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NUCLEAR REACTIONS 

DEUTERON F R A G M E N T A T I O N AT R E L A T I V I S T I C E N E R G I E S 

H. Müller 

Z e n t r a l i n s t i t u t für K e r n f o r s c h u n g R o s s e n d o r f , Bereich KF 

Recently the proton spectra at 0° from the reactions C(d,p)X (ref. /1/) and p ( d , p ) X (ref. / 2 / ) 

at 9 GeV/c have been measured almost until the k i n e m a t i c a l l i m i t . Around 300 MeV/c momentum 

the proton yield is clearly u n d e r e s t i m a t e d by model c a l c u l a t i o n s /1/ based on Glauber theory 

and known deuteron wave functions where the argument is expressed in terms of light cone 

v a r i a b l e s . According to r e f . /1/ this discrepancy reflects the presence of a six-quark a d -

mixture in the deuteron wave function and by adjusting the corresponding p a r a m e t e r s the 

spectrum could be described in the whole momentum • region m e a s u r e d . 

H e r e , another approach is proposed which differs mainly in the following two p o i n t s . Instead 

of light cone v a r i a b l e s we employ the usual treatment with an o f f - s h e l l p a r t i c i p a n t and the 

a r g u m e n t of the wave function given by the spectator m o m e n t u m . To describe the participant-

target i n t e r a c t i o n a model for hadronic c o l l i s i o n s /3/ is used which takes into account prac-

tically all possible f.inal c h a n n e l s . This turrjes out to be essential because the various chan-

nels are c o n n e c t e d with different upper limits of the spectator m o m e n t u m . The summation over 

all c h a n n e l s r e p r o d u c e s the c h a r a c t e r i s t i c deformation of the momentum spectrum observed in 

the e x p e r i m e n t . As shown in f i g . 1 the whole spectrum is s a t i s f a c t o r i l y d e s c r i b e d by using 

the Paris deuteron wave function / 4 / . There are no free p a r a m e t e r s in the c a l c u l a t i o n s , since 

the yields are normalized to the elastic and inelastic n u c l e o n - n u c l e o n cross sections and the 

p a r a m e t e r s of model /3/ are adjusted to proton-proton d a t a . 

-OA 0 0.4 
proton momentum (GeV/c) 

F i g . 1 

Invariant cross section versus proton momentum in 
the deuteron rest frame'. Curve 1 (2) represents 
s p e c t a t o r , curve 3 (4) p a r t i c i p a n t c o n t r i b u t i o n s 
coming from q u a s i - e l a s t i c (quasi-free i n e l a s t i c ) 
c o l l i s i o n s . Data are from r e f . / 2 / . 
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ALPHA-PROTON DIFFRACTION SCATTERING AT 8.9 GeV/c 

V.G. Ableev, 8. Naumann,. A.A. Nomofilov, N.M. Piskunov, V.l. Sharov, I.M. Sitnik, E.A. Strokovsky, 

L.N. Strunov arid S.A. Zaporozhets ¡ 

Joint Institute for Nuclear Research, Dúbna, USSR 

S. Oshemuchadsç and S. Tesch 

Zentral institut für Kernforschung, Rossendorf, Bereich KF 

It is known that model calculations within the Glauber-Sitenko multiple scattering theory agree rather well 

with experimental data of high-energy hadron-nucleus diffraction scattering. However, when going into details-

e.g. looking for the absolute values of differential cross sections or the position of the diffraction minimum-

then clear discrepancies can be seen even if one takes into account very carefully shadowing effects and the 

realistic wavefunction of the nucleus. So, the authors of ref./l/ were forced to introduce quark degrees of 4 4 
freedom to describe p He and T He data. On the contrary, in ref./2/ it was shown that one has necessarily 

to consider the complicated structure of the nucleon-nucleon scattering amplitude to reproduce рос data of a 

large energy range. 

In this situation new data of the diffractive scattering of composite particles may help to clarify the theo-

retical situation. In ref./3/ we published differential cross sections of alpha diffractive scattering using 

C, Al, Cu and Pb targets. Here we present new data of the oc^H scattering obtained with the magnet spectrome-

ter "ALPHA". The external beam ofoc particles with momentum of 8.9 GeV/c of the JINR synchrophasotron was in-2 

cident on a cryogenic hydrogen target (thickness 2.5 g/cm ). About 280000 triggers have been recorded with • 

momentum resolution of 0.7% and angular resolution of 0.8 mrad. The raw data set has been corrected with 

respect to the geometrical properties of the set-up, absorption effects along the spectrometer axis and multi-

ple' Coulomb scattering in the target. The details of the experiment and the procedure of off-line analysis.can 

be found in ref./З/. 

The experimental result is given in table 1. The range of the four-momentum transfer squared |t| covered is 

presented in fig.l, where one can compare our new data with earlier oC^H Oubna measurements at/i1 = 7.0 GeV 

(see ref./4/) and SPS /FNAL/ ISR data at very.high c.m. energies. 

R e f e r e n c e s . 
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Itl 
( GeV/c )2 

dff/ dt 
.( b/(GeV/c)2) 

Itl 
( GeV/c )2 

"dff/ dt 
( b/ ( GeV/c)2) 

0.00446 0 992 + 0.046 0.0437 0.282 + 0 010 
0.00572 0 855 + 0.035 0 0475 0.267 + 0 010 ' 
0.00715 0 798 + 0 030 0 0515 0.225 + 0 009 
0.00873 0 788 + 0 021 ,0 0556 0.200 + 0 0089 
0.0105 0 729 + 0 017 0 0599 • 0.1888 + 0 0086 
0.0124 0 728 + 0 016 0 0643 0.1690 + 0 0084 
0.0144 0 700 + 0 015 0 0689 0.1402 + 0 0077 
0.0167 0 686 + 0 014 0 0737 0.1240 + 0 0073 
0.0190 0 623 + 0 013 0 0786 0.1037 + 0 0069 
0.0216 0 576 + 0 013 0 0837 0.0837 + 0 0062 
0.0243 0 490 + 0 012 Ó Ó889 0.0744 + 0 0061 
0.0271 0 462 + 0 012 0 0943 0.0552 + 0 0053 
0.0301 0 411 + 0 011 0 103 0.0431 + 0 0035 
0.0333 0 383 + 0 011 0 114 0.0264 + 0 0029 
0.0366 0 356 + 0 011 0 127 0.01337+ 0.00215 
0.0401 0 300 + 0 010 0.140 0.01301+ 0.00328 

„a1H is = 5.6 ... 7.0 GeV 
Dubno 

p 'He 28 .48 GeV 
SPS 

p He 19... 54 GeV 
FNAL 

И1,(0«/сГ 

Table 1 Absolute differential cross sections of oC H 

diffractive scattering at beam momentum 8.9 GeV/c 

Fig.l Alpha-proton diffractive scatte-

ring cross section at different 

energies. References of CERN and 
FNAL data can be found in /1,2/ 
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A MEASUREMENT OF THE FORWARD DIFFERENTIAL CROSS SECTION OF THE REACTION H(n,d)¿ 
AT En=25.6 MeV 

P. Michel, K. Möller, J. Mösner and G. Schmidt 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 

The forward differential cross section of the deuteron photodisintegration or its inverse, 
the radiative neutron-proton capture, is a sensitive probe for studying the spin dependent 
part of the NN and N-photon interaction. The disagreement between the theoretical "standard" 
calculation by Partovi /1/ and a lot of experimental data triggered several theoretical 
efforts to improve the calculations. Meson exchange corrections (MEC), relativistic effects 
and more modern NN-potentials have been included. A review on the situation in deuteron. 
photodisintegration at low and medium energies and its/connection to othér radiative reactions 
in thé two nucleón system was given by Fearing 111. In the^present paper we report on a new 
measurement in this field. Using the charged particle spectrometer described in detail in 
rëf./З/, we measured the neutron proton capture reaction at the Rossendorf tandem accelera-
tor and determined the differential cross section at extreme forward angles at E = 25.6 MeV, 
corresponding to E^= 15 MeV for the inverse reaction. 
In order to take into account multiple scattering, energy loss, angular and energy distribu-
tion of the collimated neutron beam, detector efficiencies and geometry of the setup we 
used a Monte Carlo simulation code. We obtained a c.m. differential cross section at 0° and 
E^ a b = 15 MeV of 

( do-/ dSÎ) 0O f d i s i n t - (5.8 ¿ 2.3 ) Mbfsr. 

The error consists of statistical and systematic part, but the main contribution (2.1 pb/sr) 
comes from the statistical one. Our result is compared with other data and some theoretical 
calculations in fig.l. The new data point is in line with the photodisintegration data 
obtained in Gent (1987) and Mainz (1985). Considering fig.l it can be stated that more ex-
perimental work will be needed before the data can be used to confirm or the exclude one of 
the more modern calculations. In our opinion precise measurements of the zero degree cross 
section should be made using the photodisintegration instead of the capture reaction, espe-
cially at low energies the former is favoured to yield smaller error limits at comparable 
expense: 

Fig.l The 2H(^,p)n c.m. differential 
cross section at 0° 
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ON THE EVOLUTION OF THE MASS ASYMMETRY IN DAMPED HEAVY-ION COLLISIONS 

P. G i p p n e r , K.D. S c h i l l i n g , F. Stary.and E. Will 

Z e n t r a l i n s t i t u t für Kernforschung 'Rossendorf, Bereich KF 

К. H e i d e l , S . M . L u k y a n o v , Y u . E . P e n i o n z h k e v i c h , V.S. Salamatin and H. Sodan 

Joint Institute for Nuclear Research D u b n a , Laboratory of Nuclear Reactions 

G.G. Chubarian-

Yerevan Physics I n s t i t u t e , Yerevan 

R. Schmidt 

Technische U n i v e r s i t ä t D r e s d e n , Sektion Physik 

In order to study the influence of nuclear structure effects on the energy dissipation and 

the mass drift behaviour in damped nuclear reactions /1/, total kinetic energy (TKE) vs. frag-

ment mass d i s t r i b u t i o n s have been measured with the spectrometer DEMAS /2/ in reactions of 

^ Z n p r o j e c t i l e s with ^^Sn (Z=50, 
139 na t 

N = 6 4 ) , La (N=82) and. Ag ( n o n - m a g i c ) nuclei at inci-

dence energies of 20 -'50 4 above' the Coulomb b a r r i e r . 

64- 114, 

64Zn(386MeV)»,KSn 

£ 
ы 200b 

1 i 1 i 

64Zn(328MeV)t"'Sn 

Fig. 1 shows the contour plots of relative yields for the collision system u , Z n + J"t''Sn as a 

function of the TKE and the fragment m a s s . The. observed TKE values cover a c o n t i n u o u s spectrum 

extending far below the Coulomb energy V^g of two spheres in 

the entrance channel (arrows in fig. 1). The experimentally 

established phenomenon of the existence of a bump in the cross 

section for strongly relaxed events in certain collision systems 

/1/ is also observed in the present c a s e . -This particular shape 

of the energy loss distribution as well .as the q u a l i t a t i v e dif-

ferences between d i f f e r e n t collision systems have not yet been 

understood in detail /1/. Remarkable is the lack of mass drift 

associated with a large dissipation of relative kinetic energy 

(TKE). Contrary to the Zn + Sn s y s t e m , the TKE vs. mass distribu-

tions for the collision systems ^ Z n + ^'^La and ^ Z n + n a ^ A g 

exhibit a c o n t i n u o u s decrease of the reaction yields with in-

creasing TKEL values associated with a s i m u l t a n e o u s mass drift 

.towards s y m m e t r y . Fig. 2 displays two typical TKE s p e c t r a , in 

which only events with masses between 56 and 72 amu are included. 

As the sensitivity of damped collisions to the structure of the 

colliding nuclei could already be demonstrated / 3 / , one cannot 

exclude that the c h a r a c t e r i s t i c differences in the TKE spectra 

and in the mass drift behaviour may result from the shell struc-

ture of the collision p a r t n e r s . 

On the other h a n d , total lack of mass drift observed in colli-

sion systems without s h e l l - s t a b i l i z e d reaction partners can be 

well u n d e r s t o o d within the framework of the modified diffusion 

model / 4 / . 

T h e r e f o r e , . f u r t h e r detailed investigations are required in order 

to draw definite c o n c l u s i o n s on the influence of the internal 

stru c t u r e of the involved nuclei on the evolution of the 

m a s s - a s y m m e t r y degree of f r e e d o m . 

«Zn(312MeV]»™sn 

Fig. 
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F i g . 2 
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DE3CRIPTI0H OP HEAVY-ION COLLISIONS BY USE OP TRAJECTORY-MODEL CALCULATIONS 

0. Zwicker 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KP 

In the recent time data for the reactions 4 0 A r (206 MeV, 220 MeV, 302 MeV) + 2 3 2 T h /1/ obtained with 
the spectrometer DEMAS at the cyclotron tT-300 at the JINR Dubna were analyzed in the framework of a 
refined trajectory model which pays special attention to the description of mass transport phenomena. 
This model includes three shape degrees of freedom and the dissipation processe» are described in 
terms of the one-body approach. The nuclear potential is given by an Yukawa-type potential, shell 
corrections are not taken into account. The corresponding computer cede HICOL used for the present 
investigations has been placed at disposal by Peldmeier / 2 / . When calculating the mass íistributiéns 
for the individual reactions only trajectories leading to such scattering angles which could be ob-
served in the concrete experiments were considered. In spite of the negleotion of shell effects it 
was possible to reproduce the gross features of the mass distributions measured for the lower incident, 
and consequently, excitation energies.how it is shown in figs. 1 and 2. The events answering nearly 
symmetric fragmentation may be the result of a fission-like process which becomes more and more predo-
minant for increasing bombarding energy. In the case of 302 MeV the experimental curve can be 
explained, satisfactorily by a superposition of two parts resulting from the DIC dynamics and from the 
assumption of a fission'process described in terms of a diffusion model on the basis ef a Pokker-
Planck equation /3/. These findings allow the conclusion that not only for the highest incident ener-
gy where shell effeets surely have been washed out but also in the other cases the shell structure of 
the colliding system may not play the most important role for the dynamics of such reaction processes 
whioh is determined in first line by the mass transport due to dissipative forces. 
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<2 .0 
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Pig. 1: Mass distribution for 4°Ar(206 MeV)+ 2 3 2Th. 
The thick line shows the experimental data in arb. 
units. The thin line results from calculation. 

References: 
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Pig. 2: Mass distribution for 4°Ar(220 MeV)+ 2 3 2Th. 
The thick line shows the measured data in arb. units. 
The dashed line refers to the calculation 

/1/ Gippner P. et al.; Z. Phys. A 325 (1986) 335 
/2/ Peldmeier H.; GSI-Report GSI-87-14, Darmstadt, 1987 
/3/ Saupe G. et al.; JINR-Report E4-87-409, Dubna, 1987 
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YIELD MEASUREMENT OF LONG-RANGE ALPHA PARTICLE (LRA) ACCOMPANIED FISSION OF 2 3 8 U AND 2 3 2 T h 

INDUCED BY 13.5 MeV DEUTERONS 

R. Kotte and D. Wohlfarth 

Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 

93R 
The detailed investigation of deuteron induced ternary fission of U is described in ref. /1/. Because of the 

unstable detector efficiency of the start-PPAC for ОС-particles, the yield value deduced from the correlation 

measurement is not certain. For this reason, the time-of-flight-energy techniques used for light charged parti-

cle (lcp) identification was replaced by ^E/E-techniques. The telescope consisting of a diaphragm of 4 mm diam-

eter, a 45 pm thick ion-implanted silicon detector (12 mm 0) and a 1 mm thick lithium drifted silicon detector 

(8 mm 0) was installed 40 mm apart from the targed centre. The 4E/E-distributions were recorded into a two-2 

dimensional analyzer with à 256 x 256 channel memory. A coincidence signal was delivered from a 4 x 4 cm paral-

lel-plate avalanche'counter (PPAC) triggering on fission fragments (ff) only. It was arranged in such a way that 

the whole angular distribution of equatorial ternary ОС-particles was covered. The angular interval determining 

the geometric (coincidence) efficiency was measured to 90° + 4°. The ff-PPAC was operated with 3 torr i 1 1 
n-heptane. А ДО -, 30 nA beam of 13.5 MeV deuterons was focused (2 mm 0) on nat. U0„ and ThO targets of 

' ' - 2 ' ' ' ' - 2 
100 - 400 pg-cm thickness. The targets were produced by 1 vacuum evaporation onto 20 pg-cm carbon layers and 

- 2 I 
fixed on 40 pg-cm Formvar foils. Single counting rates of ~20.000/s,' ~10.000/s and 4.000/s from the E-, 

ЛЕ- and ff-detectors, respectively, had to be handled in order to collect a sufficient- number of true Ira 

accompanied fission events. This resulted in a ratio of random (generally scattered deuterons) to true .coinci-

dences of ~40. However, the portion of random coincidences contained in that part of the of - p a r t i c l e spectrum 

of interest was estimated to be less than 4 percent. In order to get the number of fission fragments N ^ enter-

ing the solid angle of the telescope, a single ff spectrum well separated from the lcp spectrum was derived 

from the JE-detector signals and summed up after the measurements were stopped. The dead-time of the experimen-

tal apparatus'was estimated to £ H . = 10 %. Energy calibration was performed with the help of known oi-lines 
241 ueaa 

from Am and ThC/C' sources. The lra-energy spectra were fitted to Gaussian distributions and integrated. 

The ratio of binary to equatorial Ira accompanied fission was evaluated with the formula 

& b i n a r y ^ Ira 

Nff/ 2 * Nlra 

âf N 
Ira C 1 " 6 dead ) •• 

Finally, the following values were deduced and compared with results from ternary fission induced by fast 

neutrons. 

The large errors of our measurements result 

mainly from the uncertainty in the determination 

of the angular interval â f and the small number 

of collected Ira events' amounting to и 300 

and 100 for uranium and thorium, respectively. 

In both cases the Ira energy distributions show 

the shape and position known from ternary fission 

investigations of various actinides, actually mean values of E « 16 MeV and dispersions of ЛE « 10 MeV (FWHM). 

fission induced by target 
^ b i n a r y ^ Ira 

ref. 

13.5 MeV d 

14.0 MeV n 

238u 720 + 80 

795 + 35 

this work 

/2/ 

13.5 MeV d 

14.0 MeV n 

232Th 950 + 110 

1044 + 96 

this work 

/2/ 
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CORRELATION MEASUREMENT OF ALPHA PARTICLE ACCOMPANIED FISSION INDUCED IN THE REACTION 

13.5 MeV d + 2 3 8 U 

R. Kotte, E. Hentschel, H.-Gi Ortlepp, K.-D. Schilling, W . Seidel, F. Stary and G. Zwicker 

Zentralinstitut für Kernforschung Rossenderf, Bereich KF 

Fission accompanied by long-range o<-particles (Ira) has been investigated by irradiating a 

natural uranium target with 13.5 MeV deuterons. The experimental arrangement (fig. 1) based 

on the simple set up of ref. /1/ has been developed for the study of different fission 

fragment (ff) - alpha correlations. The orientation of the ff axis with respect to the 

o<-particle direction is measured with a large area double-grid avalanche counter (DGAC). 

The energy and angular distributions of the investigated equatorial 0<-particles do not differ 

from those observed in spontaneous (br thermal neutron induced fission /2,3/. The angle be-

tween o<-particles and light fragments has a most probable value of = 82.1° +_ 0.6° and 

a dispersion of d-vPiFWHM) = 18.4° + 1.2°. From the Oi-energy distribution, an average value 

of 14.8 + 1.0 MeV and a width of ¿ E ( F W H M ) = 9.1 + 1.2 MeV were derived.. The relative 

stability of the mean values and.widths over a wide range of fissioning systems indicates . 

that Ira emission is a unique process in the fission of the actinides, which is mainly 

determined by the Coulomb repulsion. The systematic increase of the mean' Ira emission angle 

when moving from uranium to californium is well understood in terms of small variations of 

•the focusing Coulomb field in the result of the shell stabilized heavy fragments /4/. The ff 

mass distributions for different « - e n e r g i e s are shown in fig. 2 together with that of binary 

fission. Despite the limited mass resolution (JM = 1 5 - 2 0 amu), a remarkable increase of the 

peak-to-valley ratio (PVR) with increasing E a is observed. From binary fission investiga-

tions of various actinides, it is well known that the symmetric component of the double-humped 

mass distribution increases with increasing excitation energy. This is due to the reduced 

influence of the shell corrections leading to asymmetric fission. The present PVR increase 

indicates that the ex-particle arising from ternary fission cools down the fissioning 
о 

system leaving it with lower free.energy (deformation + internal heating) than in binary 

fission. This observation is confirmed by direct measurements of the (ff+Of)-total kinetic 
2 3 5 

energy for U(n. t h,f) by Theobald et al. /5/. The dependence of the most probable value and 

the dispersion of the angular distribution on the ff mass ratio are shown in fig. 3 together 
2 3 5 

with the corresponding data observed in U ( n ^ , f ) . Obviously, there is a drastic increase 

of the angular width for near-symmetric fragmentation. This finding supports the multi-

channel-fission model of Brösa et al. /6/ predicting three different paths in- the fission 
2 36 

of U and leading to a superposition of several Ira angular distributions in the overlap 

region of the individual fiss ion-channel mass distributions. The increase of the mean Ira 

emission angle with decreasing mass ratio is easily understood as result of the different 

Coulomb forces acting on the a - p a r t i c l e s originating from the neck region. The correlations 

investigated in addition will be published elsewhere /7/. For more details see also ref. /8/. 

Experimental arrangement 
The o(-particles are identified by time-of-flight 
(TOF)-energy-techniques. All the parallel-plate 
avalanche counters (PPAC) and the position-
sensitive double-grid avalanche counter (DGAC) 
are commonly supplied with 4 torr n-pentane by 
a gas flowing-through system. 

D6AC 
(ij.i3fl.a-if ) 
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F i g . 2 

Mass distribution of the deuteron 
induced binary and ternary fission 
of (upper p a r t ) . Ternary 
fission mass d i s t r i b u t i o n for 
different oi-particle energy bins 
(lower p a r t ) . PVR is the peak-to-
valley ratio taken simply from 
the displayed e x p e r i m e n t a l p o i n t s . 

F i g . 3 

Mean angle (lower p a r t ) and 
width (upper p a r t ) of the 
Ira angular d i s t r i b u t i o n as 
function of the fragments' 
mass ratio (averaged over 
mass intervals of 16 a m u ) . 
Squares: 2 3 5 u ( n ^ | 1 , f ) data 

taken from /5/ 
Circles: this w o r k , 2 3 8 g ( d , f ) 
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ANGULAR D I S T R I B U T I O N S OF PROMPT „-RAYS A C C O M P A N Y I N G THE "TERNARY" FISSION OF 2 5 2 C f 

W. Pilz and W. N e u b e r t 

Zentral institut für K e r n f o r s c h u n g , R o s s e n d o r f , Bereich KF 

K . A r n o l d , D . Lucas and H . Märten 

T e c h n i s c h e Universitä't D r e s d e n , Sektion P h y s i k , WB Kernphysik 

D o u b l e - d i f f e r e n t i a l ^ - e m i s s i o n p r o b a b i l i t i e s W(19>, E^ ) were measured to study p o s s i b l e corre-

l a t i o n s between light charged p a r t i c l e (LCP) emission and the p r e d i c t e d bending mode of 

f i s s i o n i n g n u c l e i 111. Large N a J ( T l ) d e t e c t o r s were used for ^ - r e g i s t r a t i o n and position-

s e n s i t i v e p a r a l l e l plate a v a l a n c h e c o u n t e r s for fragment r e g i s t r a t i o n , both in c o i n c i d e n c e 

with LCP (detected with Si d e t e c t o r s ) 1 1 1 . About 1 , 4 4 x 1 0 ^ ternary events were stored during 

a run of 1.5 month's by using a 2"* 2Cf source which d e l i v e r e d about 1 0 4 fission fragments per 

s e c o n d . The s o f t - w a r e system for recording the events was already d e s c r i b e d in / 3 / . 
2 5 2 

For c h e c k s , angular d i s t r i b u t i o n s of ^ - r a y s from the binary fission of Cf were also mea-

sured under the same e x p e r i m e n t a l c o n d i t i o n s . In this r u n , a d d i t i o n a l l y the n/^-TOF was mea-

sured as the fourth p a r a m e t e r . . T h e results of this e x p e r i m e n t agree with p r e v i o u s data / 4 , 5 / . 

;J\nother check of the r e l i a b i l i t y of our e x p e r i m e n t a l 

set-up and data a c q u i s i t i o n system was p e r f o r m e d by an 

o f f - l i n e shift of the window in the nli-lOf b r a n c h . An 

energy range for n e u t r o n s from 2 MeV to 5 MeV was ac-

cepted by it. The obtained angular d i s t r i b u t i o n of neu-

trons is also in a g r e e m e n t with our earlier e x p e r i m e n -

tal data /6/ as shown in f i g . l . 

Fig.2 shows a c o m p a r i s o n of-the binary and ternary an-

gular d i s t r i b u t i o n s of y rays for 2 bins of the ^ - r e -

sponse a m p l i t u d e . The a n i s o t r o p y of both d i s t r i b u t i o n s 

is s i m i l a r , but a simple c o m p a r i s o n of the 0/90 degree 

r a t i o s c a n n o t be a p p l i e d . The o b s e r v e d a n i s o t r o p i c s 

show that the a l i g n m e n t of the angular m o m e n t u m is not 

d e s t r o y e d by the LCP e m i s s i o n . H o w e v e r , the shapes of 

the binary and ternary gamma angular d i s t r i b u t i o n s are 

s i g n i f i c a n t l y d i f f e r e n t . 0 30 60 90 ( deg ) 

Fig.2 ^ - a n g u l a r d i s t r i b u t i o n s , if a 

light- fragment was r e g i s t e r e d 

д binary fission 

0 ternary fission (backward 

N a J - d e t e c t o r ) 

x ternary fission (forward 

N a O - d e t e c t o r ) 

1 E 
2 E {deg} 

F i g . l N e u t r o n angular d i s t r i b u t i o n for binary 

fission (histogram - / 6 / , $ - p r e s e n t w o r k , 

smooth l i n e - t h e o r y / 6 / . 

r e s p o n s e = ( 2 0 0 - 4 3 0 ) k e V > 

, , r e s p o n s e = ( 4 3 0 - 1 1 3 0 ) k e V 

(all d i s t r i b u t i o n s are norma-

lized to a maximum hight of 

1000) 
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THE NEUTRON SPECTRUM РВОМ NEUTRON-INDUCED F ISS ION OF 2 3 2 T h 

H. Märten, D. R i c h t e r , A . Ruben, and D. S e e l i g e r 
Technische U n i v e r s i t ä t Dresden, S e k t i o n P h y s i k , WB Kernphys ik 
G.N. L o v c h i k o v a , S . E . Sukhikh, and A.M. T ru fanov 
I n s t i t u t e f o r P h y s i c s and Power E n g i n e e r i n g , Obninsk, USSB 

The prompt neutron spectrum from 2 3 2Ih fission induced by 7.3-MeV neutrons has been 
measured at the Rossendorf tandem facility by the use of a multi-plate fission chamber 
in conjunction with the three-dimensional-data analysis of neutron time-of-flight, 
scintillator (NE 213) light output, and pulse shape amplitude (n/y-discrimination). 
This type of neutron spectroscopy enables a rather accurate particle discrimination 
without detector efficiency losses and the application of the sliding bias method based 
on a two-dimensional efficiency matrix as a function of neutron energy and bias (Monte 
Carlo calculation). The final spectrum obtained with reference to a 2-*2Cf(sf) neutron 
spectrum measurement is shown in fig. 1 in comparison with the calculation in the frame-
work of the generalized Madland-Nix model (GMNM) /1/. This statistical-model approach to 
prompt fission neutron emission is combined with a scission-point model- (TSM) /2/ to 
describe the energy partition (excitation energy, kinetic energy) in fission. In the case 
of multiple-chance fission reactions (as at 7.3-MeV incidence energy), the theoretical 
analysis is done for all possible chances. The neutron spectrum from Th fission by 
7.3-NieV neutrons (fig. 1) is not influenced by pre-fission neutrons above 1 MeV neutron 
energy. The GMNM (adjusted on the basis of the 2^2Cf(.sf) standard spectrum /1/) describes 
the measured Th spectrum without any further adjustments. The effect of multiple-chance 
fission on the average energy of fission neutrons E is shown in fig. 2 in comparison 
with few experimental points." 

E [MeV] 
Fig. 1 The 232Th fission Fig. 2 The average energy of the neutron spectrum from 
neutron spectrum at 23¿Th fission as a function of incidence energy Eu 7.3-MeV incidence energy (• - /3/, x - /4/, • - this work, ENDF/B-IV, 

G M N M - T S M ) 

The experimental and theoretical investigation of Th fission neutron emission has shown 
that GMNM-TSM provides the basis for the consistent description of fission neutron data 
in a wide range of fissioning nuclei. 
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THEORETICAL INTERPRETATION OF 252Cf(sf) NEUTRON DATA 

H. Märten 
Technische Universität Dresden, Sektion Physik, WB Kernphysik 

The complex, cascade evaporation model /1/, i.e. a statistical-model approach (SMA) to 
prompt fission neutron emission from highly excited, rapidly moving fragments represented 
by an intricate occurence probability function in nucleón numbers, excitation energy, 
kinetic energy, and angular momentum, has been applied to multiple-differential 2^2Cf(sf) 
neutron data measured in Dresden /2/. Energy and angular distributions are well reprodu-
ced; see examples in the figures. Special care has been pointed to the description of the 
crucial'polar regions at lab. frame energies close to the kinetic energy of the fragments 
per nucleón. These regions correspond to very small centre-of-mass frame energy. In 
addition to the consideration of n/y-competition of fragment de-excitation, the optical 
potential used for the calculation of neutron transmission coefficients has a remarkable 
influence on the shape of emission probability function. The best agreement with measured 
data has been obtained on the basis of Holmqvist's potential /3/. 
No significant indication of secondary mechanisms could be found. Considering experimental 
as well as theoretical uncertainties the upper limit of a central-component yield /4/ has 
been estimated to be 5 Conclusions concerning the SMA application for practical pur-
poses (data evaluation) are outlined in Ref. /5/. 

2 5 Ш 
E [MeV] 

Pig. 1 
Differential energy spectra of 2^2Cf(sf) 
neutrons at 0° and 90° (with reference to 
light-fragment direction) in comparison with 
SMA calculations based on different optical 
potentials as indicated. 

Fig. 2 
As for Pig. 1, but for 180°. 

Lajtai; Nucl. Iástr. Meth., 
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SEMI-EMPIRICAL DESCRIPTION OF FISSION FRAGMENT MASS YIELD CURVES 

D. Lucas, H. Märten 
Technische Universität Dresden, Sektion Physik, WB Kernphysik 

For several fission data calculations, the adequate description of fragment mass yield 
Y(A) is required. The 5-Gaussian approximation theoretically predicted by Brösa and 
Grossmann /1/ and previously used to reproduce yield curves for neutron-induced fission 
of 2 3 8U /2/ and /3/ has been applied to Th-Pu fission for incidence energies below 
20 MeV. In the case of multiple-chance fission, we account for the partial yield curves 
for all chances energetically allowed in connection with the statistical-model analysis 
of the partial fission cross sections (code STAPRE /4/). The qualitative dependence of 
Gaussian parameters (position, width, and weight) on the excitation energy E of the 
fissioning nucleus has been assumed as in Refs. /2/ and /3/. Parameters have been ad-
justed on the basis of experimental data. The ratio of the weight of Gaussians correspon-
ding to asymmetric fission (fission path' standard I and II /1/) has been found to 
depend on the mass number of the fissioning nucleus. 
The weight of the symmetric component is strongly JB-dependent. However, its exponential 
increase /2,3/ has been confirmed for E é15MeV. At higher E, the dependence has to be 
reduced. 

The present method is suitable to reproduce mass yield curves for the fission reactions 
mostly important for practical applications. The accuracy of the predictions are in the 
order of 5 - 1 5 % in the fragment mass regions corresponding to considerable yields. 
For symmetric and extremely asymmetric fission, the uncertainties are higher (10 - 50 %). 
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DIFFERENTIAL NEUTRON-EMISSION CROSS-SECTIONS OF 2 3 8 U BOMBARDED WITH 14 MEV NEUTRONS 

T . E l f r u t h , T . H e h l , H. Ka lka , H. Märten, H. P a y r o v a n * ) , A . Rubeu, D. S e e l i g e r , 
К. S e i d e l , and S. U n h o l z e r 
Technische U n i v e r s i t ä t Dresden, S e k t i o n P h y s i k , WB Kernphys ik 

N e u t r o n - e m i s s i o n c r o s s - s e c t i o n s o f 2 3 8 U are needed f o r f i s s i o n and f u s i o n ( h y b r i d ) r e a c -
t o r c a l c u l a t i o n s , übe accuracy r e q u i r e d f o r these d a t a /1/ i s h i g h e r , t h a n those ach ieved 
i n p r e v i o u s exper iments . A new measurement w i t h an improved t i m e - o f - f l i g h t spect rometer 
/2/ a t the p u l s e d n e u t r o n g e n e r a t o r /3/ o f the T e c h n i c a l U n i v e r s i t y s h a l l c o n t r i b u t e t o 
enhance the a c c u r a c y . 
The a n g l e - i n t e g r a t e d emiss ion spectrum i s shown i n F i g . 1. C o n t r i b u t i o n s t o the spectrum 
a r i s e f rom n e u t r o n s c a t t e r i n g i n the precompound and i n the compound nuc leus s t a g e , f r o m 
( n , 2 n ) , ( n , 3 n ) and f i s s i o n n e u t r o n s . For a t h e o r e t i c a l a n a l y s i s the f o l l o w i n g scheme was 
used: 

a+238y (n.n'V* (n,n') 
precompound / 

(n,nn) 
nucleus-

( n , 2 n n ) »-e—* 
stage 
(n,2nf) 

The (n,n') contributions were calculated with the code EJCIFON /4/ which takes into account 
statistical one- and two-step direct single-particle as well as collective interactions ' 
and solves the master equation for the preequilibrium and the equilibrium stage. The • 
strength of the other channels and the spectra of the second and third neutrons in (n,2n) 
and (n,3n) reactions respectively were calculated with the code STAPRE </5/ based on the 
statistical Hauser-Feshbach theory extended in the level continuum. The spectral shapes 
of fission neutrons were calculated with the GMNN formalism /6/. 
As first step of a spectrum analysis, a calculation was done with parameters representing 
the mean behaviour of nuclei; non of the model parameters was fitted. The agreement with 
the experimental spectrum is surprisingly good. A more detailed analysis is in progress. 

2 3 I 5 Ë 7 e 9 10 .11 12 13 H 

E [MeV] 

Fig. 1 
Angle-integrated neutron emission spectrum from at 
14.1 MeV incidence energy. Kxperimental data of the present 
work (o) and from Ref. /7/ (Ф) are compared with a calcu-
lated spectrum ( — ) composed of the indicated contri-
butions ( ). The (n,n') component consists of direct 
collective (c), direct single-particle (e) and statistical 
multistep compound (SMC) contributions ( ). 
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SMD/SMC-MODEL FOR PRACTICAL APPLICATION 

H. Kalka, M. Torjman.and D. S e e l i g e r 
Technische U n i v e r s i t ä t Dresden, Sek t ion P h y s i k , WB Kernphysik 

For the t h e o r e t i c a l d e s c r i p t i o n o f nuc leon-nucleus r e a c t i o n s at bombarding energ ies 
between 5 and 30 MeV a simple model /1,2/ was d e r i v e d f rom f i r s t p r i n c i p l e s (Green 's 
f u n c t i o n fo rmal ism; Gaussian Ensembles). Th is model which descr ibes energy and angular 
d i s t r i b u t i o n s ( f o r nuc lear t e c h n o l o g y ) c o n s i s t s o f a s t a t i s t i c a l m u l t i s t e p d i r e c t (SMD) 
and a s t a t i s t i c a l m u l t i s t e p compound p a r t (SMC), 

,г . , I SMD, 
-d (0 
de'dfi' "îflT 

(0 о!Сэчр0С(Е) 
de' 

ZUL+0aLU') Tacóse1) u 
(1) 

W i t h i n the SMD-part besides the e x c i t a t i o n o f p a r t i c l e - h o l e s t a t e s ( e x c i t o n s ) a l so the 
d i r e c t e x c i t a t i o n of c o l l e c t i v e modes ( s u r f a c e v i b r a t i o n s ) are cons idered. The c o e f f i -
c i e n t s a L f o r the angular d i s t r i b u t i o n s are taken f rom the systemat ics of Kalbach and 
Mann /3/. For the SMC-part which was c a l c u l a t e d f o r ( e x c i t o n number) n - 5 i s o t r o p y i s 
assumed. I n cont ras t t o the phenomenological e x c i t o n model the SMO-part i n ( 1 ) i s f r e e 
of mean square m a t r i x elements ( t h e y c a n c e l ) , and inve rse cross s e c t i o n s . Whereas the 
mean square m a t r i x element of the d i r e c t p a r t i c l e - h o l e e x c i t a t i o n ( i n the SMD-part) i s 
est imated from the o p t i c a l - m o d e l r e a c t i o n cross s e c t i o n the deformat ion parameters 
of the c o l l e c t i v e e x c i t a t i o n s are taken f rom nuc lear data t a b l e s /4 ,5/ . I n t h i s way 
c a l c u l a t i o n s of ( n , n * ) are performed parameter - f ree i n . a broad range of inc idence energy 
and mass number A. A f a i r l y agreement w i t h exper imenta l data was achieved /2/. An example 
i s g i v e n i n the F i g s . The dashed-dotted l i n e r e f e r t o the SMD-cont r ibut ion . The f u l l l i n e 
i s the sum of SMD and SMC. 

4fe/mb-MéV"' 3 ОС dfi/mb-MeV" dfc r./mbMeV" I 1 1 1 1 1 1 1 1 1 r~ H 1 1 I I I 
65-Cu(n,n') e-KMaV 
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DETERMINATION OF THE PARAMETERS OF U-235 FISSION-FOILS 

K. Merla * 
Technische Universität Dresden, Sektion Physik, WB Angewandte Kernphysik 

All fission-foils used in hitherto carried out U-235 fission croee-eection measurements by 
the TUD/KRI collaboration were prepared at the KRI Leningrad by HF-sputtering. The 
published cross-section results base all on values for the layers areal densities end in-
homogeneities determined at the KRI with typical total errors of ~ 1 %. Now independent 
measurements of these foil-parameters at the TUD were finished. 
Areal densities were determined by a low geometry oc-counter (Л- 6.4335 . 10"3 - 0.46 %) 
already used in /1/. At the spectra corrections for background pulses (0.99 - 2.70 %), 
admixtures of U-234 and U-236 (3.15%, measured by mass- and «.-spectrometry) and spectra 
extrapolation to pulse height zero (0.06 - 0.28 were considered. The values for areal 
density base on halfe-life'periods from /2/ (T1/a. (U-235) = 7.037 . 108 y - 0.15 %) . Besides 
the given error components by il and T1/2 furthermore these by the corrections at the spec-
tra (0.28 - 0.33 %). statistics (0.31 - 0.44 %) and scattering processes (0.27 %) were 
taken into account. Results of the measurements confirm to the KRI ones obtained in 
1977-79 (formerly used for 3 foiis) within the error limits. Newer KRI-results from 1980-81 
(formerly used for 3 other foils) differ from the determined ones up to 3 % and are syste-
matically higher. This may be caused by systematical errors in the KRI-measurements at the 
correction of the background raised in consequence of Cf-252 contamination of the 
équipement. • 
Changes of the amount of fissionable material of fission-chamber arrangements used in the 
(^-experiments are of special interest because reflecting in changes of the cross-section 
value directly. These differences are given in table. 
Redeterminations of inhomogeneity were performed 
- by ot-scanning using apertures of 8 mm in diameter corresponding to the neutron cone 

extend in the S^-experiment /3/, 
- by Rutherford-Backscattering measurements at the CINR Rossendorf with measuring areals 

3 mm in diameter /4/. 
Although not completely corresponding measuring points results show good correspondence. 
Resulting values for inhomogeneity of fission-chamber arrangements in ^-experiments are 
also given in table. 
The new values for areal densities and layers inhomogeneitiss will be implemented in a 
revise of ascertained cross-section values after finishing experimental investigations of 
the individual abëorption parameters of all foils. 

Measurement 

En 

Number of 
used 

foils Areal density Inhomogeneity Measurement 

En 

Number of 
used 

foils 
new value Diff.of formerly 

used KRI-value 
new value formerly 

used 
/MeV 

Number of 
used 

foils 

/ug/cm¿ t % /% /% /% 
14. i 1 258.35 0.70 - 0.64 0.29 1.00 
2.6 2 674.75 0.99 + 0.50 0.98 0.90 
8.4 5 1714.36 0.82 + 1.41 1.06 0.71 
4.45/18.8 5 1747.23 0.72 + 1.51 1.12 0.72 

REFERENCES: 
/1/ K. Merla et al., ZfK-584 (1986), p. 115 
/2/ A. Lorenz (ed.), INDC(NDS)-149/NE, 1983 
/3/ C.-M. Herbach et al., INDC(GDR)-036/G, 1985 
/4/ K. Merla, R. Grötzschel, ZfK-584 (1986), p. 116 
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OPTIMIZATION OF THE FISSION CROSS-SECTION MEASUREMENT OF 2 3 8 U A T 5ÍMEV NEUTRON ENERGY 

USING THE TCAPM ° 

U . T o d t , C . - M . Harbach 

Technische Universitét Dresden, Sektion P h y s i k , W B Angewandte Kernphysik 

A careful optinization of the experimental eysten for the fiesion cross-section Measurement 
OIA 

of U within the neutron energy range of 4 - 5 MeV became necessary for reaching a stati-

stical uncertalncy below i % / 1 / . 

Supposing a fixed neutron energy E n > Incidence energy is the only optional parameter. 

Optinization of Ej is found to be an Intricate problem because E^ is connected with all 

features of the experimental system directly or by means of kinematics as shown in f i g . /2/, 

A lot of contrary conditions and requests has to be taken into account: 

- Reaching a statistical error of 1 % in 100 hours effective measuring time demands an 

averaged AP-rate Ä . D of about 6000 s " 1 but it is connected with a rate of scattered 
• 5 -1 

deuterons N^ of 2.5 - 3.10 s . 

- The ratio N A p / N . increases with raising E n but i e limited to 5 MeV by reason of energy 

dependence of U croee-aection. 

- AP-rate requeete a large AP-cone дф »„ and a sufficient (CO-) -target foil thickness n T 

12 10 
leading to large energy spread of A P and background (from C(d,o<) B) by means of 

kinematics and energy loss inside the foil In contrast to registration of AP.with low 

b a c k g r o u n d . 

- Reaching a good AP-detection efficency requires a high AP-energy Едр too, because the 

¿^E-detector limiting minimum Едр has to be thicker than ~ 1 0 ^ u m for solving requests 

to homogeneity and resolution. This egress with high E n > e . g . high E ¿ . 

- The energy loss л o f the deuterone penetrating (CD 2) n'-foll decreases with raising 

lessen thermic strees of the foil and energy spread of neutrons, A P and <x -background. 

On the other hand the distance between A P and o< 0-group of background lowers from 

1 MeV at E о 4 MeV to nearly 200 keV at 5 M e V . n 5-1 
- The deuteron scattering rate of more than 2.10 s demands to shorten the LAR output 

pulse'length from 0 . 5 to 0.25yus allowing N^ up to 3»10 5s~* / 2 , 4 / . This stresses the 

requirements to the ¿ E - d e t e c t o r properties strongly. 

Since the background correction Is based on particle significant spectrum /2,3,4/ the 

'¿E-detector has to be very homogeneous. But it must be siso large for reaching a large 

A P - c o n e . Hence the realization of optimum system for the meesurement at E n ° 5 MeV is 

connected with the availability of a ¿E-detector with a diameter of more than 9 mm and 

a homogeneity better than 200 k e V . If this detector Is not thicker than 13^um, background 

normalisation by means of monitoring the oc^-group is possible / 3 / . Results of optimiza-

tion and measurement are 

given in / 1 / . 

REFERENCES: 
/1/ C . - M . Herbach et al., this 

report, p . 17 

/2/ C . - M . Herbach, Forschungs-
bericht TUO (1987) 

/3/ C . - M . Herbach et al., 
ZfK-621 (1987), p . 18 

/4/ C . - M . Herbach et al., 
Preprint TUO 05-07-85 
(1985) 
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ABSOLUTE MEASUREMENT OF THE 2 3 8 U FISSION CROSS-SECTION AT 5 MEV NEUTRON ENERGY USING 

THE TCAPM 

x \ 
C . - M . Harbach, К. Merla, G . Musiol, H . - G . Ortlepp G . Pausch, R . Perez, U . Todt 

Technische Universität Dresden, Sektion Physik, W B Angewandte Kernphysik 

since 1984 CINR Rossendorf 

I.D. Alkhasov, E . A . G a n z a , V . A . Kalinin, O . I . Kostochkin, L . L . Solln, P . S . Soloshenkov, 

S . M . Solovjev 

Khlopin Radium Institute Leningrad 

238 
Absolute measurements of the "°U fission cross-section were finished by a long-tine run 

at 5 MeV neutron energy. A statistical uncertainty of 0.88 % was reached, the preliminary 

result of (0.542 - 0.011) . 1 0 " 2 4 c m 2 agrees with ENDF/B-V-evalutation (0.533 . 1 0 ~ 2 4 c m 2 ) . 

Final results at all measured energies /1-4/ will be elaborated after a careful investiga-

tion of properties of used fission foils, expecially fragment absorption within the layer 

/ 5 , 6 / . 070 
Since cross-section of и at 4.5 to 5 MeV is low compared with other nuclei, achieving 

a sufficient high fission-rate was the main problem. Using the 9-plate fission chaaber 
238 2 

well optimized in /1/ ( U-inventory 3.372 eg/cm ), the neutron flux had to be increased 

about two times in contrast to / 1 , 7 / . Therefore a very careful optimization of neutron 

production and associated particle (AP) identification system was accomplished / 8 / . 

The optimization within the neutron energy range of 4-5 MeV resulted in deuteron energy 

E d = 6.4 M e V , AP-angle • 35.5°, (CD 2) n-target thickness n T м 0.4 m g / c m 2 , target angle 

J-j •> 54.5°, AP-apertur of 9 mm in a distance of 136 mm and a LAR output pulse length of 

250 n s . That means neutron energy E n = 5 M e V , correlated neutron angle iT" • 76.2°, 

â i i а р " n e r » . d ß n " Í2.4 m s r . Energy distributions are 4.50 - 5.45 MeV for neutrons, 

3.83 - 5.08 MeV for A P , 3.83 - 4.47 MeV for o< . - group and 3.10 - 3.81 MeV for the ec,-
12 10 ' 

group of С (d,cx) B . A ratio of neutron rate N n to scattered deuteron rate N^ of 

0.024 - 0.031 was expected refering to AP-detection efficency f • 0.7 - 0 . 9 . AP-rate 

of more than 6000 s should be obtained using a deuteron beam current of 500 nA . 

