMPOSITION BY GAMMA-RAY SPECTROSCOPY 
H. Prade+ and L. Funke 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 
R. Arlt and W. Lewis 
International Atomic Energy Agency, Vienna, Department of Safeguards 
In-field measurements of the isotopic composition of plutonium samples for safeguards pur-
poses are usually carried out by using high resolution j-ray spectroscopy (HRGS). The in-
fluence of some of the most important experimental factors (e.g. counting statistics, resolu-
tion, absorber thickness), which can be controlled by the inspectors, on the accuracy of the 
determination of Pu isotopic composition has been studied in order to judge measured values 
of isotopic ratios and isotopic abundances and to optimize the equipment, measurements and 
data evaluation. The sensitivity of the uncertainty of the measured values has been determined 
by varying only one of the parameters keeping all the other measurement conditions constant 
at the same time. Special attention was paid to process high counting rates, which is requir-
ed to minimize the measurement time and also is a general problem in nowadays j-ray spectro-
scopy. 

The j-ray spectrometer used in the present investigations was the standard HRGS equipment 
used by IAEA inspectors in the field (13 cm' planar HPGe detector and series RG-11 preampli-
fier made by Princeton Gamma Technical Corporation, 8K CICERO MCA of the Silena Corporation). 
For some of the measurements the PGT detector (Oet. 1) was replaced by a 2.6 cm' ORTEC planar 
HPGe detector (Det. 2) and a Tennelec amplifier TC 244 was used instead of the CICERO ampli-
fier. The data evaluation was performed by means of the standard LLNL plutonium isotopic eva-
luation software implemented on the DEC-PRO 380 computer. Altogether 164 Pu spectra (4K length) 
have been measured and processed. The plutonium j-ray measurements have been performed in the 
Safeguards Analytical Laboratory in Seibersdorf using Pu samples of 10 g and 30 g. In fig. 1 
an example of a Pu spectrum is shown. The Pu isotopic composition is obtained from the j-ray 
spectra between 122 keV and 382 keV by analyzing the six peak groupings indicated in fig. 1. 

To study the influence of the counting statistics, resolution and Cd absorber thickness in 
front of the detector on the accuracy of the determination of the isotopic composition of Pu 
samples the relative errors of three different criteria have been regarded: 

2 4 0Pu o f f = 2.49 wtX 238Pu + wtX 240Pu +1.57 wtX 242Pu, 
940 739 the ratio Pu/ Pu and the peak area of the 160.31 keV peak, which is the principal 

240 
source of the Pu value. 

In fig. 2 the dependence of these parameters on the counting statistics are shown as obtained 
with the PGT detector (Oet. 1), 2 ps shaping time and 30 X busy time. The relative errors 
first decrease rapidly with the integral number of counts (up to ~10 7), while further in-
crease of the measuring time leads to a moderate improvement only. 
Taking into account also the results on the influence of the resolution and the absorber 
thickness the following conclusions can be drawn: 
I. It is very important to collect Pu spectra with good statistics. "Good" means more than 

10^ integral counts (provided the Cd absorber thickness is chosen between 1.4 mm and 
2.4 mm). 

2. For the data analysis code used in this investigation the influence of the resolution is 
of less importance as far as it does not exceed the end of the plateau region (850—900 eV) 
at 208 keV (cf. fig. 3). Good resolution leads to a remarkable improvement only if it can 
be made < 700 eV at 208 keV. 

3. It seems to be very important to optimize the spectrometer for high throughput, even if 
some compromise to the resolutton has to be made. In this case it might be helpful to use 
with the present systems a 1 ps shaping time and the peak detection mode of the ADC. 

+ Consultant to the IAEA from 29 May to 2 July 1986 
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Flg. 1 
Exemple of a plutonium spectrum. The peak 
groupings Indicated are used by the evalua-
tion software to determine the lsotopio 
composition. 
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Flg. 2 
Relative errors of Pu parameters versus 
counting etatistios. The measurements are 
mainly performed with Set. 1 at a busy time 
of 30 t and 2 yus shaping time. 

Fig. 3 
Relative errors of Pu parameters versus 
resolution (Set. 2, 15 f> busy time, 2/Us 
shaping time). The resolution was changed 
by adding a constant noise level to the 
preampllfier-deteotor noise at the main 
amplifier Input. 
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Y-HESPONSE MATRIX OF VOLUMINOUS NaJ(Tl)-SCINTILIATORS 

S. Lucas and H. Märten 
Technische Universität Dresden, Sektion Physik, WB Kernphysik 
W. Neubert and V. Filz 
Zentralinstitut für Kernforschung Rossendorf 

For the analysis of continuous Y-spectra measured by the use of thick NaJ(Tl^scintilla-
tors, It is necessary to take into account the inverse response matrix. In order to deter-
mine the detector response with high precision an analytical method has been developed. 
For this purpose, the treatment of Gardner /1,2/ based on rather simple paramétrézations 
of the response spectra has been extended concerning additional terms (peak due t« back 
scattering, maximum at the Compton edge) to improve the agreement with measured detector 
response distributions. Furthermore, the parameters, which define the ratio of the escape 
peak areas to the photo peak area, have been modified. 
All parameters are considered as continuous functions of Y-ray energy. The detector 
resolution depending on energy has to be deduced from measurements. 
A FORTRAN code has been developed to calculate the response matrix for cylindrical sodium 
iodide crystals with eligible geometry. The calculations based on an optimized parameter 
set yield a rather good agreement with measured response functions. Examples are represen-
ted in the figures for a (2l,x2")-scintiliator. 
In fig. 1, a result of a Monte Carlo calculation /3/ (MCC) is shown for comparison. 
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Fig. 1 
Response function of a (2"x2")-
NaJ(Tl)-scintillator. for-0,662 MeV 
T-quanta (137Cs) (dotted - experimen-
tal data corrected for scattering 
effects, dashed - MCC, 
continuous - this work). 

Fig. 2 
The same as fig. 1 for y-quanta from 
a 88ï source (0.898 and 1.836 MeV). 

References 
/1/ Gardner, R.P.; Nucl. Instr. Meth. (1976) 287 
/2/ Porelli, A., Gardner, R.P.; Nucl. Instr. Meth. 1Ü2 (1979) 177 
/3/ prlrate ooaaunloation, Seda, J., Teohnieal University Prague 
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COSMIC RADIATION INDUCED BACKGROUND OF SELECTED DETECTOR TYPES AT HIGH ENERGIES 
S. Unterricker end D, Degering 
Bergakademie Freiberg, Sektion Physik 

The mein component of cosmic radiation at sea level la the muonic component. Its intensity ± 2 15 is of the order of 160JJ. /m • and the muonic energies range to more than 10 eV. For the 
stopping of muons by matter nuclear processes have no importance, that means Ionization 
processes are dominant. The differential energy loss at energies >200 MeV la approximately 
2 MeV/gcm . Therefore, the high energy muons have a great range. 
If a muon croases an energy sensitive detector the pulse height is proportional to the 
path length in the detector and the muon induced background will show an extended maximum 
at an energy E corresponding to the moet probable path length 1. The muonic energy distri-
bution la practically unimportant for this muonic background spectrum ее ehown in Fig. 1. 
A geological shielding by 200 m we (water equivalent) ehlfte the energy distribution of the 
muons to higher energies. The pattern of background epectrum, especially the 'muonic peak' 
of the NaI(Tl)-detector, is not Influenced by thick geological layers. Only the Intensity 
is diminished by a factor of 100. 
The shape of the muonic background spectrum is determined by 1) the effective dimensions 
of the detector, 11) the zenith angle dependence of muonic intensity, ill) the energy de-
pendence of the differential energy loss, and lv) the response of the detector to the pro-
ducts of muon interaction. Maximum path length l m a x In the detector and maximum differen-
tial energy loss define a maximum deposited energy E . 

In Tab. 1 theoretical values for E and E_e„ max 
of different detector types ere eummarlzed. 
In the cases of Nal, Ge and Si good agreement 
with the experiments (see for Inetence Fig.l) 
could be achieved. All of these detectors 
show also some pulses with E > E . For Nal max 
and coaxial Ge detectors the 'muonic peak' 
is in an energy region which has hardly impor-
tance in the field of spectroscopy, while in 
the case of Si detectors the muon energy de-
position is Important for the background of 
Л - end y3-spectra. Large proportional coun-
ters show the 'muonic peak* at X-ray energies. 

4 
4"*«4'Nol (TI) 
256 - chon. 

V = ! 

SO Ю0 150 E/MeV 

Figure 1: High energy epectrum of a large Nal(Tl). 
detector without and with a geological ahielding of 
200 m we. 
Table 1: E and E for aelected detector types 

detector Nal(Tl) Ge(Ll) Si(Li) proportional counter 
geometry cylindrical 'coaxial' planar cylindrical 

lOOmmj) x 100mm 45cm3 16mm0 x 3mm 50mmp x 400mm 
E/MeV 59 30 1.2 0.012 
Ema>/MeV 114 50 5 0.050 
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EXPERIMENTAL ARRANGEMENT FOR INVESTIGATION OF THE ANGULAR DISTRIBUTION OF /-RAYS 
IN THE TERNARY FISSION OF 252Cf 
N. F. Bonder**), W. Neubert and W. Pllz 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 
The detection of ternary fission events requires an optimization of the registration effi-
ciency and an effective suppression of disturbing events. High detection efficiency of the 
/-rays is achieved by two large (5x6inches) NaJ(Tl) crystals (SC1,SC2) coupled to FEU-110 
photomultlpliers. Both detectors are adjusted at a distance of 54cm on both sides of the 
252 

Cf source (•) in order to check the forward-backward emission symmetry. The fission frag-
ments are detected by a transmission parallel plate a.alanche counter (PPAC-START) and a po-
sition sensitive PPAC which covers an angular range of 98* degrees. The coordinate of the re-
gistered fission fragment is read out by an inductive delay-line. Perpendicularly to the pla-
ne defined by the transmission PPAC, PS PPAC ( 8=25*) and the centre of the NaO(Tl) crystals 
we arranged two silicon detectors D1 and 02 of y*150f2cm. Each of these silicon detectors co-
vers an angular aperture of 40 degrees and they are shielded by a 36pm Al foil in order to 252 
stop the 6.12MeV alpha particles of the g.st.decay of Cf. The preamplifier /1/ was modi-
fied for large-area silicon detectors with capacitiesC> lOOpF. The observed counting rate of 
about 1 particle per sec. of light charged particles (mainly OC s) allows to join the timing 
signals from both detectors after fast discrimination. The corresponding energy signals were 
amplified by shaping amplifiers (T=0.25ps). The agreement of the energy scales of both spec-
troscopic branches was checked with a ThC'source. The threshold was set at IMeV in the follo-
wing CFTs adjusted for this long rise time. Both of the logical output signals are connected 
and then they are fed into the slow coincidence input 1. 
A cut-off of the neutrons in the /-branches became possible by a careful adjustment of the 
CFTs delivering a minimum walk of small signal amplitudes. The logical output signals (M) of 
the corresponding TACs 4 and 5 are fed into the slow coincidence units. The time correlation 
between oC. s and /' s is measured within 100ns by TAC 3. The M output signals of this TAC and 
TAC 2 deliver the remaining slow coincidence input signals. The coir.;iHence outputs of both 
/-branches are connected by a TTL OR module with adjustable ps-delay. The output of the OR 
triggers both ADCs (El and E2) and then the two 7 bit words are connected by a mixer. The 
three words FF TOF, POSITION and E1+E2 enter a multiplex interface based on the SI 1.2 stan-
dard which allows a data storage via the DMA channel onto the magnetic disc of the KRS 4201 
computer. 
**) On leave from LNPI, Gatchina, U.S.S.R. 
R e f e r e n c e s 
/1/ Ortlepp, H.-G. and Schuster, E., Annual Report ZfK-584 (1985) p.101 
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T H E R E G I S T R A T I O N OF 3 A N D A P A R A M E T E R S F R O M F I S S I O N E X P E R I M E N T S 
W.D. Fromm 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 

For a certain class of experiments the recording of events consisting of several quantities on 
a mass-storage device is necessary. Typically magnetic tape units are employed which provide 
capacities of tens of megabytes. At the KRS4201 computers installed at the Rossendorf tandem 
generator only magnetic disk storage is available. Therefore, the event format was optimized 
to fulfil the following experimental requirements: 

- every parameter is represented by 1 byte (256 channels), 
- every record contains 63 events of up to 4 parameters, 
- 600000 events per disk cartridge can be stored. 

The event format is used for 3 as well as 4 parameter measurements (Fig.l). The following set 
of programs was implemented: 
Prog-Nr• Task 3 Param. 4 Param. 