Since a ¿ E - d e t e c t o r with a diameter of more than 9 mm and best homogeneity (220 keV 

spread measured by o<-transmission) was only with a thickness of 15^um available, the 

(X^-group was not detected completely and monitoration of the cx^-group for background 

normalisation was impossible / 1 , 9 / . Using new (CD 2) n-foils we obtained up to 7100 AP/s 

and N /Ы. a 0.03 in experiment. Under best conditions an average of 40 hours led to ' -I 5 -1 • ' 
N a t я 5559 s and в 2.15 . 10 s , e . g . Np/Nj • 0 . 0 2 6 . Also energy distribution 

expected above was observed. Even AP-background decreased to 0.5 - 2 % and if all control 

spectra are available an error contribution of less then 0.3 % was obtained. 

REFERENCES: 
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/ 7 / C . - M . Herbach, Forschungsbericht TUD (1987) 
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/9/ C . - M . Herbach et a l . , ZfK-621 (1987). p . 18 
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THE ŒFLICTGE 0? HEUTRCM IHELASTIC SCATTERING AHISOTRQFT OB THE HEÜTRON LEAKAGE 
tfPECTEUM O? A LEAD SPHERJs 

/ 

И. Toepfer 
Technische Universität Dresden, Sektion Physik, WB Kernphysik 
В. Böhmer, С. Reiche 
AdW der DDE, Zentralinstitut für Kernforschung, Eossendorf, Bereich HPT 

An important effect of ;bhe interaction of 14 MeV neutrons, emerging from fusion reaction 
between Deuterium and Tritium, with heavy nuclei is the anisotropy of the preequilibrium 
neutron.emission. The new evaluation of the fusion reactor blanket candidate material 
lead by TUD /1/ was done with special regard to this'effect. The strong coupling of angle 
and energy dependence of the double-differential cross section for the neutron emission 
from preequilibrium states required its representation in the proposed ENDF/B-VI nuclear 
data format /2/. A new code SIXFIL had to be created to compile the (n,n')-cross section 
of this new representation into the transfer matrix for this reaction type. MINX /3/ was 
used to get group cross sections and the transfer matrices for the elastic scattering and 
(n,2n), (n,3n) processes. The anisotropy of the inelastic neutron scattering was taken 
into account, up to P^. The produced group cross section dataset was the basis for neutron 
transport calculations carried out by the use of ANISN /4/. 
Fig. 1 shows the expected effect on neutron leakage spectrum of a Pb sphere shell for a 
14 MeV point source in the centre. The forward peaked angular distribution causes deeper 
penetration of inelastic scattered neutrons. Fig. 2 gives the fractional ratio of the 
different leakage spectra in dependence on the sphere shell thickness. It must be 
mentioned that the anisotropy effect in the energy range between 7 and' 12 MeV has the 
same order of magnitude as the experimental uncertainties for a Pb-sphere benchmark 
experiment /5/. 
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NUCLEAR SPECTROSCOPY 

EVIDENCE FOR A NEW ISOMER IN THE DOUBLY-ODD NUCLEUS 8 4 R b 

3. Döring, G. Winter, L. Funke, L. Käubier and W. Wagner 

Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 

• Q 
The structure of doubly-odd nuclei in the vicinity of the Sr core,.i.e. near the neutron shell closure at 

N = 50 and the proton subshell closure at 1 = 38, gives a sensitive test of shell model calculations within a 
84 

relatively small configuration space. For this purpose the investigation of the nucleus Rb with one proton 

hole and three neutron holes in the respective closed shells has been initiated. ' 
O A 

Up to now only little information is available on medium and high spin states in Rb. The ground state is 

known /1/ to be a 2" state. Furthermore, a state at 248.1 keV with' 1 ^ = 3" is excited during the decay of the • 

well-known long-lived 6 isomeric state at 463.7 keV /1-3/. In connection with the irradiation of a natural NaBr 84 
target with 27 MeV a-particles we searched for in-beam v-rays belonging to Rb. An inspection of the beam-on 

79 81 81 83 
and beam-off singles Y-ray spectra has shown that besides the dominating ' Br(oc,2n) ' Rb reaction channels 

79 81 82 84 

also the ' Br(oi,n) ' Rb channels are present. The coincidence spectrum gated by the 248.1 keV ^-ray shows 

in addition to the known 215.5 keV ^-ray a clear 224.7 keV j-ray peak. Therefore, a new level at 472.8 keV is 

introduced. On the other hand, the placement of the 80.6 keV v-line on top of the 6 isomer'is suggested from 
82 6 80 7 84 

the v-ray intensities measured in the Se( Li,4n) and ouSe('Li,3n)°4Rb reactions. In the relevant Y-ray spectra 
the lines of the decaying 6" isomer as well as new ^-rays at energies of 46.7, 80.6, 83.8, 224.7 and 631.0 keV 

are very strong and have roughly the same intensity relations. The strongest of the new lines at 80.6 keV is 

assumed to feed the 6 isomer directly and thus a new level at 544.2 keV is established. The energy difference 

between this level and the 472.8 keV level fits to a weak 71.4 keV ^-ray (see fig. 1). 

Using the pulsed-beam ^ггаУ timing method time distributions have been measured during the irradiation of a 

NaBr-target with 27 MeV oc-particles. Furthermore, delayed energy spectra have been measured during the bombard-

82 80 7 

ment of a target consisting of Se (92 %) and Se (5 ®s) with 35 MeV Li ions. In both measurements the inten-

sity of the 80.6 key ^-ray shows a delayed behaviour. From the slope of the background-corrected time distribu-

tion (see fig. 2) a half-life of T ^ = 11(1) ns is deduced and assigned to the new level at 544.2 keV. Also 

the 71.4 keV ^-ray shows a delayed behaviour with roughly the same half-life supporting.the existence of the new 

level. Since the angular distribution coefficients of the 71.4, 80.6 and 224.7 keV ^-rays have not yet been 
measured we conclude only from systematic considerations that the most probable spin and parity values for the 

- - - + 8 2 
level at 472.8 keV are 4 or 5 and for the new isomer 5 or 6 . In Rb /1/ containing two neutrons less than 
84 d Rb the 5 state is a long-lived isomeric state, whereas in 

ground state has a 5" assignment. ' 

• 9 од 
Br /1/ with two protons less than Rb the 
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Fig. 1 Level scheme of Rb, 
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the 80.6 keV ^-ray deexciting the new isomer in Rb. 

For comparison the time distribution of a prompt 

83.8 keV ^-ray is given which belongs very likely 

also to the same nucleus. 
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A NEW ISOMER IM 8 3Br EXCITED IH THE 8 2Se ( 7Li,oC2n) REACTION 

G. Winter, R. Schwengner, L. Funke and E. Will 
Zentralinstitut für Kernforachung, Bossendorf, Bereich KF 

Excited states in зове nuclei around S 4Kr have been populated by bombarding 8 2Se with the 35 MeV 7Li 
beam that ia now available from the Rossendorf cyclotron. The spectra of j-rays which are delayed with 
respect to the beam bursts revealed several transitions arising from isomeric decays and led us to 
establish new isomers in 8 3Br, 8 5Rb /1/, 8 5Kr /2/ and 8 6Kr /3/. The time distributions /3/ measured for 

83 
the j-гаув deexciting the 3070 keV level /4/ in Br indicated, however, that the lifetime of this 
isomer is much longer than the repetition time of the beam bursts (104 ns). In order to determine the ai ^ 
lifetime in Br that is excited by the ( Li,oC2n) reaction a particle - gamma coincidence measurement 
has been carried out. Por recording the charged particles emitted in the reaction two silicon detectors 
with diameters of 42 mm and 150 ytim effective thickness were mounted at distances of 2.5 cm from the 
beam spot on the target. In this way about 30 % of the total solid angle were oovered. Proton - gamma 
and alpha - gamma coincidences could be separated from each other by setting gates in the energy spec-
trum of the silicon detectors /5/. Coincident events were stored event by event in form of three 
addresses (particle energy, ^-ray energy, time between particle and ^-ray detection) on magnetic tape 
and sorted off-line in two-dimensional matrices (E^, time), separately for protons andOC.-particles. 
Spectra of prompt and delayed ^-rays were then formed by setting gates in the time address. Prom the 
intensities of the lines at 303, 1065, 610 and 357 keV in the spectra of delayed events an average 83 + 
value for the half-life of the new isomer in Br of " " ®'2 / а а been derived. This com-
paratively long lifetime explains why in the previous in-beam study /4/ based on 7Li bombardment the 
303 and 1065 keV »-rays were found with almost isotropic angular distributions that give no informa-

I 83 tion on the multipolarity of these transitions. These „-rays of Br have also been observed during 82 the irradiation of Se with 42 MeV oC-particles /6/ but also in the (oC,p2n) reaction an isotropic 
angular distribution was found for the 1065 keV line indicating that the corresponding level is pre-

83 dominantly populated via the isomer. Relative excitation functions for the „-rays in Br have been 
7 7 determined in the Li induced reaction and in the (oC,p2n) reaction. In the Li experiment the ^-ray 

intensities of the transitions at 303, 1065 and 610 keV increase relative to the intensity of the 
514 keV line of 8 5Rb by factors of 1.39(12), 1.06(9) and 0.93(5), respectively, when the bombarding 83 energy is increased from 30. to 35 MeV. Related to the intensity of the 1122 keV transition in Kr /6/ 83 
the intensities of the^ three lines in Br increase by factors of 5.1(2), 4.6(2) and 3.8(2), respec-
tively, when the oC-particle energy is increased from 36 to 45 MeV. Based on these tendencies we 
suppose increasing spin values for the corresponding levels (see figure 1) where the spin of the 
isomer might be 19/2 or 21/2. From empirical considerations one might expect 19/2" or 21/2~ isomers _ 2 
resulting from the coupling of a P3/2 o r ^5/2 P r°t° n to the ( neutron excitation that is known 
as an isomer in several doubly éven N = 48 nuclei. The coupling 
of a gg/2 P r o t o n t o tile ^5/2 _ 1' p3/2_1^ two-proton excitation is Tl/2 = ~ 0 , 2 / u s an other candidate for the isomer although in this case only the 

, + 3070 V " spin 17/2 can be reached. 303 

A comparison of the reduced transition probability of the 303 keV 
transition (assuming different multipolarities) with known values 
in other nuclei /7/ shows that the experimental value would be for 
El and Ml extremely small ( 2"10~8 W u or 1 . 3 ' Ю - 6 W u , respec- (13/2+) 
tively), for E2 rather small ( 1.7-Ю" 2 I u ) or for M2 extremely 
large ( 1.0 W u ). 9/2 

7/2 
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Figure 1. Decay scheme of the 8 3 new isomer in Br 
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к NEW THREE - PARTICLE ISOMER IN 8 5Kr 

G. Winter, R. Schwengner, L. Funke and J. D3ring 
Zentralinstitut für Kernforschung, Rossendorf, Bereióh KF 

ao 7 
During the irradiation of Se targets with Li ions /1,2,3/ a delayed emission of the 1931 keV 

y-ray relative to the beam bursts has been observed. This transition is known /4/ to deexcite the i 
13/2+ level in 8^Kr. The time distribution /3/ reoorded for this j-ray contains a prompt and a long-

lived component indicating that the delayed behaviour of the 1931 keV ^-ray is caused by a new isomeric 

level that decays via the Í931 keV level with a half-life being much longer than the repetition time 

of the beam bursts (104 ns) . On the basisi of a ^-coincidence experiment performed in connection 
3 2 

with the (oC,n) reaction on Se a 60.3 keV ^-ray was identified as the isomeric transition. From an 

intensity balance in the spectrum of delayed ^-rays observed in the (<X-,n) reaction the total conver-

sion coefficient of the 60.3 keV transition was estimated to be 7 +
2 . The lifetime of the isomer was 7 82 

determined in a proton-gamma coincidence experiment /2/ in connection with Li bombardment of Se. 

From the intensities of the 1931 keV line in the spectra of delayed proton - y coincidences a half-

life of = I- 2 +o*4 Z*13 h a a b e e n est:i-ma'te(i for the new isomer at 1991 keV in 8^Kr. The conversion 

coefficient of the 60.3 keV.transition together with the half-life allow us to assign the multipola-

rity E2 to the 60.3 keV transition. For the new isomer we propose I = (17/2 ) that is supported by 

the relative excitation functions of the 60.3 and 1931 keV ^-rays in the (°i-,n) reaction at bombar-

ding energies between 13 and 21 MeV. The half-life of the (17/2 ) level corresponds to a B(E2) value 

of B(E2, 1 7 / 2 % 13/2+) = 3.8 + ? " 8 W u. For the E2 transition from the 13/2+ to the 9/2+ ground state — <L»0 
a value of B(E2, 13/2+—>Э/2+) = 2.8 W u has been derived from a lifetime measurement on the - и. j 
basis of the Doppler 3hift of the 1931 keV j-ray /4/. Comparing these B(E2) values in S^Kr with those 

determined for the 4 + and 2 + yrast states in /3/ S^Kr (0.05 and 11.2 W u, respectively) it seems 
+ + + 35 ' very unlikely that the 9/2 , 13/2 and 17/2 levels in Kr result from a simple coupling of a gg/2 

neutron hole to the 0 +, 2 + and 4 + yrast states, respectively, in 8^Kr. In that case the B(E2) values 

between the states in S^Kr should be approximately the same as those between the corresponding core' 

states /5/. The B(E2) values observed in 8^Kr and 8^Kr led us to suggest that the simple coupling 

exists only for the 9/2+ and the 17/2+ level whereas the 13/2+ level contains in addition to the 2 + 

core state also a strong component arising from the 4 + core state. This assumption .is supported by 

the close lying excitation energies of the 13/2+ and 17/2+ levels in 8^Kr. Due to this mixing the 

17/2+ to 13/2+ transition would proceed via the 4 + component and an angular momentum recoupling where 

in neighbouring nuclei B(E2) values of a few W u are observed. The 13/2+ to 9/2+ transition might 

be understood as a transition between the 2 + component in the 13/2+ level to the 0 + ground state. With 

respect to the corresponding transition in 8^Kr the B(E2) value in 8^Kr is considerably reduced in 

accordance with the assumed configuration mixing in the 13/2+ level. 

References: 
/1/ Kaubler, L. et al..; Annual report 1986, ZfK-621 (1987): 29 
/2/ Winter, G. et al.; this report p. 20 
/3/ Winter, G. et al.; this report p. 22 
/4/ Zobov, A.E. "et al.; Reports on 36. Conference on Nuclear Spectroscopy and Huclear Theory, 

Kharkov, USSR, 1996, 72 
/5/ Ludziejevs.ki, J. ,«t al. ; Physica Scripta 14 (1976) 133 
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A STRONGLY RETARDED E2 TRANSITION IN 8 6Kr 

G. Winter, J. Döring, L. Funke and H. Frade 
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7 32 -In-beam studies in connection with Li irradiations of Se targets /1,2,3/ revealed a delayed 

emission of the 685 and 1565 keV ^-rays deexciting the 4 + and 2 + yrast levels, respectively, in 
86 

Kr. Time distributions have been recorded for various ^-ray energies using a time-to-pulse-height 

converter that w¿3 started by pulses from a Ge(Li) detector and stopped by the radio frequency 

signal of the cyclotron oscillator. An inspection of the centroids of the time distributions 

(after correction for contributions arising from the ^-ray continuum) showed that the 685 and 

1565 keV transitions are emitted in the decay of an isomer with a half-life of = ~ U 3* 86 

This half-life is ascribed to the 4 yrast level at 2250 keV in Kr and implies a strongly 

retarded E2 transition to the 2+ yrast level with a reduced transition probability of' 

B(E2, 4+—• 2 + ) » 0.054 +o'oo9 W e i 3 s k o P f units (W li). For comparison, the reduced E2 transition 

probability from the 2+ level to the ground state has been determined in Coulomb excitation expe-

riments /4/ resulting in B(E2, 2+—*0+) = 11.2 W u. On the basis of particle transfer reaction studies 

the vrast state is interpreted /5/ as the two-proton configuration (f^^^"^» ^3/2"^'" 

nucleus containing a closed neutron shell ( N = 50 ) the strong retardation of the E2 transition 

probability of the 4+ yrast level should be connected with the almost completely filled configuration 

space of the valence protons (f^g, ^3/2^ all°wine 4+ as the maximum spin for two-proton excitations. 

A similar retardation is also observed for some nuclei containing the N = 82 closed neutron shell 

(e.g. 1 3 8Ba, U 2 N d ) where the valence protons are distributed over the (g^^' ^5/2^ orbitals. In 

that case the maximum spin for two-proton excitations is 6 + and the E2 transitions deexciting the 6 + 

yrast state to the 4 + yrast state in ^ 3 8Ba and reveal reduced transition probabilities of 

' B(E2, 6t-»4+) =• 0.05 and 0.02 W u, respectively, while much larger values of £(E2, 2+—.0+) = 10.0 

and 12.0 W u, respectively, are observed for the decay of the 2+ yrast state /4,6/. In shell model 

' calculations /7/ this retardation depends critically on the values of model parameters, e.g. on 

the energy separation between and d ^ 2 orbitals. 
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HIGH-SPIN STATES IN THE N=48 NUCLEUS Sr 
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H. Rotter, G. ".Vinter, L. Funke, H. Prade 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KP 

As a continuation of our recent study /1/ of high-spin states in the N=48 nucleus ^ K r we have initiated the 
86 

investigation of the heavier isotone Sr which has been excited in different reactions. Whereas the reaction 

Sr at beam energies up to 42 MeV has been used /2/ at the cyclotron in Leningrad to measure 

excitation functions, prompt coincidences, angular distributions and lifetimes (DSA and plunger method), 

the reaction 8^Kr(ot ,2n^)8Sr at beam energies up to 27 MeV has been applied at the Rossendorf cyclotron for 

some complementary experiments. In this case a plastic cell of 1.2 cm diameter x 1.8 cm length /3/ with 2 84 I.8 mg/cm mylar foils as entrance and exit windows was filled with Kr gas (enriched to 93.6 in • Kr) at a 
2 pressure of 1 atmosphere. Thus the thickness of the gaseous target amounted to about 6 mg/cm . 

13 86 Prom the experiments with the С beam a level scheme of Sr containing numerous new levels up to about 8 MeV 

and (15 - 16)ft has been constructed. However, there were some uncertainties in the level.scheme above the 

well-knovm 8 + isomer at 2956 keV. Por instance, the transitions of the cascade 1753-1126-227-130 keV (refs. 

/4,5/) have been placed in a different sequence in former papers /2,6/. On the basis of a delayed coinci-

dence experiment performed in the Of-particle induced reaction and by taking into account the results of an 

excitation function measurement between 21 and 27 MeV o< -particle energy some of these questions could be solved. 

In the delayed coincidence experiment the ^-rays preceding the 8 + isomer (r =0.66yus) have been measured 

by using a 5 % efficiency Ge(Li) detector (start signal for a TAC) and a NaJ(Tl) detector of 7.5 cm length x 

7.5 cm diameter (stop signal for the TAC). The delayed j-ray spectra (3 subsequent time windows of 200 ns each) 

offer some new ^-rays, e.g. a weak 356 keV transition that fits the sum of the 227 and 130 keV transitions. 

This fact and the excitation function data confirm the transition sequence mentioned before In agreement with 

refs. /4,5/. 

Furthermore, from lifetime measurements applying the pulsed-beam ^-timing method as well as the Doppler shift 

attenuation method in connection with the gaseous target, a value of Г «2.1(2) ns* could be determined for the 

5" level at 2673 keV, No counterpart of the 12+ isomer found /1/ in « K r has been observed Ln 8 S r with filled 
proton P3/2 ^rá ^5/2 subshells. Further experiments, as e.g. linear polarization measurements, are necessary 

86 

to make firm spin and parity assignments to the high-spin states of Sr as a precondition 'for the interpreta-

tion of these excitations. 
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A NEW THREE-QUASIPARTICLE ISOMER IN 1 1 7Sb 
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H. Prade, J. Döring and R. Schwengner Zentralinstitut für Kernforschung, Rossendorf, Bereich KP 

The odd-mass Sb isotopes with A = 113 - 119 have Ъееп the subject of intensive in-beam 
^-ray investigations /1-4/. In these studies long-lived high-lying isomers were found in 
1 1 5Sb /2,4/ and 1 1 7Sb /1,3/ having spin and parity assignments of 25/2+. Shory et al. /2/ 

suggested that many of the high-spin states excited during the decay of these isomers can 
be described by two-neutron one-proton configurations. Comparing the energy spacings of 

113—11 9 levels in Sb with those of the corresponding core levels they have interpreted the 
— — 1 1 1 9 lowest 19/2 and 15/2 levels in Sb as the coupling of a d-,, proton to two-neutron ' 115 

core excitations in the (A-1 ) Sn nucleus. This could be confirmed in ^Sb /2,4/ by life-
time and g-factor measurements of the 19/2" level. On the other hand, no information on — 117 > the lifetime of the 19/2 state in 'Sb has been available until now. '117 115 Levels in 'Sb were excited by means of the ^In(o<,2n) reaotion using the 27 MeV 
o(-particle beam óf the Rossendorf cyclotron. We measured ^ - r.f. coincidences and ana-
lysed the experimental time distributions according to the generalized centroid-shift 
method. The experimental set-up and details of the data analysis are described e.g. in /5/. 
The 19/2" state decays via two transitions with energies of 254.6 and 456.9 keV to the 
17/2- and 15/2~ levels, respectively (see fig. 1). From the centroids of the corresponding 
time distributions an a-verage half-life of 

T1/)2(2779.8 keV) = 0.6 + 0.2 ns 

has been determined. For the E2 transition deexoiting this isomeric state we derived a re-
duced transition probability of B(E2, 19/2" 15/2") = 0.4 W.u.. This value is similar to 
that for the corresponding 7~ 5~ core transition /6/. Although the experimental errors 
are relatively large this result reveals the core-coupled structure of the 19/2~ and 15/2" 
levels in 1 1 7Sb. 

We note also that the value of B(M1, 19/2" 17/2") in 1 i 7Sb is close to the B(M1 , 
7" 6") value in 1 1 6Sn (see fig. 1). 

T * 0.5(3) ns 
n-3 B(M1) = 5.2x10 W.u. 

t 2773.1 

19/2" 

B(E2) = 0.4 W.u. 

2365.9 

l16Sn 5 0 ° 1 '' 66 

17/2" 

2779.8 0.6(2) ns 

B(M1)=1.5x10~3W.u. 

2525.1 

B(E2) = OA W.u. 

15/2"! 2322.9 

117Sb 51 O U 66 

Fig. 1 
Partial level schemes of 1 1 6Sn and 1 1 7Sb 
according to /2,6/ and this work. 
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IN-BEAM STUDY OF 1 4 2 N d 
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Zentralinstitut für Kernforschung, Rossendprí, Bereich KF 

142 
Nd revealed 27 new levels on top of the 6 

142., 
isomer. Nanosecond 

140-
Ce0 2 tar-

An (oC,2n^) in-beam study of excited states in 

lifetimes were found for three levels. States in 

gets with 20 - 27 MeV 

coincidences, an-

gular distributions and linear polarization of ^-rays as well as ^ - RF time distributions. The statistical 

accuracy of the angular distribution coefficients and of the polarization values is similar or better than in 

the case of our recent experiments /1/ and in connection with the excitation function it allows numerous 
142 

spin and parity assignments for levels in Nd. 

(141 

Nd have been populated by bombarding enriched 
142 

ot-particles at the Rossendorf cyclotron. The level scheme of Nd shown in figure 1 is 

based on measurements of singles ^~гаУ spectra, excitation functions, prompt and delayed 

5746.5 

5182.5 
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Positive-parity states have been identified 

up to spin 3 - 10 fi, while negative-parity 

states have been established up to 

3 = (14) fi. In analogy to the lighter 

N = 82 nuclei 1 3 8 B a 111 and 1 4 0 C e 111, the 

and 10^ states were found to be isomer-

ic. Furthermore, for the 8^ level a life-

time could be deduced: 

3456.3 keV) = 1.5(2) ns, 

9", 3484.9 keV) = 1.5(1) ns 

and T, / o(10
T, 3925.3 keV) = 0.6(1) ns. 

Tl/2 ( 

Tl/2< 

T 1 / 2 ( I O
+ , 

In addition to the experimental informa-

tion given in figure 1 further 13 levels 

at excitation energies of 3009.6, 3086.0, 

3244.4, 3295.8, 3413, 3439.6, 3448, 3860.7, 

4070.0, 5315.8, 5437.8, 5513.6 and 

5650.8 keV have been established on the 

basis of our ^-coincidence data, but at 

present no spin and parity assignments can 

be proposed for.these levels. The states at 

4016.8, 4995.1, 5364.8, 5571.1, 5965.8 and 

6736.5 keV observed in an earlier (0¿,2n) 

study /3/ could not be confirmed in this 

investigation. 

Fig. 1 
1 ДО 

Level scheme of Nd 
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142 

The measured excitation energies of Nd states /1/ have been compared with spherical shell-model predictions 

obtained from suitable truncated model spaces. Thus, excitation energies of positive-parity states have been 

calculated by applying the shell model with configuration mixing (SCM) to the configuration space /2/ 

( e - j / 2 ' ^ B7/2' ^ 5 / 2 ^ "^'^3/2' s l / 2 ^ ' * r e a t n e9 ative-parity states, an approach /3/ has been 141 d used, where an proton is coupled to low-lying TE= +1 states of Pr considered as the core. The core is 

5.5 

5.0 

4.5 

4.0 

35 

3.0 

2.5 

2.0 

0.0* 

DOMINATING CONFIGURATIONS 
(m,n):-(gy,.dS,2) 

DOMINATING BASIS STATES 
IJi'>:HJi4,',Pr),'iih,1/2;J-(,"Nd)> 

_¡K1 

descibed within the SCM. This concept is capable of describing negative-parity states in N = 82 nuclei, c.f. 

e.g. /4,5/, since the addition of one proton 

will only slightly disturb the states formed by pro-

tons on the It = +1 subshells. In both model spaces 

the same Hamiltonian containing the modified delta 

interaction /2/ has been diagonalized. In fig. 1 the 

experimental level energies are compared with the 

model predictions. 

Though the level energies are generally predicted a 

bit too small (except the collective 3" and the prob-

able second 8" states), the sequence and the spacings 

of the levels are well reproduced. For all positive-

-113-1 13" 

J¿", ,IW2f>.|T3/2,'> • V-fcB-WtiMQ 
fl—117/2,"> 

Sfiac--|17/2,*>+l13/2,*> 
Ю/2,*>»|11/г2

+> p a rity states configurations of the type |9/2,*>-ф1/2,*> 
llltflH" I 9at) +113/2,+) 31 

-|5/2,*> 

r. 
SHELL MOOEL 1T = +1 EXPERIMENT PARTICLE-CORE-COUPLING 

(g 7/2 = d5/2> 
10 

are found to dominate the wave func-

Fig. 1 

tions. The two-proton ( hii/2' ̂ 5/2^ a n d ^ n / 2 ' 97/2^ 

multiplets provide negative-parity levels up to spin 

9, while the states with 9~«i i rsS14~ can be inter-

preted as seniority-four states. 

Regarding the level scheme of ^ G d /6/ one may ex-0 
pect ( h ^ ^ ) proton excitations, which are outside 

our SCM configuration space, at level energies of 

E x > 4 MeV. Using empirical values for the one- and 

two-body interactions, which are derived from the 

excitation energies of pertinent levels in N = 82 

nuclei with 5 8 ^ Z ^ 6 4 and from the respective ground 

state masses, the energy of the maximum aligned 

^11/2^10 + ' 3 e e n calculated (for the method 

see 111). This two-proton excitation is expected to 

lie at E x = 4584 keV. Therefore, the levels atk 

4605.2 and 4617.6 keV appear t'o be candidates for a 

two-proton excitation to the where the 

first is the more likely one due to its deexcitation 

to the 9^ state in analogy to "^ 6Gd /6/. 

R e f e r e n c e s 

Comparison between experimental and theoretical spectra 

of ^ ^ N d . For each value of J 1^ only the three lowest 

states with E^ ^ 6 MeV and 3 ^ 3 are displayed. The 

main components of the wave functions providing a 

contribution of more than 50 h are given for the 

states experimentally found. ~ 
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THEORY 

ON THE CANONICAL REALIZATION OF A FINITE-DIMENSIONAL LIE ALGEBRA. 

G. Flach and D. Kirschbaum + 

Zentralinstitut für Kernforschung, Rossendorf, Bereich KF + 

We investigated the structure of the derivation algebra in classical Hamiltonian mechanics. This infinite-

dimensional Lie algebra k(2n,R) of generators of canonical transformations was obtained as algebraic closure 

of two finite-dimensional Lie subalgebras /1/. The first one is the Lie algebra sp(2n,R) of generators of -the 

sympléctic group, while the second one (peg) belongs to a projective canonical group and has. been derived 

from point transformations. The algebra peg and the related Lie group seems not béen used so far in the ana-

lysis of classical mechanical systems but it has some interesting properties which may be useful for physical 

investigations. 

The essential content of the above mentioned structural relations may be summarized in the following scheme 

И¿njl * íplh.t) и peg (1) 

u(nï= rp(*2r»,j?)n 
where u(n) is the symmetry algebra of the n-dimensional harmonic oscillator. We derived the explicit expres-

sions of elements for the peg algebra and proved furthermore /2/ that a) the algebra peg is the largest finite-

dimensional algebra of point transformations in the algebra k(2n,R)jb) the algebra peg acts transitively on 

functions f(q) defined on the configuration space and intransitively on functions h(q,p) defined on the phase 

space. 

Having in mind future applications to physical systems (e.g. to systems of oscillators) we sharpen the results 

of /2/ in the present note. 

Remember that any generator-L^ as element of the derivation algebra k(2n,R) is determined by use of the 

Poisson bracket operation as follows 

with f = f(q,p). The generating functions f of the peg algebra have been determined in /1,2/, they are 

pi Qj • • P^ (Eg = qjP 1, i,j = l,..,n). We derived the peg algebra starting from the projective trans-

formation group in Q n < Now we extend theorem a) as follows: There exists no similar projective group in phase 

space = (P>P) giving rise to a finite-dimensional Lie algebra к of canonical generators (2) including 

the peg algebra. Such subgroup contains definitely special conformai transformations of the canonical variables 

(q,p) as follows (q,p)—>(q'p'): 

(3) 

The transformations (3) determine maximal 2n one-parameter subgroups and corresponding vector fields L^. Using 

standard techniques the vector fields corresponding to single parameters «"" or (3y are calculated to be q^q^ 

Dq., q.p JDq., p 1p J0p. ) q.p Jîp.. Using (2), we find the following generating monomials f = f(q,p) corresponding 
i i i i i l 

to Lj: q^q^p , q^p-p , p P 4j> QjP Qj- The algebra к must contain some generating elements corresponding to 

the symplectic algebra sp(2n,R). Using the theorem proved in /1/ it follows, that in the set of generating 

functions of к any elements of third degree in (q,p) are contained and, furthermore, monomials of any degree 

in (q,p). Therefore a projective Lie algebra k a p e g is an infinite-dimensional algebra, this proves our new 

result concerning theorem a). We sharpen the theorem b) as follows: The peg algebra acts transitively on any 

of the following subsets of functions h(q,p) defined on phase space: P ^ • f(q) ( P ^ - the set of monomials 

of fixed degree v in p 1(i = 1, ...,n), f(q)or»Qn)- Theorem b) results if y= 0. 

The proof is trivial for vector fields „L- corresponding to generating functions (p^q.p^) - the monomials (v) 1 
P v ' and functions f(q) are separately invariant. Applying the special conformai generators L p ^ g « t o the 
monomials we get certain elements P ^ • q, now using that u(n) с peg then any element Pl"¡f(g) of first 

degree in q results. Taking use of repeated generators L . -o and L , j one gets the desired result, i.e. 
(v) " • о 

we get any function of the type P 4 ' f(q). 

/1/ Kirschbaum, D. Journal of Physics A(1988), in press 

/2/ Flach, G., Kirschbaum, D. Annalen der Physik (1988), accepted for publication 
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The mesonic exchange current (MEC) inside the nucleus leads to a strong renormalization 
^ > ^^ of the matrix element of the axial-charge (AC) density operator (AC=g. ff.p/M T x , g.=1.25) 

AC 
and in this way to an effective nucleón axial formfactor (g^ .= ). The latter 
can be deduced from the transition rates of 0+-0~ ß-decays. Extensive theoretical work on 
the лТ=1 -weak, transitions in the A=16- nuclei (see refs./1-2/ for reviews) has 
shown that the effective axial formfactor of the nucleón in these light nuclei is larger AC 
by about 50% than the bare one (gд Alternatively, the value of g^ can be obtained 
by studying the spin-isospin response of nuclei excited by charge-exchange reactions. 
There, the relevant transition-operator (so called Gamow-Teller (GT) operator) is А Л GT= gд б" tr_ . In contrast to g£ , the apparent axial formfactor of the bound nucleón 
obtained from the GT-transitions is quenched relative to its value deduced from the free-

GT 
nucleón ß-decay (йдг^д 6д Tlie s t u d i e s on'the GT-excitations in several 
nuclei via the (p,n)-reaction have lead to the conclusion that g^ is quenched by at least 
20-30% throughout the periodic system (ft . cc 0.8) /3/. One necessary step for understan-AC GT + -ding the g^ - gд -puzzle should be to extend the studies on the 0 - 0 ß-transitions, 
which so far have been restricted to light nuclei, to heavier nuclei. For this aim, 

the renormalization parameter ÍT of 
the AC-density by the MEC-operator 
has been calculated along the line of 
ref. /4/ where the approximation of an 
inert core has been used (see fig. 1). AC 
From fig.1 it is seen that g A decrea-
ses with mass-number. The decrease 
found is due to the fact that the evo-
lution of 6" with A is roughly descri-
bed by 

S"~1/bf^MÜti/f ~ M1/2 A~1{6 
« 1 * (1) 

b=(VtOM)1/2 , too-41 A"1/3. 
This result is easy obtained by noti-
cing that the oscillator-length para-Щ&ьиех' VËLLUCb их U eta UctlUUJLÍlbCU lU p ^̂  

meter b enters the MEC-operator as m ^ /ffíM(b m^) (its radial dependence being deter-
mined. by an first-order Yukawa function) , whereas the one-body operator scales like 1/bM. 
Tills decrease which is compensated to a large extent by the shell-effects becomes more 
pronounced if the bare nucleón mass M in eq.(1) is replaced by the effective one as ob-
tained e.g. in relativistic mean-field theory where typically (0.6-0.8) M is found. 
In this case the kinetic energy of the decaying 3p1y2"valelice neutron in the A=206-nuclei 
is larger by about 20-30% as compared to that of the corresponding 2s-nucleon in the light 
systems. As it is known from current-algebra results, the contribution of the Goldstone 
bosons (the pions) to the low-energy sum rules is frame dependent and decreases if the 
nucleón is moving faster. Due to an idea of Rho /5/» the axial-vector strength measured 
in the GT-transitions corresponds to an infinite momentum of the nucleón, whereas the 
axial-charge formfactor is deduced within a finite (low-) momentum frame. Our studies 

AC GT indicate that in the asymptotics should eventually approach g ¿ ( a fact which has 
been pointed to us by Rho). Furthermore, from eq.(1) it follows that the one-body decay 
rate increases like (M/M*) but not like (M/M*)2 as it has been stated in ref /6/ where 
the use of M*s0.6M has been viewed as a mechanism sufficient for enhancing the AC-density 

FIGURE 1 
The A-dependence of the renormalization parameter 
The dashed band represents the possible nuclear-
n i n f n n -TTо 1 И А О л Р Л « о rtöl л и ! n f л Л п и / О / 
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up to the size required by the data. From our studies it follows that effective masses 
combined with meson-exchange current corrections lead to theoretical results which are 
compatible with the experimental findings. Preliminary results indicate that the 
log ft-values in the A=206-nuclei are well reproduced by using an effective nucleón mass 
of M**0.8M which corresponds to г enormaliz at ion parameter б'гО.35. 

References: 
/1/ M.Kirchbach, E.Truhlik, Sov.J.Part.Nucl. 1Z (1986) 224 
/2/ I.S.Towner, Ann.Rev.Nucl.Part.Sei. J6 (1986) 115 
/3/ C.D.Goodman,S.D.Bloom, in "Spin Excitations in Nuclei" ed by Petrovich et al 

(Plenum Press, N. Y. 1984) p.143 
/4/ M.Kirchbach, H.Reinhardt, preprint NBI-87-79 
/5/ M.Rhoin "Spin Excitations in Nuclei" ed by Petrovich et al (Plenum Press,N.Y. 1984) 

p.111 
/6/ G.Do Dang, M.Jaminon, N. Van Giai, Ph.ys.Lett. 153B (1985) 17 
/7/ J.Delorme, Nucl.Phys. A374 (1982) 541c 



- 30 v-

NUCLEAR STOPPING POWER AND THE TWO-FLUID HYDRODYNAMICS 

H. W. Barz and B. Kämpfer 

Zentralinstitut für Kernforschung Rossendorf, Bereich KF 

Heavy ions colliding with ultra-relativistic energies are expected to penetrate one another. 

This assumption is based on the observation that high energy protons lose roughly 2.4 units 

of rapidity when traversing a large nucleus. Therefore the one-fluid model seems to be not 

adequate to describe heavy ion reactions with several tens of GEV per nucieron. Here we 

apply now the two-fluid model to investigate the properties of the target and the fragmen-

tation region. The two nuclei are represented by two perfect fluids which are described 

by the energy momentum tensor T LÏ = ( e+p ) u l u^ + p g 1^ , where u 1 is the four velocity 

of the fluid and energy density and pressure are functions of the baryon number density n 

and the temperature. Now, the equations of motion are coupled locally as introduced in 

ref.'/l/: _ 

T^-Dnñ^-Ü')-a~eiUertH-ul .. T^^-Dm^-U1') ~ Q 
>3 J 

where the (un)barred quantities refer, to the target(projectile ) fluid. The friction term 

( ~ D ) is well studied by investigating collisions at lower energy. This term is responsible 

for the excitation and deceleration of the fluid. The energy leak-out term ( ~ Q ) was in-

troduced in ref./l/ and was assumed to be proportional to the thermal part of the energy den-

sity. The quantity Q measures the leak-out rate of energy into the midrapidity region. Fur-

ther we take a finite phase transition time T (for details see ref./2/). We carried out one-

dimensional calculations of the collision of two slabs with thicknesses 4.9 and 12 fm using 

different values of Q and f while D was fixed to 3 GeVfm which gives roughly a rapidity loss 

of 2.2 units,. From fig.l we see that the rapidity loss rises with increasing velocity of 

the phase transition and increasing energy leak-out. Further we observe that the projectile 

fragments are distributed over a wide range of rapidity'. 

Fig.^. Baryon rapidity distribution for the projectile(right curves) and the 
target slab for different tansformation times in the equal-velocity system. 
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THE CONCEPT OP THE FORMATION LENGTH IN THE INTRANUCLEAR CASCADE MODEL 

H."- I we 
Zentralinstitut fuer Kernforschung, Rossendorf, Bereich KF 

In recent years, the intranuclear cascade model (INC) has been applied successfully' for 
describing different characteristics of secondaries from reactions involving nuclei. It 
obviously reflects the fact that the cascade model can bring out the essentials of the 
multipart'icle production process in nuclei at energies below 3-5.A GeV. It has been shown 
that the model is even successful in predicting production rates as the strangeness 
production [1]. The basic premises of more or less all INC models is that the heavy-ion 
collision is replaced by a sequence of space-time well-separated binary collision between 
on-shell hadrons proceeding as in free.space.. Thé elementary interactin is assumed.to be 
point-like in space and time. 
In modern QCD based models concerning the fragmentation of quarks and partons,the finite-
ness of the formation length for hadrons corresponds to a finite fragmentation in space 
and time. - Secondary hadrons in the collisions are not formed instantaneously. In their 
rest frame they need .a certain average time r Q which is called the hadronic formation 
time, before they are present as complete hadronic states. These hadrons should have a 
reduced probability for hadronic interactions inside the nucleus because of the absence of 
the soft components in the hadronic states. In this picture it appears to be quite natu-
ral, that the'fast secondaries created in nuclear collisions have a reduced possibility 
for secondary interactions inside the nucleus. The time interval r Q is a characteristic 
time of the strong interaction ( т k. 1fm/c). The products of the interaction fly apart. 
Because 'of the relativistic time dilatation they are created after the duration of the 
strong interaction T =/l т . Starting from these qualitative and phenomenological argu-
ments here a procedure is proposed to take into account the finiteness of the interaction 
time and spsice • The free cross sect!on & is modified by _ ^^( 1 -exp(- X / t )). Here 
it is assumed that the secondary hadron starts to interact hadronically in its rest frame 
with an exponentially growing factor depending on the ratio Т./ Z. = mo/hc*t/if. The 
constant m Q plays the role of an empirical parameter lying in the range of (0.4-0.9) GeV. 
Therefore two cascade particles would have the modified free cross section 
S
 h^(1-exp(-a 1t 1/> 1))(1-exp(-a 2t 2/> 2)). 
The scheme proposed was taken to follow-the INC for all low energy hadrons created in turn 
in the secondary collisions and so on. Fig. 1 shows the distribution function of the time 
elapsing between two .successive collisions without and with consideration of the formation 
length concept. 

Fig.1 
Distribution function of the time elapsing between 
two successive elementary interactions w i t h o u t ( — ) 
and with ( ) consideration of the formation 
length concept for nucléons and pions. 

z 
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HYPERNUCLEAR PRODUCTION BY THE <ЗГ~,К~> REACTION 

R. Wünsch 
Zentral institut -für Kernforschung Rossendorf, Bereich KF 

J. Zofka Nuclear Physics Institute, Czech. Acad. Bei., Rez/Prague, Czechoslovakia 

Production of A and hypernuclei has been performed mostly by the <K " ,3T ) 
reactions with the incident K~ meson in-flight С13 or stopped C23. The momentum 
of the K" in flight has been chosen to approximately satisfy the recoilless 
condition, so that the substitutional states have been preferably populated in 
the produced hypernuclei. In the stopped К " experiment, the produced hyperon 
gets a momentum comparable with the nucleón Fermi momentum in the nucleus 
(pFi=280 MeV/c) and therefore non-subst.i tutonal states are strongly populated as 
wel1. _ 
In addition to the «"""-induced reaction, the feasibility of the (5T*",K*) reaction 
was theoretically argued C31 and actually proven by the first 1ЯС(ЗГ* ,К")'¿С 
experiment done at Brookhaven C41. With the pion momentum py = 1050 MeV/c chosen, 
the recoi1 momentum of the A hyperon amounts to q»340 MeV/c, which tends to 
favour the excitation of non-substi tut ional and high angular momentum configura-
tions. The quasi-free mechanism (production of hyperons in unbound scattering 
states) accounts for a considerable part of the total reaction probability. 
The (ЗГ",«") reaction is now going to be applied at KEK and BNL for more exten-
sive and advanced studies of Л and hopefully Z hypernuclear production. 
Interests are not, only in the structure of light hypernuclei but also in the 
deep hyperon orbits in heavy hypernuclei. Also, some experiments are planned, 
investigating the magnetic moment of the hyperon in nuclei and the production 
of polarized hypernuclei by measuring the angular correlation of their weak 
decay products. 
The experimental progress requires an adequate theoretical analysis. Since many 
of the interesting states are observed above the hyperon emission threshold, a 
strong, interference between the genuine hypernucleus production and the quasi-
free ejection of a hyperon takes place. In order to obtain a realistic exci-
tation spectrum for hypernuclear production, it is necessary to evaluate both 
resonant and quasi-free processes. For this purpose we have applied our version 
[53 of the continuum shell model to the (3T*,K""> reaction on the target nuclei 
l aC, 1 A0, a e8i , 4*C» and a<sFe. Fig. 1 shows the curves obtained for '-"CJSi . The 
B 4Fe results are published in ref.C63 

Fig. Is 
Calculated hyper-
nuclear excita-
tion spectrum 
(ef fect i ve 
nucleón number 
dN„.f.,/dE> for the 
( I f * , ) reaction 
on =raSi at 
pj- =1050 MeV/c 
and 0к=1В°. The 
broken lines show 
the quasi-free 
contributions in 
the indicated 
channels. The 
resonant contri-
butions have been 
spread by an 
additional 2 MeV 
Brei t-Wi gner 
shape. The arrows 
above the 
resonances are 
proportional to 
their exci-
tation strengths. 
Multipolarity and 
dominating 
configurations 
are indicated. 
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PERCOLATION APPROACH FOR ATOMIC AND MOLECULAR CLUSTER FORMATION 

0 . K n o s p e , R . Schmidt and G . Seifert 

TU Dresden, Sektion Physik, Wissenschaftsbereich Theoretische Physik 

Investigations of the formation kinetics es well as the structure of atomic and molecular 
microclusters are of increasing interest (see e.g. /1/). At present there is no rigorous 
theory, which could predict experimental size distributions obtained under certain con-
ditions. 

We applied a percolation approach for the theoretical analysis of mass spectra of micro-
clusters obtained by adiabatic expansion technique /2/. A similar percolation model 
was used for the interpretation of mass spectra in nuclear fragmentation processes /3/. 
The evolution of the shape of the experimental size distributions as function of stagna-
tion pressure and temperature are well reproduced by varying the percolation parameter 
(see fig. 1). In addition, the even-odd-alternation as well as the "magic" shell struc-
ture in metallic secondary ion mass spectra /4/ are investigated by introducing statisti-
cal weights for the formation probabilities (see fig. 2). Shell corrections energies of 
atomic clusters as function of cluster size are deduced from the experimental data /5/. 
These shell correction energies behave very similarly to those observed in atomic nuclei. 
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Fig. 1 Mass spectra of (C02)N-clusters Fig. 2 Mass spectrum of Cu*-clusters of 
of ref. /2/ (dots) ref. /4/ (dots) 

compared to the prediction of the percolation 
approach (lines) 
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FIRST STAGES OF MATTER GROWTH IN A DYNAMICAL PERCOLATION MODEL 

0 . Knoll 

GSI Darmstadt 

0 . Knospe and R . Schmidt 

TU D r e s d e n , Sektion Physik, Wissenschaftsbereich Theoretische Physik 

Growth of matter in its first stages is characterized by nucleation and coagulation 
processes. At the very beginning monomer addition is the leading process, gradually 
changing to- the fusion of clusters when the density of clusters is high enough. 

The nucleation mechanism is characterized by a typical steeply, roughly exponentially 
falling size distribution. It has been successfully described in a random site-percola-
tion model /1/ where the monomer addition is simulated on a two-dimensional square 
lattice, the sites of which are occupied randomly. 

Cluster-cluster coagulation leads to a log-normal size distribution. This type of 
distributions has been successfully investigated by solving kinetic equations for all 
cluster-cluster reactions /2/ neglecting all types of evaporation. 

In this work we present an attempt to generalize the percolation approach /1/ to 
include the nucleation as well as the coagulation stage of cluster growth: 

(i) In order to connect the percolation parameter with the physical density of the 
condensing gas the percolation is carried out in a continuous three-dimensional 
space. The shape of all clusters is assumed to be given by spherical drops. 

(ii) The clusters are randomly distributed within the three-dimensional space. New 
clusters are formed by a combined site-bond linkage criterion. The site probability 
is assumed to be one if two clusters have a non-vanishing overlap and to be zero 
else. The bond probability takes into account the mobility of particles of diffe-
rent masses in a gas at given temperature. 

(iii) .To include cluster-cluster reactions we propose a dynamical percolation. Starting 
with a gas of monomers a first percolation leads to a certain cluster distribution. 
Succeeding - percolations are carried out always with the cluster distribution re-
sulting from the preceeding one. 

The results can be summarized as follow: 
1) The size distribution develops as function of time from a pure exponentially falling 

one to a power law like distributions up to a peaked distribution at certain size. The 
theoretical evolution describes well that observed in experiment /3/. 

2) A scaling law for the cluster density and cluster distributions as function of time 
and initial monomer density has been found. This scaling law is somewhat different to 
that known from coagulation theory /4/. 
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PREFERENTIAL EMISSION OF FAST PARTICLES TO NEGATIVE ANGLES WITHIN THE TWO-STAGE MODEL 

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

One of the most salient features of fast particles emitted ln intermediate-energy heavy-
ion reactions is the preferential emission to negative deflection angles /1,2/. Experi-
mentally it 'can be investigated by either measuring in coincidence fast light particles 
and the circular polarisation of у -rays perpendicular to the plane defined by the direc-
tion of the particle and the beam axis /1/, or projectile-like fragments and fast partic-
le spectra both on the same and on the opposite side itfit'h respect to the beam /2/. VUU-
calculations /1/ have shown, that the deflection to negative angles is an effect of the 
attractive mean-field of the target nucleus, while two-body collisions tend to equalize 
positive- and negative-angle emission. Consequently, investigations of the preferential 
emission to negative angles may yield direct informations about the interplay of mean-
field effects and two-body collisions and, in particular, about the effective nucleon-
nucleon cross section to be used for the collision term in VUU . 

The present etudy is devoted to the question, whether the phenomenological two-stage 
model for fast particle emission /3/ is able to quantitatively describe such type of 
coincidence measurements. This question is quite delicate, since the relative weight of 
mean-field effects and two-body collisions within this model is essentially governed by 
ad hoc assumptions. 

We have applied the TSM to the 1 4N (49o MeV) + 1 6 5Ho data of ref. /2/. In that experi-
ment PLF (Z=5, 21o MeV s£ e p l f s 4 0 0 MeV) have been detected at e p L f = +lo°, and neutron 
spectra to both sides o'f the beam © n= Í [©[ (in the plane defined by the PLF and the 
incident.direction) have been taken in coincidence with those PLF at several angles €• 
relative to the beam. Fig. 1 shows the data in comparison with the TSM calculations (for 
more details and discussions, see /4/). A reasonable agreement with the data is obtained • 
on an absolute scale. 

In summary, we have shown that the assumptions of the TSM concerning the relative 
weight of two-body collisions do not contradict experimental findings which are a sensi-
tive measure óf that property. 4 

References: /1/ Tsan M.B. et al.; Preprint MSUCL-558 (1986) 
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/4/ Mädler P.; Dissertation B, TU Dresden, 1988 

Fig. 1 

Comparison of TSM calcu-
lations with neutron 
spectra in coincidence 
with PLF both to nega-
tive and positive angles 
9 n= Í3o°, 6o°, 9o°. Thin 
lines (TSM) and open 
circles (data /2/) 
correspond to positive, 
thick lines (dashed: HZ-
contribution, full: PEP+ 
HZ) and full circles 
(data /2/) to negative 
angles. 
For details, see text. 
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PARTICLE ESCAPE FROM TIME-DEPENDENT MEAN FIELDS 

B. Milek 
Ooint Institute for Nuclear Research, Dubna, USSR 
R. Reif 
TU Dresden, Sektion Physik, Wissenschaftsbere'ich Theoretische Physik 

•The particle emission during the collective motion of nuclei as in heavy-ion collisions 
and fission processes has been investigated within a semiclassical model which replaces 
the force centers by two one-term separable potentials /1,2/. This approach has been 
extended for the case of oscillating fields which simulate damped collective vibrations 
(frequency из ) of a dinuclear system with respect to the relative distance and the shape, 

With the ansatz 

' V (t) - £ e Vnlt) e n-1,z n (1) 

v n m - (v0+cTn(t) lpe,„><PtJ ( 2 ) 

e max " W 4 E ß - |E' 

in which R and denotes the position of nucleus n and a harmonic oscillator state n 1 im r 

of angular momentum 1, respectively, the time-dependent single-particle Schrödinger 
equation has been solved with a state of binding energy E g < 0 as an initial state. From 
the single-particle wave function after 5 - lo oscillations the differential emission 
probability dP/de has been calculated. It turns out that the particle is preferentially 
emitted with an energy 

AE - J-
B 2. 1 w В "В i (3) 

where E g l n , m a x are defined in the adiabatic basis referring to the Hamiltonian H(R,cT). 
The calculations demonstrate that pre-fusion 

particle emission in central heavy-ion collisions 
at the Coulomb barrier could serve as a signature 
for nuclear elastoplacticity leading to specific 
giant quadrupole oscillations in the collective 
variables before fusion /3/. 
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GAMOW STATES IN AN EXPLICITLY TIME-DEPENDENT MODEL 

В. Milek 
Oolnt Institute for Nuclear Research Dubna, USSR 
G. Mutschke and R. Reif 
Technical University Dresden, GDR 

The problem of non-stetistical particle emission in heavy-ion collisions was considered 
in the past by performing an expansion of the single-particle wave function in a suit-
able chosen basis. In our previous work /1/, for example, we used an adiabatic two- . 
center basis with finite depth potentials including Gamow states In order to take into 
account a part of the continuum. Cassing and Nörenberg /2/ have used a so-called 
diabatlc basis of a two-center oscillator. In both cases the picture of s radioactive 
decay with time-dependent decay paramters has been applied for the calculation of the 
emission spectra. The angle-integrated emission probability from a single. Gamow state 
with position E(t) and width T(t) which depend on time via the classical trajectory 
of the ions is determined in such a picture by a simple time integration 

i 
dw/de = lim i/u 

t -»oo 
5 d f (-Ä) Г / ( (Е- £ ) + Г2). ( 1 ) . 

Here, ñ is the decay rate of the occupation n 
which is assumed to follow a generalised decay 
law n(t)= -2 r('t)n(t). But there exists no ri-
gorous justification for this procedure. The 
application of time-dependent separable potentials 
V (t)| I with angular momentum 1 $ 1 
allows a comparision of the approximated meth 
(equ. (1)) with the exact one (equ. (2)) /3/ 

d w/dk = lim l<k(t)j Y (t)>r ( 2 ) 

In order to quantify the non-adlabaticity of the 
change,in the potential, we introduced the para-' о 
meter ч = A Vg/СГЕц ) . The calculations have 
been performed for an initial binding energy 
E_ = -4 MeV, 1=2 and an interaction time T from - 2 2 
1 to 5*10 s. As we can see from the figure 
(dashed lines: equ. (1), full: equ. (2)) for 
large ;x there is a high-energy component which 
can not be reproduced by the emission from Gamow 
stetes. But already at « = 0.4 (T=5*10~22s) the 
shape of the exact spectrum and the exact posi-
tion of the peak is well reproduced.' 
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ORDER OUT OF CHAOS IN ATOMIC NUCLEI 

I. Rotter 

Zentralinstitut für Kernforschung Rossendorf, Bereich KF 

The formation of order out of chaos is one of the most interesting problems in present time /1/. Although.it is 

a general problem it should be discussed carefully in some special cases which are proved experimentally in 

detail. Such a case might be the atomic nucleus the properties of which are investigated for more than fifty 

years. 

In standard nuclear reaction theory, the mption of the nucléons is assumed to be a chaotic one /2/. The nuclear 

. states are proposed to be statistically independent although this assumption could not be proven experimentally 

and all the nuclear structure studies point to a regular motion of the nucléons. 

In order to clarify this problem, microscopic calculations for an open nuclear system have been performed in 

dependence on the degree of coupling between the nucleus (subspace Q) and the surrounding continuum of reaction 

channels (subspace P)'. The method used is the Rossendorf continuum shell model /3/.. The degree of coupling 
SM 

between the two subspaces has been varied by varying the distance Л Ep between the states (for details of the 

calculations see refs. /4,5/). 

5.2 

4.6 
4 A 
4.0 

3.6 

3.2 

2£ 
2A 
2.0 

1.6 

1.2 

OA 

Resonances 
am = 30.94 MeV 

Widths of 1 
in 1 6 0 at E L 

(15N+p ; ¿channels) 

26 resonances 

In fig. 1, the dependence of •j^ for the m 

largest widths (C>)¡>... on the distance .д Ej^ 

between the shell model states R corresponding to 

1 resonances in is shown. The calculations are 

performed with 28 and 29,respectively, resonances 

of lp-lh and 2p-2h nuclear structure and with the 

P, :V/o -+ P, 150_ _ + n four channels ^ N + p, ^ N . 

and 1 50. 

_ s. • r. -3/2 - и. g.s. 
ij/2 n- The width of the 29th resonance, 

calculated without external mixing,is marked by an 

arrow. The results shown in fig. 1 illustrate the 

behaviour of the nuclear system in dependence on 

the degree of overlapping Г/ÏÏ or on the degree of 
external mixing of the resonance states via the 

continuum. 

It holds /4,5/ 
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..where are the widths of the resonance states 

R calculated by taking into account the external 

mixing, i.e. the eigenvalues of 

L,eff H 
QQ 

H
QQ

 + H
QP 

n( + )u •bp n p Q , (2) 

ueff 
and Гр are the widths calculated by neglecting the external mixing, i.e. the diagonal matrix elements of HqqJ' 

The total number of resonance states with the same quantum numbers 3 and Ж is designated by'N. Due to the con-

dition (1) it follows 

m 

Z r
R
 = c o n s t

 - Z r
R 

R=m+1 R=1 

(3) 

at a certain excitation energy E. 

The quantum chaos is defined-by a strong mixing of the eigenfunctions of the A nucleón system in the basic wave-

functions as well as by-an information loss on its spectroscopic properties. As long as spectroscopic information 

on the A nucleón system can be obtained from the experimental data, the motion of all A nucléons should be con-

sidered as a regular one. Otherwise, it is chaotic and the different nuclear states manifest themselves in the 

cross section not by isolated resonances but by fluctuations around an average value. The widths of the resonance 

states are, in such a case, small with small differences in absolute value. 
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In a closed system, a chaotic motion of the nucléons corresponds to the formation of an equilibrium state. The 

different basic states are excited with a probability which is about the same for all of them, and.the life-

time of the equilibrium state is infinite by definition. In the open system, the basic states, are also excited 

with a probability which is more or less the same for all of them, if the external mixing is strong enough. But 

in contrast to a closed system, the open system has to organize itself in such a manner that the lifetime of the 

states reached is long. Otherwise, they cannot be considered as equilibrium states:. Due to the condition (3)., 

the enlargement of the lifetimes of some levels must be compensated by a reduction of the lifetimes of other 

levels. 

The numerical results (fig. 1) show that the compensation takes place by a reduction of the lifetimes of a small 

number of states. The stronger the external mixing, the larger is the difference between the widths of the many 

long-living states and those of the few short-living states. The redistribution of the widths starts rather 

suddenly at Г » D. 
о 

The matrix elements of . the operator Hgp between the wavefunctions of the space and the scattering wavefunc-

tions of the P space are involved in both expressiuitó the width Г^ as well as the excitation probability of-the 

resonance state R via one of the reaction channels. A long lifetime is correlated therefore with a small exci-

tation probability and vice versa. 

It follows that in an open system, the equilibrium state with a chaotic motion of the nucléons can not be reached 

immediately. On the way to the equilibrium, another state far from equilibrium appears which becomes soon the 

overwhelming one due to its large and fast probability of excitation. This state can be represented by a regular 

(and not chaotic) motion of all but one nucléon. 

The two extreme cases of reaction mechanism at low and high level density are very well known in nuclear reaction 

theory. While information on the nuclear structure of the resonances in the A nucleón system can be obtained at 

low level density, this information is lost at high level density! According to the chaotic motion of the 

nycleons; the resonance states can be seen at high level density as fluctuations around an average value only. 

The average value is determined by the fast direct process which contains the information on the reaction 

channels. In these channels, the motion of only A-l nucléons is a regular one. ' 

R e f e r e n c e s 
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COMPUTER EXPERIMENTS OF THE LATERAL SOLID PHASE TRANSFORMATION OF Si-LAYERS FOR SOI 

H.-J. Müller and K.-H. Heinig 

Zentralinstitut' für Kernforschung, Rossendorf, Bereich KF 

The solid state conversion of thin amorphous Si-layers on insulating substrates (SOI) is of increasing inter-

est for the production of high speed and ultra-large scale integrated circuits. Especially for the 3-dimensio-

nal integration, the solid state transformation is of special interest because of' the low transformation temp-

erature, which is as low as about 600°C. A promising technique for the production of monocrystalline Si layers 

is the so-called lateral solid-phase epitaxy (L-SPE), starting from a seed window within the underlying insula-

ting Si02 layer. This L-SPE is limited by the nucleation and growth of randomly oriented crystallites (known 

as primary crystallization PC) within the amorphous layer ahead of the epitaxial frontier. If the epitaxial 

frontier does impinge with such a growing crystallite, the epitaxy is locally stopped. If the density of 

crystallites is large enough, a total blocking of the growing L-SPE frontier results. 
* 

Thé theoretical investigation of complex processes during the phase transformation by the method of computer 

established to be a useful way for the foundation of the theoretical understanding as 

well as for practical use. Thus for example, a semi-empirical CS /1,2/ of the PC 

has allowed a comprehensive study of static and kinetic features of the poly-

crystálline structure formation. The principles of thé CS has been extended to 

describe.the more complex competition between PC and L-SPE in thin films /3,4/. 

In Fig. 1 a computer plot during the transformation together with a scheme for 

the structure of the films and the seed window for the L-SPE is given.-

A lot of different conditions have influence on the L-SPE. From theoretical point 

of view, their influence on the transformation process can be suitably approxima-

ted by the relations of three fundamental parameters, which are the rates for 

.(i) the nucleation of randomly oriented crystallites J n 

(ii) the lateral growth of the nucleated grains V^ and 

(iii) the epitaxial growth of a monocrystalline Si layer V . i . e 
A variation of the relations between the rates can simulate qualitatively dif-

ferent external conditions. 

The process of nucleation, which possesses a statistical character concerning 

space and time, is simulated by a grand canonical MonterCarlo method. The growth 
1 of grains and the L-SPE are controlled by constant lateral growth velocities. 

The computer experiments have been carried out in different modes, which are 

Fig. 1:compute'r plot of the characterized by the qualitative behaviour of the three rates. The most interest-

transformation with ing characteristics of the L-SPE is given by the epitaxial length, by its value 

a scheme of layers after blocking as well as its kinetic behaviour. 

One technique to fabricate SOI structures by L-.SP.E is the furnace anealing. Because of.'the thermal acti-

vation not only of the epitaxial growth but also of the growth of grains, there should be no difference in 

their rates (Vg=V ). The main result of the investigation of thermally activated crystallization consists in 

the statement that the ratio between the epitaxial length and the appropriate radius of poly-Si, formed at an 

equal temperature is independent of the transformation temperature. 

If the films are recrystallized after ion implantation by furnace annealing, V g=Vp can be also assumed but 

the dopants influence the growth and/or the nucleation rate with respect to the undoped samples. In the case 

of B-doping it is has been established experimentally that the growth rate is enlarged about 8 times, while 

the nucleation rate is nearly unchanged by the doping. Starting at an arbitrarily choosen ratio between nuc-

leation and growth rate, the growth rate has been increased by a factor of 8 with respect to the starting 

value. The simulation yields an enlargement "of R^ by a factor of 2 and a decrease of the transformation 

time to 0.25, which are in good agreement with experimental data of 2 and 0.2, respectively. 

/1/ Müller, H.-J., Heinig, K.-H. and Hennig., K.; J. de Physique XII (1987) 137 
/2/ Müller, H.-J. and Heinig, K.-H. ; Nucl. Instr. &' Methods 22 (1987) 526 
/3/ Müller, H.-J. and Heihig, K.-H.; SOI-Layer production studied by computer experiments, Proceedings of the 

E-MRS Strasbourg, June 1986 
/4/ Müller, H.-J. and Heinig, K.-H.; Thermally activated and ion beam induced lateral solid phase epitaxy, 

Proceedings of the ÉPM87, Dresden 1987 

simulation (CS) has been 
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E L E C T R O N I C STOPPING C R O S S - S E C T I O N S FOR THE MEV IMPLANTATION OF B + AND P + INTO SILICON 

M . P o s s e l t , W . S k o r u p a , Z e n t r a l i n s t i t u t für K e r n f o r s c h u n g , Bereich KF 

\ 

In the case of MeV i m p l a n t a t i o n into silicon the e l e c t r o n i c stopping of the ions is usually 

much larger than the nuclear s t o p p i n g . In the given energy region the e l e c t r o n i c stopping 

power acts similar to a c o n t i n u o u s braking force w h e r e a s the nuclear stopping power shows 

c o n s i d e r a b l e f l u c t u a t i o n s . T h e r e f o r e , the mean p r o j e c t e d range of the ions is mainly 

d e t e r m i n e d by the e l e c t r o n i c s t o p p i n g , the range s t a t i s t i c s is caused.by the f l u c t u a t i o n s of 

the nuclear s t o p p i n g p o w e r . о 

Due to' v a r i o u s p r o m i s i n g a p p l i c a t i o n s in the s e m i c o n d u c t o r technology the interest in high '• 

energy i m p l a n t a t i o n has increased r a p i d l y . In the last three years many e x p e r i m e n t a l m a t e r i a l 

has been p u b l i s h e d . On the other h a n d , for p r a c t i c a l a o p i i c a t i o n s a reliable theoretical 

p r e d i c t i o n of MeV ranges and range profiles i s n e c e s s a r y . This is c o m p l i c a t e d for the-MeV 

i m p l a n t a t i o n of B + and P + into s i l i c o n . H e r e , the energy of the implants is in the region 

near the m a x i m u m of the e l e c t r o n i c stopping c r o s s - s e c t i o n . In t h i s ' e n e r g y range the formulae 

for.the e l e c t r o n i c stopping known from the implantation at lower energies are not very precise 

To get a p p r o p r i a t e .values for the e l e c t r o n i c stopping c r o s s - s e c t i o n s we have compared the 

a v a i l a b l e e x p e r i m e n t a l data for the MeV implantation of B + and P + into silicon /1-8/ with 

t h e o r e t i c a l c a l c u l a t i o n s using d i f f e r e n t m o d e l s for the electronic stopping with d i f f e r e n t 

p a r a m e t e r s . The c a l c u l a t i o n s have been p e r f o r m e d using the TRIM Monte Carlo simulation pro-

gram /9 /. The results are shown in the t a b l e . Three m o d e l s have been c o n s i d e r e d : (i) the 

c o m b i n a t i o n of the L i n d h a r d - S c h a r f f and the B e t h e - B l o c h formulae ( L S B B ) , (ii) the modified 

B r a n d t - K i t a g a w a model of Z i e g l e r , Bie.rsack and Littmark (ZBL) and (iii) the original Brandt-

Kitagawa approach (BK). In /10/ these models are d e s c r i b e d in d e t a i l . In the LSBB and the 

ZBL m o d e l there are the e m p i r i c a l p a r a m e t e r s C^ and Сд , r e s p e c t i v e l y . With our results 

a more r e l i a b l e prediction of the c o r r e s p o n d i n g MeV ranges and range p r o f i l e s in silicon 

b e c o m e s p o s s i b l e . 

ion energy range model parameter 

B + 0 1 1. 0 MeV LSBB • C k 
•= l 6 

0 1 2. 0 MeV ZBL C A 
= 1 0 

1 0 4. 0 MeV LSBB 
C k 

= 1 3 

P + 0 1 7. 0 MeV LSBB 
' C k = 1 2 

0 1 1. 2 MeV BK - -

0 1 1. 0 MeV ZBL C A = 1 0 1 0 2. 5 MeV ZBL C A 
= 0 9 

2 5 7. 0 MeV ZBL CA = b 8. 

/1/ I n g r a m , D< C . , 3. A . Baker and D . A . W a l s h , N u c l . I n s t r . and M e t h . B7/B (1985) 361. 
/2/ I n g r a m , D . C. , 0. A . B a k e r , D . A . Walsh and E . M . S t r a t h m a n , 

N u c l . I n s t r . and M e t h . B21 (1987) 4 6 0 . 
/3/ S p i n e l l i , P. , A . M . Cartier and M . B r u e l , N u c l . I n s t r . and M e t h . B21 (1987) 450. 
/4/ T a m u r a , M . , N. N a t s u a k i , Y . Wada and E . M i t a n i , N u c l . I n s t r . and M e t h . B21 (1987) 4 3 8 . 
/5/ W a n g , L . К. , С. T. Chuang and G . P. L i , Solid State E l e c t r o n i c s 29 (1986) 739. 
/6/ W i l s o n , R . G . , 3 . A p p l . P h y s . 60 (1986) 2 7 9 7 . 
/7/ W o n g , H . , E . D e n g , N . W . C h e u n g , P . K . C h u , E . M . Strathman and M . D. S t r a t h m a n , 

N u c l . I n s t r . and M e t h . B21 (1987) 4 4 7 . 
/8/ De P o n t c h a r r a , 3. , P. Spinelli and M . B r u e l , MRS S y m p . P r o c . 45 (1985) 115. 
/9/ Z i e g l e r , J. F . , 3. P. Biersack and U.' L i t t m a r k , The Stopping and Range of Ions in S o l i d s , 

P e r g a m o n , New Y o r k , 1 9 8 5 . 
/Ю/ P o s s e l t , M . and W . S k o r u p a , N u c l . I n s t r . and M e t h . B21 (1987) 8 
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DETERMINATION OF SPLITTING PARAMETER FUNCTIONS FOR NEUTRON SHIELDING CALCULATIONS BASED 4 

ON NON-ANALOGUE MONTE CARLO METHOD 

G . - R . Oeenisch ' 

TU D r e s d e n , Sektion P h y s i k , Wiasenschaftsberelch Theoretische Physik 

F . Seidel . 

VEB Kombinat Kraftwerksanlegenbau, Berlin 

Neutron shielding calculation are performed for the (r-z)-geometry model of a pressurised 
«rater reactor (PWR) using the multigroup Monte Carlo program SMO /1/. In order to decre-
ase the variance of the non-analogue Monte Carlo game an optimal parameter set is sear-
ched. As a quantity of main Influence on the variance, particulary the weight function is 
considered, which is used in the geometrical splitting. The probabilistic determination 
of the weight function G(i,g) for splitting planes i= [1,N] and energy groups g= [i,M ] 
is a more exte^nsive..problem than the original shielding problem. The weight function must 
be determined over the whole domain with high precision. An inaccurate determination of 
only one of the N.M parameters can imply that especially in deep penetration problems 
the particle flow could be interrupted or the calculation effort could be Increased un-
acceptabely. 

In /1/ the demand 

is used for the determination of the weight function G(i,g), 
This means that for each of the N zones and M energy 
groups the mean contribution w (i,g) of a particle at 
(i,g) to the result at the shield point (i',g') multiplied 
with the particle weight G(i¿g) is. constant, iV+1(i,g) can 
be calculated as ^ (+j v/ ( , , g u

 w (2) 
с í 

where P(i»g-»g') ie the collision probability in zone i 
including down scattering from group g to g'. vi+' is the 
mean contribution of the particle starting at (i,g") to 
the result at (i.g). (i,g') is calculated statistically 
by the SMOKE code /1/, a progrem version of SMO. The appli-
cation of SMOKE shows that a great calculation effort is 
required for realistic shielding' problems. A manual adjust-
ment (especially the flatting of the statistical fluc-
tuations) is recommended /1/. 

can be interpreted as a influence function. For that 
reason the splitting parameter function is calculated 

c —.,) ' <3> » 4 tf 
using the solution 0(i,g)of an adjoint Sn~calculation 
which is using a P^Sg-approximation. With respect of this 
approximation the effort of the S n calculation is about three times smaller than those of 
a SMOKE calculation. As well, a manual adjustment is not required after a deterministic 
calculation. The results of both of the' corresponding SMO shielding" calculations using 
the weight.function of eq.(l) and (3) are shown in the figure. The same number of source 
neutrones were played in the both SMO calculations, therefore the calculation effort is 
nearly the same. The statistical errors of the both SMO solutions are also shown in the 
figure. The comparision offers that the weight function of eq.(3) has led to a satifactory 
variance reduction. Moreover, the variances are smaller in some subdomains if the weights 
of eq.(3) will be used. 
References: 
/1/ H.-U. Barz, Kernenergie 7 (1987) 8 

^ Aspirant at TU Dresden, Sektion Physik, WB Theoretische Physik. 

E ./MeV 

Energy flux distribution at 
the inner/outer vessel surface 
and the core surface calcula-
ted by SMO using statisti-
cally ( i ) or deterministi-
cally ( I ) splitting weights. 
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APPLIED M E T H O D S 

STANDARD F U N C T I O N S IN THE CASE OF FIBRE TEXTURES 

S . M a t t h i e s , К. Helming and T. Steinkopff 

Z e n t r a l i n s t i t u t für K e r n f o r s c h u n g R o s s e n d o r f , Bereich KF . 

K . Kunze 

.Zentralinstitut für Physik der E r d e , Potsdam 

In- q u a n t i t a t i v e texture analysis standard functions are used in connection with the inter-

p r e t a t i o n of the Orientation D i s t r i b u t i o n Function (ODF), the test of r e p r o d u c t i o n methods 

and the investigation of ghost phenomena /1/. Because of the analyticity of the most inter-

esting f u n c t i o n s it -is p o s s i b l e to get them with any n u m e r i c a l accuracy (e.g. without series 

t e r m i n a t i o n errors or a p p r o x i m a t i o n s due to n u m e r i c a l i n t e g r a t i o n s ) . Fitting the main com-

p o n e n t s of an ODF by b e l l - s h a p e d d i s t r i b u t i o n s the given texture can usually be interpreted 

by a - s m a l l set of c h a r a c t e r i s t i c p a r a m e t e r s /2/. 

Up to now for the introduced standard " functions a n o n - s o l v a b l e integration remains in order 

to get the c o r r e s p o n d i n g pole figure expression in the special case of fibre c o m p o n e n t s . Two 

new m o d e l d i s t r i b u t i o n s (GAUSS-shaped and L O R E N T Z - s h a p e d ) can be defined for this -case 

s a t i s f y i n g all the demands on standard functions: 

All o r i e n t a t i o n s g F , which transform the given fibre axis "rt̂  r egarding to the sample co-

o r d i n a t e system Кд into the fibre axis h Q r e g a r d i n g to the crystal coordinate system 

. Kg (Г = H e on the fibre thread g F = {7Г , (f J-'1 • { 7Г , о} (0 £ cp'<2-r). The "central" 

c h a r a c t e r of the model ODF m e a n s , that it only depends on the o r i e n t a t i o n distance £3 F be-

tween an arbitrary o r i e n t a t i o n g and the fibre thread g F (with cos £5 F as. well as 

on a width p a r a m e t e r . 

In analogy to the case of s p h e r i c a l c o m p o n e n t s the GAUSS-shaped fibre standard function is 

defined as follows: 

f F ( S , S F ) = N F ( S ) e S 0 0 3 C F , N F ( S ) = . ' (1) 
. sinhS 

The width p a r a m e t e r S leads to the h a l f w i d t h b = 2 - a r c c o s ( 1 - I n 2 / S ) and enables to realize the 

full width spectrum from a random d i s t r i b u t i o n (S—*-0) up to a d e l t a - l i k e d i s t r i b u t i o n 

(S—+•<*>). The c o e f f i c i e n t s of a series e x p a n s i o n of (1) in D - f u n c t i o n s /1/ read 

C 1 ( S ) = ' N F ( S ) ( 2 1 + 1) j ^ T I 1 + 1 / 2 ( S ) , (2) 

and the integration over the p r o j e c t i o n thread (tb,y) leads to the pole figure expression 

. - о 
P P ( S , z 1 , z 2 ) = N F ( S ) I o ( S - s i n ë y s i n © 2 ) e x p ( S - c o s © ^ - c o s © 2 ) (3) 

with z, = c o s © , h.-h , z„ = c o s © - = y-n < 1 1 i о 2 • 2 о 
Using the p o l e , f i g u r e e x p r e s s i o n for s p h e r i c a l c o m p o n e n t s as the L O R E N T Z - s h a p e d fibre stand-

ard function 

2 
- f F ( T , u F ) = =—i ^ I F , (4) 

(l + T - 2 T * c o s S ) 

the_ h a l f w i d t h , C - c o e f f i c i e n t s and pole figure can be represented by analytically closed'ex-

p r e s s i o n s , t o o . 

For n = (001) the given e x p r e s s i o n s describe the special case of s o - c a l l e d cyclic textures 

most frequently c o n s i d e r e d in p r a c t i c e . 

R e f e r e n c e s 

/-1/ M a t t h i e s , S. et al.: Standard D i s t r i b u t i o n s in Texture A n a l y s i s . Berlin: A k a d e m i e v e r l a g 

/2/ L ü c k e , К. et al, Z. M e t a l l k d e . 77 (1986) 312 
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A NEARLY ISOMETRIC REPRESENTATION OF THE SPACE OF EULERIAN ANGLES (G-SPACE) 

K. Helming and S. Matthies 

ZentraTinstitut für Kernforschung Rossendorf, Bereich KF 

G.W, Vinel , 

Zentralinstitut für Kernforschung Rossendorf, Bereich G 

Commonly the representation of the orientation distribution function f(g) is given by sets 

of G-space sections with isolines for f(g) values. For the description of an orientation g 

three Eulerian angles {<*, are used and е.; a y = const section is given in a rect-M, angular frame for « and fi . Fig. 1 shows such a> representation of a model function f (g) 

constructed by bell-shaped distributions /1/ f ( g o , g ) = f(£) depending on the orientation 

distance и between g and the position of the component g 

cos S/2 = cqs( 6"- 6" o)cos(î' cos(3q + cost 8- á ^ s i n (î' sin 

with 6"= ( « + r ) / 2 , <?= («x - Г")/2 a n d /2. 

(1) 

Two components PI and PII with Gaussian form and a halfwidth 15° were mixed for the case of 

cubic-orthorhombic symmetry. It is easy to be seen that the rectangular representation in 

fig. 1 is not the best one to reflect the complex 5 - m e t r i c (1) of the G-space. For instance 

the •(bell-shaped)component PI looks like a tube in the viricinity of ß =.- 0. 

If we interpret the angles (î'=(î/2 and Í" = ( < * - y ) / 2 for 6"= 6" as spherical ones /2/ the 

half orientation distance u / 2 will just correspond to the angle distance of the directions 

г = ( ß', S") and r Q = (fî'Q, ¿* 0) (cf. (1)). Furthermore all isolines of a bell-shaped distribu-

tion (in regard with ¿3 ) will be concentric circles on a sphere representing a' S"-section. 

Therefore the representation by 6"-sections (fig. 2) is more suitable than the first one for 

studies of forms of texture components and distances between them. 
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f 

/ ^̂ ï̂ï 
О 

V Щ '! Щ 

r 

f 

/ ^̂ ï̂ï 
О о 

VSgy 
. PI 
РЖ 

* ; о 
ЩГ 1 

Щ) V 

S\ 

w « 

j 
fe ^ 

Vß 20-0 ÍO.O 5-X 1.00 

Fig. 1 

Fig. 2 

A model ODF represented in form of 

° fig. 1) y - s e c t i o n s using conventional rectangular coordinates 

fig. 2) 6"-sections using a special stereographic projection 

R e f e r e n c e s 
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> NUMERICAL ASPECTS OF THE NORMAL DISTRIBUTION IN THE ORIENTATION SPACE 

S. Matthies 
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G.W. Vinel 

Zentralinstitut für Kernforschung Rossendorf, Bereich G 

Interpreting orientation distributions in texture analysis by means of texture components 

certain model distributions are used in practice. On the other hand many problems of texture 

analysis can be mathematically modellized with the help of such distributions. 

The model distributions should be of physically adequate form as well as be given by mathe-

matical expressions permitting, to calculate the'm with high numerical accuracy in order to 

avoid model induced errors in testing or fit procedures. Gaussian-shaped or Lorentzian-shaped 

curves are used for this.reason /1/. The term "Gaussian" was chosen because the corresponding 

expressions are similar to the•well-known normal distribution in the common one-dimensional 

space. 

The form of the normal distribution follows as a result of the so-called central limitvtheorem 

of probability theory that can be formulated in more complex spaces-also leading to the 

"truly" Gaussian distribution correspondingly. Recently this was performed for the orienta-

tion space by T.' I ; Savjolova /2/. However, the final result could be represented in form of 

a Fourier series only (to-•orientation distance, 0 < со ^ 7Г ) 
QO 

f(€ ,<».) = '(21 + 1) V É 1 ( 1 + 1 ) sin((21 + l)«/2)/sin ^ , (1) 

1=0 

possessing a bad convergence for typical in practice small halfwidths b < V of bell-

shaped curves. Moreover, the form of the distribution (1) cannot be seen.explicitly, and it 

is especially unfavourable that a direct connection is missing between the width parameter Ê 
and b. But f ( £ ,со) can be represented in an analytically closed form /3/ using Jacobi's Teta 

functions /4/: 

f (C , » ) - s i n ^ = - q " 1 / 4 / ( 2 i r ) £ 0 2 ( v , q ) , v = , 

- E Я ) 
q = e . 

Now a special transformation can be used leading to arl expression of especially favourable 

form for the case of practical interest. ( b < T T ) : 

f ( £ , « ) e
£ /

V e - ^
/ 2

:
) 2 / £

 [ l + 0( £ , » ) J W ( 2 sin f ) ; 

(3) 

£ « b 2 / { 16 ln[b/(2 s i n ( b / 4 ) ) ] } . 

~Tf2 Iff 
The term 0 ( £ , w ) is proportional to e and can commonly be n e g l e c t e d . Already for a 

relatively lar.ge halfwidth b = 60° it is of the order.of 10 ^^ only. For b = 15° typical in 
- 6 9 5 

pract'ice we have O t ó l O . 

R e f e r e n c e s 
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DISCRETE STATISTICAL TREATMENT OF TEXTURE DEVELOPMENT 

T. Steinkopff and S. 'Matthies 

Z e n t r a l i n s t i t u t für Kernforschung R o s s e n d o r f , Bereich KF 

C o n v e n t i o n a l "grain by grain" methods s i m u l a t i n g p r o c e s s e s of texture d e v e l o p m e n t /1,2/ are 

as a rule computer time e x p e n s i v e . Supposing that for well defined single o r i e n t a t i o n s the 

p o s s i b l e o r i e n t a t i o n transitions connected with the concrete process (or with its s u b s t e p s ) 

are known (previously calculated and s t o r e d ) the n u m e r i c a l expense for the d e t e r m i n a t i o n of" 

the final o r i e n t a t i o n distribution belonging to any initial distribution can be c o n s i d e r a b l y 

r e d u c e d . At the same time the statistics of,the results will be i m p r o v e d . Up to now this con-

cept has been only .used to simulate m a r t e n s i t i c t r a n s f o r m a t i o n s . The method suggested should 

be especially useful for the simulation of deformation textures subdividing the deformation 

p r o c e s s into indentical elementary deformation s t e p s . 

The m e t h o d : . 

n n 

E 

The starting point is an assumed cell st r u c t u r e of the G-space containing N cells С (of vol-

ume V n ) and a constant value of the ODF within the n-th cell: 

N 

V n = Т > п ' f n = 1 • ( 1 ) 

n-1 n=l 

For s u f f i c i e n t l y small cells the "centre" of С ,at g will well represent all o r i e n t a t i o n s the 
• - m n 

n-th cell c o n t a i n s . Now for each g^ the set of a l b possible ( M n ) final o r i e n t a t i o n s g R 

(m = 1,2,...,M ) is calculated for the considered t r a n s f o r m a t i o n process (e.g. m a r t e n s i t i c 

t r a n s f o r m a t i o n , M = 24 for the K u r d j u m o v - S a c h s m o d e l ) once only and the c o r r e s p o n d i n g cell-
m n m n „ m n 

addresses V = C n
n (g ) are s t o r e d . 

Then for any initial texture f 1 the discrete final o r i e n t a t i o n distribution f e can be calculat-
m n , 

ed (the V = C n > ^ > a r e k n o w n ) with a minimum of n u m e r i c a l expense by (V,V = 1 , 2 , ...,N) 

N M n 
• = E f n • V n ' M n • C ^ V • 

n = l m n = l 

If the M n p o s s i b l e solutions are realized with different s t a t i s t i c a l weights w m (determined 

by the physical p a r a m e t e r s of the p r o c e s s ) the c o r r e s p o n d i n g expression reads: 

N M 

f
n •

 v
n • й

 w
m - ¿ v r ' ^ , 

—f —! n 
(3) 

n = l m n = l-

with 
M n 

С 
m n = l 

w m = 1 . (4) 
m n 

The case of m a r t e n s i t i c t r a n s f o r m a t i o n with classic variant selection is given by w = 0 n 
for the M -M forbidden variants and w = 1/Я for the TT allowed o n e s , r e s p e c t i v e l y 

n n m n • n ' r ' n mn 
A variation of the selection rules concerns the w only whereas thé С remain the same for 

m n n 

a given t r a n s f o r m a t i o n m o d e l . 

In order to get a c o n t i n u o u s final d i s t r i b u t i o n the intensities f^'V can be replaced by 

Gaussian d i s t r i b u t i o n s /3/ <|? ( g n , b , g ) with the maximum at g n and a halfwidth b of the order 

of cell size : N 

f e ( g ) = ¡ [ ] f* • V n - f ( g n , b , g ) . (5) 

n = l 
R e f e r e n c e s - • 

/1/ van H o u t t e , P. et,al.: Development of- Textures by Slip and T w i n n i n g . In: Preferred Orienta-
tion in Deformed Metals and Rocks: An Introduction to Modern Texture Analys is ,led. Wenk, H.R., 
San Diego: Academic Press 1985 

111 F u r u b a y a s h i , E . , Eisen und S t a h l , Japan 7_1 (1985) 1155 
/3/ M a t t h i e s , S. et al.: Standard D i s t r i b u t i o n s in Texture A n a l y s i s . Berlin: Akademie-Verlag 1987 
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PARTIAL STRUCTURE FUNCTIONS FOR AMORPHOUS FegjBp 

W. Matz 

.Zentralinstitut für Kernforschung Rossendorf, Bereich KF 

A.V. Serebryakov, Yu.A. Levin Institute for Solid State Physics, Academy of Sciences of the USSR, Chernogolovka 

For the determination of partial structure factors for the amorphous alloy FegjB^ by neutron diffraction three 

samples with different isotopic composition were prepared: 1) with natural iron, 2) with the isotope "^Fe, and 

3) with a mixture of n a V e and "'Ve (50:50). The amorphous samples were prepared by the melt-spinning tech-

nique, resulting in ribbons of about 1 mm in width_. 

A detailed analysis of the experimental data and the system of linear equations for estimation of the partial 

structure factors showed, that the contrast variation by isotope substitution is not strong enough to .allow a 

direct determination of partial structure factors of the Faber-Ziman-type /2,3/. On the other hand, the Bhatia-

Thornton-formalism /2/ can be used to estimate all three partial structure functions of the number-concentra-

tion-type (N-C). For the structural investigation of amorphous в̂д̂В̂у both types of partial structure func-

tions were used. In the case of the Faber-Ziman-formalism the pair contribution B-B was neglected as it was 

done for s - F e ^ ^ j /1,3/ and only the partials for the pairs Fe-Fe and Fe-B were determined. In figs, l and 2 

the partial atomic distribution functions of the Faber-Ziman and the Bhatia-Thornton-type are shown, respec-

tively. From the functions Gp ep g(r) and Gpeg(r) of fig. 1 the typical interatomic distances r k (in nm) and the 

coordination numbers N^ were estimated. 

Fe-Fe: r^O.255 (N^11.0+0.3) / r2=0.420 (N2=20.2+1.3) / r3=0.500 (Nj=22.3+1.5) 

B-Fe: r^O.2'15 (N^= 6.0+0.3) / r2=0.335? (N2=4.7+0.6) / r3=0.385 (Nу 9.8+1.0) / гд=0.455 (N4=21.3+1.8) 
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The function G^(r). indicates the location of coordination shells by their maxima (number-number-correlation). 

So all listed distance values were found in G^(r) of fig. 2 although the Fe-B distances give less pronounced 

maxima. In the concentration fluctuation function G c c(r) coordination shells of like atoms result in maxima 

while such of unlike atoms in minima. The behavior of G c c(r) corresponds with the data obtained from G F e F e ( r ) 

and Gpeg(r) with exception of the maximum at r=0.335(5) nm. This maximum should be the first boron-boron 

distance because it correlates, with a minimum in Gp ep g(r). The deviation of G^(r) from zero and the partials 

of fig. 1 indicate well developed chemical short range order (s.r.o.) in amorphous FemB.,. 
OJ 1 / 

While the iron-iron correlations are quite similar to other amorphous Fe-B alloys /1,4/, the iron-boron corre-

lations exhibit some differences. The small coordination number N^~ F e=6 together with the "normal" behavior of 

Gp ep g(r) may be explained by the microheterogenous structure model'for amorphous alloys /5/. In this case the 

model structure should be composed of the phases«-iron (with crystalline like s.r.o.) and dense random packed 

Fe^B. Model calculations are in progress. 
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A M E T H O D FOR THE V A R I A T I O N OF THE N E U T R O N S C A T T E R I N G L E N G T H D E N S I T Y IN S O L V A T I N G M A T E R I A L S 

F . E i c h h o r n 

Z e n t r a l i n s t i t u t für K e r n f o r s c h u n g , R o s s e n d o r f , B e r e i c h KF 

F . H ä u ß l e r 

T e c h n i s c h e H o c h s c h u l e L e i p z i g , S e k t i o n N a t u r w i s s e n s c h a f t e n 

M a t e r i a l s c o n t a i n i n g i n h o m o g e n e i t i e s ( e . g . p a r t i c l e s o f . d i f f e r e n t p h a s e s ) of s i z e s in the 

o r d e r of 1 nm ... 10 pm c a u s e s m a l l - a n g l e s c a t t e r i n g of n e u t r o n s ( S A N S ) , the i n t e n s i t y of 

w h i c h is d e t e r m i n e d by the d i f f e r e n c e of the c o h e r e n t - s c a t t e r i n g l e g g t h d e n s i t y b e t w e e n neigh-

b o u r i n g p a r t i c l e s or p a r t i c l e s and m a t r i x / 1 / . For a m u l t i - p h a s e m a t e r i a l S A N S i n t e n s i t y con-

s i s t s of c o n t r i b u t i o n s of a l l of the c o n s t i t u e n t s . 

As k n o w n , the c o h e r e n t s c a t t e r i n g l e n g t h b for n e u t r o n s is d i f f e r e n t for the i s o t o p e s of a 
' ^ H -14 

c h e m i c a l e l e m e n t ; e s p e c i a l l y a g r e a t d i f f e r e n c e e x i s t s for h y d r o g e n ( b c = -0.37- 1 0 " 1 4 m). and 

d e u t e r i u m (b^ = 0 . 6 5 - 1 0 " ^ m ) . T h i s f e a t u r e is used for l a b e l l i n g of p o l y m e r p a r t s for a sub-

s e q u e n t s t r u c t u r e i n v e s t i g a t i o n by S A N S . A l s o the C h r i s t i a n s e n f i l t e r t e c h n i q u e for m e a s u r i n g 

the n e u t r o n s c a t t e r i n g l e n g t h of a p o w d e r m a t e r i a l is b a s e d on t h a t : the m a t e r i a l is i m m e r s e d 

in a l i q u i d , and its c o m p o s i t i o n is v a r i e d up to t h a t c o n c e n t r a t i o n t h a t the SANS i n t e n s i t y 

v a n i s h e s . 

The s c a t t e r i n g l e n g t h d e n s i t y of s o l v a t i n g ( e s p e c i a l l y h y d r a t i n g ) m a t e r i a l s . c a n be c o n t r o l l e d , 

if the s o l v a t a t i o n p r o c e s s is c a r r i e d o u t w i t h a s o l v a t i o n m e d i u m of a d e f i n i t e i s o t o p e c o m -

p o s i t i o n / 2 / . Then the s c a t t e r i n g l e n g t h d e n s i t y is g i v e n by 

9 = (1 - c) q H :<?D'. 

h e r e are 

p u r e H 2 0 and p u r e D 2 0 

and q g the s c a t t e r i n g l e n g t h d e n s i t y of the h y d r a t e o b t a i n e d by h y d r a t i o n w i t h 

In t h i s 

r e s p e c t i v e l y , с is t h e . c o n c e n t r a t i o n of D 2 0 in the h y d r a t i o n w a t e r , 

can be v a r i e d in the r a n g e b e t w e e n and As an e x a m p l e of a p p l i c a t i o n Way oali UQ vatxc^u j. м 1.1 i L анцс иБ VH^DII У H al,u ^ Q 1 

of t h i s m e t h o d the i n v e s t i g a t i o n of h y d r a t e d c e m e n t p a s t e w i l l be g i v e n . P o r e s in c e m e n t or 

c o n c r e t e d e t e r m i n e e s s e n t i a l p r o p e r t i e s of t h e s e m a t e r i a l s like s t r e n g t h , h e a t i n s u l a t i o n , 

and p e n e t r a t i o n of w a t e r . T h e i r s i z e s can be m e a s u r e d by S A N S , b u t they e x i s t w i t h i n a m a t r i x 

of m a i n l y C j S 2 •2.5w, C a ( 0 H ) 3 , and С j A • C a S 0 4 - 1 2 w . T h e r e f o r e S A N S i n t e n s i t y c o n t a i n s i n f o r m a -

tion of all of them / 3 / . 

w 
CjACoSQ̂ Bw 
Co(OH)2 

C3S2 • 2,5w 

F i g . 1 s h o w s the d e p e n d e n c e of the n e u t r o n s c a t t e r i n g 

l e n g t h d e n s i t y of w a t e r and of c e m e n t p h a s e s on the c o n -

c e n t r a t i o n of D 2 Q in the h y d r a t i o n w a t e r . As s e e n , it is 

p o s s i b l e w i t h the p r o p o s e d m e t h o d to o b t a i n e q u a l s c a t -

t e r i n g l e n g t h d e n s i t y for two d i f f e r e n t p h a s e s (in the 

c a s e of c e m e n t a c c i d e n t l y for a t h i r d p h a s e , t o o ) . If 

c e m e n t p o w d e r is h y d r a t e d w i t h w a t e r of 38 % 0 2 0 , then 

the p r o d u c t c o n s i s t s of p o r e s and c e m e n t h y d r a t e , w h i c h 

is c h e m i c a l l y d i f f e r e n t b u t n e u t r o n - o p t i c a l l y h o m o g e n e o u s . 

For the d e t e r m i n a t i o n of s i z e and s i z e d i s t r i b u t i o n of 

p o r e s then the w e l l - k n o w n two p h a s e m o d e l may be used in 

a s t r a i g h t f o r w a r d way and e s t i m a t i o n s or r e s u l t s of o t h e r 

m e t h o d s are u n n e c e s s a r y . 

F i g . 