3 Control of 2D-Display FADI FADI 
4 Measurement TRIP VIRP 
5 On-line Sorting TROS VISO 
6 Protocoling PROT pR0T 

For the quality of the measurements the excellent display of linear and two-dimensional 
spectra is essential. Singles spectra of each parameter are continuously updated and presen-
ted on a high resolution vector display (1024*2048). For two selected parameters a two-dimen-
sional representation with full resolution (256*256) is produced on the color display unit 
during the data-taking /1/. 
The on-line sorting is performed according to a two-dimensional information held in a table. 
This information can be provided either directly from the color display unit after marking 
a region of interest with the joystick or by the input of a papertape containing 256 values 
for the lower and upper limits each. This papertape can be produced by a program which uses 
physical knowledge concerning the information needed for sorting. The table remains in core 
and can be used several times. An additional condition for another parameter can be implied 
for 4-parameter data. Again, a two-dimensional distribution for 2 selected parameters and 
singles spectra are produced for events fulfilling the conditions. The choice of the para-
meters is unrestricted, therefore, an easy self-checking procedure is available. Because the 
sorting is performed from the disk it is very fast (few seconds). 
The content of the disk can be protocoled, too. The experiments number, the according disk 
space and the number of blocks occupied are printed for every run. 
The following fission experiments were performed so far: 2 52 1) multiple differential neutron emission probabilities from spontaneous fission of Cf 

parameters: TOF fragment, fragment direction, TOF neutron /2/ 232 2) measurement of neutron spectra from n-induced fission of Th 
parameters: TOF neutron, scintillator light output, pulse shape (off-line nv-separation) 

2 5 2 
3) angular distribution of j-rays in the binary fission of Cf 

parameters: TOF fragment, fragment direction, ^-energy 252 
4) angular distribution of j-rays in the ternary fission of Cf 

parameters: TOF fragment, fragment direction, ^-energy, ¿T ^-fission (n-separation) 
All the experiments are long-time measurements with typical data-taking times of 1000 to 
2000 hours. The superior stability of the KRS4201 system has to be emphasized. In periods 
of unattended running of the experiment the display-monitors are switched off. The detai-
led physical evaluation was also performed or is in progress at the KRS4201 computer with 
programs written in FORTRAN language by the experimenting physicists. 

R e f e r e n c e s Word: 0 1 2 3 4 5 6 7 . . . 127 
DA Nr. Nr. 2 4 2 4 2 4 2 4 
TA Exp Blk 1 3 1 3 1 3 1 3 
Event : 1 2 3 . . . 63 
Fig 1 Structure of a disk sector for 

/1/ Fromm, W.D. et al.; Annual Report 1983 
ZfK-530(1984)131 

/2/ Märten, H. et al.; Annual Report 1985 
ZfK-5B4(1986)123 

the storage of fission-events 
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T H E C O L O R D I S P L A Y U N I T F D 4 9 7 1 AS A U T O N O M O U S 2 D - A N A L Y Z E R 
W.D.Fromm 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 
The measurement and the presentation of two-dimensional (20) intensity distributions is an 
essential method in nuclear reaction studies. The adaption of the color display unit F04971, 
originally developed for the investigation of multispectral images of the earthîs surface, 
to nuclear physics applications /1/ has opened new possibilities for complex measurements at 
the accelerators and in the methodical work in the laboratory. The large display memory of 
the unit (1,28 KB) allows high resolution of the parameters (256*256 channels) and the regis-
tration of up to 65535 counts per channel (16 bit). The device can work in an autonomous 
manner or coupled to a host minicomputer via a 16 bit parallel interface. The display unit 
is controlled by the microcomputer system MPS4944 which can be easily expanded. New regimes 
for data-storage or presentation required for a certain experiment can be programmed. 
In the autonomous regime the possibility to store the content of the large display memory 
has to be provided. The magnetic cassette tape unit K5200 equipped with the controller for 
the standard interface SIF1000 /2/ was connected to the display unit. On one side of the 
tape cassette 250 KB can be stored which amounts to slightly less than two pictures. The 
direct (1:1) output of the pictures is not only tape- but also time-consuming (>2 min per 
picture). If one uses the fact that a large part of the memory contains zeros and the maxi-
mal intensity is well below then the number of consecutive zeros can be counted and 
treated as one negative number. This sparse data scan procedure was implemented in the magne-
tic tape software with very large savings observed (compaction up to 20-fold). 
Several experiments are searching for small effects on a large background. The separation is 
based often on the position of the intensities in the two-dimensional array spanned by the 
parameters. Formerly /1/ only linear transformations from intensity to color hue and vice 
versa were provided. For the above-mentioned measurements a logarithmic transformation was 
implemented. The 16 hit intensity is transformed into a 4 bit exponent with a 3 bit mantissa 
pointing to the 7 bit address for the continuous color scale. The reciprocal transform repro-
duces the data within the 4 most significant bit. 
Furthermore the possibility of a hardcopy output of the recorded intensity distributions was 
a necessity. Every channel of the intensity distribution is printed as graphical element con-
sisting of 3*3 points on a robotron 1154/5200 graphical matrix printer (768 points/line). 
The number of points printed (0..9) is connected to the intensity again in a logarithmic man-
ner. All points are filled if the intensity is larger than 256 counts. An example of such 
an output is shown in the figure. 

R e f e r e n c e s 

Fig.l: Hardcopy of a 20-distribution (Bragg peak position versus energy) 
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E L E C T R O N I C D E V E L O P M E N T S OF T H E K F M G R O U P 
И.О. Fromm, F. Schwarzenberg and H.-G. Ortlepp 
Zentrelinstitut für Kernforschung, Rossendorf, Bereich KF 
Analog-Digital-Converter ДОС 9908-30 
For the microcomputer system MPS 4944 a spectroscopic AOC module was developed. The ADC is 
of the Wilkinson type end works with a clock frequency of up to 50 MHz. Resolutions of 256, 
1024 and 4096 channels ere selectable by the microcomputer. The data are output on the front 
panel connector as parallel information of up to 16 bit taking 2 sign-bit into account which 
are determined by front-panel BNC connectors. A coincidence regime is provided with a pro-
grammed waiting time for the coincidence signal of 2 to 6 psec. 

Interface Module V.24/IFSS/PI0 У1Г 9909-10 
The overwhelming number of new peripheral devices arts nowadays equipped with serial inter-
faces. For their usage in connection with the microcomputer system MPS 4944 an interface 
module for V.24 and the 20mA current loop IFSS was developed using the peripheral 1С U856 
(SID). For V.24 the interface-IC /5150 and 75154 are used. The IFSS was realized with opto-
couplers and active current sources. In addition the parallel interface 1С U855 (PI0) can be 
used for specific interface requirements (e.g. CENTRONICS). 

Adapter for the Electronic Typewriters S60M/S6010 9910-10 
These electronic typewriters can store one line of text only. Therefore, the use of lift-off 
or cover-up tapes in the correction process is obligate. The adapter board /1/ adds 2K of RAM 
(6116) to the text-memory and upgrades the typewriter to a memory-typewriter. One full page 
of text (4 KB) can now be held in memory and by means of a self-contained algorithm very 
easily corrected, updated and checked using the B-character LED-display and function keys. 
Furthermore, a normal magnetic tape cassette unit can be connected to the adapter in order 
to archive the typed information. The pages are stored on tape with a 4-character filename 
and can be read back whenever necessary. 
Video Display Unit Controller VDU-9911-10 
A VDU controller board for the UPC880 single-board computer /2/ was developed. It was rea-
lized on a small PC-board (95*170 mm') for the display of 25 lines with 80 characters each. 
The character-RAM (6116) is mapped into the memory of the microcomputer. 128 characters are 
stored in a 8*12 pixel field in the character-ROM (2716). The generation of the video-signals 
for the TV monitor was facilitated by using an integrated CRT controller chip (6845). The 
VDU board 9911 is functional equivalent to the robotron K7024-board. 
Adapter-V.24-IFSS 9912-10 
The delivery of a number of personal computers PC1715 has stimulated the use of computers 
in areas as economy, bureau automation, text processing and others. The need for adequate 
hardcopy-devices had initially to be fulfilled using existing printers which do not possess 
the necessary V.24 printer interface for the PC1715. Therefore, a small adapter-board for 
the current-loop IFSS was developed which is connected to the bidirectional V.24-port of the 
PC1715. More than 30 adapters were built and distributed so far. 
Serial Interface for the Electronic Typewriter-S6009 9915-10 
Under certain circumstances the connection of an electronic typewriter to a personal computer 
is the preferable solution because of the high quality of the output. For the S6009 electro-
nic typewriter a small interface board for V.24 or IFSS was developed. The unit is attached 
to the internal test connector and fits under the plastic cover of the typewriter. The mode 
for printing is selected by a special key combination on the typewriter. The output speed 
of 15 char/sec is much higher thçn reached by emulating the keyboard /3/. Only 8 1С are used 
for the IF-bo«»d (SI0, CTC, EPR0M, level converters). A first batch of 10 units was produced. 
R e f e r e n c e s 
/1/ G. Fell et al.; Neuerervorschlag NV 3/85, VEB Robotron Optima Büromaschinenwerk Erfurt 
/2/ F. Schwarzenberg and W.O. Fromm; Annual Report 1983, ZfK-530(1984)I29 
/3/ G. Strauch et al.; Interface S0012, VEB Robotron Elektronik Dresden 
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P S E U 0 0 G R A P H I С S ON THE P E R S O N A L C O M P U T E R PC i 7 1 5 
H.-J. Müller, K.-H. Heinig, W.O. Fromm and F. Schwarzenberg 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 

On the international market, in personal computers of a performance compareable with the 
PC 1715 high resolution graphics is usually implemented. Thus, it is an essential drawback 
that the PC 1715 allows quasigraphics only with the aid of a restricted character set of 12 
graphic symbols. In order to overcome this drawback partly, a graphic ability with reduced 
resolution ("pseudographics") has been developed. The problem has been solved by a minimum 
demand for hardware and software: a 2 kByte EPROM has to be put into an existing socket and 
a short machine program has to be loaded (using interpreters) or linked (using compilers). 
Although the presented solution requires considerable less effort than a "semigraphics" 
for the PC 1715 proposed recently /1/, a broad spectrum of unpretending CAD problems as well 
as graphics-oriented computer simulations can be accomplished. 
The PC 1715 offers the possibility to expand the character-ROM by a 2 kByte EPROM. Therefore, 
128 user-defined quasigraphic characters can be added to the alphanumeric character set. 
Rather than using special characters, the generation of graphics by free addressable points is 
a suitable method for general problems. The dot-array of a character consists of 12 rows with •i—-
8 dots each. Dividing this array into six fields with 4x4 dots each, we can establish a pseudo-
graphics of 80*2*24*3=160*72=11580 "pixels" on the standard monitor. In doing so, 26=64 new 
pseudographic characters have to be defined in order to permit all possible pixel configura-
tions within the dot-array of a character. As the 2 kByte EPROM expansion can store 128 charac-
ters, two different kinds of pixels can be defined. We use a "full" pixel (all 4x4 dots of the 
pixel are bright) and a "small" pixel (only the inmost 2x2 dots are bright). It should be 
noted that the two kinds of pixels can be used simultaneously within one graphic presentation, 
but they cannot be intermixed within the dot-array of one character. 
The figure shows an example for the application of the pseudographics. Full pixels have been 
used for the frame, whereas small pixels are taken for the curves. Alphanumeric symbols can 
be used within the graphics by so-called field-attributes /2/. 
The application of the pseudographics is supported by a short machinecode routine. The method 
to load or to link this routine with user programs is described in the special documentation 
contained in the PLOT.DOC and PLOTBAS.DOC files obtainable from the authors. 
The usual screen memory area ($F800..,$FF80) or an additional one (SB800...$BF00) can be taken 
for storing the pseudographics. Manipulating a pixel on the sreen is accomplished by the call 
of PLOT(IX,IY,IT), where IX is the x-coordinate (0...159) and IY is the y-coordinate (0...71). 
IT is a control parameter with the meaning: IT= 0 1 5 2 pixel erased set(full) set(small) tested 
The screen is cleaned by the call of the subroutine RUB. 

Test-Plot of e 5«SIH(5x)«EXP(-((x-3>/3)'2> and 2/PI«f*CTftM(x-4) REFERENCES 
/1/ Herden, 0. et al.; rechen-

technik, datenverarbeitung 
23(1986)12 

/2/ Systemhandbuch SCP ; VEB 
Robotron Büromaschinenwerk 
Sömmerda, Januar 19B5 

Fig.l: Example for the pseudo-
graphic representation of 
mathematical functions on 
the PC1715 
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AN INTELLIGENT CAMAC-CONTROL UNIT FOR THE CCD SENSOR L 110 С 

G. Karraech, D. Krelseler, K. Krelaaler 
Oolnt Institut for Nuclear Reeearch Dubna, ONMU, UdSSR 
G. Musiol. G. Zschornack 
TU Dreeden, Department of Phyalce, Dlvlelon of Applied Nuclear Physice 

At the curved crystal diffraction spectrometer of the Deportment of New Acceleration 
Methods at the 3INR Dubna a computer controlled adjustment of diaphragma, localized on 
the spectrometer focussing circle la realized /1/. In order to get comparable measurements 
It Is necessary to make a reproducible adjustment of the diaphragms. For this purpose, an 
optical meaaurement ayeten baaed on a CCD sensor L 110 С In connection with a CCD control-
ler In CAMAC standard with a microprozessor Z 80, has been developed. The operation 
conditions of the CCD controller ere shown on Figure 1. 

CCD 

PRINTER 

CCD CAMAC 
CONTROLLER CONTROLLER 

ADC CAMAC BUS 

Fig. 1: 
Operating conditions of the 
CCD controller 

The CCD control unit realizes the generation of a tact sequence for performing variable 
exposure time and control of ADC-data reading out. 
The data are intermediately atored in the RAM of the control unit. The start of the 
working cycle can be done either manually from the front panel of the microprocessor 
system (case A) or via CAMAC bus from an other computer (case B). In the working regime 
A the data are transferred via a SI 1.2 interface to a printer. 
In the regime В either the position of diaphragms or the data of all CCD pixels are given 
via CAMAC interface to an external computer. 

Furthermore, It is planed to test the system for X-ray position sensitive measurements. 

/1/ G. Karrasch et al.; Preprint DINR P 13-83-474, Dubna, 1983 
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DETRITIATION SYSTEM FOR A HIGH-FLUX NEUTRON GENERATOR 

U. Gobs and D. Schmidt 
Technische Universität Dresden, Sektion Physik, WB Kernphysik 

Tritium handling is an important precondition for the operation of high-flux neutron 
generators with an open target system. SJputtering, diffusion and replacement in the tar-
get result in tritium losses and, hence, in the contamination of the vacuum systems as 
well as the generator exhaust gas. In order to meet the requirements concerning the slo-
wed maximum tritium concentration in air /1/ and the safe handling of contaminated genera-
tor components a detritiation system /2/ has been elaborated for the high-flux aeutron 
generator INGE-1 /3/. 

Figure 1 : 
Detritiation system for a high-flux 
neutron generator 

This systems consists of three componentes 
(i) a tritium adsorption system (TAS-1) for cleaning of the generator 

exhaust gas 
(ii) a glove box with a tritium adsorption system (TAS-2) for target change, 

waste handling and cleaning of the generator exhaust gas and 
(iii) a ventilation system for air circulation above the neutron generator 

or the glove box. 

The tritium adsorption systems TAS-1 and TAS-2 are automatically working detritiation 
systems based on catalytic oxidation of tritium and adsorption on a type 4A molecular-
sieve dryer. The main components of these systems are a ventilator, an electrical pre-
heater, a reaction tube filled with palladium and copper oxide, a cooler, an adsorption 
bed, and a flow-through ionisation chamber. The decontamination factor amounts to »106 

for a single-pass airflow of —10 m^/h. 

References 
/1/ Lorenz, B.j ZfK-562 (1985) 68 
/2/ Schmidt, D., Seeliger, D.; Experimentelle Grundlagen für neutronenphysikalische 

Untersuchungen für die Kernenergetik, Teil II, A 4-AbschluBbericht TU Dresden, 
Sektion Physik (1986) 

/3/ Eckstein, P. et al.; ZfK-562 (1985) 24 
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OXIDATION OF HYDROGEN IN AIR AND IN INERT GAS ATMOSPHERE USING COPPER OXIDE CATALYSER 

U. Bittner and U. Gobs 
Technische Universität Dresden, Sektion Physik, ffB Kernphysik 

Tritium removal from air or inert gas atmosphere is necessary for systems involving 
tritium. Effluent gas streams are vented to a detritiation system based on the oxidation 
of tritium commonly. The choice of catalysers to be used depends on the experimental con-
ditions. Metal oxides are usually applied for the oxidation in inert gas atmosphere. Due 
to their high reaction rate, precious metal catalysers are used in order to oxidize 
tritium gas and tritiated organic compounds in an atmosphere involving oxygen. 

The oxidation of hydrogen is a first order reaction since the reaction rate is not affec-
ted by the initial concentration. Hence the reaction rate к and the decontamination factor 
« taut М ^ Л Д MM Л A w n • » 

inlet and outlet gas concentration is the decontamination factor K. 

The oxidation of hydrogen in inert gas atmosphere is represented in figure 1. It is shown 
that the decontamination factor is affected by the oxygen content of the catalyser. The 
reaction rate depends on the temperature according to the Arrhenius equation and is given 

The oxygen capacity for the used copper oxide catalyser (Leuna-Kontakt-4493) amounts to 
56 1 per liter catalyser at 190°C. 
The reaction behaviour of CuO in air is represented in Figure 2. Since the reaction rate 
shows a linear dependence on the gas flow rate the gas phase mass transfer is the factor 
determining the reaction rate in the analized region. 

as follows: к = 7,3«105 exp(-52000/RT) for H2(/1/). 

к 

01 
о в & в < 0 « о а » а « о а о â-enKnt«. 0 « 90 no 150 

v / l h J 

Fig. 1 
Effect of oxygen content 
on the reaction rate 

Fig. 2 
Effect of gas flow rate on 
the reaction rate 

Beferences 
/1/ Schmidt, D., Seeliger, D. {'"Experimentelle Grundlagen für neutronenphysikalische 

Untersuchungen für die Kernenergetik, Teil II, A4-Abschlußbericht TU Dresden, 
Sektion Physik (1986) 
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A DIFFUSING SYSTEM FOR PROTON BEAMS 
H.U. Frey, U. Lehmann, and 3. Vogt 
Karl-Marx-Unlvers1tät Leipzig, Sektion Phyaik, WB Angewandte Kernphysik 
Precise PIXE meaauremente require e uniform particle beam. Severe! groupe wee the multiple 
scattering of a thin diffuaer foil to produce a uniform particle dlatrlbutlon across the 
ion beam /1,2/. A diffusing system for the 2 MV Van de Graaff accelerator of the Karl 
Marx University waa constructed and the characterlatlca have been determined both theore-
tically and experimentally. 
Oue to the maximum proton energy of 1.7 MeV a thin Ulf fusing foil consisting of light 
elements has to be used, but better diffusing properties ere provided by thicker folle of 
heavier elements. Following a mathematical procedure for the calculation of multiple 
scettering processes /3/ the propertiea of several diffuser materials end location« with 
respect to the target have been tested. As the result a carbon foil of 145 nm thlckneaa 
which Is 225 cm far from the target is used /4/. The intensity profiles (flg. 1) havs 
been determined by scanning of a small piece of metal across the beam diameter /2/ and 
show a uniform distribution. 

The diffusing eyatem haa been ueed to 
minimize the deatructlon of biological 
samplea during Ion bombardment. Aa was 
shown in /5/ the normalized yield of 
X-raya increase with Increasing accu-
mulated Ion charge. A linear function 
of the form 

y 
Г - í . a • b » a (1 • I IQ.) (1) Y41 1 1 
was fitted to •'he X-ray yields of a 
certified reference material of the 
IAEA (rye flour, V8) /4/. The term b/a 
stands for the relative increase of 
the X-ray yield and ahows the degree 
of the sample deatructlon. The velues 
In table 1 show that the diffused ion 

beam cauaea a much lower eample de-
struction. 

Table I-' 
Values of b/(a ,uC) for proton 
bombardment of'a rye flour 
eample (beam diameter 2.5 mm; 
E - 1.7 MeV) 

/1/ E.C. Montenegro et al., Nucl. Inatr. and Math. 164 (1979) 231 
/2/ D.D. Oenaon et al.. Nucl. Instr. and Meth. В 10 (1985) 674 
/3/ L. Meyer, phys. stat. sol. 44 (1971) 253 
/4/ H.u. Frey. Thesis, Leipzig, 1986 
/5/ 0. Vogt et al., Gemeineamer Jahresbericht 1984, ZfK-559 (1985) 85 

Figure 1: 
Intensity profiles (arbitrarily normalized) of 
the dlffuaed proton beam 

Element with diffusing foil without diffusing foil 
I > 20 nA I - 15 nA 

CI 2.4-10"3 1 .210"2 

К 8.0-10"3 2 .3 10"2 

R e f e r e n c e s 
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AN INEXPENSIVE FAST-CLOSING SAFETY VALVE AGAINST VACUUM BREAKDOWN 
B. Kraute, and D. Leheann 
Kerl-Marx-Univeraltát Leipzig, Sektion Phyelk, WB Angewandte Kernphysik 

To «ave the accelerator vacuua within the been pipe agalnat leakage or rupture of the 
exit foil of our "external ion bean" facility, aounted on the Leipzig van de Graaff acce-
lerator, a simple and quickly acting vacuu* aeal has been designed, constructed and 
tested. The whole set-up conalata of two separate unite, which are fitted into two 
neighbouring flange porta (with 65 aa diameter) of a commercial croas piece (K 65, HV 
Dresden). Each unit consista of a cylindrical baae plate, which carries an O-rlng and 
the function dependent construction. On one elde of the sealing component (left part of 
fig. 1) a cylindrical "noae" with a central bore of 6 am diameter protrudes from the 
baae plate. At the end of the noae a aaall O-rlng la fixed. On the eeme eide a bearing 
block with ball-bearinga carries the axle of the valve plate. 
In noraal operation the valve plate 1a opened et en angle of about 45° and Its position 
1« fixed with a special latch at the end of a lifting aagnet (right pert of fig. 1) and 
with two apringa, aounted on the valve baae. The plate poeeeaeea en aaymmetric, oval 
bore hole. The Ion beaa, having left the central bore hole, paeaee the asymmetric opening 
in the valve plate without restriction. 
If the vacuum ln the eyatem beglna to break down, a Penning gauge elgnallzea this 
unfavourable etate and actlvatea the lifting magnet through a relay awitch. Thus the 
latch ia reaet to the upper poaltion end the two springs accelerate the valve plate to-
wards the email O-rlng seal. Because the oval hole ln the plate and the 6 mm bore ln the 
noae do not overlap, the feat and tight cloelng of the opening prevente a vacuum break-
down in the beam pipe. After a foil rupture the exit foil haa to be exchanged and the 
closed 8eal must be opened again, which la easily done with a epecial tool. 
Till now the vecuum aeal has worked reliably. 

Fig. 1 
View of the two components of the safety valve 
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A METHOD FOR COMPUTER CONTROLLED REGULATION OR STABILIZATION OF OETECTOR VOLTAGES 

N.F. Bondar 
Leningrad Nuclear Physics Institute, Gatchina, U.S.S.R. 
J. Mösner and 3. Hutsch 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 

In order to stabilize or to regulate the voltage of several detectors of a computer control-
led experiment a CAMAC-modul (single width) has been developed yielding 8 individually adju-
stable dc-levels of 0 to 10 V. These bias outputs can be selected by the CAMAC-instructions 
F(16)A(0 to 7) using the 1С C565 for the OA-conversion. The accuracy is 12 bit (? ¿0.25 4). 
The bias voltages are provided by detector supply units denoted HSVE /1/. They are dc-sup-
plies with an output voltage ( max. 4.8 kV ) proportional to an external input dc-level of 
0 to 10 V. Moreover a reference output level ( also 0 to 10 V ) proportional to the normal 
output voltage is available. 
Coupling the dc-outputs of the CAMAC-modul to the external inputs of the HSVEs 8 detector 
voltages can be individually controlled. The measurement of the voltages (resp. the reference 
levels) is performed by a CAMAC-multiplexer /2/ and a 14 bit CAMAC-AD-converter /3/. 
Using this configuration it is possible to realize computer controlled long term stabilizati-
on of detector responses as well as systematic investigation and test of the operational con-
dition of gaseous multistep detectors, automatic optimization of energy and time resolution 
of detector telescopes and similar investigations. Of course, for such computer controlled 
measurements it is necessary to feed the computer with the other operational parameters of 
the detectors as temperature, gas pressure, gas admixture etc.. 
Up to now we used this configuration for an experiment measuring the differential cross sec-
tion of the n-p capture reaction /4/. Because of the small cross section value of this reac-
tion a measuring time of several weeks is necessary requiring a stable operation of the whole 
set-up during this time. Therefore, the used on-line computer (KRS 4201) serves for data ta-
king as well as for recording and control of the different parameters of the experiment. With 
respect to the detector supplies the voltages of two MWPCs and two position-sensitive multi-
step avalanche chambers MSCs /5/ are checked, together with other parameters, within periodic 
time intervals of about 5 min and corrected if necessary. A long term stability of better 
than 3»10~4 can be obtained by this method. 