N e u t r o n s c a t t e r i n g l e n g t h d e n s i t y 
of w a t e r and h y d r a t e d c e m e n t 
p h a s e s in d e p e n d e n c e on the con-
c e n t r a t i o n of D2O in the h y d r a t i o n 
w a t e r 

C— CaO , S — S i 0 2 , А —А1 2 0 3 , w - H 2 0 
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S E C O N D A R Y E X T I N C T I O N IN TEXTURE ANALYSIS BY NEUTRON D I F F R A C T I O N 
\ 

kA. Miicklich 

Z e n t r a l i n s t i t u t für K e r n f o r s c h u n g R o s s e n d o r f , Bereich KF 

P. Klimanek 

B e r g a k a d e m i e F r e i b e r g , Sektion M e t a l l u r g i e und W e r k s t o f f t e c h n i k 

Neutron d i f f r a c t i o n analysis of textures in s i n g l e - p h a s e p o l y c r y s t a l l i n e m a t e r i a l s is usually 

based on the assumption that. 

- the o r i e n t a t i o n d i s t r i b u t i o n of the c r y s t a l l i t e s is independent of- the locus within the 

s c a t t e r i n g v o l u m e , - ' 

- absorption can be treated as a volume e f f e c t , 

- the c o n d i t i o n s of k i n e m a t i c s c a t t e r i n g theory are fulfilled by all c r y s t a l l i t e s 

(i.e. primary extinction can be n e g l e c t e d ) , 

- secondary e x t i n c t i o n between d i f f e r e n t c r y s t a l l i t e s is without importance and 

- in each point of the pole figures the total integrated intensity (i.e. the total diffrac-

tion p r o f i l e ) is m e a s u r e d . 

As shown in p r e v i o u s w o r k , in texture m e a s u r e m e n t s of real p o l y c r y s t a l l i n e m a t e r i a l s /1/ 

d e v i a t i o n s from this p r o p o s i t i o n s must be taken into account which can cause remarkable un-

c e r t a i n t i e s of the r e g i s t e r e d d a t a . In the present paper the influence of secondary extinc-

tion due to the grain s t r u c t u r e of the scattering sample is a n a l y z e d . In m a t e r i a l s with ran-

dom o r i e n t a t i o n of the grains this effect is equal for all r e f l e c t i o n s /2,3/ and can there-

fore be n e g l e c t e d in m e a s u r e m e n t s using relative i n t e n s i t i e s . H o w e v e r , in the case of 

texturized samples another behaviour must be e x p e c t e d . In order to conceive the problem which 

has not been treated hitherto we performed the following c o n s i d e r a t i o n s : ' 

The c o r r e c t e d (for volume and a t t e n u a t i o n ) intensity I | 1
C D r r ( y ) c o r r e s p o n d i n g to a direction y 

of a pole figure P ^ ( y ) is usually given by 

I h
c o r r ( y ) = I h

6 X P ( y ) C h ( M , y ) (1) 

where Xj_ )
e x pÇy 5 is the observed intensity and C ^ ( p , y ) the correction factor for the sample 

g e o m e t r y used / 4 , 5 / . In a sample w i t h o u t texture the a t t e n u a t i o n c o e f f i c i e n t is isotropic and 

can be expressed by the sum p = X + ¿ + (i - i n c o h e r e n t , с - c o h e r e n t ) but in texturized 

p o l y c r y s t a l s it b e c o m e s d i r e c t i o n - d e p e n d e n t and must formally be d e s c r i b e d by 

p ( y ) = T + + é> c E ^ ( y ) . E|-,(y) c h a r a c t e r i z e s the orientation d e p e n d e n c e of the extinction 

c o e f f i c i e n t and can therefore be termed extinction pole f i g u r e . Accordingly the correction 

factor of equation (1) depends on the texture itself and must be replaced by С^'(ц(у),у). 

Each value E ^ ( y ) is'defined as the ratio of total i n t e n s i t i e s which are scattered in samples 

with and w i t h o u t texture by the c r y s t a l l i t e s along the pathes of the incident and the dif-

fracted beam c o r r e s p o n d i n g to y. Details concerning the c a l c u l a t i o n of E ^ ( y ) and C ^ ' ( p ( y ) , y ) , 

r e s p . , will be p u b l i s h e d e l s e w h e r e . 

Using texture data of annealed Cu-sheets (2 mm in t h i c k n e s s , cube texture with ODF-orienta-

tion d e n s i t i e s of about 50) c a l c u l a t i o n s have shown that in pole figures errors of the 

m a g n i t u d e of + 10 % are p o s s i b l e . The influence of secondary e x t i n c t i o n . d e p e n d s on the sample 

t h i c k n e s s and on the ratio ¿ c / ( and can give rise to errors up to + 50 % in un-

f a v o u r a b l e cases (e.g. Fe-sheets with thickness 10 m m ) . 
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DETERMINATION OP DAMAGE PROPILES BY PIXE MEASUREMENTS 

C. Ascheron, R. Flagmeyer, J. Vogt, G. Otto, A. Schindler+ 

Karl-Marx-Universität Leipzig, Sektion Physik 
+Zentralinstitut für Isotopen- und' Strahlenforschung der AdW, Leipzig 

We tried to extend the application of protonr-induced X-ray emission, which delivers integrated informa-
tion on surface layers, to a differential depth -resolution method. Por this purpose 
(i) X-rays were excited under channeling conditions (PIXE-CJ, thus small-impact parameter processes 

like inner-shell ionization and direct backscattering were strongly reduced (see fig. 1); 
(ii) damage profiles were revealed by bevelling the samples with 1 keV Ar ions, thus shifting the 

. exciting beam along the surface depth-dependent information is obtained; 
(iii) optimization of excitation conditions was considered by testing the correlation between damage 

density and PIXE-C informations for the utilization of 
a) different exciting particles and 
b) different excited characteristic X-rays. 

As an example the results of measurements on hydrogen-implantation damaged GaP single crystals are pre-
sented in figs. 1 - 3 . 

Pig. 1 Pig'. .2 Pig. 3 
Pig. 1: X-ray spectra of GaP excited by 1 MeV protons incident randomly and in (111) lattice direction. 
Pig. 2: Depth profile of relative changes in the PIXE-C yields дХ/(ХГаП<1 - XVirg)(•),excited with 1 MeV 

He+ ions, and profile of damage density Nd/NQ(o)on H implanted GaP (T i m p = 300 K, E p = 300 keV, 
D = 3 x 1017 cm"2). , 

Pig. 3: Pluence dependence of the measured (filled symbols) and computed (half filled symbols).P-K and 
Ga-K PIXE-C yields in comparison to damage density. 

The measurements indicate: 
- PIXE-C measurements give information on radiation damage since they reflect tackscattering yield in Ж 

modified form. The X-ray yield measured at the surface is proportional to t )'6^(e( t ))• e"*"* dt 
with X g a s the dechanneling flux, V^ as cross section for X-ray production and e ̂  as self absorption. 

- The relation between changes in the PIXE-C .yield and damage density is the closer the thinner the 
layer characterized by the radiation (for He+ excitation in fig. 2 a proportionality factor of about 
2). This layer is the thinner the lower the penetration depth of exciting ions and the stronger the 
absorption of exploited X-rays. This means for the example considered: 
(i) The excitation with heavier He+ ions is favoured against H + excitation in studies of depth profi-

les. 
(ii) The less absorbed Ga-K radiation, which characterizes thicker surface layers, reacts strongly to 

weaker damage since the effect of dechanneling more contributes to excitation. Therefore, changes, 
in X-ray yield are not simply proportional to damage density. 

- The combination of PIXE-C with the ion beam etching technique offers the possibility of dirèctly using 
PIXE-C for damage profiling /1/. 

R e f e r e n c e 
/1 / C. Ascheron et al., Cryst. Res. Tech. 22, 1493 (19S7) 
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A COMPARATIVE POSITRON STUDY OP THE PRODUCTION 0? VACANCY DEPECTS IN PARTICLE IRRADIATBD GaP, InP 
AND Si SINGLE CRYSTALS 
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Karl-Marx-Universität Leipzig, Sektion Physik 
+ Pädagogische Hochschule Halle, Sektion Physik/Mathematik 
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• H*—-GaP, InP,Si 
- / s i 

4 - — — • ' InP 
/ / 

• * / » ^ 0 / / GaP 
/ 

!/ 
. . — i — -

Particle irradiation induced defects in semiconductor crystals are of interest in connection with de-
vice technologies. As two quite different cases concerning the type of irradiation-induced lattice de-
fects high energetic proton bombardment and neutron irradiation are consideredi high-energetic protons 
produce mainly point-like defects, and fast neutrons cause mainly larger displacement cascades. This 
difference in the predominating deîèct type is also expressed in the annealing behaviour /1/. 
We tried to compare the production of vacancy type defects (i) by fast neutrons and fast protons and 
(ii) in elemental and in compound semiconductors. 
As a measure for the concentration of negatively charged or neutral vacancy-type defects in figs. 1 and 
2 the positron lifetime and the S-parameter are presented in dependence on the fluence. 

The measurements indicate that lifetime 
and S-parameter increase with fluence in a 
qualitative similar manner. This gives evi-
dence that vacancy-type lattice defects, 
which are able to trap positrons, are pro-
duced by neutron and proton bombardment. 
The higher lifetime and S-parameters 
reached in neutron irradiated GaP may be 
attributed to small clusters of vacancies 
in both sublattices. 
The comparison of the three materials shows 
that InP behaves analogously to GaP, but 
Si shows much stronger increases in -ç and 
S. This strong difference between compounds 
and elemental semiconductors holds also for 
neutron irradiated material /2/. It could 
be attributed 
(i) to the high mobility of vacancies and 
to their tendency to agglomerate to vacancy 
complexes in elemental semiconductors /3/, 
and 
(ii) to the fact that in compounds agglome-
rates of vacancies of the same sublattice 
such as ( v

G a^ n» е > в ч are expected to exhi-
bit positron lifetimes not strongly excee-
ding the values typical of mono.vacancies 
since the vacancies are separated by the 
atoms of the P-sublattice. 
Therefore, it seems reasonable that in ra-
diation damaged compounds x and S saturate 
near or only slightly above the values of 
monovacancies. 

H* — GaP, InP, S 

Si 

/ • 

/ / У / 

_ а " 

/ • 

/ / У / 

№ 

у 
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Pig. 
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1: Fluence dependence of the average life-
time í (a) and of the curve shape para-
meter S (b) iii 
(1) GaP irradiated with fast neutrons 

and in 
(2) GaP, XnP and Si irradiated with pro-

tons of nearly continuous energy dis-

,0i6 «p 
ф,1с»г1 

tribution in the interval 
1.7 MeV. 

0.3 -
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EXTENDED DEFECTS IN HYDROGEN IMPLANTED GaP SINGLE CRYSTALS 
C. Ascheron, H. Bartsch* 
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Institut für Elektronenmikroskopie der AdW, Halle 

1 

We have performed cross-sectional ТЕМ studies on proton bombarded and on in two steps post-annealed 
GaP /1/. The measurements indicate: 

16 - 2 
- Up to proton fluences D » 3 x 10 cm no differences are visible between implanted and unimplanted 

material. 17 - 2 - At fluences D « 1 0 cm a narrow bright band, which points to a highly stressed layer, appears at 
the depth of the "buried" damaged hydrogen containing layer (fig. 1 a). 

17 - 2 
- Very high fluence implantation ( D » 8 x 10 cm ) or annealing at medium temperatures of samples ex-

hibiting highly stressed layers, makes flat lenticular cavities and extrinsic dislocation loops 
appear within the hydrogen containing layer (fig. 1 b). These extended defects lie in {111} planes, 
and they are filled with hydrogen as the strong strain contrast images around the disc-shaped large 
defects suggest. Such contrasts are typical for gas filled microcavities. The structures observed are 

explained as hydrogen platelets 
being the prestate of blisters. 
- Within the highly damaged zo-
ne, it a depth slightly smaller 
than that of the maxinmm of H 
concentration, electron beam 
enhanced annealing makes simpler 
defects coagulate to Prank loops 
(fig. 1 c). These results sug-
gest: 
(i) After high fluence proton 

implantation the stopping zo-
ne is supersaturated with 
smaller defects. 

(ii)In proton bombarded GaP the 
formation of extended de-
fects does not happen by a 
direct process immediately 
during implantation but by 
the mobilisation- and follo-
wing agglomeration of point 
defects and of smaller de-
fect complexes by thermal 
stimulation. 

Pig. 1 a 

Fig. 1 b 

i 

Flg. 1 с 
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Figure 1: 
Cross-sectional ТЕМ micrographs 
of (100) GaP 
(a) implanted with 2 x 1017 <¡m"2 

300 keV (ct = 40°,T, = 300K) imp 
(b) showing microcracks after 

annealing (T = 720 K, t = 
30 min) and ** 

(c) indicating additional exten-
ded defects within the stop-
ping zone after electron 
beam enhanced annealing. 



RELATION BETWEEN MICROHARDNESS AND DAMAGE DENSITY IN ION B0K3ARDED GaP 
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Karl-Marx-Universität Leipzig, Sektion Physik 
+Joint Institute of Nuclear Research, Dubna 

We have studied the changes in microhardness of ion-bombarded GaP single crystals in relation to radi-
ation-induced lattice disorder. Our former studies of the near-surface mechanical properties show 
(i) point defect hardening within the near-surface region /1/, 
(ii) a weaker effect of extended defects on the microhardness within the highly damaged "buried" layer 

/2/ and 
/iii/ solid-solution hardening effects which depend upon the chemical nature of the ion species implan-

ted /3/. 
In order to investigate the effect of the implanted ion species on changes in the mechanical properties 
(111) GaP single crystals were bombarded with H , He , N , Ne , P and Ar ions, and microhardness 
and damage density were measured. Experimental conditions were choosen in such a manner that the measu-
red microhardness was characteristic of the surface region of the implanted crystals and not essentially 
influenced by the strongly damaged "buried" layer which contains the implanted atoms. Pig. 1 shows the 
fluence dependence of changes H in microhardness. 

D {cm'2) INd/N0l" 

Pig. 1 
Pig. 1: Microhardness H as a function of ion fluence. 
Pig. 2: Dependence of microhardness H on damage density 

Pig. 2 

in GaP /5/. 
The measurements show a tendency of microhardness and of damage density to saturation with increasing 
ion fluence. The dependence-of changes in microhardness upon damage density (fig. 2) indicates that at 
damage densities N./N < 10 % the microhardness follows the relation d о ~ 

H - H + В (N./N ) O d o 
where H Q is the microhardness of unimplanted material- (HQ = 7.5 - 0.1) GPa, and В is a constant having 
a value В = (10.5 - 0.5) GPa. The found square-root dependence of microhardness on damage density is 
in accordance with models for the description of pinning sites on dislocations which deliver a critical 

The qualitative accordance of the effect of 
the various ions confirms the supposition that in all cases considered the same .types of defects, namely 
point-like defects /4/, give rise to the microhardness changes. 

stress for moving dislocations proportional to tN^/N^) 1 / 2 
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PROTON BOMBARDMENT INDUCED VOLUME CHANGES AND LATTICE DISORDER IN IllP, GaAs, GaP, Ge AND Si 

C. Ascheron, A. Schindler*, R. Flagmeyer, G. Otto 

Sektion Physik, Karl-Marx-Universität Leipzig 
+ Zentralinstitut für Isotopen- und Strahlenforschung der AdVï Leipzig 

On InP, GaAs, GaP, Ge and Si single crystals implanted with 0.3 and 1.2 MeV protons swelling, strain 
and radiation damage are studied as a function of fluence and of proton energy. Swelling was determined 
by step height measurements /1/, strain of GaP and InP by Kossel effect measurements /1/ and of GaAs, 
Ge and Si by Auleytner measurements /2/. Damage density was studied by use of RBS/C measurements with 
1.7 MeV He+ ions. 
The investigations show that within the highly damaged region t 2 (for E p - 0 - 0.3 MeV) all materials 
exhibit nearly coinciding and strong volume dilation whereas the near-surface region t^ (for E^ = 0.3 -
1.2 MeV) is considerably expended only in GaAs, Gap and Ge. InP even contracts as the measurements of 
relative swelling ¿h/t and of strain Ad /d indicate (fig. 1 a). 

Fig. 1 a Pig. 1 b Pig. 2 

Fig. 1: Fluence dependences of a) relative swelling ¿h/t.^ and strain ad^1^/d^1^ and of b) damage density 
N d/N o in the layer t1 of proton bombarded InP (O), GaAs (• ), GaP (д). Ge (v) and Si (ф). 

Pig. 2: Normalized swelling ¿V/ V & c (with ¿V as actual swelling and ¿V^ o as volume difference between 
amorphous and perfect crystalline material) as function of damage density for InP (o), GaAs (o ), 
GaP U ) , Ge (v ) and Si (O). 

Prom the results of the investigations presented it can be concluded: 
- Volume changes of proton bombarded material result from defect induced lattice strain and from the 

additional volume need of the incorporated atoms. \ 
- In the less damaged surface layer t1 swelling is determined by defect induced lattice strain only. 

Accordingly, in this layer swelling coincides with integrated strain (fig. 1 a). 
- The compound semiconductors show stronger damage by higher energetic protons.than the elemental semi-

conductors, probably due to the formation of antisite defects. At room temperature the "susceptibility 
to radiation damage increases in the succession Si, Ge, Gap, GaAs, InP (fig. 2). 

- The degrees of densitometrically and ionomdrically determined disorder agree'\within a factor of about 2 
in the near-surface layer where point-like defects predominate (fig. 2). This means: The relative vo-
lume changes per defect nearly correspond to the relative volume difference between amorphous and cry-
stalline material. This relation holds also for InP where a defect induced lattice contraction is ob-
served. 

1 7 - 2 1 

- At higher fluences (D>10 cm ) the swelling of the "buried" layer is -additional to defect swelling 
strongly effected by the incorporated hydrogen. Hydrogen has two effects:(ij H expands the lattice due 
to the additional volume need of implanted atoms, (ii) H supports the formation of voids and conse-
quently of plastic deformations of thè implanted crystals. 

R e f e r e n c e s: /1/ C. Ascheron et al.,to be publ.; /2/ V. Geist, D. Stephan, to be published 
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LATTICE STRESS AND DETRIMENTAL EFFECTS OF HIGH-PLUENCE HYDROGEN IMPLANTATION 
C. Ascheron, A. Schindler4", A. Setzer++ 
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Ion implantation into materials leads to stresses within and around 
the bombarded region since the implanted layer tends to expand due 
tà (i) the produced lattice disorder and due to (ii)-the additional 
volume requirement of the implanted.4 atoms while the implanted layer 
is constrained by the substrate. Stress can partly be released by ex-
pansion normal to the surface. Lateral stresses within and around 
the implanted spots are nearly uncompensated. Measurements on GaP, 
bombarded with protons of equal fluences but different energies and 
correspondingly different integrated damage, show that lateral com-
pressive stress F qualitatively follows the defect profile (fig. 1). 
Accordingly, the integrated lateral stress S increases with rising 
fluence (fig. 2). S exhibits saturating behaviour for fluences 17-2 • D > 1 0 cm due to the occurreneeof stress releasing dislocations 
and plastic deformations. The 'formation of micro'cracks and voids is 
further stimulated by the volume need of implanted atoms. 
Profilometer studies on implanted samples make this process evident! 

- The stress releasing expansion of the implanted area normal to the 
surface is expressed as formation of a step in height at the bor-
derline between implanted arid unimplanted areas (fig. 3 a ) . 

- An increase in stress due to-high dose implantation_or annealing 
(increase of gas pressure) leads to a separation of the implanted 
layer off the underlying bulk material. This is expressed as ben-
ding of the implanted region (fig. 3 b ) . 

- Further increase in stress makes the whole implanted layer flake 
off (fig. 3 c ) . i 

The uniformity in depth of the flaking process, which occurs at the 
depth where tensile stress reaches its maximum, i.e. at the winter-
face between the "buried" heavily damaged, hydrogen containing layer 
and the undamaged bulk material, is confirmed by SEM measurements, 
which show plate-like fracture patternq^l/. 

F i g u r e C a p t i o n s -

Fig. 1 : Depth profile of lateral compressive stress F and of damage 
derived from masurements on si 
0.1, 0.3 and 1.0 MeV protons 

density N./N derived from masurements on samples Implanted 
with a " 

0.5 1 1.5 
distance across bombarded spot (mm) 

Fig. 2: Jrluence dependence of integrated stress S in proton bombar-
ded (100) GaP. 

Pig. 3! Talystep records of GaP surfaces 
a) partly irradiated at 300 K, 
b) subsequent, annealed at 720 К and 
c) irradiated at 650 K. 
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RBS/CHANNELING STUDY OF (In.Ga)Aa/GaAa SINGLE STRAINED-LAYER HETEROSTRUCTURES 

R . Flagmeyer 

Karl-Marx-Universität L e i p z i g , Sektion Physik 

M . H ö r i c k e 

Z e n t r e l i n e t i t u t für E l e k t r o n e n p h y e i k , Berlin 

I n x G e 1 _ x A e / G a A e ( 1 0 0 ) single heteroetructuree (x»0.02-0.13, film thickneae 20-100 ne) were 

analysed by 1.7 MeV He* RBS and channeling concerning thickness. In c o n t e n t , crystallina 

quality, and coamensurability of the strained films. E s p e c i a l l y , w e showed /1/ that the 

<4i2)> channeling angular-scan method is a auitable technique for the direct determina-

tion of the lattice strain in this large-mieaatched eye ten (f « 0 . 0 7 x ) . 

Up to a critical thickness, the lattice mismatch of heteroepitaxial layers is accommoda-

ted by tetragonal distortion £т»(вд_ -a (|)/a, where a_j_ and вц are the vertical and the in-

plane lattice constants, rasp. It is related to the "kink" angla ^ between the offnor-

mal ^ h k l y axés of the layer and the substrate. 

V k < h k i > - k < h k i > ' . £ t . 

Recording the angular scan profiles of the backscattering yields according to the layer 

and the substrate is measurable as the angular shift between the two channeling dips 

( c f . F i g . 1 ) . This method was first demonstrated for the G e
x S i 1 _ x / S i system /2/ and 

has general applicability to pseudonorphic structures including strained layer super-

lattices / c f . 3 / . 

Figure i Q6r 

O.t-

I Q 3 -

Gq+ As (substrate) 

In (film] 

(In.GalAs 
<112> —I -

31 32 
• 

RBS/Channriinp 
17 MeV He* 
<112> in (1101 

<100> 

strained 

GaAs substrate 

// f / 
/ / 

/ / 
/ / 

Channeling angular scans in (11Ó) 
plane through ^ 1 1 2 ^ axis of the 
backscattering yield from a 20 nm 
I n Q 1 3 G a 0 8 7 A e film on G a A s ( l O O ) . 

T h e schematic (inset) shows the 
accommodation of the lattice mismatch 
by compressive strain and the angular 
separation A V ^ of the substrate and 
film channeling d i r e c t i o n s . 

33 34 35 ' 36 37 
gngte from GaAs OOQ> (degrees) 

O n the suggeetion of Haehimoto /4/ w e used the higher indexed ^ 1 1 2 ^ axis ( ^ 1 1 2 y 0 , 4 7 ) 

and the "open" (110) tilting plane to minimize the steering e f f e c t . W e found full strai-

ned layers up to 50 nm thickness with dislocation densities below the detection limit of. 

ion channeling and X - r a y d i f f r a c t i o n . T h e £, T velues were cloee to the expected ones for 

ideally coherent epitexy, in good egreement with.the reaulta of XRD measurements which 

complete tha RBS/channeling analysis / 5 / . 
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D E T E R M I N A T I O N OF STRAI N IN ( I n , G a ) A e / G a A s S T R A I N E D - L A Y E R S U P E R L A T T I C E S BY ION C H A N N E L I N G 

R . F l a g n e y e r , K a r l - M a r x - U n i v e r s i t ä t L e i p z i g , S e k t i o n ^ P h y e i k 

K . L e n k e i t , H u m b o l d t - U n i v e r s i t ä t B e r l i n , S e k t i o n P h y e l k 

Y u . 0 . K a n t e r and A.A. F j o d o r o v , I n s t i t u t e of Semiconductor P h y s i c s , N o v o s i b i r s k 

V a r i o u s I n ^ G a ^ ^ A s / G e A e S L S ' a grown on (lOO)GaAs s u b s t r a t e s by M B E w i t h and w i t h o u t elloy 

buffer layers w e r e c h a r a c t e r i z e d by R B S / c h a n n e l i n g and X - r a y d i f f r a c t i o n / 1 / . T h e samples 

a r e c o m p o s e d of 4 - 20 nm thick layers w i t h 10 - 15 periods and x - v a l u e s of 20 - 24 

In S L S ' s the l a t t i c e m i s m a t c h is a c c o m m o d a t e d by a l t e r n a t i n g c o m p r e s s i v e and tensile 

strain in the l a y e r e . T h e resulting tetragonal d i e t o r t i o n / c f . 2/ is related to alight 

"kinks" in d i r e c t i o n of ^
 a t

 each i n t e r f a c e ( F i g . 1 b) along an inclined a x i s , e . g . for 

the < 1 1 0 y axes of (100) grown S L S ' e . T h i s "kink angle" can be. m e a s u r e d (i) by simulta-

neously recording the angular scans for layers 1 and 2 p r o v i d e d that the elements of both 

layers b e s e l e c t i v e l y resolved ln the RBS epectrum / 3 / . 

H o w e v e r , if o n l y the In s i g n a l of the ternary layer (2 nd in our case) can b e resolved 

(li) the angular shift A ^ relative to the a v e r a g e < 1 1 0 ^ row d i r e c t i o n Is measured 

( F i g . 1 a ) . A Y 2 • ( a ^ 2 "
e
| | ^

2 a
||' "

h e r e 

aj_and а и are the v e r t i c a l and the p a r r e l -

l e l l a t t i c e c o n e t a n t e , r e s p . For S L S l 

from ду2 " 0 , 6 5° and the dj : d ¿ ratio of 

2.3 a kink angle of 0 . 9 3° is obtained in 

a g r e e m e n t w i t h the XRD r e s u l t . 

F i g u r e 1 

(a) A n g u l a r scans in (100) p l a n e through 
< 1 1 0 axis for the 2nd layer (In back-
s c a t t e r i n g signal) and SLS 1 as w h o l e 
( I n Q 2 4 G a 0 7 g A s / G a A s , 9 . 2 / 2 1 . 6 nm t h i c k . 

10 p e r i o d s ) , (b) S c h e m a t i c representation 
of < 1 1 0 > rows with y k - 0 . 9 3° 

-3 -2 -1 0 1 Z 3 I. 

angle from SLS<110> (deg) 

For v e r y thin layered S L S ' e and even if the two types of leyere c a n n o t be d i s t i n g u i s h e d 

w e p r o p o s e d a new g e n e r a l m e t h o d (iii) to d e t e r m i n e T a k i n g the < 1 1 0 ^ angular scans 

for the S L S and a G a A a c r y s t a l ( F i g . 2 b) under i d e n t i c a l e x p e r i m e n t a l c o n d i t i o n s is 

o b t a i n e d from the angular w i d t h of the G a A e 

dip at the yield leve l of X n i n o f t h e S L S 

dip ( F i g . 2 a ) . T h e kink a n g l e of » 0 . 8 ° 

agrees c l o s e l y w i t h the p r e d i c t e d y e l u e of 

0 . 7 8° based on the x - v a l u e and the elastic 

.theory. 

F i g u r e 2 

(a) A n g u l a r s c a n s through < 1 1 0 ^ axis ln 
(1QP) p l a n e for the I n - « , G a n „ ^ e / G e A e 
( 2 0 / 2 0 M L , 13 p e r i o d e ) 0 , 2 0 0 < 8 a 

thin l a y e r e d S L S 4 and for a G a A s c r y s t a l . 
)b) S c h e m a t i c of ion been i n c i d e n c e between 
k i n k e d S L S ' and straight G a A a rows 
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METHOD POH ÜETTERING OP PAST DIFFUSING IMPURITIES IN DEVICE STRUCTURES 

C. Ascheron, H. Klose+, ff, Frentrup+ 

Karl-Marx-Universität Leipzig, Sektion Physik 
+ Humboldt-Universität zu Berlin, Sektion Physik 

Damaged regions which were produced by back side implantation are able to act as a sink or getter for 
fast diffusing impurities /1/. We tried to develop a method to control the distribution of impurities by 
the defined creation of "buried" gettering layers located near by the active zone of optoelectronic de-
vices by ion bombardment /2/. We studied the gettering behaviour of non-amorphized layers of different 
defect types produced by light ion bombardment'. Crystals were doped by implantation of low energetic Cu 
ions, tempered in order to homogeneously dope a surface layer, irradiated with higher energetic H + and 
He+ ions and annealed in order to redistribute the Cu atoms within the damage profiles. 

depth tjum) - depth" (̂jm) 
Fife. 1 a ' Fig. 1 b . , Fig. 2 

Fig. 1: Depth profiles of damage density N /N (determined by RBS/C) on as implanted (o) and annealed 
GaP (n) and of the concentration 0 N /N (measured'by SIMS) of gettered Cu atoms (o) for 
the bombardment with 0.6 MeV He ions (aJUanä 0.3-MeV protons (b). 

Fig. 2: Copper gettering in GaP in dependence on the damage density, measured on H + (o) and He+ («) 
bombarded samples which were tempered at 720 К and 870 K, resp. 

The results of these measurements, which are presented in fige. 1 and 2, indicate: 
1. The relatively simple defects produced by H + and He+ bombardment are already at the medium temperature 

of 720 К strongly decorated by the Cu atoms. Compared to Si in GaP remarkable'gettering effects al-
ready occur at lower temperatures. 

2. The broadening of the Cu profile against the damage profile towards the surface points out to a non-
linear relation between damage density and gettering efficiency; and the broadening towards the unda-

' maged bulk crystal observed on the stronger damaged H + bombarded sample makes us assume gettering at 
the interface between highly stressed damaged layer and undamaged bulk material. Within this layer 
stress releasing extended defect structures and micrôcracks occur. 

3. Temperature treatment principally has two opposite effects on the gettering process: 
(i) diffusivity of impurity atoms increases with temperature, conséquently the probability to reach 

sinks due to long-range migration increases, 
(ii) the number of trap centres.and of impurity-defect.complexes decreases due to defect annealing. 

The reduction depends upon the defect type /3/. < 
The optimum temperature of gettering efficiency varies with the predominating defect type. Our measure-
ments show that the smaller defect complexés produced by H + and He+ bombardment have a.higher gette-
ring efficiency at 72U К than at 870 K. 

4. A study of the correlation between gettering efficiency and damage density and type shows that exten-
ded defects have lower gettering ability per involved point defect than isolated point defects (fig. 2 
and /4/). The critical damage density for the predominance of extended defects is N^/Ngjj5 % in sam-
ples annealed at 720 K. This is also reflected in the gettering'efficiency (fig.' 2). 

R e f e r e n c e s : 
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A SIMPLE DEVICE FOR ELEMENTAL ANALYSIS OF SAMPLES WITH AN EXTERNAL PROTON BEAM 

u . L e h m a n n , В. K r a u a e , U . L e h m a n n , end R . W i p p e r 

Karl-Marx-Unlvereitflt L e i p z i g , Sektion P h y s i k , W B A n g e w e n d t e Kernphysik 

On the Leipzig van da G reeff accelerator an experimental apparatus haa been installed 

which allows the proton beam to be extracted from the vacuum of the beam guida system and 

to hit a sample in the open a i r . T h e purpose of euch e device is the quantitative analy-

sis of the elemental content using the PIXE and/or PIGE methods in samples which ere net 

atable or are otherwise extremely sensitive to ion irradiation in v a c u u m . T h e relatively 

low maximum available proton energy from our acceleretor (tt 1700 keV) strongly restricts 

design and construction. Thus w e had to minimize the ion path outaide the v a c u u m . 

To realize this end to coneider further conditiona a modular construction was c h o s e n . 

F i g . l shows details of the d e v i c e . In a commercial cross piece ( K 6 5 , HV D r e o d e n ) , which 

was linked to the end of a beam guide line of the acceleretor, an ineulated construction 

carrying the beam diffuser (thin carbon target)./1/. a quartz beam viewer end the beam 

energy monitoring target (Al) ie m o u n t e d . T h e next element of the device, a cube-shaped 

vacuum c h a m b e r , centaine the feet-cloeing safety valve / 2 / . O n e side of it is connected 

to a'vacuum station, conaieting of a mechanical and a Roots-type pump and some control 

elements. In the beam direction followe the 'noselike' exit foil construction with a 

7.S у ил thick Kapton window (DuPont). This flange also carries an ineuleted plate, on 

which the sample holder and a detector fitting especially designed for our Si(Li) detec-

tor are m o u n t e d . T h e target holder cen also be modified for the measurement of liquid 

s a m p l e s . T h e eet-up allows to vary the dietence between exit window and sample surface 

(10...30 mm), the detection angle (70°...110°), the engle between target normal and beam 

(15°...55°) and the beam epot diameter on the sample (1...6 a m ) . 

Besidee direct charge collection on the insulated eample holder for monitoring the number, 

of p r o j e c t i l e s , in the caee of PIXE measurements it la also possible to take the yield in 

the argon peak produced through the interaction of the projectiles with the A r contained 

in tho a i r . F i g . г shows a PIXE epectrum of W a g r a a , a colloidal graphite, measured with 

the deecribed d e v i c e . 

R e f e r e n c e ^ -

/1/ H . U . Frey et al., A n n . Report 1 9 8 6 , Z f K - 6 2 1 (1987) 144 
/2/ В. K r a u s e and D . L e h m a n n , A n n . Report 1 9 8 6 , Z f K - 6 2 1 (1987) 145 

X-ray T 

F i g . 1: Viera of tbe external beam device F i g . 2: PIXE epectrum of e Wagraa sample 
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FLUORINE P R O F I L I N G A P P L I E D TO D E N T A L PRACTICE 

H . - E . Z e c h a u . F . P l i e r and G . O t t o 

K a r l - M e r x - U n i v e r e i t A t L e i p z i g . S e k t i o n P h y e i k , W B A n g e w a n d t e K e r n p h y s i k 

C . W y r w i c h , A . T r e l d e 

K a r l - M a r x - U n i v e r e i t S t L e i p z i g , S e k t i o n S t o m a t o l o g i e 

P o l i k l i n i k für O r t h o p ä d i s c h e und K i n d e r s t o m a t o l o g i e 

T h e success of cariee p r e v e n t i o n w i t h f l u o r i n e c o n t a i n i n g varnishes depends on exact ti-

ding of the c l i n i c a l a p p l i c a t i o n . In order to check this the fluorine c o n c e n t r a t i o n pro-

file in the o u t e r m o s t enamel s u r f a c e region g i v e s h e l p f u l i n f o r m a t i o n s . F l u o r i n e depth 

p r o f i l e s can obtained using proton I n d u c e d G a m m a - R e y emieeion s p e c t r o m e t r y (PIGE) at re-

s o n a n c e reactions /1,2/. T h e reeonence of the reectlon
 1 9

F ( p p i y )
1 6
0 et proton energy 

Ep » 3 4 0 к eV ( Q • 2.5 keV) allows the p r o f i l i n g up to a depth of about 1 /ив with a near 

s u r f a c e resolution of 20 nm (angle of i n c i d e n c e 4 5 d e g r e e s ) , whereas fluorine p r o f i l e s up 

to e depth of at least 3 ,ua can be m e a s u r e d by taking of the resonance at E_ = 9 3 5 keV 
/19 19 n ' P 
( F ( p , p " ¿ f ) F ' I R > a . l k e V ) w i t h a neer s u r f a c e depth resolution of 1 0 0 nm in the s e m e 

g e o m e t r y . A n exhaeetic discussion of the e x p e r i m e n t e l details is p u b l i s h e d in / 2 , 3 / . 

A f t e r e x p e r i m e n t e w i t h in v i t r o p r e p a r e d b o v i n e teeth / V now humen enamel appllcated lo-

c a l in vivo w i t h D u r a p h a t
R
 was i n v e s t i g a t e d . T h r e e teeth from the e a m e person w e r e prepa-

red w i t h the laquer and e x t r a c t e d after 1 , 1 4 and 28 days (samples A l , A 2 4 and A 2 8 r e s p . ) . 

T h e c o n t r o l s a m p l e extracted b e f o r e is d e n o t e d by A O . T h e resulte can be summarized es 

follows: 

- T h e fluorine l ev el of prepared enamel le distinctly, higher than in the c o n t r o l within 

the w h o l e investigated r e g i o n . 

- in the depth region from m o r e than 4 0 0 nm up to at leaet 2 . 2 ^ u m the fluorine profiles 

of the p r e p a r e d samplee e r e v e r y s i m i l a r . 

- in the near s u r f a c e region there is only a email lack of f l u o r i n e in the eamples A 1 4 

and A 2 8 showing s t a b i l i t y of f l u o r i n e e n r i c h m e n t . 

- S u r p r i s i n g l y in contrast to the in vitro preparation the starting v a l u e of the profi-

les ( I m m e d i a t e l y after a p p l i c a t i o n ) is s i g n i f i c a n t l y l o w e r / 4 / . 

10* 

7 
ês/!] 

4 

V3M tceV 
Sr>6.. 7 MeV 
A AO . A A14 
0 " ф 123 

t [rmj 

F i g u r e 1 

F l u o r i n e c o n c e n t r e t i o n p r o f i l e s 
m e a s u r e d w i t h the reaction 
19F(ppif)X60. 

R e f e r e n c e s 

/ 1 / U . W o l f et a l . , A n n u e l , report 1 9 8 4 , Z f K - 5 5 9 (1985) 8 4 
/V H . - E . Z e c h a u et a l . . A n n u e l report Z f K - 5 8 4 ( 1 9 8 6 ) 7 2 
/ V H . - E . Z e c h a u et a l . . A n n u a l report Z f K - 6 2 1 (1987) 8 1 
/¿J H . - E . Z e c h a u et a l . . P r o c . 4 t n M e e t i n g on N u c l e a r a n a l y t i c a l M e t h o d e , D r e s d e n 1 9 8 7 , 

p. 3 9 5 . 
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ELEMENTAL ANALYSIS OF LIGNITE SAMPLES BY MEANS OF PIXE 

J. Vogt and G. Otto 
Karl-Marx-Universität Leipzig, Sektion Physik, ИВ Angewandte Kernphysik 
С. Wischnewski 
Karl-Marx-Universität Leipzig, Sektion Chemie, WB Analytik 
There is a great demand for quantitative trace element analyses of lignites. 
Therefore quick and accurate methods, of analyses are necessary to collect more 
geochemical data. The advantage of PIXE (Proton Induced X-ray Emission 
Spectroscopy) over other methods in terms of simple sample preparation, multi-
element capability, sensitivity, and speed are well documented [1]. 
The topic of our investigation was to test PIXE as an accurate analysis method 
for such heterogenous, fine grained, and oompositionaliy complex samples, like 
lignites. 
The collected material was air dried and'ashed at 800 °C [2]. Thick targets were 
prepared by pressing the ash powder with a small amount of a binding agent 
(polystyrene) into pellets. The target surface was carbon coated to prevent 
charge build up. 
The proton beam with an energy of 1700 keV was generated from the 2 MV Van de 
Graaff accelerator of the Karl Marx University Leipzig.. To overcome inhomogenity 
problems a beam diameter of 7 mm was used. The target current was kept below- 100 
nA to avoid target destruction by the beam' Proton induced- X-rays were detected 
with a Si(Li) detector (SE=190 eV) and the spectra were accumulated and evalua-
ted . using the computer controlled multichannel analyzer EDR 184 (ZWG Berlin). 
The concentrations were evaluated by means of a new computer program for thick 
target PIXE written in PASCAL running on the personal computer PC 1512. X-ray 
production cross sections were obtained using the fit by PAUL [3]. The stopping 
power was calculated according to the fit by ANDERSEN & ZIEG-LER [4] and' the X-
ray attenuation was determined from the tables by LEROUX & THINH [5]. For ca-
libration we used thick standards of pure elements or simple compounds. The ana-
lysis was made in two steps. At first the main and minor components were measu-
red without any filter in front of the X-ray detector. In the second step the 
trace element contents were determined using a X-ray filter of high purity si-
licon (thickness 250 um). 
Table 1 lists the result of the analysis of a lignite ash sample. The comparison 
of this values with results of the analysis of the same material by means of AES 
(Atomic Emission Spectrometry) showed considerable differences especially for 
potassium [2]. This may be caused by the enhancement effect, because the sample 
contain a high amount of calcium. 

Table 1: Result-of PIXE analysis of the lignite sample » 
Element Content[%] Element Content[ppm] Element Content 

Si 20.3 Ni 50 . Rb 2.9 
S 8.1 Cu 31 Sr 1081 
К 0. 15 Zn 15 Y 83 
Ca 7.05 Ga 34 Zr 1190 
Ti 1.67 Gé 3.5 Nb 52 
Mn 0.002 As 15 Ba 352 
Fe 1.87 Se 0.5 Pb 46 

Br 2.0 Th 0.6 

The following conclusions could be drawn: 
-For a lot of elements the PIXE method allowed the precise and accurate analysis 
of ashed lignite samples. • 
-The insertion of the enhancement effect correction in our computer program is 
necessary. 
-For rapidity the possibility of direct analysis of coal samples by PIXE, but 
also by PIGE and RBS should be investigated. 

References 
[1] S.A.E. Johansson, Nucl.Instr.Methods, B22 (1987) 1. 
[2] C.Wischnewski, Dissertation, KMU Leipzig 1987. 
[3] H.Paul, Nucl.Instr.Methods, B3 (1984) 5. 
[4] H.H.Andersen, J.F.Ziegler, The Stopping Power and Ranges of Ions in Matter, 

Vol.3, Pergamon Press, New York,1977. 
[5] J.Leroux, T.P.Thinh, X-ray Spectrometry 8(1979)2, p.85 
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PIXE AND RBS ELEMENTAL ANALYSIS OF COAL LIQUIDS 

W . K n o l l » , end G . Otto 

Karl-Merx-Univereität L e i p z i g , Sektion P h y e i k , W B A n g e w e n d t e Kernphyeik 

Impuritiee down to trace level play an important role in the proceaa of coal liquefaction: 

e . g . for the redaction of eatalyat activities (cetalyat poisoning), a s c a u s e of corrosion 

processes and deposite on walls of containing veeeels, for environmental pollution due to 

waates and emieeion of toxic meteríais and. for the characterizetion of the liquid coal 

conversion p r o d u c t s . 

Probleme for the PIXE analyeia of coal olla arise from the instability of the liquids in 

vecuum and from the u n k n o w n , strongly varying matrix c o m p o e i t i o n , 

Vacuum-reeietant targete were prepered by thermal degradation at 150 - 200 °C¿ By adding 

c o n c . sulphuric a c i d ( l rol/g oil) possible losses of volatile trace elements were reduced 

due to the formetion of etable sulphates / 1 / . T h e c o k e d , carbonaceoua residue was palla-

tized with the help of e glue (etyrene, 20 % by w e i g h t ) . 

T h e PIXE analyeia was made with 1.7 MeV p'rotons. T h e beam with a diameter of aboat 6 mm 

was homogenized by a carbon diffuaer (120 no thick). X-raye were detected with a Si(Li)-

detectpr with 195 eV FWHM at 5.9 k e V . T h e target stability for beam intensities < 7 пА/шш2 

wae tested by successive irradiations / 2 / . 

F i g . l shows the epectrum of an aehing residue; 

S r wae added as an internal etandard to repro-

duce all maee rations during the ashing pro-

c e d u r e . 

с • о 

Ca Ep = 1.7 MeV 
0 = 50 /jC 

Ni Puts 

Fe 

Ti 

V J /ui -A 
12 16 Ex/keV 

Figure 1: PIXE epectran of en aehing 
residue (lineary scale) 
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T h e matrix compoeition wae determined with the 

help of He* RBS ( E 0 e> 1.7 M e V , backecattaring 

angle » 16.0°). T h e concentration ratios of the 

main elemente carbon, oxygen and sulphuj* ware 

deduced from the step heights in the spectrum 

( f i g . 2 ) . T h e s e ratioa were converted into ab-

solute concentrations with the help of the ab-

solute sulphur content d e e to PIXE analysis. 

Then tbe hydrogen content was estimated ae 

difference from 100 % 

T h e composition thus obtained aervee aa a new 

matrix for the PIXE evaluation. T h e iterative 

eveluation of the PIXE and RBS apectra resulte 

in 10 - 15 % accuracy for all (trace) element 

conoentratione of the residuee / 2 / . 

R e f e r e n с e e 

/1/ o . a . Coaford and S . M . Hsu 
NBS s p e c . p u b l . 674 (1982) 139 

/г/ W . K n o l l e , diploma work Karl-Marx-Univer-
eity L e i p z i g , 1987 
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Backscattenng eneray A e V 

Figure 2: RBS spectrum of an ashing 
reaidue 
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H Y D R O G E N A N A L Y S I S B Y - M E A N S GF THE NUCLEAR R E A C T I O N
 1

H (
1 5

N , e C 0 )
1 2
C 

D . G r a m b o l e , F . H e r r m a n n and W . R u d o l p h 

Z e n t r a l i n s t i t u t für K e r n f o r s c h u n g R o s s e n d o r f , B e r e i c h KF 

U s u a l l y the r e s o n a n t n u c l e a r r e a c t i o n s ' * H (
1 9
F , » ¿ ^ ^ O or H С ̂  ̂ N , are used for q u a n t i -

t a t i v e h y d r o g e n a n a l y s i s in the near surface- r e g i o n of solid m a t e r i a l s . To m e a s u r e the h y d r o -

gen d e p t h p r o f i l e s with good r e s o l u t i o n the 6 . 3 8 5 MeV ^ N r e s o n a n c e is o f t e n a p p l i e d / 1 / . 

D e p t h p r o f i l e s are o b t a i n e d m e a s u r i n g the ^ - r a y yield in d e p e n d e n c e upon the i n c i d e n c e energy. 

E N . Thé ^ - r a y s p e c t r u m of the h y d r o g e n i n t e r f e r e s with a time d e p e n d e n t b a c k g r o u n d w h i c h has 

to be s e p a r a t e d . In m o s t c a s e s beam i n t e n s i t i e s of a b o u t 20 to 30 nA are employed'. 

G e n e r a l l y , three d i m e n s i o n a l (3D) c o n c e n t r a t i o n p r o f i l e s o f , e l e m e n t s can be m e a s u r e d by n u c l e a r 

microprobes.. In c o m p a r i s i o n to mm beams the ion c u r r e n t at m i c r o p r o b e s is two o r d e r s of m a g n i -

tude s m a l l e r , h e n c e the h y d r o g e n induced . v-ray s p e c t r u m is c o m p l e t e l y s h a d o w e d by the b a c k -
1 '1 5 1 ? 

g r o u n d . T h e r e f o r e we tried to apply the si-particle c h a n n e l of the r e a c t i o n H( N , < ) С at 

EN = 5.4 MeV for m i c r o b e a m h y d r o g e n d e t e c t i o n . The e n e r g i e s of oi-particles, r e c o i l e d a t o m s ^ H , 
28 52 15 

S i , Cr and s c a t t e r e d N a t o m s wêre c a l c u l a t e d in d e p e n d e n c e upon the e m i s s i o n angle's 

( f i g . 1 ) . At .>90°, used for m e a s u r e m e n t s with the n u c l e a r m i c r o p r o b e , only the ч - p a r t i c l e s 

and the ^ N atoms s c a t t e r e d at h e a v i e r m a t r i x a t o m s are e m i t t e d . The ^ N a t o m s can be a b s o r b e d 

by 2 pm p o l y e s t e r foil in f r o n t of the s i l i c o n s u r f a c e b a r r i e r d e t e c t o r . With this a b s o r b e r 

only the - p a r t i c l e s reach the d e t e c t o r as shown in f i g . 2, s p e c t r u m b . In c o n t r a r y to the 

^ - r a y s p e c t r u m the «"-particle s p e c t r u m c o n t a i n s the h y d r o g e n depth p r o f i l e d i r e c t l y . 