References. 
/1/ Gerätebeschreibung HSVE 50,60,70; ZfK Rossendorf, 1984 
/2/ Gerätebeschreibung MUX 5316; ZfK Rossendorf, 19B1 
/3/ Gerätebeschreibung A0C-0S 3526 KO; ZfK Rossendorf, 1981 
/4/ this report p.126 
/5/ this report p.127 
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COMPUTATIONAL METHODS AND CODES 

EVMESS - A PROGRAM FOR EXPERIMENT DATA COLLECTION ON SM3 COMPUTERS 

E. WILL 
Zentralinstitut für Kerníorschung Rossendorf, Bereich KF 

The program has been developed for fast data collection at the double-arm time-of-flight 
spectrometer DEMAS /1/ in Oubna (3INR). More than 10 parameters have to be measured in a coin-
cidence experiment depending on the experimental set-up. The data will be taken with the help 
of CAMAC ADC's (1024 or 4048 channels). The program is written in form of assembler subrouti-
nes for control and interrupt handling. The control routines switch on the desired measure-
ment or display regime or execute immediately a function for example clear data memory, in-
put or output of the displayed spectra. They will be called with short commands on the tele-
type in an interactive manner without a special order. Up to now 65 command words have been 
generated. The control of the data path takes place with the help of control words or a di-
rect change of call and branch commands within the interrupt routines. The output to the ma-
gnetic disk, the different display and condition routines will be added in this way to the 
basic interrupt routine, which reads out the coincidence ADC. With this method a high working 
speed with only few tests in fast realtime work will be obtained. The computer waits for a 
command if no interrupt handling will be done. If it has obtained the first character of a 
command the interrupt from the coincidence unit and the monitor ADC will be blocked up. This 
is necessary because otherwise the fast interrupt handling blocks up the operating system 
(RT11S3) at high data rates and a system crash happens in such cases. The program has a 
length of 61 Kbytes and is linked in 4 overlay regions. The seldom used functions have been 
linked in the same overlay region such as switching on of condition areas, sorting of input 
data from disk and the following outputs: hardcopy, protokol head to data file, program sta-
tus and the help informations. 

The program is able: 
1. to read out up to 20 CAMAC ADC (parameters) for a coincidence event and an aditional moni-

tor ADC. A coincidence unit has to give the LAM signal for reading out the ADC s if a co-
incidence event has been detected. 

2. to collect the measured data event-by-event on a magnetic disk. The number of parameters, 
condition information (if any), start and stop time and date and a comment will be written 
in the first block of such a file. 

3. to show up to 4 two-dimensional spectra or their projections on a color display. It is 
possible to choose any of the input parameters as x- or y-axis and to read/write the dis-
played spectra from/to disk.or to make a hardcopy. 

4. to write the program status with all important working parameter to the terminal. 
5. to set lower und upper boundaries on each parameter or to choose condition figures with a 

noving mouse in the two-dimensional spectra to exclude events from display or disk output. 
6. to sort the original measurement data from the disk file with new sssignments of x- or 

y-axis end new conditions. 
7. to identify x end y channel numbers and the contents in the displayed spectra with the 

nouse. 
B. to'write the contents of the displayed spectra to the lineprinter. 
9. to show the input channels from an event on the terminal for checking the experiment. 
10. to write en automatic measurement protocol to a special file. 
11. to write a help Information for all control-words to the terminal. 

References 
/1/ Schilling, K. 0., et al.; Report ZfK-586 (1986) and Nucl. Instr. Methods (submitted) 
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A NEW PROGRAM PACKAGE FOR THE CALCULATION OF RELATIVISTIC X-RAY EMISSION RATES 
I. Reiche, G. Zachornack 
Technical University Oreaden, Section of Phyelce, Division of Applied Nucleér Physics, 
Mommeenetr. 1 3 , Oresdsn, GDR-8027 
A complete overview of relativistic X-ray emission rates for all elementa waa given by 
Scofleld /1/ In 1974 for a number of different tranaltiona in neutrel atoms. In the recent 
time, correepondlng values for the moet Ion ground etetes ere not available in the lite-
rature. 
Therefore, we develope a program for calculations of reletlvlstlc X-ray emission rates, 
running on the computer EC 1055. The program le based on the Multiconflgurational Dirac-
Fock -Package of Grant, Mc Kanzle et al. /2,3/, which enables to supply corrections to the 
Coulomb energy levele, that reault from Including the tranaverae Breit operator (descri-
bing magnetic Interaction and retardation) in first order Pertubation, the second order 
vacuumpolarlzatlon and an approximate estimate of the self energy operator. The program 
allowes to include up to 32 orbltels and up to 80 configurations. X-ray emission ratee 
are calculated In Scoflelds multlpole approximation, either in the frozen core or in the 
adiabatlc approximation. In the frozen core approximation the program calculates the 
total X-ray emlaeion rates of all orbitale and, additionally, in the case of available 
fluorescence yields energetic widths of the transitions. 
To check the quality of reaulta, there were performed calculations for three elements with 
very different atomic numbera. Table 1 shows actual resulte of relative intensities in 
comparlaon with values given by Scofield and with experimental ones. 
Baaing on the developed program, we plan to calculate a new aet of X-ray transition proba-
billtiea for all elementa and the most intenaive transitions up to Neptunium. 

Table 1 

Element our K«t2/K«i.l our Kß3/Kßl 
7} • 100% results Scofield 

2) ft' 
100% Experiment results 

3) 
Scofield 

4) 7} • 100% 

26Fe 0,5061 0,5107 99 .1 % 0,506+0, ,01 0,5120 0,5079 100,8 % 
/4/" 

100,8 % 

0,507+0, ,01 
/5/' 

0,5407 0,5428 99 .6 % 0,533+0, ,011 0,5151 0,5160 99,8 % 
56B* /5/" 

99,8 % 

0.562+0, ,022 
/6/ 

0.5978 0,5950 100,5 % 0,589*0,012 0,5201 0,5165 100,7 % 
82Pb /5/" 

0,596+0,03 
/6/" 

/1/ Scofleld D.H., Phya. Review, A9, 1974, p. 1041 
/2/ Grant I.P. et al.. Comp. Phys. Commun., 1980, 21. p. 207 
/3/ Mc Kenzie В.Э. et al.. Comp. Phys. Commun., 1980. 21, p. 233 
/4/ Salem S.I. and Wimmer R.3., Phye. Rev. A2 (1970), p. 1121 
/5/ Mc Crery D.H. et al., Phye. Rev. A4 (1971), p. 1745 
/6/ Nelson G.C. and Saunderjl B.G., Phys. Rev. 188 (1969), p. 108 
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PROPERTIES OF A BAYES-BASED SPECTRUM UNFOLOING ALGORITHM 
E. Oars, A. Reichmann, G. Zschornack 
Technical University Dresden, Department of Phyalce, Division of Applied Nuclear Physics, 
Mommsenstr. 13, Dresden, GDR-8027 
Every aeaaured apeetrue le a distorted repreeentetlon of the original apectrum, whereby 
distortion le caused by the apperatue function. A mathematical formulation of this fact can 
be constructed by a aatrlx equation ln the fora » ^ R ^ T^ with Tj - aearched epectrua, 
M^ - measured spectrum, R ^ - Imaging aatrlx of the »ensuring apparatus. 

Soaetlme the spectrum déformation caused by 
the aeesurlng apparatus la ao large, thet 
fro« the aeaaured epectrua elgnlflcent In-
formations about the original apectrua can 
not be obtained. In auch caaes it ia necee-
eary to unfold the aeeeured apectrum with 
reapect to the Imeging matrix of the aee-
eurlng apparatus. For this purpose Richard-
eon /1/ glvea a Bayee-baaed, iterative apec-
trum unfolding algorithm 
Tín+1í- in??r«kJ ик/Г *kl Т4 (">] . 
The analyais of properties of the unfolding 
algorithm was done with a corresponding 
computer code. As weighting criterion for 
the result of unfolding we celculate after 
each step of iteration: 
- aun of absolute values of differences 
between the searched spectrum and the 
result of unfolding ( 2 AB) 

- difference between positions of the 
centre of grevlty ( fSP) 

- difference of FWHM ( <ГHWB). 
For instance, Fig. 1 shows a aeaaured 
epectrum (III) with the corresponding 
seerched spectrum (I) and the apparatua 
function (II). The apparatus function 
causes e broadening end e shift of the 
centre of gravity of the aeaaured epec-
trum reletive to the searched one. 
Fig. 2 shows the courae of weighting 
veluea for the Bsyee-unfoldlng ae a func-
tion of the number of lteretlone. After a 
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Fig. 2; 
small number of steps one can get a acceptable reproduction of the searched spectrum, 
whereby exlata a optimum number of Iterations. The atatletics of the measured epectrum 
strongly influences the result of unfolding. Thle influence may be reduced by emoothing 
with spllne-beeed functions. 
/1/ Richardeon, W.H.s Oournal of the Optical Society of Amerlce, 62, 1572, p. 55 
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Amorphous-to-polycrystalline transformation of Si at rapid thermal annealing studied by 
computer simulation D 

Müller, H.-J., K.-H. Heinig 
Computer experiments on macroscopic phenomena of structural phase transformations 
Institutsseminar, LTF Dubna, 24.6.1986 
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Müller, H.-3., K.-H. Heinig, К. Hennig 
Computer simulation of primary crystallisation 
E-MRS Conference 1986 Meeting, Strassbourg, 17.-20.6.1986 
Müller, H.-3. , K.-H. Heinig, M. Voelskow, J. Matthäi 
SOI-Schichten durch sekundäre Rekristallisation - Stand der theoretischen und experimentellen 
Untersuchungen 
Seminar KÜL 4, Rossendorf, 13.12.1985 
Naehring, F., A. Hofmann ч 
Ionenmikrostrahlanlage: Eigenschaften, erste Ergebnisse und Weiterentwicklung 

Neuber, W. 
Mass loss and linear momentum transfer in 1 GeV proton-induced reactions on U, Bi, Sm 
Neubert, W. 
Entwicklung von ortsauflösenden Teilchendetektoren in Rossendorf (in russisch) 
Institutsseminar, Institut für Kernphysik, Novosibirsk, 27.11.1986 
Neumann, H., W. Hoyer, W. Matz ч 
Nahordnung in geschmolzenen Ge-Eutektika 
Neumann, H., W. Hoyer, W. Matz, M. Wobst . ч 
Strukturuntersuchungen an geschmolzenen und amorphen Germaniumlegierungen 

Ortlepp, H.-G. ч 
Detektor-Elektronik (in russisch) 

Ortlepp, H.-G. 
Neuentwicklungen bei Teilchendetektoren 
Methodisches Seminar der HFR 2.12 zur Entwicklung der experimentellen Kernphysik - Anwendung 
moderner kernphysikalischer Meßmethoden, ZfK Rossendorf, 22.5.1986 
Ortlepp, H.-G., K. Heidel, E. Will 
Untersuchung der Zeitnahme an sehr kurzen Detektorstromsignalen (in russisch) 
Seminar der Abteilung für-Elektronikentwicklung des LJaR, VIK Dubna, 10.12.1986 
Panknin, D., E. Wieser, R. Grötzschel, C.-E. Richter, M. Gericke, Ya.V. Fattachov, 
I.B. Khaibullin 
Elektrische Aktivierung und Dotandenverteilung von Si-implantiertem GaAs nach Kurzzeitaus-
heilung im Festphasenregime 
Panknin, D., E. Wieser, R. Grötzschel, C.-E. Richter, M. Gericke, Ya.V. Fattachov, 
I.B. Khaibullin 
Dopant Distribution and Electrical Activation of Silicon Implanted GaAs by Short Time 
Annealing 
II. Conference on Physics and Technology of GaAs and other III-V Semiconductors, Budapest, 
8.-11.9.1986 

Panknin, D., E. Wieser, R. Grötzschel, C.-E. Richter, M. Gericke, Ya.V. Fattachov, 
I.B. Khaibullin 
Dopant Distribution and Electrical Activation of Silicon Implanted GaAs by Short Time 
Annealing D 

Panknin, D., E. Wieser, C.-E. Richter 
Ausheilung und elektrische Aktivierung von implantiertem GaAs durch Kurzzeittemperung im 
Festphasenregime c) 
Pfitzner, A. . 
Consistent description of s.p. motion and collective fluctuations ^ 
Pfitzner, A. dl 
Randomization of s.p. motion by collective fluctuations ^ 
Posselt, M. . 
Theoretische Beschreibung der Ionenimplantation in Schichtstrukturen ' 
Posselt, M. . 
Kaskadentheoretische Beschreibung der Ionenimplantation in Schichtstrukturen 
Posselt, M., W. Skorupa, A. Beyer, W. Markgraf 
The electronic stopping and range profile calculations for high energy implantation of 
phosphorous into silicon 
16. Allunionskonferenz über die Physik der Wechselwirkung geladener Teilchen mit Kristallen, 
Moskau, 26.-28.5.1986 
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Prade, H. 
Yrast spectroscopy on N=82 and Z=50 nuclei 
Europhysicss Study Conference on the Structure of Cold Nuclei, Albena, 14.-18.9.1986 
Prade, H., Yrast spectroscopy in semi-magic nuclei with N=82 
Seminarvortrag, Gustaf-Werners-Institut, Uppsala, 13.11.1986 

Prade, H. 
Yrast spectroscopy in semi-magic nuclei with N=82 
Experimental group meeting im N81, Kopenhagen, 24.11.1986 
Prokert, F. 
Untersuchungen von Phssenübergängen an Perovskiten und verwandten Strukturen mittels Neu-
tronenstreuung a) 

Prokert, F. 
The TOF diffractometer DN-2 at the pulsed reactor IBR-2 of JINR Dubna 
14. Frühjahrsschule Ferroelektrizität '86, Fincken, 7.-11.4.1986 
Rauschenbach, 8. 
Hochdosis-Ionenimplantation und Ionenstrahl-induzierte Mischung von Metallen 
Seminar, ZfW Oresden, Mai 1986 
Rauschenbach, В., К. Helming 
Determination of implantation -induced textures by electron diffraction 
10. European Crystallographic Meeting, Wroclaw, 5.-9.8.1986 
Reinhardt, H. 
Extended Skyrmion model from low-energy QCO 
Seminarvortrag, Niels-Bohr-Institut, Dezember 1985 
Reichel, P. 
Aufbau eines mikroprozessorgesteuerten MöQbauerspektrometers im ZfK 
MöObauerkolloquium, Freiberg, 18.-19.3.1986 
Reuther, H. ч 
MöQbaueruntersuchungen an implantierten Metallen ' 
Reuther, H. .ч 
Conversion electron MöBbauer spectroscopic studies of ion implanted iron J 

Richter, E. 
Ion implantation into metals 
Seminar der Berg- und Hüttenuniversität, Krakow, Mai 1986 
Richter, E. 
Veränderung von Metalloberflächen durch Ionenimplantation 
Seminar des Politechnikum, Lublin, Mai 1986 
Richter, E. , A. Kolitsch 
Veränderung der mechanischen Eigenschaften von Stahl 
KdT-Vortrag, Frühjahrsmesse, Leipzig, 

Rotter, I. 
Selbstorganisation in Kernen 
Institut für Hochenergiephysik (Theorieseminar), Zeuthen, 16.1.1986 

Rotter, I. 
Nicht-selbstadjungierte Hamiltonoperatoren in der Kerntheorie 
Seminarvortrag, Institut für Mathematik der AdW, Berlin, 16.4.1986 
Rotter, I. 
Strukturen in Kernsystemen 
Vereinigtes Theorieseminar der Friedrich-Schiller-Universität, Jena, 21.4.1986 

Rotter, I. Selbstorganisation in Kernen 
Seminar, Institut für Kernphysik der Lomonossow-Universität, Moskau, 4.6.1986 

Rotter, I. Strukturen in einem offenen Kernsystem Seminar, Laboratorium für Theoretische Physik des VIK Dubna, 6.6.1986 • f 

Rotter, I. 
Irreversibilität und Strukturen in Kernsystemen 
Seminar, Humboldt-Universität, Sektion Physik, Bereich Statistische Thermodynamik und 
Theoretische Biophysik, Berlin, 24.6.1986 
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Rotter, I. 
Cooperative effects in nuclei and selforganization 
Int. Summer School on Physics, Brasov, 1.-13.9.1986 
Rotter, I. 
Oer Atomkern als offenes, quantenmechanisches System 
Seminar, Institut für Kernphysik der AdW der UdSSR (Sibirische Abteilung), Novosibirsk, 
14.10.1986 
Rudolph, W. 
Application of nuclear methods for solid state analysis 
Sewinarvortrag, Institute for Nuclear Chemistry and Technology, Warschau, Februar 1986 
Rudolph, W. 
Anwendung von Ionenstrahlmethoden für die Festkörperanalyse 
Arbeitstagung des KME, Eisleben, März 1986 
Rudolph, W. 
Nukleare Analysenmethoden für Festkörperuntersuchungen 
Seminarvortrag, Bergakademie Freiberg, Sektion Physik, Dezember 1986 
Rudolph, W., C. Bauer, K. Brankow, D. Grambole, R. Grötzschel, C. Heiser, F. Herrmann, 
K. Hennig 
H- und O-Ausdiffusion beim IonenbeschuB von Plastfolien 
7. Arbeitstagung "Energiereiche atomare Stöße", Oberstdorf, Januar 1986 
Rudolph, W., C. Bauer, C. Döring, D. Grambole, R. Grötzschel, C. Heiser, F. Herrmann, 
P. Urwank, К. Hennig 
Analysis of boron doped silicon oxide layers by means of the backscattering and prompt 
nuclear reactions 
MRS-Tagung, Strasbourg, Juni 1986 

л 
Schmidt, В. 
Sensoren für Strahlung und chemische Signale 
Vortrag zur Frühjahrsmesse, Leipzig, 
Schmidt, B. 
Herstellung und Anwendung von Siliciumsensoren 
Weiterbildungslehrgang für Fachschullehrer, Ing.-Schule für Lebensmittelindustrie, 
Dippoldiswalde, 6.2.1986 
Schmidt, В., J. von Borany 
Entwicklung und Herstellung von Halbleiterdetektoren im ZfK Rossendorf 
Seminarvortrag, PTI Leningrad , Oktober 1986 
Schmidt, В., H. Schott, H.-J. Just 
Hybridintegrated Sensor for Position Measurement 
IMEKO Symposium TC2 Photon Detectors, Varna, 22.-24.5.1986 
Schmidt, В., D. Schubert 
Herstellung mikromechanischer Bauelemente mit Hilfe mikroelektronischer Technologie 
Jahrestagung der Physikalischen Gesellschaft der DDR, Leipzig, 9.-12.2.1986 
Schptt, H., H. Herberg .. 
Microcomputer controlled position sensitive measurement system ' 
Schott, H., H. Herberg, В. Schmidt 
Mikrorechnergesteuertes Positioniersystem mit hybridintegriertem Positionierschaltkreis 
4. Fachtagung "Anwendung von Mikrorechnern in der Meß- und Automatisierungstechnik", 
Magdeburg, September 1986 
Schubert, D., U. Lorenz, W. Jenschke, T. Uhlig 
Sensoren in SOI-Technologie 
19. Fachkolloquium Informationstechnik, Dresden, Januar 1986 
Schulz, H. 
Impact Parameter Dependence of the Specific Entropy 
High Energy Physics Seminar, Dubna, June 1966 
Schulz, H. 
Onset of Multifragmentation 
Seminarvortrag, Niels-Bohr-Institut, November 1985 
Schulz, H. 
Connection between Theraodynamical and the Percolation Models of Nuclear Fragmentation 
Workshop on Ctoss Properties of nuclei and Nuclear Excitations, Hirschegg, January 1966 
Schulz, H. 
Limiting temperature of finite nuclei 
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Seidel, W. * 
Parameter positionsempfindlicher Lawinenzähler (in russisch) ' 

Sieber, N., H. Oertel . 
Elektrische Eigenschaften von MOS-Strukturen in SOI-Schichten c > 

Sieber, N. , H. Oertel, M. Voelskow 
Elektrische Eigenset.aften von MOS-Strukturen, hergestellt im rekristallisierten Si 
17. Arbeitstagung Physik der Halbleiteroberfläche, Binz, 7.-12.4.1986 

Skorupa, W. . 
Hochenergieimplantation in Si - Übersicht und erste Ergebnisse 

Skorupa, W. 
Hochenergieimplantation in Silicium 
Problemseminar ZfK/ZFTM, Rossendorf, 6.2.1986 

Skorupa, W. . 
Erzeugung von SOI-Strukturen durch Hochdosis-Ionenimplantation ra' 

Skorupa, W. 
Erzeugung von Siliciumnitrid durch Stickstoff-Hochdosisimplantation in Silicium 
Bereichsseminar KB des ZfK, Rossendorf, 20.6.1986 

Skorupa, W. 
Erzeugung von SOI-Strukturen mit Ionenstrahlverfahren 
Fachtagung mit internationaler Beteiligung "Schichtsysteme für zukünftige Bauelemente der 
Mikro-, Opto- und Molekularelektronik", Karl-Marx-Stadt (TH), 11.-13.11.1986 

Skorupa, W., U. KreiOig, H. Oertel, H. Bartsch 
Properties of epitaxial silicon layers on buried silicon nitride produced by ion implantation 
4. Int. Conference Low Energy Ion Beams, Brighton, 7.-11.4.1986 

Skorupa, W., E. Wieser, R. Grötzschel, M. Posselt, A. Armigliato, A. Garulli, A. Beyer, 
W. Markgraf 
Hochenergieimplantation und Ausheilung von Phosphor in Silicium 

Skorupa, W. , E. Wieser, R. Grötzschel, M. Posselt, H. Bueeke, A. Armigliato, A. Garulli, 
A. Beyer, W. Markgraf 
High Energy Implantation and Annealing of Phosphorus in Silicon 

Skorupa, W., K. Wollschläger, R. Grötzschel, H. Bartsch 
Erzeugung vergrabener S Í 3 N 4 Schichten mit rechteckförmigen StickstofIpiofilen durch Ionen-
implantation c) 
Skorupa, W., K. Wollschläger, U. KreiOig, R. Grötzschel, H. Bartsch 
Properties of Ion Beam Synthesized Buried Silicon Nitride Layers with Rectangular Nitrogen 
Profiles D 

Skorupa, W., K. Wollschläger, U. KreiOig, R. Grötzschel, H. Bartsch 
Erzeugung von SOI-Strukturen mit vergrabenen SijN^-Schichten mit rechteckförmigen Stickstoff-
profilen durch Ionenimplantation 

Sobeslavsky, E. 
Modelluntersuchungen zur Stickstoffimplantation in Silicium . 
Herbstschule Isolatorphysik, Ahrenshoop, 27.-29.11.1985 und c ) 

Stary, F. 

Erprobung der Bragg-Ionisationskammer am Tandem des ZfK Rossendorf (in russisch) 

Stary, F. Physik mit schweren Ionen 

Festkolloquium zum 30. Jahrestag der Gründung des VIK Dubna, ZfK Rossendorf, 3.4.1986 

Stary, F. Gasgefüllte Detektoren für schwere Ionen Kolloquium der physikalischen Institute der Technischen Universität Braunschweig, 16.12.1986 

Stegemann, K.H., M. Voelskow •) 
SOI-Substrate für die Mikroelektronik - Stand der Herstellungstechnologie 

TeichfuQ, M. c ) 
Oetektionssysteme für geladene Teilchen geringer Energie und Reichweite 

Teichfuß, M. 
Evidence of low energy charged particles 
Konf. Naukowa i Spotkanie Przyjazni zwiazkow mlodzierzy z panstw, Swierk, 4.-7.11.1986 

Tesch, S. 
Scattering and fragmentation of relativistic deuterons and helium nuclei 
Int. Symposium on Hadron Structure, Smolenice, 2.-8.11.1986 
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Voelskow, M., 0. Matthäi 
Stand der Arbeiten zur Herstellung von SQI-Substraten und apparative Weiterentwicklung im 
ZfK m) 
Voelskow, M., 3. Matthäi тч 
Stand und Perspektiven einer SOI-Technologie 
Voelskow, M. , J. Matthäi, K.H. Stegemann, Ch. Höppner ч 
Methoden zur Herstellung korngrenzenfreier SOI-Gebiete beim lateralen Zonenschmelzen 

Voelskow, M., K.H. Stegemann 
Stand und Perspektiven einer SOI-Technologie 
Kolloquium (KME), Erfurt, 4.4.198ь 
Waither, K. s 
Ein Steuerprogramm für den automatischen Betrieb des Spektrometers NSWR 
Walzog, D. ч 
Vakuum- und Gasversorgungssystem (in russisch) 
Weiß, L., H. Eschrig 
Messung und theoretische Interpretation von Kohn-ähnlichen Anomalien in der Elektron-
Phonon-Wechselwirkung s) 
Weiß, L. V 
INS-Untersuchungen an Halbleitern (Pb^SN^Je, CoSi2) 
Wieser, E., A. Häßner, R. Portius ч 
Bildung von Molybdänsilicid-Polysiliciumstrukturen durch Kurzzeittemperung 
Winter, G. 
Yrast properties in the Kr nuclei 
Europhysics Study Conference on the Structure of Cold Nuclei, Albena, 14.-18.9.1986 
Wollschläger, К., W. Skorupa 
Phasenbildungskinetik an vergrabenen Si-.N.-Schichten aus IR-spektroskopischen Untersuchun-
gen с) J 4 

Wünsch, R. 
Production, Structure and Decay of Hypernuclei 
Seminarvortrag, Institute for Nuclear Research, Moscow State University, December 1985 
Wünsch, R. 
Atomkerne und Quarks 
6. Tagung über Probleme der theoretischen Physik, Leipzig, Februar 1986; 
Radio DDR II, Wissenschaftsredaktion, April 1986 
Wünsch, R. 
The Rossendorf Continuum shell-model, formalism and application 
Seminarvortrag, Institute for Nuclear Research, Novosibirsk, August 1986 
Wünsch, R. 
URANIA-Vortrag "Neutrinos", Dresden, September 1986 

a) Int. Winterschule Neutronenstreuung, Stadt Wehlen, 27.-31.1.1986 
b) Int. Frühjahrsschule Kernphysik und Analytik, Holzhau, 6.-11.4.1986 
c) Arbeitstagung "Ionenstrahltechnologie 86", Papstdorf, 14.-18.4.1986 
d) XVI. Int. Symposium on Nucl. Physics, Gaussig, 10.-14.11.1986 
e) Expertenberatung zur Automatisierung wissenschaftlicher Forschungen AWF, Kiev, 