The r e a c t i o n of s e e m s to be s u i t a b l e for m e a s u r e m e n t s of 3D h y d r o g e n p r o f i l e s by 

n u c l e a r m i c r o p r o b e s . 

'H ( V ,a0)
12C E N = 5.40 MeV -7= 120° 

target ; H standard 
Q=3 )jC ;t - 30min 

w l t h o u t particle filter 
^ with ^ 

120 B 0 
Emission angle ( degree ) CHANNEL NO. 

F i g . 1 

A n g u l a r d e p e n d e n c e of e m i t t e d 
p a r t i c l e s at e n e r g i e s of 
5.4 and 15.0 MeV 

F i g . 2 

P a r t i c l e s p e c t r u m e m i t t e d from a 
280 nm thick SiN layer (18.6 at.% 
H ) on Si b o m b a r d e d with 5.4 MeV 15N 

R e f e r e n c e s 
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I N V E S T I G A T I O N OF P I E C O C E R A M I C S W I T H THE R O S S E N D O R F N U C L E A R M I C R O P R D B E 

F . H e r r m a n n , D . G r a m b o l e and W! R u d o l p h 

Z e n t r a l i n s t i t u t für K e r n f o r s c h u n g R o s s e n d o r f , B e r e i c h KF • 

ю5 

O b j e c t s of i n v e s t i g a t i o n w e r e p i e c o s i n t e r c e r a m i c s used as u l t r a s o n i c s e n s o r s for d i a g n o s t i c 

p u r p o s e s in n u c l e a r p o w e r p l a n t s . These c e r a m i c s • c o n s i s t s of ( P b n , B a n , ) N b „ 0 , . We w e r e i n t e r -U . b U . 4 ¿6 
e s t e d to know w h e t e r the t h r e e e l e m e n t s P b , B a , and Nb are h o m o g e n e o u s l y d i s t r i b u t e d after the 

s i n t e r i n g p r o c e s s . The aim was to find out if t h e r e are i n h o m o g e n e i t i e s at l a t e r a l r e s o l u t i o n 

of a b o u t 10 p m ; t h e r e f o r e the m e a s u r m e n t s w e r e p e r f o r m e d at the' m i c r o p r o b e / 1 , 2 / . 

We m e a s u r e d the e l e m e n t s P b , B a , and Nb by m e a n s of p r o t o n i n d u c e d X - r a y e m i s s i o n ( P I X E ) . The 

o b t a i n e d s p e c t r u m ( f i g . 1) a l l o w e d a gaod s e p a r a t i o n of the t h r e e e l e m e n t s . T h e p r o t o n b e a m of 

Ep = 3 M e V was f o c u s e d to a d i a m e t e r of a b o u t 10 pm and was s c a n n e d over an area of 1 x 1 mm 2-. 

The e v e n t s m e a s u r e d by m e a n s of a S i ( L i ) d e t e c t o r arrang-

ed at 1 2 0° in r e s p e c t to the b e a m d i r e c t i o n w e r e g a t h e r -

ed in the m e m o r y of the c o l o u r d i s p l a y and v i s u a l i z e d 

s i m u l t a n e o u s l y for the t h r e e e l e m e n t s . T h e s e e l e m e n t a l 

m a p s or the s i n g l e e v e n t s (energy and l o c a l i n f o r m a t i o n ) 

у j, j • j j j, д - w e r e r e c o r d e d on m a g n e t i c tape c a s s e t t e s . -

T h e f i r s t e x a m i n a t i o n s of the c e r a m i c s s h o w e d a s t r o n g 

i n h o m o g e n e o u s d i s t r i b u t i o n of the elements'. B u t , c o n c e n -

t r a t i o n m i n i m a or m a x i m a of all e l e m e n t s w e r e f o u n d at 

the s a m e p o s i t i o n s . T h i s was due to the very r o u g h 

s t r u c t u r e of the c e r a m i c s / 3 / . After i m p r o v i n g the 

s u r f a c e r o u g h n e s s good h o m o g e n e i t y w a s g o t . 

S u p p o s i n g a h o m o g e n e o u s d i s t r i b u t i o n the n u m b e r of 

e v e n t s per p i x e l m u s t f l u c t u a t e a r o u n d t h e mean c o n t e n t s 

a c c o r d i n g to a G a u s s i a n d i s t r i b u t i o n . In case of a 

b r o a d e r e x p e r i m e n t a l d i s t r i b u t i o n h o m o g e n e i t y w i l l be w o r s e . The e l e m e n t a l m a p s show w h e r e 

and in w h i c h s i z e inhomogenei'ties e x i s t ( f i g s . 2 , 3 ) . 
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F i g . 3 

N u m b e r of p i x e l s in the lead 
w i n d o w of s p e c i m e n n o . 4 with 
c o r r e s p o n d i n g d e v i a t i o n s f r o m 
the mean c o n t e n t s y . 6~ - ij y ' 
is the s t a t i s t i c a l e r r o r of y . 
The d a s h e d c u r v e f i t s a 
G a u s s i a n d i s t r i b u t i o n with the 
w i d t h 6". The i n h o m o g e n e i t y is 
h e r e s m a l l e r than the s t a t i s -
t i c a l error ( ~ 5 . 5 % ) 

/1/ G r a m b o l e , D . , F . H e r r m a n n , G e m e i n s a m e r J a h r e s b e r i c h t 1 9 8 4 , Z f K - 5 5 9 ( 1 9 8 5 ) 92 

/2/ F r o m m , W . - D . et a l . , A n n u a l R e p o r t 1 9 8 5 , Z f K - 5 8 4 ( 1 9 8 6 ) 90 

/3/ G r a m b o l e , 0 . et a l . , A n n u a l R e p o r t 1 9 8 6 , Z f K - 6 2 1 ( 1 9 8 7 ) 73 
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HYDROGEN DEPTH PROFILING ON HF-SPUTTERED Cr-Si RESISTANCE LAYERS 

C. N e e l m e i j e r , o . G r a m b o l e , G. Heiser, F. H e r r m a n n , R. Grötzschel and W. Rudolph 

Zentralinstitut für Kernforschung Rossendorf, Bereich KF 

G. Sobe, H. S c h r e i b e r , G. Weise, H, GrieQmann and A. Heinrich 

Zentralinstitut für Festkörperphysik und Werkstofforschung, Dresden 

Thin films on the basis of CrSi are suitable to produce high resistance structures in micro-

electronic semiconductor devices /1/. In comparison to the reactive Plasmatron sputtering 

technique changed electrical properties ( $ , TK) have been'observed when depositing the re-

sistance layers by means of HF-diode sputtering'/2/. For this reason an extensive analytical 

study of these layers had been initiated 'including hydrogen, depth profiling making use of the 

^(^N.oC- 12 
) С nuclear reaction in the vicinity of the 6.385 MeV resonance energy /3/. 

Fig. 1 presents some results as obtained for both layer deposition at different HF-plasma' 

powers and different post-annelaintj (30Cr70Si melting target). 

O b v i o u s l y , low power (70 W ) deposition without annealing generates resistance layers to be 

characterized by large amounts pf incorporated hydrogen ( t a b . l ) which quickly diffuses out 

during the ^ N ion bombardment (H-plateau yield'of the spectrum measured for the 70 W non-

annealed s a m p l e ) . Subdivision of the accumulated ion charge, i.e. 'number of jectiles, 

gives the hydrogen outdiffusion behaviour (insert of fig. 1), hence allows a zero-bombardment 
12 

extrapolation of the С ̂ -radiation (E^ = 3...5 MeV) signal. As shown in fig. 1 and tab. 1 

an increase of the HF power causes a decrease of the hydrogen content inside the CrSi layer 

m a t e r i a l . An analogous behaviour is observed after post-annealing of low power (70 W in 

fig. 1) deposited films. 

To deduce hydrogen concentrations (tab. 1) matrix compositions were determined by means of 

Rutherford backscattering spectrometry. 

1H(l5N.ay)12C 

N-energy 
Fig. 1 

i orol 
1 5
N - t during -"-'N-bombardment for HF-sput-

tered CrSi layers 

Table 1 

Deposition parameters and hydfogen contents 
of Hf-sputtered CrSi films 

HF-power 

/W/ 

annealing 
temperature 

/ • с / 

layer 
thickness 

/пт/ 

hydrogen 
content 
/at %/ 

650 - 171 4.7 • 

200 - 112 10.7 

70 69 13.0 

70 300 69 8.4 

70 400 69 3.5 

R e f e r e n e e . s 
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(1984) 99 
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APPLICATION OF THE BRAGG IONIZATION CHAMBER FOR ERD 

E. H e n t s c h e l , R. Kotte, H.-G. Ortlepp, F. Stary, D . Wohlfarth 

Zentralinstitut für Kernforschung Rossendorf, Bereich KF 

Stimulated by the development of the 47Г -spectrometer PHOBOS /1/, Bragg ionization chambers (BIC) were found to 

improve substantially the known1ERO method. The good energy as well as Z resolution /2/ of BICs offer the possi-

bility to measure concentration profilés of different elements - independently on each other - up to a depth de-

termined by the range of the incoming bombarding ions. Fig. 1 illustrates the principle of the method and the 

used symbols. The recoiled ion (Z., A.) gets the initial energy 

The energy losses Ä E Q ( d ) = E - E^, of the bombarding ion a n d A E ^ d ) = E.(o) - E^(d) of the recoiled'ion may be 

taken from the known stopping power of the bulk material in the case of,low impurity concentration. High (e.g. 

stoichiometric) concentrations of foreign elements need an iterative procedure. The volume concentrations (in 

atoms/cm ) follow from 

s*.« 1 ( J^fU) Г* 
о 

о ri**f *«* \г )г 4 — A i -
¿a ' [EJWJJ { л у со^в л«** 

This method has been used for investigating the concentration profiles of buried compound layers /3/ in Si 
3 5 R + 

(fig. 2) with 45 MeV CI ions of our tandem accelerator. The ranges to be analysed amount to about d = 1 pm 

with a depth resolution of ¿id = 15...20 nm. Fig. 3 shows the possibilities to analyse surface impurities with 

ERD or elastic scattering of the bombarding ions, the latter giving a very bad mass resolution. 

with 

•p\ surface '"ll11""" of specimen 

Fig. 1 Principle of the method 

И С1 (¿5 MeV) SiON annealed l200"C.5h 200- 75Torr n-pentane V»ct 

SURFACE IMPURITY DETECTION 

4 fiCfEMJI HjJCJ 
\ I • 10 M « M Ion» 

2gUltBD1 

»CI'*-«"1" 

Fig. 3 Minimum surface contaminations to 
be analysed 

Fig. 2 Bragg peak height BP vs. energy E of an 
annealed SiON layer 
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Radiation Effects in Insulators, Lyon,
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AN E X P E R I M E N T A L A R R A N G E M E N T FOR 3 5 C 1 - I N D U C E D E R D - A N A L Y S I S AT THE 5 MV TANDEM ACCELERATOR 

•C. N e e l m e i j e r , H . B ö h m e , К. Brankoffj , L. Kumpf and W . Rudolph 

Z e n t r a l i n s t i t u t für K e r n f o r s c h u n g R o s s e n d o r f , Bereich KF 

Elastic r e c o i l d e t e c t i o n (ERD) r e p r e s e n t s a c o m p l e m e n t a r y a n a l y t i c a l tool to the well estab-

lished Rutherford b a c k s c á t t e r i n g t e c h n i q u e . ^ C l - i n d u c e d ERD allows the s i m u l t a n e o u s detec-

tion of. elements Z iè 9 as well as depth profiling within the near surface region (50 nm...l p m ) 

of solids / 1 / . In comparison to nuclear reactions ERD h o l d s . t h e advantage to be c h a r a c t e r i z e d 

by a steady p r o j e c t i l e energy d e p e n d e n c e of the reaction cross section which varies with the 

square of the target atomic number according to the Rutherford law. 

A new e x p e r i m e n t a l a r r a n g e m e n t has been installed at the 5'MV tandem accelerator to make use 

of the 30 MeV + beam for ERD. a n a l y t i c a l work / 2 / . The computer controlled mechanical-

o p e r a t i n g unit enables a quick selection of the angles of incidence cC and detection -J*, re-

s p e c t i v e l y , as .well as of the h o r i z o n t a l sample p o s i t i o n . For maximum information depth we 

use o C = 20° but oC = 4° if high depth resolution is required near the target surface 

(d <0 100 n m ) . After p e n e t r a t i n g a 9.2 pm thick Mylar f o i l , which stops elastically scattered 

C l - p r o j e t i l e s c o m p l e t e l y , the target r e c o i l atoms are collected within an implanted Si-detec-

tor (ZfK p r o d u c t i o n ) routinely at = 30°. Projectile monitoring takes place by Rutherford 

b a c k s c a t t e r i n g of p a r t i c l e s at a 150 nm thick gold layer deposited on a rotating pro-

p e l l e r . V e r t i c a l slit d i a p h r a g m s of different width (0.2...1 m m ) are adjustable manually to 

ensure, a proper angular divergency of the impinging b e a m . A vacuum lock g u a r a n t e e s a quick 

change of the complete target h o l d e r . 

As an example fig. 1 presents the result of first test e x p e r i m e n t s . A sequence of 20 nm thick 

layers p r o d u c e d by plasma e n h a n c e d GVD of S i - n i t r i d e and amorphous s i l i c o n , r e s p e c t i v e l y , was 

b o m b a r d e d with 30 MeV CI ions at <¿=,4°. The ERD spectrum ( 3 0 ° ) of 1 4 N and 1 H recoil 

atoms r e s o l v e s clearly the target sandwich str u c t u r e indicating different hydrogen concentra-

tions within the two types of PECVD layer m a t e r i a l s . This result is in a good agreement with 115 12 
former s t u d i e s using the H( N , o ¿ ^ ) С resonance r e a c t i o n . H o w e v e r , the ERD data aquisition 

time was less than 10 % of those necessary for stepwise H-depth p r o f i l i n g by means of the . 

(''•^N.oi v) r e a c t i o n . -Si'(H) 

1000 
900 
800 ~ф с с 700 а .с и 600 

0) о. 500 
т» ¿00 % >ч 300 
200 
100 
0 

hydrogen depth 
SiN(H) 

ft к ¡щ I * 
/ " V u 
I i; r-У ( 'H."N 

V I 
nitrogen depth 

' SO 2 

•Г*'/« 

"C 

ч> 1 0 100 200 300 ¿00 
channe l number 

F i g . 1 

ERD spectrum of a PECVD sandwich structure 
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NONDESTRUCTIVE ANALYSIS OF PAINTINGS BY A 4 MeV EXTERNAL PROTON BEAM 

C. Neelmeijer, H. Matthes and W. Pfestorf 

Zentralinstitut für Kernforschung Rossendorf, Bereich KF 

H.-P. Schramm 

Hochschule für Bildende Künste, Dresden 

Besides of routine microscopic studies several methods of modern natural science have-been 

applied to identify the complex layer structure of art paintings. Usually radiation -induced 

diagnostics as UV-, IR- and X-ray fluorescence-spectroscopy image a nondestructive depth 

sensitive topography, whereas pigment analysis, e.g. by chemical m e t h o d s , atomic absorption 

and laser spectrometry or neutron activation, requires a mechanical sample taking. 

Proton induced X-ray emission (PIXE) in atmospheric air enables a nondestructive highly sen-o 
sitive multielement ( Z ? 1 4 ) analysis of pigment components even at very small (1 mm ) spots /1/. 

The 4 MeV proton beam from the 5 MV Tandem accelerator of the ZfK Rossendorf was collimated 

and allowed to exit into -the atmosphere through a 2 pm thick HAVAR foil (fig. 1). After pen-

entrating about 2 cm cf nitrogen or helium the protons hit the surface of the painting in-

ducing both X-ray and ^-cay emission. An energy disper-

Strohlausirittsfenster 

SilLil-Detektor̂  
(Röntgenstrahlung) 

/ / / 

Ge (til-Detektor (y-Slrahlung) 

j Fenster (Mylar) 'Filter (Mylar!, Koilimalor für Röntgenstrahlung 

Fig. 1 

PIXE/PIGE external beam arrange-
ment • 

(i) 35 I Cu I PIXE Ep = ¿ MeV 
Pb Aliar - R 2 

Pb blau (Azurit) 

i U4T 
Lu 

Röntgenenergie / keV 

sive Si(Li) X-ray spectrometer ( £E x = 180 eV) arranged 

at 135° backward angle was shielded with a 150 pm thick 

Mylar absorber to avoid pulse pile-up due to intense low 

energy X-radiation, e.g. Ca K-radiation from the CaCO^ 

ground of the painting. 

No visual damage had been caused even to the surface 2 
varnish when irradiating 30 s with 1 nA/mm current 

density and operating with a cooling gas jet as demon-

strated in fig. 1. Nitrogen was used as cooling gas 

which at the same time removes the X-radiation of atmos-

pheric argon. 

_ As an example fig. 2 compares X-ray spectra'of 

different blue pigments as measured on an historic 

altar painting of the 15 century (Azurit blue) 

and a modern pigment specimen (Manganese blue), re-

spectively /2/. The intense Pb X-ray lines orig-

inate in interactions of protons with white lead 

pigments. 

R e f e r e n c e s 
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Fig. 2 

X-ray spectrum of blue pigment 

(i) Azurit 2 C u C 0 3 * C u ( 0 H ) , Altar 1500 

(ii) Manganese blue B a M n 0 4 « B a S 0 4 , 1986 
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DETERMINATION OF THE CONTENT OF NATURAL ACTIVITIES IN SHIELDING MATERIALS BY THE INTENSITY 

OF X-RAY FLUORESCENT PEAKS 

S . U n t e r r i c k e r , Kim 3ung H o , W . Stolz 

Bergakademie F r e i b e r g , Sektion Phyaik 

For the construction of low-level counters and spectrometers materials with a very low 

concentration of intrinsic activities are required. The direct ^--spectromstric determina-

tion o f radioactive impurities in shielding and construction materials by Ge-detectors is 

only possible by an apparatus with an extremely low background / 1 / . The entire radioactivi-

ty of the sample is also reflected in the intensities of the X - r a y fluorescent p e a k s . Ra-

diation from the intrinsic radioactivity of the sample causes fluorescent radiation by fil-

ling the inner shells of ionized a t o m s . Thereby the K-series lines are most intensive. For 

the heavy elements H g , Pb and B i the K ^ - and K ß -series have energies between 70 and 

90 keV ( F i g . ) . The K,^ - and K^j -lines can be resolved in every c a s e . Our spectrometer con-

sists of a 45 cm'' Ge(Li)-detector completely shielded by 9 cm of lead and 2 cm of mercury 

/ 2 / . 
X - r a y s are strongly attenuated by the measured substances which were filled into Marinelli-

b e a k e r e . T h e y can only be detected if they come from a layer of thickness i gcm~^ 

or a^ 1 mm of l e a d . X-rays from the dstector and preamplifier have very low energies and 

these from the shield are of low intensity (see background s p e c t r u m ) . Therefore the fluo-

rescent lines represent the X - r a y fluorescent (Xf) intensity of the sample only and this 

is proportional to the intrinsic activity of the s a m p l e . The self absorption in the sample 

can simply be considered. If the sample is sufficiently thick the whole Xf radiation comes 

from a depth of iv (yu')"1 but now without selfabsorption. Therefore the sample thickness x 

has only a week influence on the Xf intensity if x ^ (yu'^)""1is realized. 

T a b l e : Integral and Xf-lines intensities for selec-

ted shielding materials (5N means 99.999 % 
45 cm3Ge(Li) КЫИлп purity) 
1 shielding lead 
2 background 

{mercury shield only] thickness 
in g c m - 2 

c o u n t s / 1 0 4 s 
0.1-1.0 MeV 

counts/10 4s.kg 
Xf-lines 

yellow lead bricks .8.9 12800(50) 15900 

lead- 4N electrolytic 
Halsbrücke/Freiberg 

12.2 2700(50) 5360. 

lead slabs 40 a old, 
Muldenhü tten/Freibe rg 

13.0 800(30) 2590 

bismuth- 3 N , 
Halsbrücke/Freiberg 

11.0 -260(30) 1520 

lead - Korea 10.2 - 9 1 0 ( 2 0 ) 340 

mercury - China 13.6 -1040(30) 90 

lead- 5 N , Hungary 4.1 -45(30) 390 

bismuth- 5 N , Bulgaria 3.9 -110(30) 370 

Fig.:Low energy у- s p e c t r a of 
a lead sample and the corres-
ponding background 

In the table Xf pulse rates per mass are compared with the integral rates / 3 / . We can see 

a clear parallelism between the two v a l u e s . Advantages of the Xf method are: not time-

c o n s u m i n g , small sample w e i g h t s , simple correction for self-absorption, low blank rate, 

and sufficient selectivity. A disadvantage is its applicability to materials with suffi-

ciently high Z o n l y . 
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/ 1 / S . Unterricker et a l . , submitted to *laotopenpraxis' 
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M O E S S B A U E R I N V E S T I G A T I O N S OF D I O C T A H E D R A L P E G M A T I T I C M I C A S 

C . P i e t z s c h , B e r g a k a d e m i e F r e i b e r g , S e k t i o n P h y s i k 

W . S c h m i d t , B e r g a k a d e m i e F r e i b e r g , S e k t i o n G e o w i s s e n s c h a f t e n 

M ö s s b a u e r i n v e s t i g a t i o n s b e l o n g to the p r o g r a m m e of m i n e r a l ó g i c a ! i n v e s t i g a t i o n s of m i c a s 

for m a n y y e a r s / 1 , 2 / . W h i l e g e o c h e m i c a l data of m i c a s are d i s c u s s e d a s i n d i c a t o r a d u r i n g 

search and e x p l o r a t i o n of d e p o s i t s there a r e only l i t t l e starting p o i n t s to i n t e r p r e t e 

M ö s s b a u e r data in this s e n s e . W i t h the c o n s i d e r a t i o n s represented first M ö s s b a u e r investi-

g a t i o n s of c o m p l e t e l y g e o c h e m i c a l l y c h a r a c t e r i z e d and g e n e t i c a l l y e x a c t l y classified di-

o c t a h e d r a l m i c a s .are d e s c r i b e d . The set of s a m p l e s included M u s c o v i t e s and L e p i d o l i t h e s 

from the p e g m a t i t i c d e s t r i c t of A l t o Ligonha (North M o c a m b i q u e ) . The main part of these 

s a m p l e s is from the N b - T a - d e p o s i t M u i a n e . T h e y w e r e taken a l o n g a p r o f i l reaching from the 

b o r d e r to the c e n t r e of p e g m a t i t e w i t h a length of n e a r l y 2 5 0 m . A l l M u s c o v i t e s investiga-

ted are c r y s t a l l i z a t i o n s of the magma tic e n v i r o n m e n t w h i l e the L e p i d o l i t h e s o r i g i n a t e from 

h y d r o t h e r m a l c o n d i t i o n s b y m e t a s o m a t i c p r o c e s s e s . A l l these m i c a s are m e m b e r of the poly-

typ 2 M 1 . T h e iron d i s t r i b u t i o n d e r i v e d from the M ö s s b a u e r data is s h o w n in table 1 . T h i s 

table s h o w s that three d i f f e r e n t types of spectra a n d , t h u s , p a t t e r n s of iron d i s t r i b u t i o n 

exist in the m i c a s i n v e s t i g a t e d . 

1 . In the L e p i d o l i t h e s 0 f the d e p o s i t M u i a n e o n l y M l ( c i s j - p o s i t i o n s a r e o c c u p i e d b y both 

F e 2 + and F e 3 + ( A , B ) . 

2 . In two M u s c o v i t e s of the c e n t r e part of the d e p o s i t , iron is p r e s e n t in a l l p o s s i b l e 
2+ 

p o s i t i o n s ( C , D ) , w i t h a p r e d o m i n a n c e of Fe on M i - p o s i t i o n s . 

3 . In the M u s c o v i t e s of the o u t e r p a r t of the d e p o s i t ( G , F ) , only the M 2 ( t r a n s ) - p o s i t i o n s 

are o c c u p i e d b y F e 3 + , the M i - p o s i t i o n s remaining e m p t y . It-is s u r p r i s i n g that the three 

M u s c o v i t e s ( E , I , K) taken a w a y from o t h e r regions of the d e p o s i t s h o w the same m a r k . 

A s p e c i a l place h o l d s the sample H , b e l o n g i n g to an e x p o s u r e n o r t h l y M u i a n e . O w i n g to the 

s h o r t a g e of g e o l o g i c a l data no c l a s s i f i c a t i o n of this d e p o s i t is p o s s i b l e . T h e M ö s s b a u e r 

data a l l o w to d i s c u s s a g e n e t i c a l m e m b e r s h i p of the deposit M u i a n e . 

It can be seen that by c o n t e m p l a t i n g o n l y the F e 2 + / F e 3 + p r o p o r t i o n no w e l l - d e f i n e d state-

m e n t s can be d r a w n c o n c e r n i n g the g è n e t i c c l a s s i f i c a t i o n and the g e o c h e m i c a l p r o p e r t i e s of 2 + 
these m i c a s . From the figure results that the content of Fe b o t h in M l - and M 2 - p o e i t i o n s 

is not w e l l d e f i n e d g e n e t i c a l l y . T h e content of F e 3 + e s p e c i a l l y in the n o r m a l l y u n o c c u p i e d 

M 2 - p o s i t i o n s r e c o g n i t e s a c l e a r d e v e l o p m e n t w h i c h obeyed the g e n e t i c c l a s s i f i c a t i o n . 

F i g u r e 1 s h o w s the d i s t r i b u t i o n of total iron content and its d i s t r i b u t i o n on the l a t t i c e 

sites M 1 / M 2 . 

T a b l e 1: The iron content and its d i s t r i b u t i o n on the 

octahedral coordinated Ml- and M2-lattice positions 
F i g . 1: T h e iron c o n t e n t ,and its 

distribution on the lattice sites 

S a m p l e 

F e 2 + / F e 3 + 

M l M 2 

% F e 3 + 

M l 

% Fe 

M 2 
2+ 

M l and Г 

A 1 . 6 4 0 . 3 6 - 0 . 5 9 - . • 2.0 
В 1.5 9 0 . 5 1 - 0 . 8 1 -

С 1. 4 4 0 . 6 6 1 . 1 5 2 . 0 7 0 . 5 3 1,S 
D 1 . 6 1 0 . 7 9 0 . 3 7 1 . 5 4 0 . 3 3 

Fe3' 
(Masse %l 
M1i ! W E • 1 . 1 3 - 1 . 3 3 0 . 5 9 0 . 9 1 

Fe3' 
(Masse %l 
M1i ! W 

F 1 . 6 3 - 1 . 4 5 1 . 7 6 0 . 6 0 M2l 

G 1 . 2 0 - 1 . 6 2 1 . 4 6 0 . 4 9 05 
H 3 . 6 0 . 1 5 1 . 2 4 1 . 4 1 -

I 0 . 4 8 - 2 . 1 3 0 . 9 2 0 . 1 0 °Í 
К 0 . 7 9 - 1 . 8 0 0 . 9 4 0 . 4 8 

2j0 25 
Fe21Masse%| 
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S T A N D A R D I Z A T I O N P R O B L E M S OF C P A A M E A S U R E M E N T S IN G E O L O G I C A L S A M P L E S 

D . D e g e r i n g , S . U n t e r r i c k e r and W . S t o l z 

B e r g a k a d e m i e F r e i b e r g , S e k t i o n P h y s i k 

T h e C h a r g e d P a r t i c l e A c t i v a t i o n A n a l y s i s ( C P A A ) has b e c o m e e v a l u a b l e c o m p l e m e n t to o t h e r 

a c t i v a t i o n p o s s i b i l i t i e s for a l a r g e n u m b e r of m a t e r i a l s . In a p r e v i o u s p a p e r / 1 / we show-

ed the f i t n e s s of this m e t h o d for i n v e s t i g a t i o n s in g e o l o g i c a l s a m p l e s . T o reduce systema-

tic e r r o r s a c a r e f u l c h o i c e of the s t a n d a r d i z a t i o n t e c h n i q u e is n e c e s s a r y . W e u t i l i z e d the 

method of i n t e r n a l s t a n d a r d : Let us c o n s i d e r the a c t i v a t i o n of the n u c l i d e s X and S t , be-

longing to the e l e m e n t X ' and the i n t e r n a l s t a n d a r d S t ' , r e s p e c t i v e l y , in a c e r t a i n matrix. 

T h e p r o d u c t n u c l i d e s are V and S t * . Then the following r e l a t i o n h o l d s : 
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2 ? - e x c i t a t i o n function of the reaction from 

1 to j ; £ M - a t o m i c stopping p o w e r of the m a t r i x ; Eq - e n e r g y of i n c i d e n t p r o j e c t i l e s ; 

e tj l p - threshold e n e r g y of the a c t i v a t i o n r e a c t i o n ; e - p r o j e c t i l e e n e r g y ) . F ^ d e s c r i b e s 

the e f f e c t of the m a t r i x in c o n s e q u e n c e of the ê ( e ) d e p e n d e n c e and the e n e r g y - r a n g e - r e l a -

t i o n . A c c o r d i n g to / 2 / , the ratio ¿ ( Z j , e ) / £ ( Z 2 , e ) for e l e m e n t s with the a t o m i c n u m b e r 

z ± is n e a r l y c o n s t a n t in the e n e r g y range w h e r e ¿ ( e ) is s u b s t a n t i a l : 

£ ( Z l f E ) / £ ( Z 2 , E ) = K ( Z 1 , Z 2 ) (3) 

К var i e s the less the l o w e r the d i f f e r e n c e | Z ^ - Z 2 | i s . S i n c e the range of the a t o m i c 

n u m b e r s of the m a j o r e l e m e n t s in the e a r t h crust is s m a l l (Z = 6 . . . 2 0 ) / 3 / relation (3) is 

a good a p p r o x i m a t i o n in our c a s e . N o w w e can e s t a b l i s h a f u n c t i o n £ q ( e ) so that 

£ ( z , e ) . k 0 ( z ) • £ 0 ( e ) e ( 4 ) 

T h e n (2) b e c a m s s F± = J ( & X y / £ 0 ) d E / J ( bStSt*/ £ 0 ) d E (5) 
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T h e c a l i b r a t i o n factor m m a y be d e r i v e d from inve-

s t i g a t i o n s in reference- s a m p l e s . A s an e x e m p l e 

F i g . l shows our c a l i b r a t i o n of the S r - d e t è r m i n a -
88 88 

tion b y the r e a c t i o n ° Sr ( d ,2n)°°Y. F e s e r v e d a s 

i n t e r n a l s t a n d a r d b y m e a n s of its a c t i v a t i o n pro-

duct C o . T h e linear d e p e n d e n c e h o l d i n g for stan-

dard m a t e r i a l s w i t h d i f f e r e n t c o m p o s i t i o n d e l i -

v e r s a m - v a l u e m » 7 . 4 6 + 0 . 6 5 . T h u s , if e . g . the 

F e - c o n ^ e n t of a sample is k n o w n , the S r - c o n c e n -

t r a t i o n can be d e t e r m i n e d b y e q u a t i o n ( 6 ) . 
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APPLICATION OF THIN LAYER ACTIVATION (TLA) ON INVESTIGATION OF CAVITATION PROCESSES 

K. Eichhorn and E. Richter 

Zentralinstitut für Kernforschung Rossendorf, Bereich ff 

The phenomenon of cavitation is characterized by two phases. In a first one a deformation of the surface 

appeares, in a second phase material losses occur. Accurate measurement is required to determine the begin 

of the second phase of cavitation, the gradient of material losses and the area of cavitation at the 

surface. 

TLA succesfully has been used for wear measurements and it is a technique which meets the requirement. 

Beside it involves the advantage of in situ measurement. 

Investigations were made at the test, stand of the TU-Dresden /1/ in which cavitation is generated by means 

of a rotating disk in water. Specimens of white-metal were activated at the Rossendorf cyclotron by 

He-Ions of 17.5 MeV resulting an activation depth of about 50 цт. For measurement of material losses the 

generated activity of " ^ T e , ^ m T e and was used. For that reason' irradiation parameters were find 

out by activating a stack of Sn-foils (fig. 1). 

The measurement states,- that TLA-technique is useful for investigation of cavitation. The begin of erosion 

as well as the gradient of material losses both depending on velocity of the streaming fluid and running 

time is discovered precisely. As expected, material losses do not appear over the whole surface of the 

sample. The autoradiograph (fig. 2) shows the affected area in a good manner. 

1000 

I 

0; 200 (jm Fig. 2 
Autoradiograph' of a sample after a running-

time of about 7 hours. 

Black - area = affected part of the surface. 

depth 

Fig. 1 
Activity/depth curve produced in a stack of 
Sn-foils by 28 MeV - ос - particles 

/1/ Bux, K. Vorbereitende Untersuchungen: zur Werk-

stofferosion am Versuchsstand "Rotierende Scheibe", 

TU Dresden, Sektion 12, tfissenschaftsbereich 

Strömungstechnik, Bericht I 1279/1985. 
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SEMICONDUCTOR SECONDARY ELECTRON DETECTOR POR IMAGING WITH ION MICROBEAM 

L. Bischoff, F.K. Naehring, M. Deutscher ^ 
Zentralinstitut für Kernforschung Rossendorf, Bereich KP 

The rapid development of microelectronic technology to introduce submicron structures for 
the VbSI level requires new tools to produce such devices. The Focused Ion Beam (FIB) is a 
very usefull tool for direct implantation with a writing beam, for direct patterning by 
sputtering, for ion beam lithography as well as for corrections on microelectronic circuits 
or photolithographic masks. For the application of a FIB it is necessary to get-an Image 
from the working region of the beam on the target. For this aim ion beam induced secon-
dary electrons (SE) are used to produce an electrical signal of each scan position. The x 
and y coordinates are determined by the deflection parameters. The Image processing in the 
FIB equipment is shown in Fig. 1 /1/. In order to restrict the sputter damage only a few 
scans should be taken to map the surface. 
A semiconductor detector (SCD) working with a 10 kV acceleration potential was investi-

2 
gated for the SE evidence. The circularly shaped SCDs sensitive area of 2 cm is located 
around the primary beam near the target.The calculated differential energy loss in the 
detector material depending on the acceleration voltage of the SE is shown in Fig. 2. 

z s ZD 
2 Й 
CD 

X 
COLUMN 
PROCES-
SOR 
x-y 

DEFLEC-
TION 
PR0CES-
SOR 

SYNCHRONIZATION 
BY BEAM 

STEPPING 

SAMPLE 

INFORMATION PER PIXEL 

-YX:S:}
 Channel number . 

"SE-SIGNAL — Channel content 

J A SE current of 1 nA to the detector 
Ив PROCESSING working In а current mode leads to 
¡DATA FOR a voltage of about 0.3 V on the pre-
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I 1500 at 8 kV SE energy. Fig. 3 

shows the output signal depending 
on the acceleration voltage and the 
working frequency. The use of a 
coupling capacitor to bridge to the 
low voltage level leads to a 3 dB 
cutoff frequency of 500 Hz. The 
introduction of optocoupling devi-
ces as well as of ultra high resis-

Fig. 1 tivity silicon detectors allows to 
work at higher frequencies up to the 

MHz range. 

Reference /1/: 
L. Bischoff, F.K. Naeh-
ring, M. Deutscher: ^ 
Proc. 7. Tagung "Mikro-
sonde", Dresden 
2 0 . - 2 2 . 01. 1988 

0 1 2 3 4 5 6 7 
ACCELERATION VOLTAGE Ikv) 

Fig. 2 Fig. 3 



- 74 v-

A. MOSFET-BASED SENSOR FOR DETECTION OF LOW ENERGY ELECTRONS AND IONS 

M. Teichfuß 

Central Institute of Nuclear Research Rossendorf, GDR 

The term "integrated 'sensor" suggests the joining of the primary measurement function of the 

sensor with conditioning of its output signal. The integrated circuit technology involves the 

MOSTStructure providing a rich field for sensor application. Smallness and easy handling makes 

the MDSFET attractive for detection of "primary beam induced electrons and ions. For instance 

in ion microbeam arrangments, the detection of secondary electrons (SE) emitted from the 

target surface during primary beam interaction, enables an on-line beam detection technique. 

A sensor for SE consisting of a N-channel'MQSFET and the discharge circuit at the Gate was -12 
designed and first structures were tested with Se-currents in the- range of 10 A up to 

_ 9 

10 A. The SE are collected at the surface of the Gate, whereby the SE-current builds up a 

signal charge at the Gate controlling the Drain-Source-current of the FET (Fig. 1). 

,-9 collection electrode 
insulating layer 

First tests with SE-currents below 1Q ' A shows 

good agreement with calculated current-gain-

characteristics . (F ig. 2). The minimum detectable 

SE-current is in the range of 5 ,-11 10 1 2 A up to 

Fig. 1 

Schematic structure of the Electron 
Sensitive Field Effect Transistor 
(ESFET) /1/ 

3 • Ю-"1"1 A. The bandwidth of the sensor was tested 

with amplitude modulated SE-currents up to a 

frequency of 1 Mc. The first experiments delivered 

gratifying current-gain-characteristics up to a 

frequency of 100 kc. With a optimized sensor 

variant we should reach a band-width of 1 Mc which 

is expecially required in ion microbeam arrangments. 
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Fig. .2 ' I 

Measured changes of the'Drain-
Source current versus the 
.input Se-current 

Fig. 3 

Amplitude of the Drain-Source 
current versus .the input 
•amplitude of the Se-current 

R e f e r e n c e s 

/1/ Deutscher, M., 3. von Borany, M . Teichfuß, WP H01L 3071400 



- 75 v-

ANALYSIS OF Ar ION BEAI1 ETCHING INDUCED SURFACE DAMAGE OF GaAs BY MEANS 
OF «-*CU ADSORPTION / AUTORADIOGRAPHY AND RBS / CHANNELING 
- ANGULAR DEPENDENCE AND RAPID THERMAL ANNEALING -

A. Schindler, R.Fechner, R. Flagmeyer-*, D. Panknin", F.Bigl 
Zentralinstitut für Isotopen- und Strahlenforschung Leipzig der AdU der DDR 

Karl-Marx-Universität Leipzig, Sektion Physik 
Zentral institut für Kernforschung Rossendorf der AdU der DDR 

In previous studies /1,2/ we investigated the energy- arid the dose-dependence 
as well as the depth profiles of the Ar+-ion bombardment damage of GaAs (100) 
surfaces by means of s*Cu adsorption and autoradiographic detection and 
RBS/channèling. In this paper results on the angular dependence of the damage 
and on the rapid thermal annealing, measured by the mentioned methods, are 
presented. 
The experimental conditions of the Ar ion beam etching, of the Cu adsorption, 
of the autoradiography and of the RBS analysis were the same as in /1,2/. 
The ion incident angle with respect to the surface normal was varied from 0° 
to 90°. 
The angle of incidence is of practical importance in semiconductor 
manufacturing for planarizing steps or for tailoring etch structure 
profiles. 
As an interesting feature shown in Fig.l, the maximum of crystal damage was 
found to be around 15°, both by the RBS/channeXing and by the e"*Cu 
adsorption/autoradiography technique. A similar dependence was obtained for 
the Na" reactive ion beam etching of InP. 
The decrease of damage for normal incidence 'has not yet been fully 
understood. Considering that the incident angle of 0° is parallel to the 
<100> axis, it can be attributed to some anomalous phenomena such as ion 
channeling. After Lindhard /3/ the critical angle for Ar* ion channeling 
along <100> in GaAs for very low energies is about" 10°, that is in the range 
of the divergence angle of the ion beam. On the other hand, with increasing 
damage density up to the saturation level the channeling effect becomes more 
and more insignificant. The damage at 90° polar angle results from the 
divergence of the ion beam. 
A first attempt was made to recover the disordered surface layer by means of 
rapid thermal annealing — RTA. The interest in RTA of compound semiconductors 
has been generated by less stringent restrictions on the methods of surface 
protection. 
The GaAs samples were placed in a quartz chamber with an N a atmosphere and 
heated by a light pulse using flash lamps or halogen lamps in the temperature 
range from 300 to 900 °C. The best results up to now have been achieved with 
0.4 sec halogen lamp annealing at temperatures around 400 °C. As measured by 
RBS surface peak intensities (Fig.2) lattice defects caused by 1 keV Ar ion 
beam etching with doses up to 5*101"* cnr 2 recovered completely. At the damage 
saturation level (>3*101= cm -®) about 60 7. of the disorder still remains in 
the surface region. 
That means, successful annealing takes place at ion doses below the monolayer 
equivalent dose where damage saturation cannot be reached. There exist 
undamaged and damaged parts in the surface layer at such low ion doses /4/. 
We suppose that only under such conditions a complete annealing of the 
disordered layers is possible. MCu/autoradiography experiments designed to 
investigate RTA of ion beam etched GaAs, and especially to measure possible 
low concentrations of residual disorder and depth profiles not measureable by 
RBS, are in preparation. 
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'О 10 50 
angle cf incidence 6(°) 

Fig. 1 
Dependence of the saturation damage 
(Ar*" dose > 10 l ecm - a) on the polar 
angle of the ion beam incidence 0 . 

A '—UaAs 
IkeV 

halogen-lamp annealing 
о 600-C OAs 
» 5104 0,6s „ . 
о «0°С OAs • / 

Ф 
ion dose ( cm?) 

Fig. 2 
Halogen lamp annealing of ion beam 
etched 6aAs measured by RBS/channe-
ling. 

R e f e r e n c e s 
/1/ R. Fechner, A. Schindler, R. Flagmeyer, F.. Bigl, Gemeinsamer 

Jahresbericht ZfK-621, 86 (1987) 
/2/ R. Fechner, A. Schindler, F. Bigl, J. Flachowsky, Gemeinsamer 

Jahresbericht ZfK-621, 87 (1987) 
/3/ J. Lindhard, Kong. Danske Vid. Selsk., mat.-fys. Medd. 34. 

No. 14 (1965) 
/4/ Y. Sekino, N. Owari, M. Kudo and Y. Nihei, Jap. J. Appl. Phys. 

25. 538 (1986) 
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NITROGEN AND OXYGEN P R O F I L E S DF ION BEAM S Y N T H E S I Z E D SILICON OXYNITRIDE LAYERS D E T E R M I N E D 

BY ELASTIC RECOIL D E T E C T I O N 

W . S k o r u p a , E. H e n t s c h e l , R. K o t t e , F. Stary and K . W o l l s c h l ä g e r 

Z e n t r a l i n s t i t u t für K e r n f o r s c h u n g , R o s s e n d o r f , Bereich KF 

R u t h e r f o r d B a c k s c a t t e r i n g S p e c t r o m e t r y and Channeling t e c h n i q u e s are very e f f i c i e n t tools in 

i n v e s t i g a t i n g the p r o p e r t i e s of ion beam s y n t h e s i z e d silicon on i n s u l a t o r ( S O I ) - s t r u c t u r e s . A 

d i s a d v a n t a g e in studying the formation of silicon o x y n i t r i d e s is the o v e r l a p p i n g of the 

n i t r o g e n and oxygen related peaks of the RBS spectra due to the low mass d i f f e r e n c e of these 

e l e m e n t s / 1 / . 

For this end Elastic Recoil Detection (ERD) was performed using a 33.6 MeV ' 3^Cl +-beam of the 

R o s s e n d o r f tandem a c c e l e r a t o r and Bragg-peak spectroscopy with a special ionisation c h a m b e r . 

Details of this method are given in R e f . 2. The 

г samples were implanted and annealed in nearly the 

same manner as reported b e f o r e / 1 / . The total im-

planted dose used in the e x p e r i m e n t reported here 

was 6.2 10* 

10' 

60keV. 500®С 
(3.10% 3.1 N'I g 
«lOVcirf2 

as implanted 

с I i I 

J I L 

see' c) 

annealed 
1200°C,5h 

d) 

1 0 1 7 c m " 2 . 

102 

101 

0.5 to 0 05 

E Id » 0 I / E Id s 0 ) 

F i g . 1 

Oxygen and nitrogen p r o f i l e s e v a l u a t e d 
by E R D . The surface is located at 
E ( d > 0)/E(D = 0 ) = 1.0, the depth in- . 
c r e a s e s going left from this value 
(E - energy of the particles recoiled 
from a depth d ) 

tween silicon and the buried layer (Fig 

faces for the S i N O - s y s t e m (Fig. lb) are 

In F i g . 1 the profiles e x t r a c t e d from the Bragg-peak 
spectra are s h o w n . Already after i m p l a n t a t i o n a 

d i s t i n c t d i f f e r e n c e is visible for the two inves-

tigated c a s e s . For SiÑO (Fig. la) the T W H M of the 

two profiles is c o m p a r a b e l and the nitrogen profile 

lies somewhat d e e p e r . Taking into account the com-

parable range of oxygen and nitrogen in silicon this 

can be explained by an increase of the stopping 

power of nitrogen rich silicon due to the increased 

density leading to a range r e d u c t i o n for the second-

ly implanted o x y g e n . For SiON the oxygen profile 

lies deeper than-for SiNO and its FWHM is nearly 

twice- that of the nitrogen profile especially due 

to a shoulder on the surface side! The nitrogen 

profile is c e n t e r e d within this p r o f i l e . The deeper 

position of the firstly implanted oxygen is due to 

the lower stopping power of pure s i l i c o n . The higher 

FWHM may be related to volume swelling as reported 

earlier for oxygen implanted silicon /3/ but it has 

to be proved w h e t h e r such an effect can be mirrored 

by E R D . After annealing the profile tails are gen-

erally steeper suggesting smaller i n t e r r e g i o n s be-

l b , d ) . By RBS and XTEM it was found that the i n t e r r 

s m a l l e r . 

F u r t h e r m o r e , for the latter system the oxygen profile is somewhat flat topped and contrary 

to the a s - i m p l a n t e d case the tails of the two profiles coincide after a n n e a l i n g . The nitrogen 

d i s t r i b u t i o n was strongly changed in piling up on the s u b s t r a t e s i d e . 

A further d i s c u s s i o n of these r e s u l t s c o n s i d e r i n g also those of other m e t h o d s is given in 

-Ref. 4. 

R e f e r \ e n c e s 

/1/ S k o r u p a , W . et a l . , ZfK-621 (1987) 100; P r o c . E M R S , Strasbourg 1987 

/2/ H e n t s c h e l , E . et a l . , this r e p o r t , p . 66 

/3/ K r e i s s i g , U . et a l . , Thin Solid Films 98. (1982) 229 

/4/ S k o r u p a , W . et a l . , P r o c . REI 4 , Lyon 1987; N u c l . I n s t r u m . M e t h o d s В (in p r e s s ) 
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ELECTRICAL ACTIVATION OF BORON IMPLANTED SILICON DURING THE EARLY STAGE OF RAPID THERMAL ANNEALING 

R. Kögler, E. Wieser 

Zentralinstitut für Kernforschung Rossendorf, Bereich KF 

A. Armigliato, E. Landi, S. Solmi 

C.N.R. Istituto LAMEL, Bologna 

Rapid thermal processing (RTP) has now become recognized technology for submicron device technology. For opti-

mization of the temperature-time cycle numerical modelling of processes like electrical activation of implanted 

dopants and dopant redistribution becomes an important tool. With this respect boron implanted silicon is a very 

complex system because the damaged surface layer becomes not amorphous by room temperature implantation using 

fluences of technical interest. Therefore the electrical activation of boron proceeds relatively slowly compared 

to the recrystallization of an amorphous surface layer. Its time dependence should be taken into account if RTP 

Fig. 1 shows the time dependence of the electrical activation at 

900 arid 950 °C, respectively, for three different doses. Up to a 
15 -2 

fluence of 1 x 10 cm solubility effects are neglegible. The 

maximum boron concentration is in this case still below the solu-

bility limit (see below). 