18.-22.11.1986 
f) 5th Int. IMECO Symposium, Jena, 10.-14.6.1986 
g) Festseminar zum 30. Jahrestag des ZfK, Rossendorf, Februar 1986 
h) IV. Symposium "Physikalische Grundlagen zu Bauelementetechnologien der Mikroelektronik, 

Frankfurt/O., 10.-12.9.1986 
i) IX. Arbeitstagung "Struktur nichtkristalliner und partiellkristalliner Systeme", 

Biesenthal, 24.-27.3.1986 
j) Int. Meeting on Application of Mössbauer Spectroscopy in Physics of Metals and Physical 

Metallurgy, Valtice, 12.-16.5.1986 
к) 17. Arbeitstagung Physik der Halbleiteroberfläche, Binz, 7.-12.4.1986 
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1) Int. Conference "Ion Beam Modification of Materials", Catania, 9.-13.6.1986 

m) 0DR-S0I Workshop, Dresden (ZfK), 13.12.1986 

n) Arbeitsberatung zum 4 Tir-Detektor (Anlage PHOBOS), Dubna, 21.-23.1.1986 

VERANSTALTUNGEN 

Int. Winterschule "Neutronenstreuung", Stadt Wehlen, 27.-31.1.1986 

Int. Frühjahrsschule "Kernphysik und Analytik", Holzhau, 6.-11.4.1986 

Arbeitstagung "Ionenstrahltechnologie 86", Papstdorf, 14.-18.4.1986 

PATENTE 

Altmann, 3., C. Blochwitz, B. Rauschenbach, G. Schmidt 
Verfahren zur Erhöhung der chemischen Resistenz von Nickelwerkstoffen 
00 227 457 

Böhme, H., R. Kirchbach, H.B. Lück, G. Schmidt 
Verfahren zur Erzeugung von Kernspuren in Hohlfäden 
OD 238 466 

3örren, C. , E. Richter 
Verfahren zur Erhöhung des VerschleiBwiderstandes von Hartmetallerzeugnissen 
DD 227 455 (11.7.1985/18.9.1986) 

Lück, H.B. 
Herstellung von Kernspurmikrofiltern sehr geringer Porenverengung 
00 239 068 

Lück, H.B. 
Asymmetrischer Kernspurmikrofilter und Verfahren zu seiner Herstellung 
OD 238 467 

Lück, H.B., R. Korf, P. Hörl, W. Fischer, V. PreiQler 
Separator mit gefalteter Membran 
DD 233 489 

Poitz, T., E. Richter, S. Schneider, G. Beister 
Verfahren zur Farbumwandlung bei Titannitriddekoren 
DD 224 839 (21.6.1984/17.7.1985) 

WISSENSCHAFTLICHE PREISE 

Institutspreis Kategorie I, 2. Preis 1985/1986 
Enghardt, W., H.-U. 3äger, L. Käubier, H.-3. Keller, H. Prade, F. Stary 
Experimentelle und theoretische Untersuchungen von Mehrteilchenanregungen in halbmagischen 
Kernen mit 82 Neutronen oder 50 Protonen 

Institutspreis Kategorie II, 2. Preis 1985/1986 
Schott, H., B. Schmidt 
Entwicklung und Herstellung eines hybridintegrierten optoelektronischen Positionierschalt-
kreises 

Institutspreis Kategorie III, 1. Preis 1985/1986 
Fromm, W.D., P. ManfraQ, M. Sobiella, D. Wohlfahrt 
Positronenkamera mit Gasdetektoren 

Bereichspreis Kategorie I, 1. Preis 1965/1986 
Müller, H.3., K.H. Heinig 
Compuiersimulation der primären Kr^tallisation von amorphen zu polykristallinen Silicium 

Bereichspreis Kategorie I, 2. Preis 19B5/1986 
Matz, W., H. Herrmann, N. Mattern 
On the Structure of Amorphous Fe75B25 
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Bereichspreis Kategorie II, 1. Preis 1985/1986 
Jäger, H.-U. 
Modellierung der Sauerstoffumverteilung im Target bei Sauerstoff-Hochdosisimplantation in 
Silicium 

Bereichspreis Kategorie II, 2. Preis 1985/1986 
Skorupa, W. , K. Wollschläger, U. KreiOig, R. Grötzschel, H. Bartsch 
Vergrabene SijN^-Schichten mit steilen Halbleiter/Isolator-Ubergängen in Silicium 

Bereichspreis Kategorie III, 1. Preis 1985/1986 
Kotte, R., Н.Э. Keller, H.-G. Ortlepp, F. Stary 
Weiterentwicklung der Bragg-Peak-Spektroskopie 

Bereichspreis Kategorie III, 2. Preis 1985/1986 
Fromm, W.D. 
Das Farbdisplay 4791 als autonomer 2D-Analysator 

Bereichspreis Kategorie IV, 1. Preis 1985/1986 
Bischoff, L., 3. von Borany 
Strahlenschäden in Si-Halbleiterdetektoren 

Bereichspreis Kategorie V, 1. Preis 1985/1986 
Tesch, S. 
Öffentlichkeitsarbeit 
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ZENTRALINSTITUT FÜR KERNFORSCHUNG. ROSSENDORF, BEREICH G 

VERÖFFENTLICHUNGEN 

Baldauf, D., M. Borkenhagen, R. Fülle, B. Hartmann, S. Hiekmann, G. Hofmann, W.-3. Linnemann 
Prozeßführung an Beschleunigern 
ZfK-594 (1986) 30 

Bergmann, W. 
Erhöhte Rechenleistungen durch Vektorprozessing 
ZfK-594 (1986) 36 

Böttger, H. 
RATARI - A. Programm System of Rational Arithmetic 
Proc. Int. Conference Computing Algebra and its Application in Theoretical Physics 1985 
Oubna 1986, 160 

Brückner, R., H. Guratzsch 
Irradiation System for Target Materials with Low Heat Transmission 
ZfK-594 (1986) 16 

Büttig, H. 
Beam Profile Monitor System Based on Infrared Thermography 
ZfK-594 (1986) 19 

Dietrich, 0., M. Friedrich 
Experimentelle und theoretische Untersuchungen am Fokussiersystem einer HF-Ionenquelle 
Exp. Tech. Phys. 34 (1986) 263 

Dietrich, 3. H. Guratzsch, G. Kerber. VI. Naumann, H. Odrich 
Die Beschleunigung von und 2ÛNe4+-i0nen mit dem Rossendorfer Zyklotron U-120 
Kernenergie 29 (1986) 392 

Dietrich, 3., G. Kerber, W. Naumann H. Odrich 
Erzeugung und Beschleunigung von Li^+-Ionen am Rossendorfer Zyklotron U-120 
Exp. Tech. Phys. 34 (1986) 191 

Eichhorn, K., St. Preusche 
Ionenstrahlablenkung mit Hilfe eines Statormagnetes 
ZfK-594 (1986) 12 

Eichhorn, К., E. Richter, H. Taubert 
Anwendung der Dünnschichtaktivierung auf Kavitationsuntersuchungen 
ZfK-594 (1986) 22 

Friedrich, M. 
Erhöhung der Transmission des Tandembeschleunigers EGP-10-1 
Pribory i Tekhnika Ehksperimenta £ (1986) 33 (in russ.) 

Friedrich, M. 
BROHR und SYSFIT - ein Programmsystem zur Berechnung der Strahlführung an elektrostatischen 
Beschleunigern 
ZfK-577 (1986) 

Friedrich, M. 
Ionenoptische Untersuchungen am Rossendorfer Tandembeschleuniger EGP-10-1 
ZfK-593 (1986) 

Fromm, U., R. Hammer, H. Kirsch, M. Kunicke 
J08MIT - Ein Programmpaket zur gezielten Bearbeitung von TSO-Stapeljobs 
ZfK-594 (1986) 41 

Hartmann, P. 
Rekonstruierte Impulsspannungsquelle für die Zyklotron-Ionenquelle 
ZfK-594 (1986) 11 

Hieronymus, W., B. Schneider, 3. Günther, A. Findeisen, K. Franke 
Der Rossendorfer Forschungsreaktor RFR - ein kerntechnisches Großgerät im Bereich Großge-
fäte des ZfK 
ZfK-594 (1986) 48 

Matthes, H., W. Pfestorf 
The^iJegative ion Sputter Source FtTSS-585 
NIM A244 (1986) 155 

Regel, K. 
Certain Pattern of DNA Double Strand Breaks in Membrane Attached Superstructure Units 
Cause Cell Killing: A Radiation Action Model 
ZfK-594 (1986) 25 
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VORTRÄGT, DIE AUSSERHALB DES EIGENEN KOLLEKTIVS GEHALTEN WURDEN 

Friedrich, M. 
Die elektrostatischen Beschleuniger des ZfK Rossendorf 
Bereichsseminar IOF Novosibirsk, 11.11.1986 
Hammer, P., Ch. Eifrig, К. Eichhorn 
A Study of Wear in Refrigeration Compressors Using Oeuteron Activation 
Fachtagung INSYCONT 86, Krakow, Sept. 1986 

PROMOTIONEN В (Dr. sc. nat.) 
Dietrich, 3. 
Beiträge zur Strahlextraktion und -formierung bei Plasmaionenquellen und zum Transport 
intensiver Ionenstrahlen 
TU Dresden, 14.11.1986" 
Regel, K. 
Zur Bedeutung der DNS^Superstrukturen für das Verständnis des Strahlenwirkungsmechanismus 
Akademie der Wissens'chaf tetr* der DDR, 4.4.1986 

VERANSTALTUNGEN 

XIII. Frühjahrsschule für Beschleunigungstechnik, Hörnitz 10.-14.3.1986 
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TECHNISCHE UNIVERSITÄT DRESDEN. SEKTION PHYSIK. WB THEORETISCHE PHYSIK 

VERÖFFENTLICHUNGEN 
Münchow, L., R, Reif: Recent Developments in the Nuclear Many-Body Problem 
Vol. 1 Strong Interactions and Nuclear Structure. Teubner-Texte zur Physik, Band 7, 
BSВ B.G. Teubner Verlagsgesellschaft, Leipzig 1985 
Biedermann, M., P. Mädler: A two-stage model for fast particle emission in heavy-ion 
collisions. Z. Phys. A323 (1986) 315 
Milek, В., R. Reif: Gamow states in s realistic two—center potential and nucleón emission 
in heavy-ion collisions. Nucl. Phys. A458 (1986) 354 
Sch midt, R.: Critical distance for fusion and fusion barriera of very-heavy—ion 
collisions. Z. Phys. A325 (1986) 239 
Gippner. P., K.D. Schilling, W. Seidel. F. Stary, E. Will, H. Sodan, S.M. Lukyanov, 
V.S. Salamatin, Yu.E. Penionzhkevich, G.G. Chubarian, R. Schmidt: Shell effects in the 
evolution of the mass asymmetry in heevy-ion collisions leading to composite systems 
with Z m 108. Z. Phys. A325 (1986) 335 
Knospe, 0., R. Schmidt, H. Schulz: Slte-psrcolation approach for mass and isotopic 
distributions in fragmentation reactions. Phys. Lett. В182 (1986) 293 
Mädler, P., В. Milek, R. Reif: On the possibility of post-equilibrium polar particle 
emission In heavy-ion induced fusion-fission reactions. 
VIK Oubna Report E7-86-558, Dubna 1986 

DIPLOMARBEITEN 
Fandrich, 3.: Différentielle Emissionsspektren leichter Teilchen im Zwei-Zentren-Schalen-
modell für Schwerionenreaktionen 

PROMOTIONEN A (Dr. rer. nat.) 
Milek, 8.: Adiabatische Basis im Zwei-Zentren-Potential endlicher Tiefe und Nukleonen-
emission in schwerioneninduzierten Kernreaktionen. 

VORTRÄGE, DIE AUSSERHALB DES EIGENEN KOLLEKTIVS GEHALTEN WURDEN 
Mädler, P.: Fragen des Mechanismus von Schwerionenreakcionen bei mittleren Energien, 
(in russ.) Internationale Arbeitstagung zum 4 T-Oetektor "Phobos", Dubna, Запиаг 1986 
Reif, R.: Schwerionenphysik - Grundlagenforschung und Anwendung. 
Kolloquium der Sektion Physik der Bergakademie Freiberg, Februar 1986 
Mädler, P.: Two-stage model for HIC s) 
Milek, В.: Emission of polar particles in fission a) 
Schmidt, R.: Dynamics of the mass asymmetry in HIC a) 
Reif, R.: Semlclassical one-body dynamics of heavy-ion collisions 
International School-Seminar on Heavy-Ion Physics, Dubna, September 1986 
Mädler, P.: Description of fast nucleón emission within a phenomenological two-stage model 
International School-Seminar on Heavy-Ion Physics, Dubna, September 1986 
Schmidt, R.: Semiklassische Theorie dissipetiver Schwerionenreaktionen 
Seminer des Instituts für Physikalische Chemie, AdW, Berlin-Adlershof, Oktober 1986 
Biedermann, M.: Fast nucleón emission in HIC within the two-stage model b) 
Knospe,O.:Site-percolation approach for Isotopic distributions in fragmentation reactions'*) 
Milek, В.: One-body dynamics in a semiclessical model of HIC and fission 
Schmidt, R.: Semiclasslcal treatment of dlsslpatlve HIC-Nucleonenexcltation and -transfer*®) 
a) Internationale Frühjahrsschule des ZfK Rossendor.f, Holzhau, April 1986 b) XVI. International Symposium on Nuclear Physics, Gausslg, November 1986 

VERANSTALTUNGEN 
XVI. International Symposium on Nuclear Phyeics - Dynamics of Heavy-Ion Collisions -
Gausslg, lo. - 14. November 1986 
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TECHNISCHE UNIVERSITÄT DRESDEN, SEKTION PHYSIK, WB KERNPHYSIK 

VERÖFFENTLICHUNGEN 
Böttger, R., W.D. Fromm, H. Klein, H. Märten, D. Richter, D. Seeliger: The Cf-252(sf) 
Neutron Spectrum in the High-Energy Range, Radiation Effects ¿6 (1986) 129 
Eckstein, P., F. Gleisberg, U. Jahn, R. Krause, E. Paffrath, D. Schmidt, R. Schwierz, 
D. Seeliger, A.I. Glotov, V.A. Romanov: Intense Neutron Generator Project at the TUD, 
Proc. IV. Int. Symp. on Neutron Induced Reaction, Smolenice, June 1985, p. 41? 
Elfruth, T., D. Wernsdorf, H. Kalka, D. Seeliger, К. Seidel, S. Unholzer: The Neutron 
Qnission from Lead Bombarded with 14 MeV Neutrons, Proc. IV. Int. Цутр. on Neutron 
Induced Reaction, Smolenice, June 1985, p. 68 
Elfruth, T., D. Hermsdorf, H, Kalka, J. Pöthig, D. Seeliger, К. Seidel, S. Unholzer: 
Neutron emission from lead bombarded with 14 tóeV neutrons, Froc, of the Int. Conf. on 
Fast Neutron Physics, Duorovnik, 26.5.-31.5.1986, p. 282, INDC(Yug)-010/G (1986) 
i'lorek, M., I. Szarka. J. Oravec, K. Holy. E. Misianikova, H. Helfer, U. Jahn, 
YU.P. Popov: The (n,a) reactions on the 95ido and 143wd isotopes with 3 MeV neutrons, 
Proc. IV. Int. Syrap. on Neutron Induced Reaction, Smolenice, June 1985,p. 74 
Hernsdorf, D. : Description of File 8201 i'or Lead x'or the Library BROND, INDC(GDR)-39/L 
(1986) 
Hermsdorf, D.: Description of file 1402 for Silicon for the Library BROND - Revision of 
ÏLAT 2015 and Integral'Data Tests -, INDC(GDR)-38/L (1986) 
Hermsdorf, D., H. Kalka, D. Seeliger, U. Steininger: Phenomenology of angular distribu-
tions of neutron-induced particle emission at 14 MeV, Proc. of the Int. Conf. on Fast 
Neutron Physics, Dubrovnik, 26.5.-31.5.1986, p. 87, INDC(Ïug)-010/G (1986) 
Ignatovich, V.K., A. Meister, S. Mittag, ¡V. Pilz, D. Seeliger, К. Seidel: Temperature 
Shift of Neutron Resonances, ZfK-592 (1536) 74 
Ignatovich, V.K., A. Meister, S. Mittag, 'Я. Pilz, D. áeeliger, К. Seidel: Temperature 
Shift of Neutron Resonances, Proc. IV. Int. Symp. on Neutron Induced Reaction, 
Smolenice, June 1985, P- 304 
KalKa, H., D. Hornsdorf, D. Seeliger: Excitonmodel and Multistep-Compound Reactions, 
Proc. IV. Int. Symp. on Neutron Induced Reaction, Smolenice, June 1985, p. 78 
Märten, H., D. Richter, D. Seeliger, W. Neubert, A. Lajtai: Energy and Angular 
Distribution of 252cf Fission Neutrons in the low Energy Range, Proc. Int. Nucl. Phys. 
Conf., Harrogate, Aug. 1986, Vol. 1, B123. p. 149 
Märten, H., D. Seeliger: Description of the 252Cf(sf) neutron spectrum in the frame-
work of a generalized Madland-Nix model, Nucl. Sei. Eng. (1986) 370 
Märten, H., D. Richter, D. Seeliger, Я. Neubert: On the Mechanism of Fission Neutron 
Qnission, ZfK-592 (1986) 1 
Märten, H., 0. Richter, D. Seeliger, W.D., Fromm, ff. Neubert: Experimental Arrangement 
for the Measurement of Correlations Between Fission Products and Neutrons, ZfE-5S2 (1986) 

Märten, H., D. Seeliger: Investigation of the 252 Cf spontaneous fission neutron spectrum, 
Proc. IV. Int. Symp. on Neutron Induced Reactions, Smolenice, June 1985, p. 322 
Märten, H., D. Richter, D. Seeliger, W.D. Fromm, D. Neubert: Differential Study of 252Cf 
(sf) Neutron Emission, Proc. IV. Int. S¡ymp. on Neutron Induced Reactions, Smolenice, 
June 1985, 368 
Märten, H., D. Seeliger, W. Neubert, D. Richter: Detailed Investigations of Fission 
Neutron Emission, Radiation Effects (1986) 41 
Märten, H., D. Seeliger: Theoretical Study of the Cf-252(sf) Neutron Spectrum, 
Radiation Effects 22 (1986) 9.9 
lieister, A., S. Mittag, L.W. Pikeiner, w. Pilz, D. Seeliger, К. Seidel: Chemically 
Shifts of Uranium Neutron Resonances, Proc. IV. Int. §ymp. on Neutron Induced Reactions, 
Snolenice, June 1985, p. 315 
Meister, A., S. Mittag, L.B. Pikeiner, W. Pilz, D. Seeliger, К. Seidel: Measurement of 
the Mean-Sauare Charge Radii of Neutron Resonance States in Uranium Nuclei, ZfK-592 
(1986) 65 
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Meister, A., S. Mittag, W. Pilz, D. Seeliger, К. Seidel, L.B. Pikeiners Mean-square 
radii of the nucleus in excited states with different fission widths, ZfK-592 

Pretzsch, G., B. Dörschel, H. Seifert, T. Streil, D. Seeligers Measurement of Tritium 
Activity Concentration in Air by Means of the Electret Ionisation Chambers, Radiation 
Protection Dosimetry 12, Nr. 4 (1986) 345 
Schmidt, D., D. Seeligers Experimentelle Grundlagen für neutronenphysikalische Unter-
suchungen für die Kernenergetik (Teil Is Einsatzvorbereitung des intensiven Neutronen-
generators INGE-1, Teil Iis Beiträge zur Tritiumtechnologie), A4-Abschlußbericht TU 
Dresden, Sektion Physik (1986) 
Seeliger, D., K. Seidel, H. Martens Proceedings of the XV-th International Symposium on 
Nuclear Physics - Nuclear Fission - November 11 - 15 1985, Gaußig, p. 1 - 194 (Editor), 

Szarka, S., M. Florek, J. Oravec, K. Holy, H. Helfer, U. Jahns Gas Proportional 
Telescope used to Investigate Rare Reactions Induced by 3 MeV Neutrons, Nucl. Instr. 
and läeth. £22 (1986) 472 

DIPLOMARBEITEN 
Almeroth, L.s Beiträge zur Entwicklung einer elektronisch steuerbaren Hochspannungs-
versorgungseinheit 40 kV/25 mA 
Blanco, L.E.s MOCCA - ein Programm zur Simulation von Mehrfachstreueffekten bei der 
Streuung schneller Neutronen in endlichen Streugeometrien 
Hildebrandt, B.s Entwicklung, Aufbau und Erprobung eines .Monitor-Systeas für den 
Intensiven Neutronengenerator INGE-1 
Krimmling, P.s Analyse mehrfachdifferentieller Wahrscheinlichkeiten der Neutronen-
emission aus der Spontanspaltung von 252cf im Rahmen des erweiterten Kaskadenverdampfungs-
modells 
Steininger, U.: Beiträge zur Entwicklung und Aufbau einer Impulsionenquelle 
Töpfer, M.s Herstellung von Gruppendaten und Berechnung von NeutronenausfluBspektren für 
ein Bleikugelbenchmarkexperiment 

PROMOTIONEN A (Dr.rer.nat.) 
Gleisberg, F.s Beiträge zu Entwurf und Anwendung steuerbarer Stromversorgungseinheiten 
auf Schaltreglerbasis in rechnergeführten physikalischen Experimentanordnungen, 
TU Dresden, 30.5.1986 
Jahn, U.s ßimensionierung, Aufbau und Erprobung des ionenoptischen Systems für den 
intensiven rieutronengenerator INGE-1, TU Dresden, 12.12.1986 
Köhler, №. s Beitrag zur Applikation des 1-Chip-Mikrorechners U 882 im wissenschaftlichen 
Gerätebau am Beispiel eines einfachen Vielkanalysator, TU Dresden, 1.8.1986 

VORTRAGE, DIE AUSSERHALB DES EIGENEN KOLLEKTIVS GEHALTEN WURDEN 
Eckstein, P., U. Jahn, E. Paffrath, D. Schmidt, D. Seeligers Intense Neutron Generator 
Development at the TU Dresden, IAEA Advisory Group Meeting on Neutron Source Properties, 
Leningrad, 9. - 13.6.1986 
Elfruth, T., D. Hermsdorf, H. Kalka, J. Pöthig, D. Seeliger, X. Seidel, S. Unholzsrs 
Differential Neutron Rnission Cross Section from Lead, and Carbon Bombarded with 14 «SeV Neu-
trons, IAEA Vienna, 1986 
Märten, H.: Theoretical Description of the Cf-252 Fission Neutron Spectrum, IAEA 
Advisory Group Meeting on xVeutron Source Properties, Leningrad, 9. - 13.6.1986 
Märten, H., D. Richter, D. Seeliger, W. Neubert, A. Lajtais Knergy and Angular 
Distribution of 252cf Fission Neutrons in the Low Energy Range, IAEA Advisory Group 
Meeting on Neutron Source Properties, Leningrad, 9. - 13.6.1986 
Marten, H., D. Richter, 0. üeeliger, W.D. Fromm, W. weuberts New Experimental and 
Theoretical Results of Cf Neutron Jûnission, IAEA Advisory Group Meeting on Neutron 
Source Properties, Leningrad, 9.-13.6.1986 
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Märten, H., A. Ruben, i). Seeligert Calculation of Prompt Pission Neutron Spectra for 
Applied Purposes, IAEA Advisory Group Meeting on Neutron Source Properties, Leningrad, 
9.-13.6.1986 
Seeliger, D.: Status of experimental and theoretical double-differential neutron data, 
IAEA Advisory Group Meeting on Nuclear Data for Fusion Reactor Technology (in Coopera-
tion with the Technical University Dresden), Gaußig, 1.12.-5.12.1986 
Seidel, К. î Benchmark testing of nuclear data on Pb-spheres, IAEA Advisory Group Meeting 
on Nuclear Data for Fusion Reactor Technology (in Cooperation with the Technical 
University Dre:>d(iri), Gaußig, 1.12.-5.12.1986 
Seidel, E., L.B. Pikeinert Messung der mittleren quadratischen Radien der Kerne von 
Uraniumisotopen beim Einfang von Resonanzneutronen (in russ.), V. Int. Schule über 
Neutronenphysik, Aluschta (UdSoR), Okt. 1986. 