Fig. 1 shows that complete electrical activation can not be ob-

tained in times characteristic for RTP using T m g x S 950 °C. The 

low activation is due to the low velocity of the activation pro-

cess atj these temperature and not to solubility effects. 

At Ттах
:;= 1000 "С for the dose of 1 x 1 0 1 5 B/cm 2 (no solubility 

effect) nearly complete electrical activation is measured already 

for annealing with holding at T m g x for 1 s. Taking into account 

the temperature rise time and the small effect of T 950 °C • r • max 
we conclude that complete activation is obtained at 1000 °C in in t < 5 s. 

In /1/ a model for the electrical activation of boron has been proposed on the base of low temperature furnace 

annealing. An activation energy of 5 eV has been found. The preexponential factor T0 of the time constant for 

activation ( T = T Q exp(E g/kT)) is assumed as increasing with increasing defect density. The linear dependence 

of activation on log(t) observed here for temperatures below 1000 °C is in agreement with the results in /1/. 

Therefore the dependence of V not only on temperature but also on the damage concentration and in this way on 

the depth x within the profile proposed in /1/ should be valid also for the early stage of RTP. The results of 

Fig. 1 are in reasonable agreement with the activation energy of 5 eV assumed in /1/. 

The maximum charge carrier concentration p obtained by RTP is significantly higher than the equilibrium solu-
1 £ ? max 

bility. For the dose of 1 x 10 cm annealing for 1 s at 900 °C and 1000 °C results in p equal 
20 -3 ' 20 -3 

1.2 x 10 cm and 2.3 x 10 cm , respectively. The corresponding equilibrium solubilities are 
19 -3 20 -3 

"7.2 x 10 cm J and 1.2 x 10 z u cm . 

This effect is much more pronounced for implantation into preamorphized silicon. Due to the epitaxial recrystal-

lization of the amorphous layer electrical activation proceeds very fast already at 900 °C. Complete electrical 
15 2 

activation has been obtained by RTP at 900 °C/1 s up to 3 x 10 'B/cm . In this case p m a x exceeds the equili-

brium solubility by a factor 4. 

R e f e r e n c e s 

/1/ Seidel, Т.Е., A.U. MacRae, Proc. 1st. Int. Conf. on Ion Implantation in Semiconductors, Thousand Oaks, 
Gordon and Breach, New York 1970, p. 149 
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THE EFFECT OF OXYGEN ON ELECTRICAL A C T I V A T I O N AND D I F F U S I O N OF ARSENIC. IN S I L I C O N BY RTA 

R. Kögler and E.' Wieser 

Z e n t r a l i n s t i t u t für K e r n f o r s c h u n g , R o s s e n d o r f , Bereich KF 

In VLSI device p r o c e s s i n g As implantation often is carried out through an oxide c a p . But in 

the case of a n . i m p l a n t a t i o n of 1 • 1 0 ^ A s + cm 2 through a SiO^ cap of only 30 nm the sheet 

carrier c o n c e n t r a t i o n after RTA ( T m g x = 1000 °C t^ = 1 s ) is reduced by about 40 % in com-

parison to i m p l a n t a t i o n in bare S i . 

The cause of the effect is the high, oxygen c o n c e n t r a t i o n near the SÍO2-SÍ interface due to 

recoil i m p l a n t a t i o n . We have i n v e s t i g a t e d ' t h i s . e f f e c t by i m p l a n t a t i o n of arsenic and oxygen 

in bare s i l i c o n . Beside the e l e c t r i c a l activation also the influence of oxygen on the diffu-

sion behaviour of arsenic is c o n s i d e r e d . 

F o l l o w i n g the idea of Sadana et al. /1/ we assume that a formation of As-0 o r . A s - S i - 0 clusters 
20 -3 

takës place at high oxygen c o n c e n t r a t i o n in silicon ( 10 cm ). 

» 
From our e x p e r i m e n t a l results we were able to d e t e r m i n e some important c h a r a c t e r i s t i c s of 

these clusters'/2/'. We c o n c l u d e : 

- the formation of As-0 clusters is p r o p r t i o n a l 'to the oxygen c o n c e n t r a t i o n in silicon 

- the c l u s t e r s are e l e c t r i c a l l y i n a c t i v e and non or less mobil 

- the c l u s t e r s need high t e m p e r a t u r e s (above 1100 °C) to resolve > 

- the decay of the c l u s t e r s is nearly i n d e p e n d e n t on t^ in time scale of R T A . 

Taking into a c c o u n t t h i s , the results are interpreted q u a l i t a t i v e l y . 

F i g . 1 F i g . 2 

Decay of As-0 c l u s t e r s in Formation of: As-0 c l u s t e r s near 
d e p e n d e n c e on R T A - t r e a t m e n t the SÍO2-SÍ i n t e r f a c e where the 

recoiled oxygen c o n c e n t r a t i o n is 
very high 
(The line shows a c a l c u l a t e d As-
profile w i t h o u t c l u s t e r f o r m a t i o n ) 

R e f e r e n c e s 
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ELECTRICAL A C T I V A T I O N OF ARSENIC ATOMS IN ION BEAM R E C R Y S T A L L I Z E D SILICON LAYERS 

M . V o e l s k o w , W . Skorupa and 0. M a t t h ä i 

Z e n t r a l i n s t i t u t für K e r n f o r s c h u n g , R o s s e n d o r f , Bereich KF 

Ion beam induced e p i t a x i a l c r y s t a l l i z a t i o n (IBIEC) is a method for r e c r y s t a l l i z a t i o n of 

a m o r p h o u s silicon layers at very low t e m p e r a t u r e s . In a previous work it was shown that high 
15 -2 

dose arsenic implanted layers (100 k e V , 10 cm ) can be r e c r y s t a l l i z e d under nitrogen ir-

r a d i a t i o n already at a t e m p e r a t u r e of 400 °C well below those of c o n v e n t i o n a l furnace anneal-

ing / 1 / . Using an energy of 165 keV of the N + - a n n e a l i n g ions à dose of 7 • 1 0 ^ c m - 2 is suf-

ficient for full r e c r y s t a l l i z a t i o n of the surface l a y e r . B u t , as indicated by RBS and ТЕМ in-17 -2 

v e s t i g a t i o n s , 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 l a y e r . The depth of this defect 

peak c o r r e s p o n d s well to the p r o j e c t e d range of the 

arsenic atoms used for a m o r p h i z a t i o n . 

1 L» 1 ' I 
IBIEC 

165 keV.N* 
(As-amorph.) 

80 

60 

AO S u> 
20 < 

defekt recrystaaizo|ion) peak 
,16 10 

F i g . 1 

IBIEC [cm"2] 10 ,17 

Because of this defect b e h a v i o r , which is unusual com-

pared to c o n v e n t i o n a l a n n e a l i n g , one can expect the 

dopant activation to be influenced by the IBIEC process 

too. In F i g . 1 (lower c u r v e ) the d e p e n d e n c e of sheet 

r e s i s t i v i t y obtained by Hall effect m e a s u r e m e n t on the 

IBIEC dose is s h o w n . In the initial stage of. the IBIEC 

process the resistivity decreases drastically which 

gives rise to the assumption that more and more arsenic 

atoms are built in on electrically active lattice sites 

in the r e c r y s t a l l i z e d part of the l a y e r . H o w e v e r , a 

further increase of the implantation dose leads to an 

increase of the sheet resistivity a g a i n , although the 

r e c r y s t a l l i z a t i o n front has not yet reached the surface. 

This behaviour is very surprising b e c a u s e the sub-

s t i t i o n a l part of the arsenic atoms calculated from the 

c h a n n e l i n g spectra is still increasing reaching about 

80 % in the case of full r e c r y s t a l l i z a t i o n (upper curve 

in F i g . 1). Only the appearance of the second defect 

peak leads to a reduction of the s u b s t i t u t i o n a l part of 

arsenic a t o m s . We propose that this reverse annealing 

e f f e c t in the sheet resistivity is related to the a c c u m u l a t i o n of point defects in the doped 

layer during the movement of the r e c r y s t a l l i z a t i o n f r o n t . This point defects will be created 

especially at the depth c o r r e s p o n d i n g to the projected range of the nitrogen ions. A part of 

those m o v i n g to the surface may be trapped by arsenic atoms forming e l e c t r i c a l l y inactive 

point d e f e c t clusters or secondary d e f e c t s like l o o p s . The question arises why the part of 

s u b s t i t u t i o n a l arsenic atoms is still increasing when the e l e c t r i c a l activity d e c r e a s e s . We 

s p e c u l a t e that the formed defects are of c o h e r e n t type as they can be obtained for example 

for the case of arsenic in silicon at c o n c e n t r a t i o n s exceeding the solubility limit in sili-I 
c o n . In this case defect clusters contain arsenic atoms in positions with small distance from 

their n o r m a l s u b s t i t u t i o n a l s i t e s . 

D e p e n d e n c e of the c o n c e n t r a t i o n of 
s u b s t i t i o n a l arsenic atoms' (upper 
c u r v e ) and of the sheet resistivity 
(lower c u r v e ) on the IBIEC dose 

R e f e r e n c e s 
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PATTERNING OF THE UNDERLAYING Si0 2 - LAYER AS A METHOD OF PRODUCING GRAIN BOUNDARY FREE SILICON 

STRIPES ON INSULATING SUBSTRATES 

J. Matthäi, M. Voelskow and K.-H. Stegemann 

Zentralinstitut für Kernforschung Rossendorf, Bereich KF 

One of the favourable technique for producing' SOI-structures is the zone-melting recrystallization of 

large area thin silicon layers on silicon dioxide. This process results in a (lOO)-oriented crystalline 

layer with the typical subgrain boundary pattern ("feather structure"). 

For circuits with high packing density, i.e. with small active areas of elemental devices, it is 

necessary and sufficient to obtain grain boundary free areas at desired positions. In a previous 

work we have presented two methods of producing such areas based on the transversal modulation of the 

temperature within the melted zone/1/. This was realized by an array of absorbing or reflecting stripes 

located on.the top of or embedded in the encapsulating layer. 

In this paper we present a third method for localisation of grain boundaries, firstly proposed by 

Hoand et al. /2/. 

Silicon wafers, (100) oriented, were thermally oxidized up to 1 pm. Then a relief pattern was etched 

in the underlying oxide resulting in stripes extending from one side to the other of the wafer. Thin 

zones (0,5 pm) were 10 pm wide and thick ones were 30 pm wide. A 440 nm thick film of polysilicon was 

then deposited by LPCVD process. Finally, a 1,2 pm thick oxide film and a 30 nm thick silicon nitride 

films were desposited also by LPCVD as a cap preventing delamination of the film during the zone 

melting process. The scan speed used in our experiment was 1 mm/s. « 

Fig. 1 shows a micrograph of a Schimmel-etched SOI-wafer with grain-boundary confinement. As clearly 

shown, due to the reduced heat flow to the substrate grain boundaries are located in the areas 

corresponding to the thicker underlying oxide. 

Fig. 1: Photomicrograph of a Schimmel-etched SOI-wafer with grain-boundary confinement 

References 

/1/ J. Matthäi et al., ZfK - 584, 59 (1986) 
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SILICON AND CHROMIUM D I S T R I B U T I O N IN IMPLANTED AND SHORT TIME ANNEALED GaAs 

D . Panknin 

Z e n t r a l i n s t i t u t für K e r n f o r s c h u n g , R o s s e n d o r f , Bereich KF 

Ya . В. Fattachov 

Kazan P h y s i c o - T e c h n i c a l I n s t i t u t e , Kazan 

C . E . Richter and M . Gericke 

VEB WF Berlin 

For a good e l e c t r i c a l activation it Is necessary to carry out the annealing at t e m p e r a t u r e s 

and times sligtly below the d i s s o c i a t i o n threshold of the.GaAs surface.. In this contribution-

the Cr d i s t r i b u t i o n after the annealing treatment, is d i s c u s s e d . 

16 - 2 
Si is implanted in the dose range up to 10 cm at an energy of 200 keV into SI, Cr-doped 

(100) GaAs at about 30 and 100 °C, r e s p e c t i v e l y . Capless annealing was p e r f o r m e d in N2 

a t m o s p h e r e by flash lamp irradiation with dwell times between 50 and 500 ms or using halogen 

lamps with times > 0 . 5 s . 

The a s - i m p l a n t e d Si p r o f i l e s aire remarkably broadened com-

pared to a Gaussian d i s t r i b u t i o n . This is due to radiation 

enhanced diffusion /l/.-The depth d i s t r i b u t i o n of Cr in the 

a s - i m p l a n t e d state is c h a r a c t e r i z e d by a weakly increasing 

c o n c e n t r a t i o n in the surface r e g i o n . W h e r e a s after the an-

nealing treatment a remarkable segregation of Cr at the 

surface is o b s e r v e d . Increasing annealing time causes an 

increase of the surface p i l e - u p . C o n s e q u e n t l y the surface 

near region shows a Cr d e p l e t i o n . Within the depleted layer 

an enhanced Cr c o n c e n t r a t i o n is found in the depth between 

10» 

! 1 0 " 

в" 

10'6 

10'i 

5-10u Si/cm2. 200 keV 

Г/ \\ T|„p, = 100°C 
' i \ \ 1070°C, 50ms 
I \ \ -«- 1070°C, 120ms 
\ j \ ...0.... 1050°C. 420ms 

r И I \ --«•• 920°C, 2 s 
F M I \ \\ I Si \ 

Í. I . ~ V 

Rp and Rp + A R p of the Si p r o f i l e . For longer times 

«»ОхЬшЛ-аО 
Fig. 1 

Cr. d i s t r i b u t i o n for 100 °C 
im p l a n t a t i o n after capless 
annealing 

(^,400 m s ) at adequate lower temperatures we observe a 

decrease of this Cr peak and the peak is also shifted to 

the surface up to a depth corresponding to the p e n e t r a t i o n 

depth of the LSS p r o f i l e . Compared to the 100 °C implanta-

tion the room t e m p e r a t u r e implanted sample shows a very com-

plicated Cr d i s t r i b u t i o n with a second Cr peak in the depth 

of Rp of the Si p r o f i l e . 

Considering the residual defects after RTA we have found 

for all i m p l a n t a t i o n and capless a n n e a l i n g c o n d i t i o n s an . 

one to one depth correlation between the position of the 

dislocation band an the Cr peak /2/. 

From the one to one depth correlation of the Cr peak and the dislocation band for different 

i m p l a n t a t i o n and annealing c o n d i t i o n s we conclude that -the main process of the formation of 

the Cr peaks is trapping of Cr on d i s l o c a t i o n s . 

At capless a n n e a l i n g c o n d i t i o n s , which are necessary for a good e l e c t r i c a l a c t i v a t i o n , some 

lost of As from the surface can not be a v o i d e d . T h e r e b y , As vacancies arise causing the Cr 

s e g r e g a t i o n at the surf ace., C o n s e q u e n t l y , -near the surface region Cr depletion a r i s e s . In con-

sequence of the c o n c e n t r a t i o n gradient Cr diffuses from the depth to the s u r f a c e . Within the 

depletion region Cr will be trapped on d i s l o c a t i o n s formed during a n n e a l i n g . The weak shift 

of the Cr peak observed in the figure 1 is caused by a shift of the maximum defect d e n s i t y . 

Annealing at lower t e m p e r a t u r e s and adequate longer times (920 °C) leads to a lower .density 

of larger l o o p s . This defect state is o b v i o u s l y not so effective in trapping of Cr 1 1 1 . 

R e f e r e n c e s . 
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SHORT TIME TRESHOLD F O R . E L E C T R I C A L ACTIVATION OF IMPLANTED AND ANNEALED GaAs 

D. Panknin and E. Wieser . ' 

Z e n t r a l i n s t i t u t für K e r n f o r s c h u n g , R o s s e n d o r f , Bereich KF 

Ya.В. Fattachov and I.B. Khaibullin 

Kazan P h y s i c o - T e c h n i c a l I n s t i t u t e , Kazan 

The maximum annealing t e m p e r a t u r e of GaAs is limited by its d i s s o c i a t i o n . This c o n t r i b u t i o n 

presents results concerning the short time threshold for which e l e c t r i c a l activation can still, 

be achieved by capless annealing using t e m p e r a t u r e s > 1000 °C for amphoteric dopants Si, G e , 

Sn and n o n - a m p h o t e r i c dopants Se, S , Te. The t e m p e r a t u r e dependence of the electrical activa-

tion for annealing times . between 50 ms and 2 s is also d i s c u s s e d . 

Cr-doped (100) GaAs was implanted at temperatures between 

30 and 300 °C. Annealing was performed in N2 atmosphere 

w i t h o u t a caplayer by flash lamp, or halogen lamp irradia-

tion. The t e m p e r a t u r e and time values used were slightly 

below the d i s s o c i a t i o n threshold of the GaAs s u r f a c e . 

In Fig. 1 sheet carrier c o n c e n t r a t i o n and mobility are 

shown in dependence on the dwell time at the maximum tem-

perature for capless annealing of the amphoteric d o p a n t s . 

The implantation temperature ) is also v a r i e d . 

F i g . 2 shows the same d e p e n d e n c e for the n o n - a m p h o t e r i c 

dopants.' 

Si IUc = 30° C> 
Sn (Т|ПЧ11 » 100е С I 
Ge 1Т,ЖВ1 -100е С] 

/// « Si 15-10 cm . 200keV I • Si (5 10ист'г. 200keV I • Snl5 I0"cm!. 300keV ) • Ge(5 10* cm'. 200к* V I : i , , . 
10' 

F i g . 1 

Sheet c a r r i e r concentration ( N s ) 
'of the a m p h o t e r i c dopants in 
d e p e n d e n c e on the annealing time 
at the maximum temperature 

Se 5 lO'̂crn'1. 300kev | — S 1 1 û"tm'! ЭООкеУ J Те 1 tcW 300keV • 

A time threshold for activation is observed at about 30 

and 45 ms for .implantation at elevated and room tempera-

t u r e , r e s p e c t i v e l y . The time dependence of the sheet car-

rier concentration N is c h a r a c t e r i z e d by a transition 

s ' 

region at short times and a nearly c o n s t a n t value at longer 

t i m e s . For the amphoteric dopants the time dependence of 

N s is moreover c h a r a c t e r i z e d by a maximum at about 150 m s . 

The time d e p e n d e n c e of the mobility is very similar to 

that of N . 

s • 
The time t h r e s h o l d for activation is independent on the 

kind of dopants but depends on .the damage state caused by 

the i m p l a n t a t i o n . From this we conclude that the time 

threshold is an attribute of the lattice structure /1/. 

The maximum of the carrier c o n c e n t r a t i o n at about 150 ms 

for amphoteric dopants can be explained by the assumption 

of a dopant c o n c e n t r a t i o n on Ga sites higher than the 

e q u i l i b r i u m values found for longer annealing t i m e s . 

O b v i o u s l y , the Ga sites will be occupied at the beginning 

of the annealing with a higher p r o b a b i l i t y /2/. 
Fig. 2 

Sheet carrier c o n c e n t r a t i o n and 
mobility of the n o n - a m p h o t e r i c 
d o p a n t s in d e p e n d e n c e on the 
annealing time at the maximum 
t e m p e r a t u r e 
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THE STRUCTURE OF PROBE ENVIRONMENTS I N IMPLANTED TETRAHEDRALLY COORDINATED SEMICONDUCTORS 

S . U n t e r r i c k e r , B e r g a k a d e m i e F r e i b e r g , S e k t i o n P h y s i k 

T h e c l e a r i n t e r p r e t a t i o n o f t h e m i c r o s c o p i c s t r u c t u r e o f t h e e n v i r o n m e n t s o f i m p l a n t e d 

p r o b e s i n s e m i c o n d u c t o r s i s s t i l l a n o p e n q u e s t i o n . P r o b e m e t h o d s , w h e r e b y i m p l a n t e d 

a t o m s a c t a s p r o b e s f o r t h e i r own s u r r o u n d i n g s a r e v e r y s u i t a b l e t o s o l v e t h i s p r o b l e m . 

M ö s s b a u e r e f f e c t (ME) s o u r c e m e a s u r e m e n t s a n d t i m e d i f f e r e n t i a l p e r t u r b e d a n g u l a r c o r r e l a -

t i o n (TDPAC) i n v e s t i g a t i o n s i n s i l i c o n g i v e d i f f e r e n t p i c t u r e s r e g a r d i n g t o t h e nature o f 

d e f e c t c a s c a d e s . HQ 119 119 ME s t u d i e s i n I n ( S n ) i m p l a n t e d S i / 1 / w i t h Sn a s M ö s s b a u e r n u c l e u s show t h a t f o r 

t h e a s - i m p l a n t e d s a m p l e s t h e m a j o r i t y o f p r o b e s i s s u b s t i t u t e d i n n e a r l y u n d i s t u r b e d e n v i -

r o n m e n t s . B y a t h e r m a l t r e a t m e n t t h e r e s t o f p r o b e e n v i r o n m e n t s a n n e a l s c o m p l e t e l y . ill ill 
T D P A C - m e a s u r e m e n t s i n I n ( Cd ) i m p l a n t e d S i / 2 , 3 , 4 / g a v e b r o a d q u a d r u p o l e f r e q u e n c y 

d i s t r i b u t i o n s f o r n e a r l y a l l p r o b e s . T h e a n n e a l i n g b e h a v i o u r a s d e s c r i b e d i n r e f s . / 2 / a n d 

/ 3 / i s q u i t e d i f f e r e n t . T h i s p r o b l e m w a s s o l v e d b y t h e i n v e s t i g a t i o n s / 4 , 5 / w h i c h s h o w e d 

t h a t the character o f d o p i n g i n f l u e n c e s i n a d e c i s i v e m a n n e r t h e a n n e a l i n g o f p r o b e e n v i -

r o n m e n t s . I n t h e c a s e o f n - t y p e S i n e a r l y u n d i s t u r b e d c u b i c e n v i r o n m e n t s a p p e a r f o r a l l 

p r o b e s a f t e r s u i t a b l e t h e r m a l t r e a t m e n t s , w h e r e a s f o r p - t y p e S i s t r o n g p e r t u r b a t i o n s a l s o 

i n t h e t h e r m a l l y t r e a t e d s a m p l e s e x i s t , t h e r e a s o n o f w h i c h a r e d e f e c t s i n t h e e l e c t r o n i c 

s t r u c t u r e o f t h e p r o b e . T h e l a c k o f e l e c t r o n s i n t h e c o n d u c t i o n b a n d c a u s e s e l e c t r o n i c i l l 
a f t e r - e f f e c t s f o l l o w i n g t h e d e c a y o f I n b y K - c a p t u r e . 

I n a r e c e n t p a p e r L i n d n e r e t a l . / 6 / p u b l i s h e d c h a n n e l i n g m e a s u r e m e n t s w i t h e l e c t r o n s a n d 

p o s i t r o n s e m i t t e d f r o m i m p l a n t e d r a d i o a c t i v e I n a t o m s i n S i . T h e s e i n v e s t i g a t i o n s w e r e u t i -

l i z e d t o f i n d o u t t h e l a t t i c e l o c a t i o n o f I n i m p l a n t e d i n S i . T h e r e s u l t s a r e d i r e c t l y c o m -

p a r a b l e w i t h t h e ME a n d TDPAC i n v e s t i g a t i o n s m e n t i o n e d a b o v e . T h e y show t h a t a c o n s i d e r a b -

l e p a r t o f p r o b e s i s s u b s t i t u t e d i n s u r r o u n d i n g s w i t h o n l y weak l a t t i c e d i s o r d e r i n g . A 

t h e r m a l t r e a t m e n t a t 7 0 0 К increases t h e c h a n n e l i n g e f f e c t i n d i c a t i n g a d e f e c t a n n e a l i n g , 

TDРАС m e a s u r e m e n t s i n t h e s y s t e m 1 1 1 I n ( l l l C d ) S i a n d a l s o i n d i f f e r e n t A I : r l B V - a n d 

A ^ B ^ - c o m p o u n d s / 7 , 8 / e x h i b i t u n a m b i g u o u s l y t h a t i n t h e a s - i m p l a n t e d c a s e s p r a c t i c a l l y 

a l l o f t h e p r o b e s s i t i n d i s o r d e r e d r e g i o n s . E l e c t r o n i c d e f e c t s c a n be e x c l u d e d i f , a s i t HQ 
i s p o s s i b l e b y f a r i n t h e m o s t c a s e s , a c o m p l e t e a n n e a l i n g i s o b s e r v e d / 3 , 7 , 8 / . T h e Sn 

ME i s n o t v e r y s e n s i t i v e t o t h e q u a d r u p o l e i n t e r a c t i o n , t h e r e f o r e t h e l i n e b r o a d e n i n g i s 

n o t s i g n i f i c a n t t o make c l e a r p r e d i c t i o n s t o t h i s s i d e o f t h e p r o b l e m . 

I n all t e t r a h e d r a l l y c o o r d i n a t e d s e m i c o n d u c t o r s a t e t r a h e d r a l n e x t n e i g h b o u r c o o r d i n a t i o n 

i s p r e f e r e d i n s u c h a m a n n e r t h a t i n t h e r a d i a t i o n damaged s a m p l e s t h e b o n d a n g l e s a r e o n l y 

w e a k l y b e n t ( r a n d o m d i s t r i b u t i o n o f b o n d a n g l e d e v i a t i o n s » ^ 1 0 ° ) a n d t h e b o n d l e n g t h s d i f -

f e r no m o r e t h a n 1 % f r o m t h e i r i d e a l v a l u e s ( t h i s i s one o f t h e m o s t d i s c u s s e d m o d e l s f o r 

t h e structure o f a m o r p h o u s s e m i c o n d u c t o r s ) . W i t h t h i s m o d e l we g e t a b r o a d q u a d r u p o l e f r e -

q u e n c y d i s t r i b u t i o n w i t h a m o s t p r o b a b l e f r e q u e n c y CO = 0 f o r t h e c u b i c s u b s t a n c e s a n d a 

d i s t r i b u t i o n w i t h C 0 > 0 f o r n O n c u b i c s e m i c o n d u c t o r s a s o b s e r v e d i n t h e TDPAC i n v e s t i g a -

t i o n s of i m p l a n t e d s a m p l e s . M o s t o f t h e p r o b e s are s u b s t i t u t e d and t h e l a t t i c e c h a n n e l s 

a r e n o t d e s t r o y e d . N a t u r a l l y , t h i s h o l d s o n l y f o r l o w i o n f l u e n c e s a s r e a l i s e d i n t h e d i s -

c u s s e d c a s e s . S m a l l a t o m i c d i s p l a c e m e n t s r e d u c e o n l y t h e c h a n n e l i n g y i e l d . T h a t means 

TDPAC, ME a n d e l e c t r o n c h a n n e l i n g r e s u l t s a r e a l l i n a g r e e m e n t w i t h t h i s m o d e l . 
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THE E L E C T R O P H Y S I C A L P R O P E R T I E S OF ANODIC SILICON OXIDE FILMS USING A r + I M P L A N T E D STARTING 

MATERIAL • 

G . Mende 

Z e n t r a l i n s t i t u t für K e r n f o r s c h u n g R o s s e n d o r f , Bereich KF 

F . Fenske and H . Flietner 

Z e n t r a l i n s t i t u t für E l e k t r o n e n p h y s i k , Berlin / 

Local ion i m p l a n t a t i o n into n - t y p e Si is a ' p r e r e q u i s i t e for local anodic oxidation of Si 

w i t h o u t masks / 1 , 2 / . In some special cases of 

n e c e s s a r y to implant the starting m a t e r i a l wi 

ture o x i d a t i o n and a n n e a l i n g p r o c e s s e s . 

electronic device production it can be also 

th ions before passivation avoiding high tempera-

In the present work is investigated the influence of radiation damage on a n o d i c a l l y ' g r o w n 

MOS s t r u c t u r e s /3/' using A r + implanted n-type Si (5 Ohm c m ) . The anodic oxide films were an-

nealed at 400 °C in a nitrogen stream for 20 min followed by an annealing treatment after Al 

e v a p o r a t i o n and dot p h o t o l i t h o g r a p h y at 450 °C in a nitrogen stream for 30 m i n . 

In. F i g . 1 is shown the influence of A r + implantation dose of the starting m a t e r i a l on the 

e l e c t r o p h y s i c a l p r o p e r t i e s of the Si/anodic oxide i n t e r f a c e . .A part of the samples were an-

nealed before anodization at 450 °C in a nitrogen stream for 30 m i n . The surface state, density 

in midgap does not change practically after implantation up 1 2 + - 2 
to a dose of 10 Ar ions cm . After implantation of higher 41-

H,'*n-Si <100> — unonneoled *Wf ore onodizotion annealed J 
/4t.Mg 

Nst.Mg "eft.FB 

-°Neff.Fb -

-Ю01 It- ,n12 10 ' " dose tcm'̂1 
Fig. i 
The surface state density in 
midgap Ng-f^g and the fixed 
oxide charge density N e f f p ^ 
of anodic'ally grown MOS 
s t r u c t u r e s as a function of ' 
A r + i m p l a n t a t i o n dose of the 
starting m a t e r i a l with or 
w i t h o u t annealing as a para-
meter 

doses an increase of | surface state density can be observed. However, 
the f i x e d . o x i d e charge density is constant after implantation 
up to a dose of 1 0 ^ A r + ions c m " 2 After implantation of 

10 15 - 2 
Ar ions cm the fixed oxide charge density is increased. 

Annealing before anodization d i m i n i s h e s the increase of sur-

face s t a t e , d e n s i t y and fixed oxide charge d e n s i t y . 

The different influence of radiation damage on the' surface 

state density and fixed oxide charge density can be explained 

by "annealing" of defects during anodic oxidation of implant-

ed s i l i c o n . 

It can be concluded that the oxide quality will be s u f f i c i e n t 

for p a s s i v a t i o n of electronic d e v i c e s , if the starting mate-

rial is implanted with 30-keV A r + ions up to a dose of 

1 3 - 2 • 

10 cm (or of other ions under e q u i v a l e n t conditions caus-

ing -the same radiation d a m a g e ) and annealed before anodiza-

t i o n . This may be also of interest for low temperature pas-

sivation of p n - j u n c t i o n s generated by ion implantation before 

a n o d i z a t i o n . 

R e f e r e n c e s 

/1/ M e n d e , G . , Thin Solid Films 46 (1977) L9 

/2/ M e n d e , G . , Thin Solid Films 55 (1978) 427 

/3/ M e n d e , G . et a l . , Thin' Solid F i l m s - 1 0 2 (1983) 65 



- 86 -• - I 

¡ 
M A T H E M A T I C A L MODELLING OF THE CAPACITANCE C H A R A C T E R I S T I C S AND THE' THRESHOLD VOLTAGE OF A MOS 

STRUCTURE ON A THIN SILICON SUBSTRATE ' 

N. S i e b e r , G . Otto | 

Central Institute for Nuclear Research R o s s e n d o r f , D e p t . KF 

A s u c c e s s f u l l application of SOI films in the m i c r o e l e c t r o n i c requires a k n o w l e d g e of thp 

e l e c t r i c a l p r o p e r t i e s of the r e c r y s t a l l i z e d silicon (r-Si) as well as of the i n t e r f a c e 

r - S i / S i Û 2 . MOS s t r u c t u r e s fabricated in thin silicon layers on SÍO2 have e l e c t r i c a l p r o p e r t i e s 

which are typically influenced by the charge coupling between front and back silicon inter-

faces / 1 , 2 / . T h u s , a precise determination of electrical p r o p e r t i e s of these s t r u c t u r e s by CV 

m e a s u r e m e n t s such as free carrier c o n c e n t r a t i o n ] generation l i f e t i m e , t h r e s h o l d voltagè e t c . 

can be a f f e c t e d by the silicon thickness and the charge at the interface recrystal-lized 

s i l i c o n / u n d e r l y i n g i n s u l a t o r . 

In this work a general solution for the d e p e n d e n c e of the space charge c a p a c i t a n c e character-

istic and the threshold voltage of a thin - based MOS s t r u c t u r e on v a r i o u s p r o p e r t i e s of the 

back interface is given. 

The s e m i c o n d u c t o r c a p a c i t a n c e can be calculated using the approximate charge analysis / 3 / . 

The calculation of the low and high frequency c a p a c i t a n c e was performed for the case with 

a c c u m u l a t e d back surface ( u ^ ^ 0)-

The d e c r e a s i n g base thickness results in an increasing minimum normalized c a p a c i t a n c e C m ^ n for 

both the low frequency and the high frequency c h a r a c t e r i s t i c . For the same t h i c k n e s s the in-

crease of C m ^ n is inversely p r o p o r t i o n a l to thej s u b s t r a t e .doping. This is due to the fact that 

the reduced back side field is inversely p r o p o r t i o n a l to the substrate t h i c k n e s s and the dop-

ing c o n c e n t r a t i o n . The back side field affects also the width of the low frequency c a p a c i t a n c e 

c h a r a c t e r i s t i c at the voltage c o r r e s p o n d i n g to ¡the d e p l e t i o n and i n v e r s i o n r a n g e . Consequent-

ly, for the surface p o t e n t i a l u SI = 2 Up the threshold voltage V.^ 

tional o n e s . F u r t h e r m o r e , the determination of V 

p o t e n t i a l and of the thickness of the thin subs trate. 
th 

differs from the conven-

requires precise knowledge of the back side 
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•CONTROLLING THE WIDTH OF THE MELTING ZONE IN AN EQUIPMENT FOR LATERAL ZONE M E L T I N G 

K . W o l l s c h l ä g e r , 3. M a t t h ä i , К. Butter and M . Voelskow 

Z e n t r a l i n s t i t u t für K e r n f o r s c h u n g , R o s s e n d o r f , Bereich KF 

1 

In an e q u i p m e n t for l a t e r a l zone melting a stripe of a thin p o l y s i l i c o n layer can be molten 

and r e c r y s t a l l i z e d . Such layers are embedded between silicon dioxide on an usual silicon 

s u b s t r a t e . The melting front moves slowly over the whole surface / 1 / . The width of -the molten 

stripe d e p e n d s on the power which is irradiated at the sample by means of halogen lamps and 

on the c o n d i t i o n s of heat e m i s s i o n . For the automation of the lateral zone melting process 

one has to obtain an e l e c t r i c a l s i g n a l , which is p r o p o r t i o n a l to the width of the molten zone. 

This can be realized by a s u i t a b l e optical projection of the zone on a C C D - c a m e r a . Special 

p r e c a u t i o n s are nessesary against the strong heat radiation of the molten region and its 

v i c i n i t y . Of course it is c o n v e n i e n t , to have a picture with a constant scale at a stationary 

camera w o r k i n g at room t e m p e r a t u r e 
« 

We have d e v e l o p t an o p t i c a l d e v i c e . It is directly 

mounted at the moving e l l i p t i c a l mirror above the 

s a m p l e . The-.entrance slit and the walls are cool- " 

ed. The view angle is.30 degree over the horizon-

t a l l i n e . Two a c h r o m a t i c lenses project the picture 

of the molten zone on one end of lighting m a i n s . 

A CCD-camera with a p h o t o g r a p h i c o b j e c t i v e is 

situated at the other end of lighting m a i n s . The 

picture contrast is caused by a d i f f e r e n t scatter-

ing behavior of p o l y c r i s t a l l i n e and molten sili-

c o n . No directly r e f l e c t e d light reaches the 

c a m e r a . T h e r e f o r e the m o l t e n zone appears as a 

darker s t r i p e . By means of a computer the elec-

tronic output of the camera is used to c a l c u l a t e 

a v a l u e , which is p r o p o r t i o n a l to the width of 

the molten s t r i p e . F u r t h e r m o r e a special programm 

written in machine code c o n t r o l l s the power of 

halogen lamps using t r i a c s . 

Instead of a CCD-camera it is p o s s i b l e to apply 

two p h o t o d i o d e s . The r e s p o n s e of one of them is 

p r o p o r t i o n a l to the b r i g h t n e s s of the molten zone; 

the other one is p r o p o r t i o n a l to the b r i g h t n e s s 

of the vincinity of the molten r e g i o n . By a n a l o g i c division also a n o r m a l i z e d value is 

r e c e a v a b l e for c o n t r o l l i n g the p r o c e s s . C o n c l u d i n g results of our e x p e r i m e n t s s h o w , that the 

automation of the p r o c e s s is p o s s i b l e . , 

@ U 0 
13 ^ 11 

2 14 J ^ V / 

9 - © 

уу.^у 1 

F i g . 1 

O p t i c a l s u p p l e m e n t a r y device 

1,2,3 - cooled walls 
9,10 - water i n - , - o u t l e t r e s p e c t i v e l y 
11 - mirror for changing the o p t i c a l 

axis 
13,15 - s u p p o r t 
14 - first lens 

R e f e r e n c e s " 
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DATA FILES FOR PHOTON MASS ATTENUATION COEFFICIENTS I N THE ENERGY RANGE UP TO 1 5 0 K E V 

S . F r i t z s c h e , G . Z s c h o r n a c k 

T e c h n i c a l U n i v e r s i t y D r e s d e n , D e p a r t m e n t o f P h y s i c s , D i v i s i o n o f A p p l i e d N u c l e a r P h y s i c s , 

M o m m s e n s t r . 1 3 , D r e s d e n , 8 0 2 7 

F o r many p r a c t i c a l p u r p o s e s i t i s n e c e s s a r y t o know p h o t o n mass a t t e n u a t i o n c o e f f i c i e n t s 

i n t h e p h o t o n e n e r g y r a n g e o f t h e c h a r a c t e r i s t i c X - r a y s f r o m a l l e l e m e n t s o f - t h e p e r i o d i c 

t a b l e . F o r t h e u s e r e x t e n s i v e t a b l e s o f t h e mass a t t e n u a t i o n c o e f f i c i e n t s a t e n e r g i e s o f 

i n t e n s e c h a r a c t e r i s t i c X - r a y t r a n s i t i o n s a s w e l l a s p a r a m e t e r s e t s f o r c a l c u l a t i n g t h e 

d e s i r e d v a l u e s a r e o f s u b s t a n t i a l i n t e r e s t . 

To" a c c o m p l i s h t h i s ' d e m a n d s , we h a v e s o l v e d b o t h p r o b l e m s on t h e b a s i s " o f e x p e r i m e n t a l a n d 

t h e o r e t i c a l p h o t o n a t t e n u a t i o n c r o s s s e c t i o n s f r o m V e i g e l e / 1 / , who u s e d a t a b o u t 1 5 0 

r e f e r e n c e s t o f i t b y a l e a s t - s q u a r e s m e t h o d t h e p u b l i s h e d d a t a . By a l o g a r i t h m i c i n t e r p o -

l a t i o n f o r a l l e l e m e n t s up t o n e p t u n i u m we h a v e c a l c u l a t e d t h e mass a t t e n u a t i o n c o e f f i -

c i e n t s f o r t h e m o s t i n t e n s e X - r a y t r a n s i t i o n s o f a l l e l e m e n t s . T h i s r e s u l t s a r e a v a i l a b l e 

a s c o m p u t e r l i s t i n g s a n d a s f i l e s on m a g n e t i c t a p e . 

F o r a c o n v e n i e n t ' h a n d l i n g o f t h i s d a t a on s m a l l c o m p u t e r s we h a v e a p p r o x i m a t e d t h e 

a v a i l a b l e v a l u e s b e t w e e n t h e a b s o r p t i o n e d g e s o f t h e c o n s i d e r e d a t o m s i n t h e f o r m 

I n / U = * 0 + X.-L I n E + x 2 ( I n E ) 2 + x 3 ( I n E ) 3 

w h e r e b y y U d e s c r i b e s t h e mass a t t e n u a t i o n c o e f f i c i e n t , E t h e p h o t o n e n e r g y a n d x , x i ' x 2 ' x 3 

a r e f r e e p a r a m e t e r s f o r t h e a p p r o x i m a t i o n . The u n c e r t a i n t i e s i n t o t a l a t t e n u a t i o n c r o s s 

s e c t i o n s a f t e r V e i g e l e / 1 / a r e c o n s i d e r e d • b y t h e a c t u a l f i t a s weighting f a c t o r s . To g e t 

a c r i t e r i o n a b o u t t h e q u a l i t y o f r e s u l t s , we c a l c u l a t e a mean r e l a t i v e e r r o r q u o t i e n t 

M - » í i 
1 ~ ' 
M ¿—J 

RFQ 

w i t h 7 7 ^ , - c a l c u l a t e d a n d o r i g i n a l v a l u e s o f t h e mass a t t e n u a t i o n c o e f f i c i e n t a n d t h , ex . 
L/4. e r r o r o f t h e o r i g i n a l v a l u e o f t h e mass a t t e n u a t i o n c o e f f i c i e n t . F o r i n s t a n c e , 

we g i v e i n t h e t a b l e t h e a p p r o x i m a t i o n r e s u l t f o r k r y p t o n ( Z = 3 6 ) . To s a t i s f y a l w a y s t h e 

c o n d i t i o n RFQ < 0 , 1 , we h a v e s o m e t i m e s t h e i n t e r v a l l e b e t w e e n a b s o r p t i o n e d g e s s u b d i v i d e d 

( i n d i c a t e d b y " Z " ) . 

T a b l e 

N i v e a u s E n e r g i e / k e V ' X 
0 X 1 X 2 X 3 RFQ 

- L 3 1 , 0 0 0 - 1 , 6 7 5 8 , 1 2 o 8 - 2 , 7 9 3 9 - 0 , 0 6 3 8 0 , 0 7 5 0 0 , 0 0 1 6 

L 3 - L 2 1 , 6 7 5 - 1 , 7 2 7 8 , 9 0 1 9 0 , 5 4 5 9 - 3 , 9 7 6 0 1 , 1 0 0 5 0 , 0 0 3 8 

L 2 - L 1 1 , 7 2 7 - 1 , 9 2 1 9 , 8 9 6 9 - 2 , 1 6 5 4 - 0 , 8 8 1 9 0 , 4 8 1 6 0 , 0 0 0 4 

L 1 - z 1 , 9 2 1 - 4 , 0 0 0 10 , 2 3 0 0 - 2 , 8 2 3 4 0 , 1 0 5 4 - 0 . 0 2 7 2 0 , 0 0 2 4 

Z - z 4 , 0 0 0 - 8 , 0 0 0 1 1 , 3 3 8 6 - 4 , 7 2 8 4 1 , 1 7 0 4 - 0 , 2 2 0 0 0 , 0 2 7 2 
z - к 8 , 0 0 0 - 1 4 , 3 3 10 , 4 2 6 7 - 2 , 9 7 5 4 0 , 0 9 3 6 "-0 , 0 0 6 1 0 , 0 0 2 4 

к - z 1 4 , 3 3 - 3 0 , 0 0 1 1 , 7 3 8 1 - 2 , 5 8 3 0 0 , 0 5 7 7 - 0 , 0 1 7 9 0 , 0 0 4 2 

z - z 3 0 , 0 0 - 6 0 , 0 0 12 . 9 1 2 5 - 3 , 1 1 2 4 0 , 0 6 2 9 - 0 , 0 0 3 5 0 , 0 1 6 3 
z - End 6 0 , 0 0 - 1 5 0 , 0 1 4 , 6 8 9 6 - 2 , 7 9 6 4 - 0 , 3 9 8 9 0 , 0 6 4 6 0 , 0 4 0 0 

A l l p a r a m e t e r s o f t h e f i t a r e a l s o a v a i l a b l e i n f o r m o f c o m p u t e r l i s t i n g s a n d on m a g n e t i c 

t a p e . An e x t e n s i v e l i s t i n g o f a l l r e s u l t s w i l l be p u b l i s h e d l a t e r . 
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DETECTION RATIO CALCULATIONS OF A OOHANSSON TYPE CRYSTAL SPECTROMETER WITH MOSAIC 

CRYSTALS 
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•( 3%) 
J 

Í (А >®( A. A X. )d A 

Performing precise measurements of x-ray spectra with crystal diffraction spectrometers a 

detailed knowledge of lineshapss and detection efficiencies caused by geometrical abbera-

tions is n e c e s s a r y . Generally the possibility, that a photon of energy h y = h c / A can be 

registrated by a detector under a BRAGG angle is determined by the formula 

J 
A 

with £ ( A, ) as efficiency of the detector, e( A ) the emission probability of the photon 

source and r( \ , ) the reflectivity of analyzing c r y s t a l . The possibility g( 

describes the geometrical influence of detecting arrangement thus, that a photon which 

arrives the crystal under an angle will strike onto the window of the d e t e c t o r . 

In previous calculations this had been done using ideal crystals and neglecting 

attenuation inside the crystal / 1 - 3 / . Results showed, that there exist a strong dependence 

of line width and yield from the scattering angle, e . g . from energy of x-rays.and crystal' 

p a r a m e t e r s . In reality do not exist ideal crystals, h o w e v e r . Thus it is necessary to take 

into account real topographic structure of the used c r y s t a l s . Our calculations follow the 

program VERDI / 2 / . Real crystal topography was introduced using a number of mosaic blocks 

instead of ideal s u r f a c e . Each block is assumed to be ideally. Normal vectors of neigh-

boured blocks include finite angles . From the crystals manufactures date / 4 / the 

maximum range of this angle can be estimated to be no more than 3 * . Inside, that range the 

angle is assumed to be normally d i s t r i b u t e d . 

As a second fact absorption in the crystal depth had been taken into a c c o u n t . Calculations 

had been done presuming that the path of one photon do not leave the mosaic block on which 

it impinges o r i g i n a l l y . In this case no influence of depth distribution to line width and 

line centre shift is e x p e c t e d . The'diffraction plane where the photon is reflected is 

choosen assuming the possibility of reflection to follow absorption r u l e . The calculated 

ratio of source emitted to detected photons is shown in f i g . 1 as a function of maximum 

mosaic angle both for reflection at crystal surface and in the d e p t h . Results show the 

strong influence of mosaic s t r u c t u r e . A s expected consideration of crystal absorption . 

does not change curve shape, but only diminishes i n t e n s i t y . 
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Dependence of the ratio source yield I to detection yield I {| e t on mosaic angle £í 
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R e c e n t s y s t e m a t i c s t u d i e s / 1 - 6 / o f L - s u b s h e l l i o n i z a t i o n p r o b a b i l i t i e s f o r v e r y a s y m m e t r i c 

c o l l i s i o n s y s t e m s e s t a b l i s h e d s u r p r i s i n g a n d u n e x p e c t e d r e s u l t s . T h e s e new a s p e c t s made 

i t n e c c e s s a r y t o i n v e s t i g a t e more s y s t e m a t i c a l l y t h e i m p a c t p a r a m e t e r d e p e n d e n c e o f t h e 

L - s u b s h e l l i o n i z a t i o n p r o b a b i l i t i e s , e s p e c i a l l y f o r i n c r e a s i n g r a t i o s o f p r o j e c t i l e t o 

t a r g e t n u c l e a r c h a r g e . F o r 92 MeV A r i m p a c t t h e Nd , Y b , Au and U L - s u b s h e l l X - r a y e m i s s i o n 

p r o b a b i l i t i e s h a v e been m e a s u r e d o v e r an i m p a c t p a r a m e t e r ( b ) r a n g e f r o m f a r i n s i d e t o 

a b o u t two t i m e s t h e L - s h e l l r a d i u s . From t h e o b s e r v e d l i n e s h i f t s i t c o u l d be d e r i v e d t h a t 

m u l t i p l e o u t e r s h e l l i o n i z a t i o n i s i m p o r t a n t . H o w e v e r , t h i s p r o c e s s i s n o t v a r y i n g w i t h b 

i n t h e i n v e s t i g a t e d b - r a n g e , a n d i s t h u s n o t i n f l u e n c i n g t h e r e l a t i v e b - d e p e n d e n c e o f t h e 

m e a s u r e d s u b s h e l l p r o b a b i l i t i e s . 

From t h e e x p e r i m e n t a l s u b s h e l l p r o b a b i l i t i e s i t c o u l d be d e r i v e d t h a t t h e c o u p l i n g b e t w e e n 

L - s u b s t a t e s i s v e r y s t r o n g , t h e r e f o r e t h e t w o - s t a t e SCA / 7 , 8 / c a l c u l a t i o n s a r e i n c l e a r 

d i s a g r e e m e n t - w i t h t h e s e e x p e r i m e n t a l d a t a . A l s o t h e t o t a l ' L - s h e l l i o n i z a t i o n p r o b a b i l i t y 

i s n o t s a t i s f a c t o r y l y w e l l d e s c r i b e d b y SCA / 8 / , e v e n so f o r t o t a l p r o b a b i l i t i e s t h e 

i n f l u e n c e o f t h e c o u p l i n g b e t w e e n L - s u b s t a t e s i s . s t r o n g l y r e d u c e d . F o r t h e ' m e a s u r e m e n t s 

t h e 92 MeV A r beam f r o m t h e V I C K S I a c c e l e r a t o r a t t h e HMI was c o l l i m a t e d t o a beam s i z e 2 2 s m a l l e r t h a n 0 . 5 mm and i m p i n g e d on t h i n s o l i d t a r g e t s o f Nd, Y b , Au a n d U ( ¿ 80^,ug/cm ) 

e v a p o r a t e d on c a r b o n - b a c k i n g . The s c a t t e r e d p r o j e c t i l e s w e r e d e t e c t e d i n a p o s i t i o n s e n s i -
t i v e p a r a l l e l p l a t e a v a l a n c h e d e t e c t o r / 9 / w i t h 16 c o n c e n t r i c r i n g a n o d e s h a v i n g w i d t h д г 
p r o p o r t i o n a l t o t h e r i n g mean r a d i u s r . T h u s a s c a t t e r i n g a n g l e r e s o l u t i o n / d ' = - 5 % 
was o b t a i n e d . The d e t e c t o r was m o u n t e d a t two d i f f e r e n t d i s t a n c e s D away f r o m t h e t a r g e t 
r e g i o n t o c o v e r t h e w h o l e i m p a c t p a r a m e t e r r e g i o n o f i n t e r e s t . The i m p a c t p a r a m e t e r was 
d e r i v e d f r o m t h e m e a s u r e d s c a t t e r i n g a n g l e b y u s i n g a p u r e u n s c r e e n e d Cou lomb s c a t t e r i n g 
p o t e n t i a l . The L - X - r a y s w e r e d e t e c t e d w i t h two S i ( L i ) d e t e c t o r s , b o t h m o u n t e d a t 9 0 ° - w i t h 
r e s p e c t t o t h e beam a x i s . B o t h S i ( L i ) d e t e c t o r s w e r e c o v e r e d w i t h t h i n A l u m i n i u m a b s o r -
b e r s t o r e d u c e t h e c h a r a c t e r i s t i c t a r g e t M - a n d p r o j e c t i l e K - l l n e s . . 

The c o i n c i d e n c e b e t w e e n X - r a y s and s c a t t e r e d p r o j e c t i l e s was a c h i e v e d i n f a s t - s l o w c o i n c i -
d e n c e t e c h n i q u e . The d a t a w e r e s t o r e d i n 5 - p e r a m e t e r e v e n t l i s t , mode on t e p e . The number 
o f t r u e c o i n c i d e n c e s p e r X - r a y l i n e a n d i m p a c t p a r a m e t e r was d e r i v e d f r o m t h e . l i s t mode 
d a t a b y s e t t i n g w i n d o w s on t h e r e l e v a n t p a r a m e t e r s a n d s u b t r a c t i n g t h e random c o i n c i d e n c e s . 
The d e r i v e d L - s u b s h e l l i o n i z e t l o n p r o b a b i l i t i e s p ( b , L i ) show s e v e r e d e v i a t i o n s f r o m f i r s t 
o r d e r Pertubation t h e o r y (SCA + c o r r e c t i o n s ) , b e c a u s e , a s d e r i v e d f r o m t h e d a t a a n a l y s i s , 
L - s u b s t a t e c o u p l i n g during t h e c o l l i s i o n , w h i c h i s n e g l e g t e d i n t h i s a p p r o a c h , has a. 
s t r o n g i n f l u e n c e on t h e s u b s h e l l i o n i z a t i o n p r o c e s s . F o r i n s t a n c e we show a t F i g . 1 
p ( b , L t o t ) f o r A r on A u . The d a t a ( s o l i d p o i n t s ) a r e c o m p a r e d t o t h e SCA c a l c u l a t i o n / 8 / 
( a l s o s h o w i n g " t h e d i f f e r e n t s u b s h e l l c o n t r i b u t i o n s ) . The e x p e r i m e n t a l P ( b . L t o t ) w e r e o b -
t a i n e d b y d i v i d i n g t h e X - r a y e m i s s i o n p r o b a b i l i t i e s p ( b , L i ) b y t h e c o r r e s p o n d i n g uo^ end 

a d d i n g p ( b , L i ) / u > ^ o f a l l l i n e s . T h e r e f o r e t h e e x p e r i m e n t a l p ( b , L t o t ) s h o u l d n o t be 
a f f e c t e d b y u n c e r t a i n t i e s i n C o s t e r - K r o n i g t r a n s i t i o n s o r ILne w i d t h v a r i a t i o n s due t o 
m u l t i p l e o u t e r s h e l l i o n i z a t i o n . 

V e r y n i c e a b s o l u t e a g r e e m e n t i s o b t a i n e d b e t w e e n SCA and e x p e r i m e n t a l d a t a f o r b b e t w e e n 
1000 and 2000 f m , j u s t i n s i d e t h e mean L - s h e l l r a d i u s L . T o w a r d e l a r g e r b t h e u n i t e d a t o m 
wave f u n c t i o n h a s t o be r e p l a c e d b y t h e s e p a r a t e d t a r g e t wave f u n c t i o n e c c o u n t i n g f o r 
r e d u c e d p e r t u r b a t i o n , i . e . d e c r e a s e d b i n d i n g e n e r g y . T h u s t h e " s e p a r a t e d a t o m " SCA w o u l d 
y i e l d h i g h e r p ( b , l - t o t ^ i n b e t t e r a g r e e m e n t w i t h t h e d a t a . 



F i g . 1 : 

T o t a l L - s h e l l i o n i z a t i o n p r o b a b i l i t i e s i n c o m p a r i s o n w i t h t h e 

SCA p r e d i c t i o n ( s o l i d l i n e ) . The d o t t e d , d a s h e d and d a s h e d -

d o t t e d l i n e s r e p r e s e n t t h e c o r r e s p o n d i n g L - s u b s h e l l i o n i z a t i o n 

p r o b a b i l i t i e s . The d a t a a r e n o t c o r r e c t e d f o r d o u b l e c o l l i s i o n 

e f f e c t s i n t h e s o l i d t a r g e t . 

T h e r e f o r e we can c o n c l u d e t h a t f o r A r on Au t h e SCA p r e d i c t s 

f a i r l y w e l l f o r b - Y2/rL t h e p ( b , L t o t ) e v e n i n t h e c a s e of 

s u c h a v e r y s t r o n g p e r t u r b a t i o n . The e x p e r i m e n t a l d a t a show 

a l s o a s t r o n g i n c r e a s e t o w a r d s m a l l b , w h e r e a 9 t h e SCA p r e d i c t s 

a much w e a k e r i n c r e a s e . B e c a u s e we c a n e x c l u d e s y s t e m a t i c 

d e v i a t i o n s due t o m u l t i p l e o u t e r s h e l l i o n i z a t i o n i n t h e d a t a , 

we b e l i e v e t h e r e f o r e t h a t t h e SGA m o d e l c o n t a i n s , t o o c r u d e 

a p p r o x i m a t i o n s t o d e s c r i b e t h e L - s h e l l i o n i z a t i o n i n s u c h 

c o l l i s i o n s . I t w o u l d be i m p o r t a n t t o c o m p a r e t h e d a t a w i t h a 

m u l t i c h a n n e l c a l c u l a t i o n / 1 0 / , i n w h i c h c o h e r e n t l y a l l m u l t i -

s t a t e p r o c e s s e s a r e c o n s i d e r e d and t h e a d i a b a t i c r o t a t i o n w i t h 

t h e r o t a t i o n o f t h e i n t e r n u c l e a r a x i s R ( t ) i s c o r r e c t l y t a k e n i n t o a c c o u n t . I n t e r f e r e n c e 

e f f e c t s b e t w e e n t h e m u l t i s t a t e t r a n s i t i o n a m p l i t u d e s c o u l d a c c o u n t f o r i n c r e a s e d p ( b , L . _ ) - • t o t ' 
t o w a r d s s m a l l b . 
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I n r e l a t i v i s t i c e l e c t r o n r i n g s a t t h e ÓINR h e a v y i o n c o l l e c t i v e e l e c t r o n r i n g a c c e l e r a -

t o r a t o m s o r m o l e c u l e s a r e s u c z e s s i v e i o n i z e d b y e l e c t r o n i m p a c t i o n i z a t i o n . An e f f e c t i v e 

d i a g n o s t i c s o f t h e i o n i z a t i o n p r o c e s s i s p o s s i b l e by X - r a y s p e c t r o s c o p y . From t h e measu -

r e d X - r a y s p e c t r a one c a n g e t i n f o r m a t i o n s a b o u t s u c h r i n g p a r a m e t e r s as t h e i o n and 

e l e c t r o n n u m b e r s , t h e mean d e g r e e o f i o n i z a t i o n and t h e c h a r g e d i s p e r s i o n i n t h e e l e c -

t r o n - i o n r i n g . The a n a l y s i s o f i o n i z a t i o n d y n a m i c s i n t h e e l e c t r o n r i n g a l l o w s a l s o an 

e v a l u a t i o n o f i o n i z a t i o n c r o s s s e c t i o n s b y e l e c t r o n i m p a c t . F o r t h i s p u r p o s e we h a v e 

d e v e l o p e d a m e t h o d f o r s o l u t i o n o f t h e " r e v e r s e p r o b l e m " . The c a l c u l a t i o n s a r e b a s e d on 

u t i l i z a t i o n o f c h a r g e d i s t r i b u t i o n s p e c t r a a s a f u n c t i o n o f t h e i o n i o n i z i n g t i m e i n t h e 

e l e c t r o n r i n g . 

The i o n i z a t i o n p r o c e s s i n e l e c t r o n - i o n r i n g s c a n be d e s c r i b e d b y t h e f o l l o w i n g s e t o f 
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F i g . l 
C h a r g e d i s t r i b u t i o n d e v e l o p -
ment f o r n i t r o g e n i o n s i n t h e 
e l e c t r o n r i n g 

F i g . 2 
C a l c u l a t e d i o n c h a r g e 
d i s t r i b u t i o n a t t h e end 
o f t h e r i n g c o m p r e s s i o n 

w i t h N and N. - l i n e a r о i 
d e n s i t y o f n e u t r a l a t o m s 
and i o n s o f t h e c h a r g e i , 
r e s p e c t i v e l y ; v - mean 
v e l o c i t y o f n e u t r a l a t o m s 
p e r p e n d i c u l a r l y t o r i n g 
s u r f a c e ; n - d e n s i t y o f 
n e u t r a l a t o m s o u t s i d e o f 
t h e r i n g ; k - mean r e l a -
t i v e v e l o c i t y o f i o n s w i t h 
c h a r g e s i and k ; v e « f e -

j - i o n i z a t i o n с r o s s s e c t i o n f o r t h e p r o c e s s A n + + e " 

v e l o c i t y and d e n s i t y o f t h e 
A ( n + i ) + + ( i + 1 ) e - ; 

I n t h e e q u a t i o n s a b o v e o n l y s i m p l e c h a r g e 
e l e c t r o n s ; С n, n+ 
S - a r e a o f r i n g s u r f a c e ; V - r i n g v o l u m e 

t r a n s f e r i s t a k e n i n t o a c c o u n t . 

To s o l v e t h e i n d i c a t e d s e t o f d i f f e r e n t i a l e q u a t i o n s , a w e i g h t e d R u n g e - K u t t a - a l g o r i t h m 

i n c o n n e c t i o n w i t h o p t i m i z a t i o n t e c h n i q u e s i s a p p l i c a b l e . B e c a u s e i n t h i s c a s e i t i s 

d i f f i c u l t t o g e t c o n v e r g e n c e i n t h e s o l u t i o n , we used t h e m e t h o d o f l e a s t s q u a r e s . 

C o n s i d e r i n g v a l u e s f r o m a t d i f f e r e n t t i m e s m e a s u r e d X - r a y s p e c t r a , o n e g e t a o v e r - d e t e r 

m i n e d l i n e a r s e t o f e q u a t i o n s , w h e r e b y s o l u t i o n s a r e f o u n d b y l a s t s q u a r e s t e c h n i q u e s . 

F o r I n s t a n c e , i n F i g . l we g i v e an e x a m p l e f o r t h e n i t r o g e n i o n c h a r g e d i s p e r s i o n i n t h e 

e l e c t r o n r i n g , b a s i n g on c a l c u l a t e d i o n i z a t i o n c r o s s s e c t i o n s , and i n F i g . 2 t h e c a l c u -

l a t e d i o n c h a r g e s t a t e d i s t r i b u t i o n a t t h e end o f t h e r i n g c o m p r e s s i o n ; / 1 / . 

R e f e r e n c e s : 

/ 1 / F . S t e f a n ; R e s e a r c h R e p o r t , TU D r e s d e n , D e p a r t m e n t o f M a t h e m a t i c s . D r e s d e n , 1 9 8 7 
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ACCELERATORS 

OPERATION AND IMPROVEMENT OF THE CYCLOTRON Ü-120 

B. Anders, R. Brückner, H. BUttig, H. Guratzsch, P. Hartmann, G. КегЪег, H. Odrich, S. Preusohe, 
H. Tyrroff and J. Weißig . 
Zentralinstitut für Kernforschung Rossendorf, Bereich G 

As in previous years the cyclotron beam has been used mainly for basic nuclear research and isotope 
production. Table 1 shows the time distribution over the year 1987. In table 2 the accelerated particles 
are specified together with their percentages of the beam time. ¡ 

Table 2 ' ¡ Table 1 
Beam time distribution for 1987 

Cyclotron operational 5 269 h 

Turning on and off; 
Maintenance 385 h 
Scheduled revision 292 h 

Total beam timé: 4 592 h 
Nuclear physics 1 488 h 
Isotope production 1 544 h. 
Neutron therapy 196 h 
Cyclotron improvement' 978 h 
Others 386 h 

Accelerated ions and their 
percentages of beam time 

D + 57 % 

V 2 % 
4He 2 + 33 % 

6;7L.3+ 8 % 

* -] 1 14 11 For application in the positron emission tomography (PET) С is mostly produced by the N (p,oC) С 
reaction at proton energies of about 12 MeV. At present the cyclotron ff-120 accelerates protons in the 
H2+-mode to 6.7 MeV per nucleón. With regard to PET the cyclotron will be modified into a variable-
energy accelerator in order to accelerate protons, up to the required energy in addition to the hitherto 
available particles. The construction of a new acceleration chamber is under way. The magnetic field 
will be shaped by concentric trim coils and specially formed Rose shims. The parameters of the coils 
and the Rose shims have been calculated using the computer code "POISCR" /1/' as well as special codes 
for a personal computer. The simulated magnetic-field distributions are in good agreement with the 
experimental values /2/. л 

Fig. 1 shows the magnetic field distribution Bx(r) 
which is to be generated by the trim coils for the 
acceleration of protons at a central field of 1 T. 
The remaining misfit AB (г) after optimizing the 
currents of the trim coils is also displayed for 
three positions of the outer (most important) coil. 

ABIr) 

R= 37,8 cm. 

«Wem. / Л 

20 30 rfcmj 

Fig. 1 

Magnetic field distribution В (r) which is to be 
generated by the trim coils for particle acceleration 
at the central field of 1 T. The misfit Л В (r) to the 
ideal field distribution is calculated as a function 
of three positions of the outer "coil (R is the mean 
radius of the outer coil). 

R e f e r e n c e s 

/1/ Iselin, Chr.; CERN Computer Centre Program Library, POISCR, T 604 
/2/ Alenitskij, Yu. G. et al.; JINR 9-87-491, Dubna 1987 
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OPERATION OF THE .ELECTROSTATIC ACCELERATORS IN 1987 

W. Biirger and S. Turuc 

Zentralinstitut für Kernforschung Rossendorf,' Bereich G 

Tandem-A'c с ele rat or 

The accelerator has been used for experiments of nuclear physics, solid state physics, for thin layer 
activation, irradiation of polymer foils and for experiments in connection with the improving of 
accelerator components. 
Characterizing parameters of accelerator employment are given in table 1 and 2. 

hours species of ions rel. op. time/% 
Available time ' ' 5-954 
Accelerator under 
voltage 4.200 
Experiments with beam '3.801 
Development 548 
Maintenance and 
planned stand 896 

p 10,0 

d 24,1 
•d(pulsed) 9,1 
14 N 1-1,5 
1 5 N 17,4 
35 Ce 22,3 
Li,0,F , , 

Si,Cu,Br } 5' 6 

table 1. table 2 ' 

The accelerator had to be opened four times for maintenance. The life time of the charging belt 
(Greengate) is now more than 16.000 hours. But the outer view of the belt indicates that it will 
end its running time in the near future. 
The power supply control of the analyzing magnet has been equiped with a new microcomputer aided 
proton resonance magnetometer. This device has been developed at the UJF Rez/CSSR. In particular 
it allowes the on-line control of the analyzing magnetic field by the experiment computer. The 
device works well, only a certain sensitivity against the influence of high voltage breakdowns 
inside the accelerator still must.be eliminated. 

At present we try to increase the transmission for heavy ions in the injection region. A wanted 
doublefocusing of the injection magnet assembly is produced by adding of two electrostatic quadrupel 
singlets before and behind the magnet thus allowing a better fit of the ion beam to the accelerator 
acceptance. 

The equipment for foil irradiation for the production of nuclear track microfilters has been used to 
irradiate an area of 9.400 mz foil mainly by chlorine- and bromine-ions. The irradiation equipment 
has been completed. In order to increase the reproducibility of the hole density the monitoring of 
the beam current during the irradiation has to be improved. The investigations of art objects with 
an external beam have been continued. 

Van de Graaff Accelerator 

The 2 MV VdG accelerator has been used 3.275 hours mainly for nuclear analysis (protons,' deuterons, 
helium ions). 
We had to change our first Poly-c-belt after a running time of 4.300 hours. The belt showed local 
disruptions obviously caused by electrical stress and probably mechanically caused longitudinal tears. 
The rf ion source has r.un without maintenance, in particular the extraction system now has been 
stable operated for 6.700 hours. 
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AN IMPROVED EXTRACTION SYSTEM FOR A RF ION SOURCE 

M. Friedrich and S. Turuc 

Zentralinstitut für Kernforschung Rossendorf, Bereich G 

In 1984 a new focusing and extraction system /1, 2/ was installed at the rf ion source of the 2 MV ' 
Van de Graaff accelerator. The original and the improved extraction system are shown in fig. 1 and 2. 

The life time of an original ion source was about 300 hours in average and was limited by sputtering of 
the extraction channel. The present used, modified ion source was installed in October 1985 and has 
operated up to the end of 1987 about 6700 hours without any maintenancè. After this long period the source 
and beam parameters are still stable and, therefore, the final limit of operation time cannot be estimated. 
The mainly used beam parameters are 1-3 цА beam current (nonanalysed) for helium ions, 600 V extraction 
voltage and 1,0 - 1,7 MV terminal voltage. 

From the extremely long source operation time some new aspects on the life time limitation of a rf ion 
source are abtained. The most important effect is the .shielding-of the quartz tube by the extraction 
electrode over the length 1 shown in.fig. 2. This shielded length prevents electrical discharges between 
the electrode and the source plasma. From this follows that the geometry of the extraction system is 
already optimized and the ionoptical conditions for extraction must only be protected during source 
operation. A further important effect is the aligment of the highest plasma density on the axis of the 
extraction channel. This was obtained by a careful aligment of the rf coil and concentration of the source 
plasma by a permanent magnet. In the used low beam current mode the life time of the modified source is 
not limited by sputtering of the extraction channel but by erosion of .the upper part of the extraction 
electrode shown by length a in fig. 2. A visual supervision of the ion sources has shown that the ever 
observed black deposit on the inner source wall of the modified source after 6.700 hours is less than in 
a source with original extraction system after 100 hours. This shows that the black deposit is not caused 
by the residual gas but mainly by sputtered material of the extraction electrode. 

R e f e r e n c e s 

Fig. 1 Original extraction system Fig. 2 Extraction system with shielded region 1 

/1/ Dietrich J. and Friedrich M., Exp. Tech. Phys. J34 (1986)263 
/2/ Friedrich M. and Turuc S., Annual report 1984 ZfK-559 (1985)139 
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NUCLEAR ELECTRONICS AND METHODS 

INVESTIGATION OF LOW-PRESSURE GRID AVALANCHE COUNTERS 

W. Seidel and H.-G. Ortlepp 

Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 

The properties of low-pressure multiwire proportional chambers (MWPCs) have been investigated during the lâst 

few years with various gases, pressures, geometries and particles /1-4/. Breskin et al. have shown /1,2/ that 

MWPCs operated with pressures of abnut 2 Torr can be used for very fast timing. This is believed to be due to 

a double amplification process achieved at low gas pressures: (i) amplification in the "parallel plate ava-

lanche counter" (PPAC) region far from the wires, where the electrical field is approximately constant (the 

reduced electric .field strength E/p reaches values of several hundreds of V/cm.Torr); (ii) a second amplifi-

cation step in the vicinity of thin (10 ^um diameter) anode wires, where the reduced field strength is about 

two orders of magnitude higher. For'the further improvement of the double grid avalanche counter (DGAC) /5/ we 

have investigated the double step amplification process far this detector type. 

In order to test the detection efficiency and the time resolution in dependence of the diameter of the 

anode wires, we compared two small identical grid avalanche counters (GAC) with unequal électrodes (cathode 

foil and 20 or 50 ^um anode wires, 1 mm spaced). The wire planes (30 mm in diameter) are located at 3 mm 

distance of the cathode foil. The electronics employed has been described elsewhere /6/. The detectors were 

operated in a common chamber filled with n^pentane in the pressure range of 1-5 Torr. The counting efficiency 

and the time resolution of both wire detectors were measured relative to a transmission PPAC (25 mm diameter, 
252 ' 

2 mm gap width). Together with a Cf source the PPAC was placed on a movable support for comparing both 
252 

GAC's under the same conditions (gas pressure, bias, electronics) by shifting the Cf source and the PPAC 

from one GAC to the other. No significant differences in efficiency and time resolution were found for 20 ^um 

and 50 ^um anode wires. The amplitudes of the output signals of both counters are shown in fig. 1. They turned 

out to be identical even for the highest reduced field strength. That means, we don't- observe differences in 

the second amplification step âlthough the electric field strengthes at the wire surface' differ by a factor of 

2.3 /7/. We determined the mean free path X 

of the electrons in the avalanches from the 

experimental Townsend coefficient for n-pen-

tane according to Brosicke /8/. The values of 

A are in the same order of magnitude as the 

diameter of the inhomogeneous field region 

around the anode wires (- 0.3 mm). To our 

opinion this is the reason for the missing 

amplification differences between 20 ^um and 

50 ^um wires in contrast to 10 ^um wire diame-

ter used in the investigations of Breskin 

/1,2/. 

Ill Breskin, A. et al., IEEE Trans. Nucl. Sei. NS-27 (1980) 133 

/3/ Breskin, A. et-al.-, Nucl. Instr. and Mèth. 196 (1982) 11 

/4/ Breskin, A. et al., Nucl. Instr. and Meth. 217 (1983) 107 

/5/ Seidel, W. et al., annual report 1986, ZfK-621 (1987) 121; submitted to Nucl. Inst. Meth. 

/6/ Ortlepp, H.-G., W. Seidel, annual report 1984, ZfK-559 (1985) 149 

111 Charpak, G. et al., Nucl. Instr. and Meth. 80 (1970) 13 

/8/ Brösicke, H., Diplomarbeit, Physikalisches Institut der Universität Heidelberg 

Heidelberg (1976), unpublished 
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References 
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- 97 v-

REAL TIME DIGITAL PROCESSING.OF BRAGG IONIZATION CHAMBER SIGNALS 

A. Romaguera, W.D. Fromm and H.-G. Ortlepp 

Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 

The development of a digital readout system for Bragg ionization chambers (BIC) /1/ has been continued /2/. 

This system consist of a charge sensitive preamplifier optimized for Bragg curve spectroscopy and two further 

modules (fig. 1). The Bragg curve digitizer (BCD) containes a shaping amplifier, an 8 bit flash ADC and a 

clock frequency generator. The Bragg digital processor recieves the digitized values of the Bragg curve signal. 

A digital comparator determines the threshold for pulse recognition. Two arithmetic units with fixed algorith-

ms determine the integral (E) and the smoothed maximum (Z) of the signal as schematically shown in the lower 

part of fig. 1. Several questions concerning the analogue pulse shaping, the sampling frequency and the ADC 

resolution have been investigated by model calculations and with the help of a prototype of the system. At the 

CINR tandem accelerator test'measurements were performed with a small BIC. Elastically scattered Si and several 

recoil ions were registered. Two-dimensional spectra obtained with the present system, but also with an-ana-

logue processing-channel /3/ were stored in a 256 x 256 channel memory /4/ and analyzed generating different 

cuts. A comparison of both methods yielded the following results: 

i) The energy resolution is comparable for ions heavier then carbon. For alpha particles the analogue 

system yielded better resolution due to its better signal to noise ratio. 

ii) Under certain conditions the Z-resolution of the digital system is better (Z/Al •¡»55, fig. 2). 

iii) The digital system is faster by one order of magnitude, easier to operate and cheeper. 

Presently elaborated BCD and BDP CAMAC modules are under construction, dedicated to the PHDBOS spectrometer /5/, 

BCD 

Bic; charge 
PA ampl. 

spectr. __ flash 
ADC 

BDP 

thresh. 
comp. 

clock 

Kana l 

Fig. 1: Principle of the digital processing 

channel 

F i g . 2: Bragg peak SDectrum of different elements 
(energy threshold - 25 M e V ) 
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TEST EXPERIMENTS V.TTH A DETECTOR SYSTEM CONSISTING OP A DGAC AHD A LARŒ SOIXD ANGLE BIC 

A. Matthies,R. Kotte,H.-G. Ortlepp,®. Seidel 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KP 

Test measurements have been performed with a prototype of a detector system designed for the 4 II spectrometer 
PHOBOS /1/. The system consists of a position-sensitive double grid avalanche counter (DGAC) and a large so-
lid angle (30 msr) Bragg ionisation chamber (BIC). Details of the DGAC and the BIC as well as test results 
have been published elsewhere /2,3,4/. In the following, optimisation results of the chamber working conditions 
are presented. The influence of the field shape, the field strength and the gas pressure has been investigated. 
The case of the BIC is a truncated hexagonal pyramid. Charged particles emanating from a point source on the 
axis of this detector travel along radial paths.In a homogeneous electrical field, a' deviation of the ionisa-
tion path from the field lines results in a distortion of the ionisation current measured at the anode. In 

2 
order zo avoid this,a 1/г field is required in the detector volume. The latter geometry leads to an electron 
velocity varying along the drift path, and thus also to a distortion of the signal. Vie tested both field 
geometries. • The BIC was operated with P-10 (9(S6Ar-1OíCH ) gas, the DGAC - with n-pentane at a pressure of 4 Torr. During 

241 
4. 

Am-source four parameters are recorded: the position X and Y, the Bragg peak height 

2 

the measurements with 
Z and the energy E, 
In figure 1 the dependence of the Z-signal on the energy is shown for the 1/r field. Only particles with 
small entrance angles ($2°) are taken into account. In the dynamical region of the BIC deviations up to SS& 
from the linear dependence1 are observed. A correlation between the Bragg peak height and the electron drift 
velocity along the chamber axis (fig. 2) is visible. The position dependent deviation in the case of a homo-
geneous field reaches only 3f5. Moreover, a simple offline correction is possible, if the position of the par-
ticle is known (fig. 3). Therefore, further we used only a homogeneous field configuration. 
The.gas pressure (165 Torr) was adjusted such that the maximum range of the (¿-particles corresponds to the 
chamber length of 22 cm. Thé pressure dependence of the S-signal was. negligible. The energy resolution of the 
chanber was found to ЬеДЕ/Е ¿ 1.3%. An optimum Z-resolution (4Z/Z » 3$) was obtained at a reduced field 
strength (0.2 ... 0.3) V/cm Torr, corresponding to the maximum of the electron drift velocity in P-10 /5/. 
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APPLICATION OF BRAGG CURVE SPECTROSCOPY TO CHARGE IDENTIFICATION IN NUCLEAR FRAGMENTATION 

L.N. Andronenko, A.A. Kotov, V.l. Panichev and L.A. Vaishnene 

Leningrad Nuclear Physics Institute, Gatchina, U.S.S.R. 

W. N e u b e r t ч • 

Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 

We constructed a new large-area axial ionization chamber which has an entrance window of 

70 mm in diameter. After extensive tests with alpha-particles we have explored this ioniza-

tion chamber for Bragg curve spectroscopy of products from nuclear fragmentation. For this 

purpose, this axial ionization chamber was tested at the external proton beam of the 

Gatchina synchrocyclotron. The ionization chamber was mounted at a distance of 50 cm from a 

thin nickel target located in the centre of an evacuated reaction chamber. Fragments were 

detected at 144 deg. with respect to the beam axis. The ionization chamber was filled with 

purified n-pentane of 55 Torr and it was operated at a reduced field strenght 

E/p = 2.2 V/Torr.cm in the cathode-anode•volume. The anode signal was fed into a charge-

sensitive preamplifier and the output signal was branched out to two CAMAC spectroscopy 

amplifiers which allow shaping times from 0.5 ps to 4 ps (for the Bragg peak amplitude-BP) 

and from 1 ps to .8 ps (for the energy signal). Both signals were digitized in 2K CAMAC 

ADCs which accepted subsequent signals to" 8 ps delay. A double-grid avalanche counter was 

mounted near to the target and the appearance of a fragment delivered a trigger signal for 

the ADCs. The CAMAC data acquisition system was linked with the small computer SM-3. 

The 2D-plot given in fig.l shows well separated isotopic branches from Z=2 to Z=ll.This 

plot is corrected for an ascent of about 5% of all branches. The dynamic range of the energy 

axis is determined by the minimum energy necessary for the formation of a Bragg peak 

(E/A = 0.5 MeV/u) and the maximum particle energy which can be deposited in the active cham-

ber volume. Fragments which punch through cause a "back bending" (observed up to N). The 

lower part of fig.2 shows the projection onto the BP-axis. The relationship between f r a g - ' 

ment charge Zj and the BP amplitude is shown in 

the upper part. The resolution of adjacent nu-

clear charges amounts to be Z/aZ^38...40. The 

data analysis for a meassurement of Au + 1 GeV 

p is under way. 
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TEST OF READ-OUT METHODS WITH DELAY LINES 

W. Neubert and 3. Hutsch 

Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 

Winded electromagnetic delay-lines have commonly impedances of some hundred ohms. A special 

fast preamplifier with adjustable input impedance was developed to match both circuits / 1 / . 

A delay-line capacitively coupled to strip electrodes of a PPAC delivered output signals 

with rise times of about 25 ns and 100 ns duration by using this preamplifier. In special ca-

ses there may occur limitations of the counting capability. Therefore, we tested a commer-

Qial dip delay-line ( Belfuse 0446-0030-50 ) with 50 îî impedance which makes it compatible 

with fast standard electronics. The conductive strips of a PPAC electrode were directly 

coupled to the taps of this passive delay.-line chip via strip lines. Differences up to 45 mm 

of the strip-line lenghtes could not be avoided due to the ring-shaped e l e c t r o d e . The cor-

responding parasitic capacities are estimated to be in the range from 1.5 pF to 6 pF. In spi-

te of these differences we observed only minor deviations of the delay time between the taps. 

The response and linearity of one strip-electrode is shown in fig.l. The linearity obtained 

with the dip delay line is nearly the same as found with a helical one. H o w e v e r , the dip 

delay lina showed a lack of stability during continued operation in a low-pressure heptane 

athmosphere. The advantage of continous 50Й coupling can be also achieved with winded delay 

lines via pulse transformers 111. In order to test this m e t h o d , the evaporated conductive 

strips of the PPAC electrode were bonded to strip lines and from there short wires were sol-

dered directly to the windings. We terminate this helical delay line by using a matching 

pulse transformer which consists of a small ferrite toroid (VEB Keramische Werke H e E m s d o r f , 

Mf 183,' Mf 195) with 10 windings in the primary and 4 windings in the secondary. The square 

of the winding ratio is slightly overestimated to match the delay line to 50S2 a n d , there-

fore,gives a slight reflection of positive polarity (fig.2). We preferred this pulse shape 

in order to avoid false triggering. The corresponding current signal at the fast preampli-

fier output has a rise time of 8 ns and a duration of 20 ns. Fig.3 shows a part of a posi-

tion spectrum obtained with this read-out. 

R e f e r e n c e s 
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CsI(Ti) SCINTILLATION DETECTOR WITH PHOTODIODE READOUT 

R. Schwengner, Th. Scholz, G. Winter, J. Rüdiger and U. Lorenz 

Zentraïinstitut für Kernforschung Rossendorf, Bereich KF 

In recent years several detectors for charged particles of high energy have been designed that consist of 

a scintillator coupled to a photodiode /1,2/ .• CsI(Tl) has proved to be the most suitable scintillation 
material for photodiode readout since it has a relatively large photon yield and a light emission maximum at 

about 550 nm that is well matched to the spectral sensitivity of photodiodes /3/. 

We have designed a CsI(Tl) scintillation detector with photodiode readout and made some first experiments 

with low-energy OL particles. The cylindrical CsI(Tl) crystal had a diameter of 9.8 mm and a thickness 
of 8.3 mm. Within this thickness ot particles with energies up to about 180 MeV can be stopped. The 

crystal was manufactured by Carl Zeiss Jena. The photodiode, produced by the detector group (KFA) of the 

ZfK Rossendorf, had an area of 10 x 10 mm and a thickness ol 0.25 mm. It was glued on a circuit board which 

held also the cylindrical crystal housing. This housing was made from Teflon and served also as light 

reflector. The CsI(Tl) crystal was coupled to the photodiode with silicone grease. 'The signals from the 

photodiode were amplified by a charge-sensitive preamplifier for silicon detectors /4/ and a spectroscopic 

amplifier ZFK-SPV 5024/100. 

In the first experiment a ThC' source was placed directly onto the CsI(Tl) crystal. The'photodiode was 

operated with a voltage of 60 V, where it had a dark current of 10 nA and a capacity of about 70 pF. The 

main amplifier had a shaping constant of 1 ps. The spectrum recorded during this experiment is shown in. 

figure 1. In addition to the spectrum of the ThC1 source it contains a pulser peak. This peak has a resolu-

tion of 5 %. The composite OL-particle peaks with main components at 6.05 and 8.78 MeV have an energy reso-

lution of 11 % and 10 4, respectively. It can be seen in the spectrum that the noise reaches up to about 

4 MeV which is the low-energy threshold for the detection of a. particles with this detector setup. The 
large energy equivalent of the noise may be caused by the inefficient light collection for the low-energy 

« particles which produce the light within a thin layer of about 0.06 mm at that surface of the crystal 

that is opposite to the photodiode.' Contributions to the noise arise also from the internal noise of the 

photodiode and the preamplifier. 

Further experiments are necessary to investigate the characteristics of the detector at different energies 

of charged particles and to improve the detector setup. 
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ENERGY DEPENDENCE OF THE PROMPT REFERENCE IN ^ - R.F. COINCIDENCE EXPERIMENTS 

L.G. Kostova 
Institute for Nuclear Research and Nuclear Energy, Sofia, Bulgaria 

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

If the lifetime of an excited nuclear state is smaller than the time resolution of the 
experimental set-up used in ^ - r.f. coincidence experiments, the knowledge of a prompt 
reference appears.to be a necessary condition for the determination of lifetime values. 
Applying the generalized centroid-shift method /1,2/ mean lifetimes in the region of 0.1 -
5 ns are deduced from, centroid differences of time distributions of prompt and delayed -
transitions. Therefore, a prompt reference line (zero-time line or "walk curve11) has to be 
determined representing the centroid positions of prompt time distributions as function of 
the ^-ray energy. The shape of this prompt reference line depends on the properties of the 
timing set-up (Ge detector, preamplifier, fast amplifier, triggers etc.) and may be addi- • 
tionally affected by the particular time structure of the ^-rays in the spectrum under in-
vestigation. Thus, the zero-time line has to be determined for each experiment.seperately 
using available prompt transitions in the ^-ray spectrum observed. 

This work was intented to study the influence of the preamplifier, which is one of the 
most sensitive components of the timing set-up, on the energy dependence of the prompt re-
ference line. Besides a standard experimental set-up as described in /3/ two different 
preamplifiers have been tested; an ORTSC preamplfier model 120-3F (PREAMP 1) and a ZfK 
preamplifier of the type LTV 5022-30 (ref. /4/). 

1 55 Since the nucleus Tb is known /5/ to have rotational states, which are deexcited by 
prompt v-transitions, the test measurements have been performed by using the reaction 
153 ^ 1 5 5 3 Eu(oi,2n) Tb at the Rossendorf cyclotron. The ^-ra.ys have been recorded with a 7.7 cm 
planar Ge(Li) counter with an energy resolution of FVÍHM « 2.4 keV at E^= 380 keV. The time 
resolution turned out to be nearly equal in both oases: 2 X Q « 13 ns at E^ = 65 keV and 
2 t 0 » 7 . 5 ns at E^ = 479 keV. 
The results are displayed ln fig. 1. The slope of the zero-time line obtained with the 
ZfK preamplifier is approximately a faotor of three smaller than that for the ORTEC pre-
amplifier. This smaller energy dependence might be more favourable, because the zero-time 
line is only defined at a few 2~гаУ energies and must be estimated by interpolation for 
the energies of interest. It is, in particular, especially important for measure-
ments of spectra of delayed ^,-rays. 

9̂0 
ZERO-TIME LINES 
1 5 3 E u U , 2 n ) 1 5 5 T b 

R e f e r e n c e s 
/1/ Schilling K.D. et al; 

Nucl. Phys. A265 (1976) 58 

,3 

/2/ Andre jtscheff W. et al.; 
Nucl. Instr. Meth. 204 (1982) 
123 

о о 
a. 
z 

/3/ Gabriel H.; PhD Thesis, 
ZfK—228 (1978) 

Ш • PREAMP 1 
• PREAMP 2 

/4/ Ortlepp H.G.; Annual report 
ZfK—408 (1980) 155 

0.54ns/CHANNEL /5/ Winter G. et al.; Nucl. Phys. 
A176 (1971) 609 

100 200 300 400 500 
GAMMA-RAY ENERGY [keV] 

Fig. 1 
Energy dependence of oentroid positions of prompt ^-rays 
PREAMP 1: ORTEC Model 120-3F; PREAMP 2: ZfK I W 5022-30 



- "103 -
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Preamplifier for gaseous heavy ion detectors 

The parameters of this charge sensitive preamplifier were matched to the Bragg ionization chambers of the 

spectrometer PHOBOS /1/. The sensitivity amounts to 2mV/MeV and the linear output range to 5 GeV (for an 

ionization chamber with typical gas). The input is protected against damage caused by gas discharges. 

Three - channel CAMAC - controlled constant fraction trigger 

This 1M CAMAC module was developed for the position sensitive avalanche counters of the PHOBOS spectrometer /1/, 

but may be used for other detector types, too. The threshold of each channel is set by a CAMAC command. 

The walk adjustment is performed automatically. The presence of input pulses exceeding the threshold is 

indicated by a LED in each channel and may be checked by a CAMAC function, too. The dynamic range reaches from 

-3 mV to -3 V. The shaping delay must be realized with an external cable. 

Read- out electronics for 8-fold silicon particle detectors 

The read- out system described in /2/ has been modified for detectors with the opposite bias sign. A new 

charge sensitive preamplifier and new individual channels providing the detector number information have been 

developed and fit again in the same read- out scheme without limitations of the dynamic range. 

Linear gate 

Two linear gates are housed in one AO mm EGS module. The linear input range ,is 0 to +5 V. A positive TTL or . 

a negative fast NIM signal at the gate input is delayed up to 1.2¿is and openes the linear gate for 0.5...5^is. 

For the adjustment of the delay and the gate width a logical TTL output becomes active during the opening 

interval. 

Sum amplifier. 

The sum amplifier is housed in a 40 mm EGS module. From two linear input signals (0...+5 V) four different 

weighted sums are derived. The weight coefficients are adjustable from 0.0 to 1.0 by potentiometers. An internal 

voltage source of +1.0 V may be switched to either of the two inputs for the determination of the weight 

coefficients by measuring the output voltage. 

Single channel analyzer 

Two single channel analyzers are housed in one 40 mm EGS module. They can work either individually or gated by 

a common strobe input signal. The lower and upper thresholds are adjustable independently in the range from 0 to 

+5 V. In the gated mode the delay of the output signal relative to the leading edge of the strobe signal is kept 

constant (40 ns) to preserve the timing information. 

Universal pulse height selection system 

This system includes modules of the three last above mentioned types and a logical combination module (overlap 

coincidence principle). It has been developed to select and analyze different regions of two- dimensional дЕ-Ер 

distributions, esspecially for absolute fission cross- section measurements using the time- correlated associ-

ated particle method. The possibilities of an earlier particle identification system /3/ have been extended in 

this way to provide more sophisticated background correction procedures. 
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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 O F T H E K F M - G R O U P 

W.D.Fromm and F . S c h w a r z e n b e r g 

Zentr'alinstitut. für K e r n f o r s c h u n g , R o s s e n d o r f , Bereich KF 

The main activity was devoted to the d e v e l o p m e n t of the compact MCA / 1 / . Four functional units 

of the m i c r o p r o c e s s o r system MPS 4944 were transferred into p r o d u c t i o n : the ADC 4 9 4 4 - 1 3 5 , the 

DMA incrementer INC 4 9 4 4 - 1 3 6 , the V . 2 4 - I F S S - P I O interface VIP 4944-137 /2/ and the small TV . 

monitor MON 4 9 4 4 - 1 3 8 / 3 / . A party of five module sets was produced as laboratory s a m p l e s . 

Three add-on b o a r d s for the h o m e c o m p u t e r s KC85.1 and KC87 were developed and three small auxi-

liary P C - b o a r d s were d e s i g n e d . Their p a r a m e t e r s are summarized in the following short o v e r v i e w 

Serial Interface for KC85.1/KC87 ZfK 9907 

The add-on module ( 9 5 * 1 1 0 mm2) uses 1 CTC and 1 S10-circuit to provide 2 V.24 and 1 IFSS 

c h a n n e l . The interface c o n n e c t o r s conform to the robotron s t a n d a r d . The second V.24 channel 

uses the o p p o s i t e row of the 26-pole c o n n e c t o r . The module address is d e t e r m i n e d by a DIL-

swi t c h . 

48kB DRAM for K C 8 5 . 1 / K C 8 7 ZfK 9906 

The 64kB d y n a m i c a l RAM board ( 9 5 * 1 1 0 m m ' ) uses 8 U2164 c h i p s . The first 16kB of the address 

space of the h o m e c o m p u t e r are on the m o t h e r b o a r d . Therefore the second 16kB region ( 4 0 0 0 - 7 F F F ) 

is r e p r e s e n t e d as two- RAM-banks which are switched by an I / 0 - c o m m a n d . F u r t h e r m o r e the write-

only regime can be activated by c o m m a n d . 

Digital 1/0 for KC85.1/KC87 ZfK 9902 

Two P 1 0 - c i r c u i t s are placed onto this add-on module.(95 * 110 m m 2 ) . The a d d r e s s of the module 

is selectable with a D I L - s w i t c h . The card is highly c o n f i g u r a b l e by wire b r i d g e s . At the input 

lines up to 16 limiting diodes can be c o n n e c t e d . The outputs can be c o n n e c t e d directly or via 

driver c i r c u i t s (16 channels D L 0 3 8 ) to the c o n n e c t o r . 16 thick film r e s i s t o r s are foreseen for 

open collector l i n e s . By this way a wide variety of a p p l i c a t i o n s can be r e a l i s e d . 

M a g n e t i c tape " cassette adaptor . ZfK 9916 

This small board ( 7 5 * 3 0 m m 2 ) . i s added to the VIP 4944-137 module and p r o v i d e s an adaptation 

to audio tape cassette d r i v e s . One bit of the PI0 and one input of the CTC c i r c u i t are used to 

produce and recognise the usually employed two freguency c o d i n g . With the a c c o m p a n y i n g soft-

ware p r o g r a m s and data can be recorded and retrieved from magnetic instead of paper t a p e . 

Seven segment display block • ZfK 7500.01 

The color display 2D analyser /4/ is c o n t r o l l e d by means of a small keyboard PBT 4944-20 which 

uses as output a byte display built from 'a row of 8 L E D ' s . In order to improve the readability 

and in connection the functionality of the handsome unit a seven segment display board. ( 4 8 * 4 8 

m m 2 ) c o n t a i n i n g 1 VQE24 and 2 D345 as hex-drivers' was b u i l t . The display block is built into 

the keyboard box and allows an improved user i n t e r f a c e . Combinations of this display block are 

used as test display for single board c o m p u t e r s . 

S I F I O O O - C e n t r o n i c s adaptor ZfK 7500.02 

A number of h i g h - s p e e d g r a p h i c a l p r i n t e r s were supplied and could' r,eplace the old 1156 printer 

at MPS 4944 systems used in the laboratories." This could be achieved using a serial interface 

module and the corresponding driver s o f t w a r e . On the other hand a direct a d a p t a t i o n of the SIF 

1000 output to the Centronics port of the FX-1000 printer can be realised using two 1С. The 

advantage results from the fact that neither the hard- nor the software of the MPS must be 

c h a n g e d . The adaptor board fits into the butt of the n o r m a l l y ' u s e d SIF-1000 c o n n e c t o r . 