VERANSTALTUNGEN 
IAEA Advisory Group Meeting on Nuclear Data for Fusion Reactor Technology (in Cooperation 
with the Technical University Dresden), Gaußig, 1.12.-5.12.1986 

BERUFUNGEN 
Doz. Dr. sc. nat. K. Seidel wurde am 1.9.1986 zum außerordentlichen Professor an die 
TU Dresden, Sektion Physik, berufen. 
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TECHNISCHE UNIVERSITÄT DRESDEN. SEKTION PHYSIK. WB ANGEWANDTE KERNPHYSIK 
VERÖFFENTLICHUNGEN 
Bischoff, L. ; Madenann, D„ ; Trützechler, K.; Zschornack, G.: Oer Einsatz von Mlkroatrelien-
datektoran in der wlnkeldlsperelven Röntgenapektrometrle, TU-Preprint 05-05-86 
Heinrich, В.; Irroer, K.; Pötschke, R.: Feet analysis of carbon content by inelaetlc 
scattering of neutron*. Third Working Meeting Radioisotope Application end Radiation 
Processing in Industry Leipzig, 23-27. Sept. 1985, Vol. III, S. 841-847 
Herbach, C.M.; Merla, K.; Musiol, G.; Ortlepp, H.-G.2 Pauach, G.; Alkhazov, I.D.; 
Drapchinsky, L.V.; Ganze, E.A.; Kovalenko, S.S.; Kostochkin, O.L.; Solovjev, S.M.; 
Shpakov,V.l.; Absolute flselon crosa-eectlon Measurement of Pu-239 at 4.8, 8.65 and 18.8 
MeV and of U-235 at 4.45 and IB.В MeV neutron, XV. Intern. Symp. on Nucl. Phye. "Nuclear 
Fiaslon" Gaussig, GDR, Nov. 1985, ZfK-592 (1986) 152-155 
Irner, K.; Pötschke, R. : Ole Untersuchung der Messung der Kohlenetoffkonzentration alt Hil-
fe der unelastischen Neutronenstreuung, laotopenpraxis 22 (1986) 9, S. 316-320 

235 
Irmer, K.; Siebert, H.-U«; Theillg, В.: Bestimmung des U-Gehaltee ln großen Proben -
Messung und Monte-Carlo-Experlment, laotopenpraxis 22 (1986) 7, S. 225-232 
Kreisler. 0.; Zschornack, G.: Temperaturregelung am Analysatorkrietall eines Kriatall-
diffraktlonaspektrometera mit einen diskreten parameteroptimierten Regler, TU-Preprint 
05-03-86 
Ortlepp, H.-G.; Herbach, C.M.; Merla, K.; Musiol, G.; Pausch, G. Identification of asso-
ciated particles in the TCAPM fission crosa-aectlon measurements at the tandem accelerator 
of the CINR Roaaendorf, XV. Intern. Symp. on Nucl. Phys. "Nuclear Fiaaion" Gauaslg, GDR, 
Nov. 1985, ZfK-592 (1986) 156-159 
Pausch, G.; Fromm, W.D.; Herbach, C.M.; Merla, K.; Musiol, G.; Ortlepp, H.-G.: CAMAC data 
acquisition system and data analysis in TCAPM fission cross-section measurements et the 
tandem accelerator of the CINR Rossendorf, XV. Intern. Symp. on Nucl. Phys. "Nuclear Fis-
sion" Gaussig, GDR, Nov. 1985, ZfK-592 (1986) 160-163 
Musiol, G.; Gromov», К.Э.; Chalkin, A.: Internationale Zusammenarbeit Im Programm 3ASNAPP, 
Energoatomizdat Moskau 1986, S. 185-192 
Schiekel, M.; Ougelt, P.: State and Trenda in energy dispersive X-Ray analysis. Third 
Working Meeting Radioisotope Application and Radiation Processing in Industry Leipzig, 
23-27. Sept. 1985. Vol. II, S. 511-537 
Zachornack, G.; Muaiol, G.; Reichmann, A.; Karrasch, G.; Kreiseler, D.; Schulze, W.; 
Tänzer, W.; Wagner, W.: A Computer-Aided Bregg Crystal Diffraction Spectrometer for X-Ray 
Analysis, Third Working Meeting Radioisotope Application and Radiation Processing in 
Industry Leipzig, 23.-27. Sept. 1985, Vol. II, S. 589-593 
Zschornack, G.: A Syatemizetlon of X-ftay Energies and Electron Binding Energies In Free 
Highly Charged lone, TU-Preprint 05-06-86 
Zachornack, G.: Eine Systematialerung von atomaren Eigenschaften hochgeladener Ionen, 
7. Tagung "Energiereiche atomare Stöße" ln Oberstdorf/BRD vom 26.1.-1.2.1986, EAS-7. 
S. 18-20 
Zachornack, G.; Musiol, G.; Wagner. W.: Dlrec-Fock-Sleter X-Ray Energy Shift« end Electron 
Binding Energy Changea for all Ion Ground States ln Elements up to Uranium, Rossendorf, 
ZfK-574 
Zeuner, A.; Henning. К.; Kießling, M.: Investlgetlon of the Meterlal transport Behaviour 
of Tube- and Though-Vibratlon milla by radioactive lndlcetore. Third Working Meeting 
Radioisotope Application and Radiation Processing in Industry Leipzig, 23-27. Sept. 1985, 
Vol. III. S. 1021-1027 
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Zeuner,A.; Hartmann. F.: Residence time investigation .nd material balance for freeh 
and waste water in a rayon by radioisotope application. Third Working Meeting Radio-
isotope Application and Radiation Processing in Industry Leipzig. 23-27. Sept. 1985. 
Vol. IV.. S. 1271-1278 

VORTRÄGE. DIR AUSSERHALB DES EIGENEN KOLLEKTIVS GEHALTEN WURDEN 

3ugelt, P.: Anwendung energiedispersiver Röntgenepektrometer in der Festkörperanalytik, 
ZfK Rossendorf, Anwenderkolloquium 20.5.1986 
Musiol, G.: Pausch, G.: Absolut- und Präzisionsbestimmung von Spaltquerschnitten mit der 
Methode der zeitlich korrelierten assoziierten Teilchen, TU Dresden, 24.4.1986 
Musiol. G.: Irmer, K.: Zur Entwicklung der Forschung auf dem Gebiet der Angewandten Kern-
physik, TU Dresden, 13.9.1986 
Musiol, G.: Kernenergetik und Umwelt, Gaußig, 27.11.86, Dresden, 3.12.86 
Pausch, G., Herbach, C.N.: Absolutbestimmung von Spaltquerschnitten mit der Methode der 
zeitlich korrelieren assoziierten Teilchen, III. Interdisziplinäre Zentrale Wiesenschaftl. 
Konferenz der Studenten und Jungen Wissenschaf tier, Zittau, 20./21. Febr. 1986 

Reiche, I.: Geometriefaktoren für ß-Rückstreuanordnungen, XI. Zentrale Studentenkonferenz, 
Dresden, 
Schiekel, M. ; Heckel, 0.; Heinrich, В.: Clementanalyse an historischem Glas, Wiss. Zeit-
schrift d. TU Dresden 35/4, S. 41-42 
Schmidt-Qöcking, H.; Zschornack, G.; Dangendorf, V.; Euler, 3.; Hagmann, S.; Ulrich, 3.; 
Schmidt, S.: "Search for Metastable Highly Charged Recoil Ions", Intern. Konferenz 
"Physics of Multiply Charged Ions" in Groningen/Niederlande, 17.-19.9.86 

Zeuner, A.: ¡.insati: von Radiotracern zur Prozeßanalyse, Tagung "25 3ahre Radionuklidan-
wendung in der landtechniochen Forschung", Potsdam-B., 11.9.1986 

Zschornack, G.: A Systemization of X-Ray Energies and Electron Binding Energies in Free 
Highly Charged Ions, Intern. Konferenz "Physics of Multiply Charged Ions" in Groningen/ 
Niederlande, 17.-19.9.86 

Zschornack, G.: Linsat2 eines rechnergesteuerten Kristall-Diffraktionsspektrometers zur 
Untersuchung der Röntgenspektren hochionisierter Atome, Seminar am ZiVG der AdW, Bereich 
Schöneweide, 6.6.06 
Zschornack, G.: Rontgenspektroskopie hochionisierter Schwerionen an den Ionenquellen des 
VIK Dubna, Inst. f. Kernphysik d. 3oh.Wolfg.Goethe-Universität, Frankfurt/Main, 18.3.86 
Zschornack, G.: Wellenlängendispersive Röntgenspektroskopie hochgeladener Schwerionen, 
Institut f. Kernphysik der KFA 3ülich, 25.3.86 

DIF-LUIIARBEITEN 
Döring, Uwe: Aufbau und Erprobung einer speziellen tí-Impulskammer 
Klein. Clone-Peter: Methodische Untersuchungen zu einer hybriden Auswertemethode in der 
quantitativen Röntgenfluoreszenzanalyse an geologischen Proben 

Kießling, Andreas: Entwicklung und Untersuchung von Sensoren für die Flächenmessemeßtechnik 
Mademann, Dirk: Untersuchung von ortsauflösenden Halbleiterdetektoren aus der DDR-Produk-
tion hinsichtlich ihrer Eignung zum Nachweis von charakteristischer Röntgenstrahlung 
Steininger, Angela: Berechnung der räumlichen Verteilung und der Energie der Neutronen bei 
Spaltquerechnitteñeseungen nach der Methode der zeitlich korrelierten assoziierten Teil-
chen 

Todt, Ulrich: Weiterentwicklung des Experimentiersysteme zur Absolut- und Präzisionsbe-
stimmung von Spaltquerschnitten auf der Grundlage einee neuen ADC-Typs 
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PROHOTIONEN A (DR. RER. NAT.) 
235 Pausch, G.: Absdutmessung des Spaltquerschnitts von U bei 4.45 MeV Neutronenenergie 

unter Nutzung einer rechnergekoppelten Meßapparatur la CAMAC-Standard 
2 3 5 Thelllg, В.: Untersuchungen zur Bestimmung dee U-Gehaltea in großvolumlgen Proben 

Pötschke, R.: Die Untersuchung der radiometrischen Kohlenstoffgehaltsbeetinmung in Roh-
braunkohle mit Hilfe eines Strahlungetransportmodelle für uneleetlache Neutronenetreuung 

Thlek, P.-A.: Die Berechnung der mittleren B-Teilchen-Regletrlerwahrscheinllchkelt für 
zylinderförmige Elektronen-Enisslonsdetektoren alt einem statistischen Modell 
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KARL.*<ARX-UNIVERS1ТДТ LEIPZIG, SEKTION PHYSIK. WB ANGEWANDTE KERNPHYSIK 
VERÖFFENTLICHUNGEN 
Aecharon, С., G. Otto, R. Flagmeyer, H.-E. Zechau, V.N. Bugrov, S.A. Karaayan: Daaage 
Profile on High Energy Ion laplanted GaP. phye. etat. aol. (a) 97. К 15 (1986) 
Aecheron, C., A. Schindler, R. Flagmeyer, G. Otto: Swelling, Strain, and Radiation 
Oaaage of He* laplanted GaP. phye. etet. eol. (a) 96¿ 555 (1986) 
Aecheron, C.. H. Neuaenn, G. Dlubek, R. Krauee: Mlcrohardneee of Proton Boabarded GaP 
Single Cryetale. 3. Mat. Scl. Lett. 691 (1986) 
Aecheron, C.. G. Otto. R. Flagaeyer, H.-E. Zechau. V.N. Bugrov, S.A. Karaayan: Daaage 
Profiling on High ... . Preprint VIK, E 14-86-448, Dubne (1986) 
Flagaeyer. R., B. Schuaann: Rutherford Backecatterlng/Chennellng Analyele of Lettice-
Matched c"0.43Sr0.57F2 o n G«*s. phye. etat. sol. (e) 93¿ К 117 (1986) 

Frey, H., 3. Vogt, G. Otto: Evaluation of Thick Target PIXE Anelyele with a Minicomputer. 
3. Radioanal. Nucl. Cham. 99¿ 193 (1986) 
Stephen, D.. V. Geist: Theoretische Intenaitäteproflie von Kosssl-Llnlen und Vergleich 
alt experimentellen Linienprofilen. Exp. Techn. Phye. 34. 153 (1986) 

DIPLOMARBEIT 
Koch, Andreas: Ein Progremmpeket für den EMG-666- zur Aufnahme und Auawertung von 
RutherfordrOcketreu-/Kenelisierunge-Spektren und eelne Anwendung auf die Analyse mehr-
komponentlger dünner Schichten. KMU Leipzig, 3ull 1986 

PROMOTION A (Dr. rer. net.) 
Frey, Hereid: Spurenelementenelytlk en vorwiegend biologischen Proben durch Spektroskopie 
protoneninduzierter Röntgenatrehlung (PIXE). KMU Leipzig, 29.7. 1986 

PROMOTION В (Dr. ec. nat.) 
Aacheron, Claus: Veränderungen physikalischer Eigenschaften von GaP-Einkrlstallsn und 
elnkrlstalllnsr Vergleichematerialien durch ProtonenbeschuB. KMU Leipzig, 16. 12. 1986 

BERUFUNG 
Herr Dr. ec. net. Volker Geist wurde mit Wirkung vom 1. 2. 1986 zum Dozenten an die 
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Flagmeyer, R.: Charakterisierung von Heteroepltaxleechichten auf GeAs-Substreten mittels 
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Opto- und Molekülsrelektronik". TU Kerl-Merx-Stadt, 11. - 13. 11. 1986 
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IX. CANAS, Neubrandenburg, 15. - 19. 9. 1986 
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Elnkrlatallen", Moskau, 28. 5. 1986 
Rentach, H., H.-E. Zscheu, 3. Vogt, H. Zeuner, S. Herrmenn, H. Dettmar: Quantitative Be-
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suchungen der Energieverluste von Protonen in Silizium unter Kanalleitungsbedingungen, 
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schichten, Arbeitstagung ZfK Rossendorf "Ionenstrahltechnologie '66", Papstdorf, April 1986 
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schichten, Fachtegung "Schichtsysteme fUr zukünftige Beuelemente der Mikro-, Opto- und 
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Ionenimplantation amorphisierter Siliziumechichten, 9. Zentrale Leistungsschau der Stu-
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NARVA-Herbstschule, Berlin, September 1986 



- J 85 -

U. Müller-Jehreis: Méthodes analytiques 6 l'aide dee faisceaux d'ions, Universität 
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Axial blocking In a master equation approach; Nucl. Instr. 4 Meth. in Physics Research 
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