R e f e r e n c e s 

/1/ F r o m m , W . D . et al.; this report p . 105 
/2/ F r o m m , W . D . et al.; Annual report 1 9 8 6 , Z f K - 6 2 1 ( 1 9 8 7 ) 1 3 9 
/3/ A n g e r m a n n , H . et al.; Annual report 1 9 8 5 , Z f K - 5 8 4 ( 1 9 8 6 ) 1 0 4 
/4/ F r o m m , W . O . ; A n n u a l r e p o r t ' 1 9 8 5 , Z f K - 5 8 4 ( 1 9 8 6 ) 1 3 8 



- .105 -

C O M P A C T M U L T I - C H A N N E L A N A L Y S E R Z f K 5 1 9 3 ' 

W . D . Fromm, H. Angermann and H.G. Ortlepp 

Zentralinstitut für Kernforschung, Rossendor.f, Bereich KF 

For many applications of the MCA technique as preparation and check'of detector systems for 

experiments, control measurements in the nuclear laboratory practice, analysis of the con-

tents of samples e.g: a portable and easy to handle-MCA is needed. The earlier on the base of 

the microcomputer system MPS 4944 produced VKA 4995 /1/ is to b u l k y , heavy and expensive to 

fulfill this type of requirements. The development of an compact MCA announced 1980 by Robo-

tron was c e a s e d . The refore' possibi 1 ities were searched for to overcome the drawbacks of the 

VKA 4995 maintaining the MPS 4944 as technological basis of the development. The following 

measures allowed to compact the MCA into one EGS crate (Fig.1): 

- the power supply is located behind the backplane of the MPS using switching .regulators, 

- the released space at the right hand side of the crate is occupied by the built-in small 

TV-monitor MON 4944-138, 

- the new spectroscopic ADC 4944-135 was incorporated into the system eliminating, the need 

of an additional EGS crate for the analog-to-digital converter, 

- the spectra are constructed by means of a dedicated DMA incrementer INC 4944-136 /2/ re-

placing the dual-width and power consuming DMA-unit 4 9 4 4 - 2 4 , 

- the today heavily used interfaces V . 2 4 , IFSS and Centronics are supported by the inter-

face unit VIP 4944-137 allowing the usage of graphic peripherals (printer, plotter) and 

the connection to a personal c o m p u t e r , 

-'the spectra representation (512 channels * 256 intensities, linear autoscaling, logarith-

mic) is controlled by software using the intelligent graphics display driver GDD 4944-216 

eliminating the need for a complex hardware-driven spectra display. 

In this manner by maintaining and extending the necessary functionality of the MCA a more 

cost-effective solution could be a c h i e v e d . 

The ADC 4944-135 is of the Wilkinson-type (50 MHz) and has 3 conversion ranges of 256, 1024 

and 4096 channels. The conversion ranges, coincidence mode and waiting time are controlled 

by. the m i c r o c o m p u t e r . The converted address conforming to SI1.-2 is presented at a front 

panel connector joined by a flat bus cable with the DMA unit INC 4944-136 which can handle 

addresses of up to 14 bit. Totally 16384 channels with 16 bit capacity are p r o v i d e d . If the 

capacity of 65535 counts is insufficient extensions to 20 or 24 bit capacity are foreseen 

by the software taking care of the overflow interrupt of the D M A - u n i t . The memory region 

dedicated to the construction of spectra is divided into pieces' corresponding to the c o n v e r - ' 

sion range set for the ADC. Commands referencing to the spectra (start, clear, input, output) 

hâve therefore to be extended by the length'(2 ,1,4) and number (0..N) of the spectrum. As 

mass storage unit a magnetic tape cassette drive /3/ can,be connected. Spectra are written as 

binary files compatible to the EC 1055. The software for the MCA /4/ is modular structured 

and easily expandable. As a first application of the MCA time-differential measurements of 

uranium rods w«re performed /5/. 15 units of the MCA 5193 will be produced in 1988 by the 

device construction d e p a r t m e n t . 
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D Y N A M I C S T U D I E S A T T H E R O S S E N D O R F G A M M А -С A M E R A 

W . D . Fromm .and R . Bergmann 
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The g a m m a - c a m e r a has been equipped with a m i c r o p r o c e s s o r controlled data acquisition system/1/, 

Recently a major upgrade of the e q u i p m e n t was p e r f o r m e d . T h e p a p e r tape periphery was replaced 

by a dual m a g n e t i c tape cassette drive /2/ p r o v i d i n g a reliable and c o m p a c t storage medium for 

binary output of the recorded i m a g é s . The recording format conforms to an i n t e r n a t i o n a l stan-

dard allowing the data transfer to the EC1055 computer for a more detailed a n a l y s i s . 

The q u a n t i t a t i v e evaluation of regions of interest (ROI) in a number of images was implemented 

using a joystick for the definition ó'f up to 8 different R O I ' s . A light mark is positioned 

with the joystick, into the two d i a m e t r i c a l opposed corners of a r e c t a n g l e . The number of the 

so d e t e r m i n e d ROI is indicated at |the k e y b o a r d . The outline of the ROI corrected for the pixel 

size ( 4 * 4 ) is then shown overlaying the i m a g e . With a keystroke the c o n t e n t s of all R O I ' s s e t 

can be c a l c u l a t e d and printed together with a time s t a m p . The background is estimated using 

the counts in pixels lying at the border of the rectangle and is c o r r e c t e d for the different 

numbers of pixels' within the ROI'.'a 

The study of the t i m e - d e p e n d e n t di 

an important p r o b l e m . Usually mini 

events together with time tags in 

and at the s u r r o u n d i n g . 

Lstribution.of r a d i o p h a r m a c e u t i c a l s in the living organism is 

¡.computers equipped with diskdrives are employed to store the 

list m o d e . The inclusion of the 512 kB RAM-Floppy /3/ into 

the system a l l o w s the storage of 64 images (8 kB e a c h ) . The transfer time for a picture amounts 

to 72 m s , the time for clearing the memory before starting the m e a s u r e m e n t of the next time-

d i f f e r e n t i a l image is essentially the same (2.5 MHz Z 8 0 ) . Therefore a m i n i m a l time slice of 1 

sec seems to be reasonable. Before starting the d i f f e r e n t i a l m e a s u r e m e n t the time step and the 

number of r e c o r d s have, to be s p e c i f i e d . The m e a s u r e m e n t can also be c o m p o s e d from two rows of 

e x p o s i t i o n s with different time bases (fast/slow p h e n o m e n a ) . Single images can be called back 

into image m e m o r y . In addition a s e l e c t a b l e - 3 2 * 32 pixel area of four images can be shown 

s i m u l t a n e o u s l y . A hardcopy of the images onto a graphics printer was also i m p l e m e n t e d . The in-

tensity of every pixel is r e p r e s e n t e d by the- linear filling of an 8 * 8 f i e l d . Fig.1 shows 

t h e c e n t r a l region of a rat after injection of a lipophilic Tc c o m p l e x . 3 0 p i c t u r e s were 

taker» at 10 sec intervals^ followed by 20 p i c t u r e s at 1 min i n t e r v a l s . 

The recorded data can be stored on m a g n e t i c tape c a s s e t t e and a f t e r w a r d s read back to the 

RAM-floppy for p r e s e n t a t i o n and evaluation p u r p o s e s . The storage capacity of the RAM-floppy 

and one tape cassette are nearly the ' 

same ('512 and 500 kB respectively ) . 
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A STATIONARY POSITRON CAMERA WITH HIGH-DENSITY AVALANCHE CHAMBERS 

W. Enghardt, W.D. Fromm, P. Manfraß and M. Sobiella 
Zentralinstitut für Kernforschung, Rossendorf, Bereich Kr 

In the course of constructing a positron emission tomograph that primarily will be applied to in-vivo tests 

of radiopharmaceuticals a stationary prototype camera for limited angle tomography was built up following the 

design of Jeavons et al. /1/. The device became operational in spring 1987. It consists of two detectors in a 

variable distance. Each detector is a 20 * 20 cm3 multi-wire proportional counter (MWPC) with delay line readout 

of the coordinates. The MWPC lies between two multi-hole converters that absorb the annihilation radiation and 

convert it to Compton or photoelectrons. The important MWPC parameters are: anode wire diameter 20pm, spacing 

2 mm; cathode wire diameter 70 pm, spacing 1mm; cathode-anode distance 3mm. The multi-hole converters have a 

sandwich structure: 16 foils of 0.2mm thick lead-tin-antimony alloy insulated by 0.2mm thick layers of glass 

fibre reinforced epoxy resin are glued together. The holes of 1.4mm diameter were drilled'on a 1.4mm pitch. 

The converters are operated in the avalanche mode /2/ using a gas mixture of Ne + 6 % Hexan + 2 % i-propanol 

at normal pressure. The studies lead to these detector parameters are described elsewhere /3/. 

Both detectors have an efficiency for 511 keV'^-radiation of about 14. The intrinsic spatial resolution 

amounts to 2.5 mm. The camera sensitivity for a point source in air is 325 cps/MBq at a detector distance of 

36 cm. For a homogeneous activity distribution over a field-of-view (F0V) of 8 * 8 * 14 cm3 it decreases to 

10 cps/MBq. In the latter case a signal-to-noise ratio of 2 has been measured for 20 MBq in the F0V at a camera 

time resolution of 40 ns. The spatial resolution of the system has been deduced from a measurement with three 

line sources of P%]-NaF solution with an integral activity of 10 MBq. The sources were placed in the midplane 

of the camera, the detector, distance was 35 cm. In Fig. 1 the profile through the reconstructed image is dis-

played. From this a FWHM of 2.9mm has been evaluated for the line spread function after reconstruction. 

In order to study the capability of the camera for quantitation, images of two cylinders (diameters 22 and 

20 mm, heights 53 and 32 mm) containing £^Fj-NaF solution in activity concentrations of 1.8MBq/ml and 

0.9MBq/ml, respectively were taken. The sources were placed centrally between the two detectors mounted in a 

distance of 44 cm. Fig. 2 shows a section through a reconstructed, plane containing one half of both cylinders. 

Obviously the 'concentration ratio of 2 : 1 is rather well reproduced within the statistical errors. 

References 

/1/ Jeavons A. et al.; Nucl. Instr. Meth. 176 (1980) 89 

111 Jeavons A. et al.; IEEE Trans. Nucl. Sei. NS-30 (1983) 640 

/3/ Manfraß P. et, al.; Annual report 1986, ZfK-621 (1987) 128; Nucl! Instr. Meth. (in press) 

T T 
2 CYLINDERS U Z =2cm) 

[ 1 8 F ] - NaF 200 
20000 

3 HOLES Ф 1.5mm 

О 10 20 30 40 50 60 
CHANNEL 

0 10 20 30 40 SO 60 
CHRNNEL 

Fig. 1 Section through a plane of the reconstructed 
image of three line sources (voxel dimensions 
1 * 1 * 13 mm 3) 

Fig. 2 Sèction through two uniform cylinders con-
taining activity in aconcentration ratio 
of 2 : 1 (voxel size 3 * 3 * 2 0 m m 3 ) ' 



- 108 -

THE PROCESSING OF THE STATIONARY POSITRON CAMERA DATA 

W. Enghardt, W.D. Fromm and P. Manfraß 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 

The processing scheme for the data delivered by the stationary positron camera /1/ is outlined in Fig. 1. 

If a coincidence of two ^-rays (д and detected by the chambers D^ and respectively is registered, 'the 

coordinates of the points where the ^-rays hit the detectors (Xp y^, x^, y^) are converted to 7-bit words 

and transferred to a microcomputer via direct memory access. The data are written in list mode to magnetic tape 

cassettes. Since the transfer rate to this storage device is limited to about 300 events per second, a data 

preselection is highly desirable. Therefore, events that fall outside the acceptance cone of the camera are 

rejected before recording. The constraint is deduced from the shift-invariance condition for the point response 

function, which has to be fulfilled, in order to make the limited angle techniques /2/ of tomographic recon-

struction applicable. Depending on the activity distribution and the limits set up to 70% of the measured 

events may be skipped. In order to provide a means for finding the correct object position, the data acquisi-

tion program simultaneously generates the midplane by backprojection and displays it. By inserting a 512 kByte 

RAM-floppy /3/ as circular buffer into the system the effective acquisition rate is increased, since 128k 

valid events can be stored until the data-intake has to be reduced due to the limited transfer rate to the 

tape cassettes. ' ' 

The further processing of the list mode data is performed off-line at the EC 1055 (mainframe) computer. 

Three-dimensional matrices with up to 16 slices (64 * 64 pixels) of adjustable thickness parallel to the cham-

bers can be handled applying the event-by-event backprojection method and Fourier deconvolution for reconstruc-

tion. In order to reduce artifacts in the reconstructed tomograms, spatial nonuniformities of the detector 

efficiency are corrected for in the backprojection process by introducing weights. These are deduced from the 

experimentally determined blurring patterns in the detector planes caused by a centrally placed point-like 

source. The application of this method considerably improves the image quality, especially for objects with 

low activity gradients, e. g. in brain imaging. 

The results of the reconstruction can be rewritten to magnetic tape cassettes for transferring tb the 

FD 4971 colour display, where up to 16 tomographic planes can be simultaneously shown. For further processing, 

e. g. interactive image manipulation or application of medical software, the reconstructed data may be trans-

ferred via magnetic tapes to the EPR 1100/KANDI DS computers of the Clinic for Nuclear Medicine of the 

Medical Academy Dresden. 

References 

/1/ Enghardt W. et al.; this report p. 107 

/2/ Tarn K.C.; Report LBL-10039 (1979) 

/3/ Ihlenfeld a. and Riedel W.; Radio, Fernsehen, Elektronik 36 (19B7) 268 
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Fig. 1: Ion beam a n a l y e i s o f Hoetaphan R6: (e) RBS spectra; (b) He induced ERD spectra 



- 109 v-

IN-VIVO IMAGING WITH THE STATIONARY POSITRON CAMERA 

W. Enghardt, P. Manfraß, Di Wohlfarth 
Zentralinstitut für Kernforschung, Rossendorf, Bereich KF 

R. Bergmann, G.J. Beyer, J. Steinbach 
Zentralinstitut für Kernforschung, Rossendorf, Bereich RI 

R. Bauer . 
Friedrich-Schiller-Univers.itä't, Jena 

K. Günther 
Karl-Marx-Universita't, Leipzig-

With the stationary positron camera /1/ first animal studies have.been carried out. Skeletons of rats, mice 

and piglets have been imaged using ["^F^-NaF, furthermore brain metabolism studies for piglets with ' [ 1®Fj-2-

fluoro-2-deoxy-D-glucose (FDG) have been started. The. positron emitter is produced at the Rossendorf cyclotron 

via the reaction 2 0 N e ( d , o c ) 1 8 F /2/. 

In Fig. 1 skeleton images for a wistar rat are presented. About one hour after injection of 42.5MBq { ^ f J -

NaF the rat was sacrificed, in order to allow static imaging. In the first study sagittal images (Fig. la) were 

taken. The activity in the field-of-view (FOV) at the beginning of the study was about 15 MBq. We registered 

"220 000 events in 90 min. Then the rat was rotated by 90° for transverse imaging. The image of Fig. lb has been 

reconstructed from 200 000 events recorded in 120min. After smoothing the backprojected images by means of 

Gauss' method and removing the blurring by Fourier deconvolution rather small details of the rat's skeleton 

can be clearly identified. 1 

Fig. 2,shows sections through the head of a new-born piglet who was sacrificed one hour after administration 

of 190 MBq of [^F^-FDG. Only about 4 % of the activity was found in the brain, i. e. at the beginning of the 

data acquisition about 5 MBq of activity were deposited in the FOV. Therefore, to reduce the background by scat-

tered and accidental events, the parts of the body outside the FOV have to be carefully shielded or removed. 

The frontal (Fig. 2a) and sagittal (Fig. 2b) sections have been reconstructed from 450 000 and 400 000 events 

recorded in 90 and 250min., respectively. The brain can , 

be easily located in the upper parts of the tomograms. 

References 

/1/ Enghardt W. et al.; this report p . 107 
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AM INVESTIGATION OF THE URANIUM DISTRIBUTION IN REACTOR FUEL ELEMENTS 

G. Winter, W.D. fromm, W. Schulze, Th. Scholz, И. Freitag and H. Schwengner 
Zentralinstitut fur Kernforschung, Rossendorf, Bereioh KF 

In continuing the investigation of reactor fuel elements /1/ a measurement of the uranium distribution 
along the,axis of the element has been carried out. For this purpose the element was moved continuously 
with a oonstant velocity over a Ge(LÍ) detector and the ^ _ г а У intensities were recorded during succes-
sive time periods corresponding to successive sections of the element. The detector was shielded with 
a lead cap of 1,5 cm thickness having an entrance slit of 1.1 cm width. In order to average over 
possible azlmuthal irregularities of thedistribution the element was in addition turned continuously 
around its axis ( 2 cycles s - 1 ). The measurements were performed by means of a microcomputer con-
trolled compact multichannel analyser /2/ that was programmed to allow automatio data acquisition and 
handling. After starting the measurement the ^-ray spectrum was built up in the memory via an incre-
menting DMA module. Interrupt signals derived cyclically from a timer were used to initiate- the trans-
fer of the data within two selected intervals of the spectrum to a buffer and to calculate the diffe-
rences between these data and those of the preceding transfer which are kept in an other buffer. The 
spectra of differences are then cyclically written on magnetic cassette tape. After executing the 
programmed number of time periods the timer and the DMA module were stopped and an EOF mark was written 
on the tape. Finally, the total speotrum that characterizes the total fuel element was written on tape.. 
The first of the selected intervals of the spectrum contained the energies between 140 and 210 keV 235 belonging to U and the second interval contained the 1001 keV line that was indicative for,, the 238 —T amount of U in the element. Using an average velocity of the longitudinal motion of 0.0672 mm s~ 
and time periods of 120 s width each the ^-ray intensities were measured for every section of 0.807 cm 
length. Totally a series of 90 data points corresponding to a total length of 72.6 cm/'was gathered. 
The maximum deviation of the velocity from the average value was 0.5 % in a series ot 412 measurements. 
Two elements have been measured twice for cheoking the geometrioal precision of the mechanical equip-
ment. The two distributions obtained agreed within 1 % ( see table 1). Due to the large acceptance 
angle of the collimator not only the section in front of the collimator slit but also neighbouring 
sections of the element contributed to the measured intensities. Therefore, the sequence of experi-
mental data points was defolded with an experimentally determined response function of the collimator. 

For an easy use of the results in further calculations we characterize the distribution along the axis -
by a mathematical model V(L) containing 5 free parameters: The beginning of the uranium layer relative 
to the geometrioal beginning of the element. (BL), the width of the step to the plateau of the distri-
bution (WB), the length of the plateau (PL), the^width of the step at the end of the uranium' layer 
(WE) and the relative uranium oontent in the plateau (MR). The distribution V(L) is described as a 
product of two step functions V(L) « 3( (BL - L)/WB ) • S( (L - BL - PL)/WE ) • MR, where the step 

2 3 
function S(X) reads S(X) » l/( exp( 2.257 X + 1.16 X + 0 . 2 0 2 X J ) + 1 ). The values of these parame-
ters characterizing the distribution after defolding are compiled in table 1. The errors are given in 
parentheses in units of the last decimal. In the oases considered the function V(L) describes the 
distribution at each point with an accuracy of better than 3 

Table 1. Values' of the parameters (in units of 0.807 cm) 
characterizing the uranium distribution in 
reactor fuel elements ( see text ). 

Hr BL WB PL WE HR 
38 9.06(2) 0.99(7) 70.51(3) 1.62(6) 32830(90) 
39 8.83(2) 1.32(4) 70.48(3) 1.64(4) 32720(60) 
43 9.14(2) 1.44(4) 7Í.39(3) 1.78(4) 32410(60) 
43 9.18(2) 1.53(3) 71.32(3) 1.80(4) 32430(60) 
44: 8.93(2) 1.15(4) 71.14(3) 1.77(4) 32160(60) 
45 8.71(2) 1.44(4) 71.09(3) 1.66(4) 32620(60) 
49 8.56(2) 1.13(4) 71.32(3) 1.77(4) 32310(60) 
50 в.79(2) 1.61(4) 70.91(3) 1.62(4) 32690(60) 
50 8.82(2) 1.58(4) 70.86(3) 1.60(5) 32550(60) 
51 9.25(2) 0.86(5) 70.43(3) 1.36(5) 32540(60) 
55 9.01(2) 1.15(5) 71.24(4) 1.62(5) 32100(70) 

References: , 
/1/ Winter, G. et al.j Annual report 1984, ZfK-559 (1985) 89 
/2/ Fromm, W. D.¡ this report p. 105 
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NEUTHON LEAKAGE FROM AN URANIUM SPHERE FED WITH 14 MEV NEUTRONS 

T. Elfruth, T. Hehl, M. Töpfer, D. Seeliger, К. Seidel, and S. Unholzer 
Technische Universität Dresden, Sektion Physik, WB Kernphysik 
G. Streubel , , 
WB Strah.lensch.ut zphysik 
D. Albert, W. Hansen, 0. Reiche, and W. Vogel 
Zentralinstitut für Kernforschung Rossendorf, Bereich Reaktorphysik 
D.V. Markovskij and G.E. Shatalov 
Institut Atomnoi Energii "I.V. Kurchatova", Moskva 

In projects of fusion-hybrid-reactors uranium is used for neutron multiplication and 
energy enhancement. It is placed directly behind the wall of the D-T-plasma torus. At an 
incidence energy of 14 MeV the neutron number is enlarged in (n,2n), (n,3n) and fission 
processes. By measuring the neutron leakage from an Uranium assembly fed with 14 MeV 
neutrons and comparing it with neutron transport calculations the data of all neutron 
interaction and multiplication processes and the transport code are tested. 
Such a benchmark was carried out with an one-dimensional assembly, a spherical shell of 
6 cm thickness consisting of depleted (to 0.4 % 2-^U) metallic uranium. The geometrical 
arrangement is shown in Fig. 1. As neutron source positioned in the sphere centre, the 
pulsed neutron generator of the Technical University was used. Neutron leakage spectra 
were measured at detector position D with time-of-flight technique (TOF) and with proton, 
recoil spectrometry (PRS). Eight activation and fission rates were determined at the shell 
surface. The experimental data could be normalized to one source neutron by means of the 
a-particle monitor of the generator. Calculations were carried out with the Monte Carlo 
codes BLANK and MORSE and with the SQ-code ANISN using data from the libraries ENDF/B-IV 
and ENDL-75. A more detailed description of the experimental and calculation methods are 
to find in Ref. /1/. 
Some, results are shown in Fig. 2. Remarkable deviations of the calculated leakage spectra 
from the measured distributions are observed in the high-energy range, 6 MeV«£ E ̂  12 MeV, 
and for E ¿ 0.4 MeV. In both cases the calculations predict less neutrons. Probably, 
neutrons emitted from 2^8U in the preequilibrium stage and in direct reactions are not 
adequately represented in the library data. The neutron leakage in E = 0.1 - 14 MeV per 
one source neutron found in the measurement is 2.34 (Neutrons with E 0.1 MeV contribute 
to the total leakage with 5 % only). This value is close to the BLANK-ENDL-75 calculation, 
but different from the calculation with ENDF/B-IV data by 9 % (MORSE) and 1? % (ANISN), 
respectively. 

Fig. 1t Geometrical relations of the benchmark. 
Figi 2s Neutron leakage spectra per unit of 
lethargy and source neutron measured with 
TOF (ooo) and PRS (xxx) and calculated with 
BLANK-ENDL-75 ( ), ANISN-ENDF/B-IV (...) 
and MORSE-ENDF/B-IV ( ). 

Reference 
/1/ Elfruth, T. et al.{ Atomkernenergie Ü2 (1987) 121 

E [MeV] 
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OPTIMAL NEUTRON SHIELDING BY AN IRON-WATER ASSEMBLY 

E, Rodriguez and К. Seidel 
Techaische Universität Dresden, Sektion Physik, WB Kernphysik 
K. Noack 
Zentralinstitut für Kernforschung, Rossendorf, Bereich Reaktorphysik 

Structural materials of a fusion reactor must sufficiently be shielded from neutron 
radiation. The superconducting coils of the magnets belong to the most sensitive elements. 
Radiation damage (displacement of atoms, gas production) and activation are mainly caused 
by fast neutrons. The fluence of neutrons penetrating the shield with energies Ei» 0.1 MeV, 
normalized to one incident neutron is usually used as measure for the quality of a shield. 
Neutrons bombarding the inboard shield of a D-T tokamak fusion reactor have 14 MeV 
energy. A promising arrangement consists of Fe for high-energy neutron moderating by non-
elastic interactions followed by HgO for further neutron moderation by elastic scattering 
and for absorption. There is limited place between plasma chamber and magnet so that the 
Fe to H 20 composition must be optimized at fixed total thickness of the shield. 
With this aim, the slab assembly shown in Fig. 1 as insertion has been investigated. The 
total thickness is d « 60 cm, the slabs have sizes of 100 cm x 100 cm. With a point 
source of 14 MeV neutrons at Q, the neutron fluence at detector position D was calculated 
with the three-dimensional Monte Carlo code MORSE and group data from the library DLC-37 
for several Fe-thicknesses (d™ ). Fig. 1 shows some results. 
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Fig. 1s 
Fluence of neutrons arriving at detector 
position D = 426cm with E è 0.1 MeV per one 
14 MeV source neutron starting at Q = -5 cm as 
function of the Fe-slab thickness at fixed 
total thickness. A schematic representation 
of the geometrical arrangement is inserted. 
The X - axis goes'through the centres of the 
slabs. 

The fluence minimum obtained from these calculated points by a polynomial fit is at 
dFe = ( 3 8' 3° ± cm. 
In addition, energy and time-of-arrival spectra as well as time-energy correlations were 
calculated. More details are to find in Ref. /1/. 

Reference 
/1/ Rodriguez, E., Diplomarbeit, TU Dresden, 1987 
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TEST OP A TRITIUM ADSORPTION SYSTEM FOR A HIGH FLUX NEUTRON GENERATOR 

U. Gohs 
Technische Universität Dresden, Sektion Physik, WB Kernphysik 

/ 

A detritiation system /1/ has been elaborated for the high flux neutron generator INGE-1. 
One component of this system is the tritium adsorption system (TAS-1) for cleaning the 
generator exhaust gas. TAS-1 was constructed on the base of experiments to the catalytic 
oxidation of hydrogen isotopes in inert gas atmosphere and in an atmosphere involving 
oxygen /2/. 
TAS-1 is based on the catalytic oxidation and adsorption method. The oxidation of 
hydrogen isotopes takes place in a reaction tube filled with palladium catalyst (Leuna-
Kontakt-7748) and copper oxide catalyst (Leuna-Kontakt-4493). The hydrogen isotopes 
captured by this system will be adsorbed on the adsorbent ( Wolfen-Zeosorb-5A) as oxide. 

The tritium adsorption system was tested at the neutron generator INGE-1 (table 1). In 
using precious metal catalyst the decontamination factor at ambient temperature increase 
to a value greater than .10 . In order to meet the requirements concerning the allowed 
maximum tritium concentration in the generator exhaust gas on different conditions TAS-1 
was also tested in inert gas atmosphere. 

Table 1 
Experimental conditions on the neutron generator INGE-1 

Hydrogen isotopes in exhaust gas 
Hydrogen isotopes concentration 
Oxygen concentration 
Generator exhaust stream 

H2, D2 
1.0 - 2.6 vol 
8 - 11 vol 
0.08 - 0.18 l.h' -1 

From these results the conclusion can be drawn that the tritium adsorption system 
guarantees on neutron generator conditions a decontamination factor greater than 10^ for 
600 h if the reaction tube is heated up to 170°C. 

2,4 2,5 2,6 2, !,7 2,8 

Fig. 1 - ' 
Decontamination factor in inert gas 
atmosphere 

REFERENCES 
/1/ Gohs, U., ZfK-621 (1986) 142 
/2/ Bittner, M., ZfK-621 (1986) 143 



- 114 -

MYLAR FOIL AS AN EXIT WINDOW FOR AN EXTERNAL BEAM 
0. Lehmann 
Karl-Marx-UnivereitSt Leipzig, Sektion Physik, WB Angewandte Kernphysik 

The essential element of an external beam device ie en appropriate window for the exit of 
the ion beam from the accelerator vacuum. In this study we investigated the possibility 
to take Mylar foil, several years ago available under the trade name of Hoetephan (Kelle 
AG), which wae not developed especially for such a purpose. 
We checked two foil thicknesses, 3.8 ̂ um (R3.8) end about 6 yua (R6). For these tests a 
vacuum chamber was essembled froe commercially available components. The foil was.glued 
vacuum tight on a special frame with EGK 19 epoxy resin. Then the whole device was moun-
ted on the beam pipe. With this aet-up we were able to adjust the gas pressure on either 
side of the foil window separately. The following results were obtained: 
- the two foils were vacuum tight against atmospheric pressure. A final vacuum near 1 mPa 
was reached, which is comparable to the case without the test cell. -

- The foil windows withstood slow and fast one-sided pressure changée. 
For penetration experiments we only took R3.8 foils and protons with energies between 15S0 
and 1700 keV. In the windows used the projectiles lost about 100 keV energy. Ion currents 
of 0.5 to 5 nA and a pressure difference of 10 kPa between the front ant rear sides of 
the window did not rupture the foil or change ite vacuum tightness for some hours (about 
one day), but the foil was stretched across the diaphragm hole and changed its colour to 
dark brown inside the. beam spot. The change of experimental conditions to atmospheric 
pressure on one side of the window and an increase of the ion current to about 20 nA 
ruptured the foil already a few minutes later; 
For both foils backscattering experiments with 1600 keV protons in vacuum showed a con-
tinuous decrease of their thickness to 60 % after irradietion with a charge of 50 ̂ uC 
(spot area about 0.5 mm^) and aleo an pxygen loss near the surface in the same order (cf. 
fig. 1 a). Elastic recoil detection with He projectiles showed e similar behaviour in the 
case of hydrogen (fig. 1 b), which ie known from the literature, too /1/. 
To sum up, Hostaphan foils ere eppropriate for' external beam facilities which work with 
a gas pressure near 10 kPa and with projectile beams in the order of i nA. ' 

R e f e r e n c e s 
/1/ L. Calcagno and G. Foti, Appl. Phya. Lett. 47 (1985) 363 

Fig. 1: Ion beam analyeisof Hoetaphan R6: (e) RBS spectra; (b) He induced ERD spectra 
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C O M P U T A T I O N A L M E T H O D S AND C O D E S 

OS/8 FORTRAN IV ROUTINES FOR USE WITH CAMAC 
U. Katesscenka 
Staatliches Amt für Atomsicherheit und Strahlenschutz, Berlin 
G. Pausch 
Technische Universität Dresden, Sektion Physik, V/B Angewandte Kernphysik 

For the purpose of general capability of communicating with CAMAC-interfaced devices, user-controlled syn-
chronizing program execution.due to events associated with such CAMAC facilities, and Boolean bit manipulating 
of CAMAC data in the high-level programming language FORTRAN IV under the OS/8 operating system in a TPA-i 
computer environment /1,2/ equipped with a CAM 1.02 CAMAC crate controller, this report presents an implemented 
set of software subroutines recommended in /ЗЛ,5,6/ for use with the CAMAC modular instrumentation and inter-
face system of EUR 4100 /7/: 

- Initiate CAMAC crate by CALL CINI (c) 
- Perform CAMAC control by CALL CONT (n,a,f) or xq = CONT (n,a,f) 
- Execute CAMAC read or write 24 bits in length by CALL CDAT (n,a,f,d) or xq = CDAT (n,a,f,d) 
- Decode scalar variables assigned to the COMMON block named CMC reflecting the crate controller register 

state and the status of the preceding CAMAC action by CALL CSTA 
- Link CAMAC-graded LAMs to statement labels in the main program suitable for switching to user-defined 
processes in response to the recognition of a LAM interrupt by К = 0; CALL LINK (gi1#i, 
...,g'ln#l,K); GOTO (1аМ,1аЪ2,... ,labn), К 

- Return from user's LAM service by CALL LAMR 
- Loose CAMAC-graded LAMs from the link to user processes by CALL LOOS 
- Rotate 24-bit data left or right by d = ISHI (d1,K) 
- Evaluate logical AND - 24-bit parallel - bj d = IAND (d1,d2) 

All presented parameters express data values in the FORTRAN IV language and may be of INTEGER or REAL type ' 
internally taken as truncated integers: 
c,n,a - components of a CAMAC address: crate number, station number, subaddress 

f - function code for a CAMAC action 
d - CAMAC data stored in a storage entity capable of containing 24 bits. CAMAC bit 1 occupies the low-

order bit position and bit 24 occupies the twenty-fourth position to the left (sign bit) 
xq - status information concerning the initiated CAMAC cycle: The lowest-order bit contains the complement 

of the Q response; the next bit to the left contains the complement of X 
gbi#l - assigned graded LAM number 1 in the n-th position of the parameter list covering the n-th statement 

label in the label list of the GOTO statement 
labn - executable statement label in the main program calling the LINK routine 

The present software approach is accomplished by coding in statement syntax of the 0S/8 SLANG4 assembler, part 
of the OS/8 FORTRAN IV system. The implemented routines make use of the error traceback feature extensively 
offered by the run-time system. In order to receive information on the effect of the requested CAMAC action 
.at once, any subroutines mentioned above can also be used as INTEGER or REAL function returning the value 
of X and Q response as the.function value. To a result of the LINK procedure the OS/8 FORTRAN Run Time System, 
FRTS, will be strongly overlaid in some parts, effecting its ability to handle CAMAC interrupts for real-time 
applications. By means of K=0 the computed GOTO statement will be caused to work as CONTINUE statement by-
passing the bounds of strict standard FORTRAN according to which no type can be assigned to the label to identify 
a service routine which is intended to be executed out of sequence with respect to the calling program. It is 
the responsibility of the user to reset the LAM request and also to locate the LAM source at multiple source 
LOOK-AT-ME logic. . ' 

References: /1/ OS/8 handbook, Digital Equipment Corp. Maynard, Mass., 1974 
/2/ TPA-i computer manual, KFKI Budapest, 1975 
/3/ From W.D, Tietze В.; ZfK - 385 (1979) 260 
/4/ Fromm W.D; ZfK -385 (1979) 258 ' 
/5/ Fromm W.D; ZfK -408 (1980) 184 
/6/ Fromm W.D; ZfK -443 (1981) 220 

. /7/ CAMAC - A modular instrumentation system for data handling 
EUR 4100e, ECSC-EEC-EAEC, Brussels-Luxembourg, 1980 
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P E R S O N A L C O M P U T E R P R O G R A M P A C K A G E FOR I O N - O P T I C A L P R O B L E M S 

J . T e i c h e r t and D . J a n s s e n 

Z e n t r a l i n s t i t u t für K e r n f o r s c h u n g , R o s s e n d o r f , B e r e i c h KF 

M . A . T i u n o v 

I n s t i t u t e of N u c l e a r R e s e a r c h , N o v o s i b i r s k , USSR 

In 1987 a c t i v i t i e s w e r e s t a r t e d to developr> a p r o g r a m p a c k a g e for the s o l u t i o n of i o n - o p t i c a l 

p r o b l e m s at p e r s o n a l c o m p u t e r s ( P C ) . T h e r e b y , m u c h c a r e has been t a k e n m a k i n g the p r o g r a m s 

e a s i l y to use by m e a n s of i n t e r a c t i v e w o r k i n g and m a n y c o m p t e r g r a p h i c s . A l t h o u g h the p r o g r a m 

p a c k a g e is u s e d m a i n l y to d e s i g n a n d > o p t i m i z e the o p t i c a l c o l u m n of an ion m i c r o h e a m system-

it may be a p p l i e d in m a n y o t h e r f i e l d s l i k e p a r t i c l e t r a n s p o r t in e l e c t r o s t a t i c a c c e l e r a t o r s , 

e l e c t r o n - o p t i c a l d e v i c e s , i o n - s o u r c e d e v e l o p m e n t or p a r t i c l e d e t e c t o r d e s i g n . At p r e s e n t the 

p a c k a g e c o n t a i n s two p r o g r a m s : thp c o d e s S A M - P and T R A N S - P . 

The p r o g r a m S A M - P s o l v e s the e l e c t r o s t a t i c or m a g n e t o s t a t i c b o u n d a r y p r o b l e m for s y s t e m w i t h 

c y l i n d r i c a l s y m m e t r y u s i n g t h e c h a r g e - d e n s i t y m e t h o d / 1 / . It is the i m p r o v e d PC v e r s i o n öf 

the N o v o s i b i r s k ' s SAM c o d e /2/ and a l l o w s the c a l c u l a t i o n of f i e l d or p o t e n t i a l d i s t r i b u t i o n s 

and of p a r t i c l e t r a j e c t o r i e s (ray t r a c i n g ) . The F i g u r e 1 s h o w s the e q u i p o t e n t i a l s in an e l e c -

t r o s t a t i c a s y m m e t r i c e i n z e l l e n s c a l c u l a t e d -with S A M - P . F u r t h e r m o r e the c o d e c o m p u t e s the 

c a r d i n a l e l e m e n t s ar)d a b e r r a t i o n c o e f f i c i e n t s up to t h i r d o r d e r for e l e c t r o s t a t i c and m a g n e t i c 

lense's . 

F i g : 1 

E q u i p o t e n t i a l map of an a s y m m e t r i c t h r e e e l e c t r o d e 
e i n z e l l e n s . 

T h e t h i r d - o r d e r p a r t i c l e t r a n s p o r t 

p r o g r a m T R A N S - P is t h e m o d i f i e d . a n d 

e x t e n d e d v e r s i o n of t h e T R A N S - 8 6 

c o d e /3/ w h i c h b a s e d on t h e m a t r i x 

m e t h o d . It a l l o w s to s y n t h e s i z e 

irfteractively p a r t i c l e - o p t i c a l sys-

t e m s .consisting of r o u n d lense's, 

e l e c t r o s t a t i c and m a g n e t i c d e f l e c -

tion s y s t e m s , q u a d r u p o l e s , W i e n -

f i l t e r s , or m a g n e t i c s e c t o r f i e l d s . 

The c o d e c a l c u l a t e s o p t i c a l p r o p e r -

t i e s like d i s t o r t i o n or r e s o l u t i o n , 

e m i t t a n c e p l o t s or i n t e n s i t y distri-

b u t i o n s . in a s p e c i a l p a r t of 

T R A N S - P the e f f e c t s d i s a l i g n e d opti-

c a l e l e m e n t s may be i n v e s t i g a t e d . 
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BASIC PROGRAM TO MODELLING OF RBS SPECTRA ON THE MICROCOMPUTER OF THE EDR 184 

F. Plier and H.-E. Zschau 
Karl Marx Universität Leipzig, Sektion Physik, WB Angewandte Kernphysik 

A BASIC program was developed for the multichannel analyser EDR 184 (ZWG Ber-
lin) to the effective preparation and planning of RBS measurements with He+ions 
on thick or thin, amorphous targets. It allows the simulating of backscattering 
spectra on targets consisted of maximal 8 elements for different experimental 
conditions. The depth dependence of concentrations of these elements can vary 
in 5 steps. Figure 1 shows schematically the basis idea used in program1 [ 1 ]. 
A minimal microlayer thickness of at = 10 nm and a table of stopping power pro-
duced for the composition of target are applied to the calculations of the en-
ergies nEi and пЕэ. 

The program realizes the following tasks : 

a) the table of stopping power is produced for the composition of the target 
with help of [ 2 ] 

b) calculation of the files nEi and пЕэ 
c) element- and microlayerwise computation of the scattering yields and sort-

ing and summing of these in a "multichannel analyser" with 400 channels 
d) consideration of the detector resolution with help of a Gauß-filter ( the 

energy straggling is not taken into account ) 
e) representation of the backscattering spectrum or of a spectrum component 

for a targetelement on a tv-screen 

Figure 2 shows a backscattering spectrum modelled with the introduced Programm 
for a five layer AlxGai-xAs/GaAs structur [ 3 ]. 
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r e a c t i o n s k) ' 

R u d o l p h , W . , D. G r a m b o l e , C . H e i s e r , F . H e r r m a n n , С. Neelmeijer . 
Hydrogen detection by means of the l H C ^ N , ^ ^ ) 1 2 ¿ resonance reaction ' 

R u d o l p h , W . , K. B r a n k o f f , D . G r a m b o l e , R . G r ö t z s c h e l , С. H e i s e r , F . H ë r r m a n n , С. Neelmeijer 
Plastic foils as primary hydrogen, standards for nuclear reaction analysis ^^ 

R u d o l p h , W . , R . Grötzschel-, С. H e i s e r , С. Neelmeijer . . . 
Analysis of buried layers in s e m i c o n d u c t i n g m a t e r i a l by RBS and nuclear r e a c t i o n s 

R u d o l p h , W . , D. G r a m b o l e , R . G r ö t z s c h e l , С. H e i s e r , F. H e r r m a n n , P. K n o t h e , С. Neel m e i j e r 
H y d r o g e n , oxygen and carbon losses during b o m b a r d m e n t of PMMA l a y e r s ; 12. I n t . C o n f . 
Atomic C o l l i s i o n s in S o l i d s , J a p a n , O k a y a m a , Oktober 19.87 

S a u p e , G . • -, 
D e s c r i p t i o n of the evolution of the mass asymmetry in heavy-ion reactions ^ 

S c h i n d l e r , A , , R. F e c h n e r , R . F l a g m e y e r , D . P a n k n i n , F . Bigl . 
Analysis of Ar. ion beam etching induced surface damage of GaAs by means of Cu adsorption/ 
a u t o r a d i o g r a p h y and RBS/channeling c> 

S c h m i d t , B. 
Sensoren - T e c h n o l o g i s c h e V o r a u s s e t z u n g e n und Entwicklungen im ZfK; M i k r o m e c h a n i k ; 3. Beratung 
der A r b e i t s g r u p p e Technologie der AdW der D D R , B e r l i n , 5.5.1987 

S c h m i d t , В., U . K r e i ß i g , H. M ü n z e r , E. Rost 
A Noval etch stop system based on high dose nitrogen implantation for thin c r y s t a l l i n e silicon 
layer formation 

S c h m i d t , В., D . Schubert 
Present Status and Future of silicon s e n s o r s ; 5th Int. School on Physical P r o b l e m s in Micro-
e l e c t r o n i c s V a r n a , VR B u l g a r i e n , May 18-.-23 .1987 

S c h o t t , H . , В. Schmidt 
A n w e n d u n g eines integrierten P o s i t i o n i e r s e n s o r s in der Automatisierungstechnik-, 5. Problem-
seminar "Sensortechnik",, 2 7 , 4 . - 3 0 . 4 . 1 9 8 7 , K a r 1 - M a r x - S t a d t 

S c h r a m m , H . - P . , C. N e e l m e i j e r , H. M a t t h e s , W . Pfestorf 

U n t e r s u c h u n g von Kunstwerken m i t t e l s a u s g e f ü h r t e m Protonenstrahl (PIXE); W i s s e n s c h a f t s m e s s e 
der TU W i e n , Ö s t e r r e i c h , W i e n , März 1987 

S c h u b e r t , D . , T . Uhlig . 
Probleme der S O I - T e c h n o l g i e für Drucksensoren 

S c h u b e r t , D . , W . Oenschke 
E l e k t r i s c h e d e h n u n g s r e s i s t i v e U b e r t r a g u n g s e i g e n s c h a f t e n dünner p o l y k r i s t a l l i n e r und kristalli-
sierter S i l i c i u m s c h i c h t e n d d ) 

S c h u b e r t , D . , T . Uhlig n ) 
D r u c k s e n s o r mit d i e l e k t r i s c h isolierten P i e z o - W i d e r s t ä n d e n 

S c h u l z , H . 
Nuclear F r a g m e n t a t i o n and L i q u i d - G a s Phase T r a n s i t i o n ; Europhysics conference 1 9 8 7 , A l b e n a , 
Bulgarien 

Schulz,' H . . 
Nuclear F r a g m e n t a t i o n ; Seminar NBI K o p e n h a g e n N o v . 1 9 8 6 , Seminar GSI D a r m s t a d t F e b r u a r 1 9 8 7 , 
Q u a r k - G l u o n Plasma; Seminar Dubna September 1987 

S c h u l z , H . 

Q u a r k - G l u o n P l a s m a ; Universität R o s t o c k , Oktober 19.87 

S c h w a r z e n b e r g , F. 

Der C o m m o d o r e - A m i g a ; C A D - A n w e n d u n g e n ; V o r s t e l l u n g RAM-Floppy RAF512; M e t h o d i s c h e s Instituts-
s e m i n a r , R o s s e n d o r f , 30.4.1987 
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Seidel, W. , H.-G. Ortlepp, F. Stary, H. .Sodan 
Double-grid avalanche counter with large dynamic range; London Conference on Position-sensitive 
Detectors, University College London, 7 .-11 ; 9 .1987 , Poster 

Seidel, W. | 
Development and application of gas-filled detectors for heavy-ion reactions (in russ. ); 
VIII. International Summer School on Nuclear Physics, Neutron Physics and Nuclear Energy, 
Varna, 19.-28.10.1987 

Seidel, W., M. Andrassy, H.-G. Ortlepp, D. Walzog, F. Stary, H. Sodan 
Untersuchungsergebnisse der Bragg-Kammer des Modell-Moduls für die Anlage "PHOBOS" (in russ.); 
Wissenschaftlich-methodisches Seminar im Laboratorium für Kernreaktionen des VIK Dubna, 
17.2.1987 • 

Seidel, W. n 

-Spektrometer PHOBOS (in russ.)
 ; 

Seifarth, H. * 
Abscheidung von Si3N4-Schichten durch reaktives HF-Plasmatron-Sputtern 

Seifarth, H. ,ч 
Abscheidung von SijN4~Schichten durch reaktives HF-Plasmatron-Sputtern 

Sieber, N., G. Otto 
Mathematical Modelling of Threshold Voltage and Capacitance Characteristics at a MOS•Structure 
on a Thin Silicon Substrate c ) 

Sieber, N., D. Proskurovskij 
Annealing of Ion Implantation "Damage at the Si/Si0~ Interface by Electron Beam and Halogen 
Lamp Irradiation c ) 

Sieber, N., H. Oertel, M. Voelskow 
Elektrische Eigenschaften von MOS-Strukturen, hergestellt in rekristallisiertem Silicium 
(r-Si) ее) 

Sieber, N., D. Proskurovskij 
Einfluß einer Wärmebehandlung mittels Elektronenstrahls oder Halogenlampen im Sekundenregime 
auf die elektrischen Eigenschaften von implantierten und nichtimplantierten MOS-Strukturen e e ) 

Sieber, N., D. Proskurovskij 
Einfluß einer Wärmebehandlung mittels Elektronenstrahls oder Halogenlampen im Sekundenregime 
auf die elektrischen Eigenschaften von MOS-Strukturen; 32. Intern. Wiss. Koll., TH Ilmenau, 
1987 

Skorupa, W., K. Wollschläger, M. Voelskow, H. Bartsch, 3. Albrecht, 3. Götz 
Formati 
synthes 
Formation of buried silicon nitride and silicon oxynitride layers in silicon by ion beam 

is c) 

Skorupa, W., M. Voelskow, 3. Matthäi, К. Wollschläger, R. Grötzschel,. H. Bartsch 
Erzeugung von SOI-Strukturen durch Ionenstrahlverfahren ; 32. Int. Wiss. Koll., Ilmenau, 
26.-30.10.1987 

Skorupa, W. ч 
Hochenergieimplahtation von Phosphor in Silicium . 

Skorupa, W., K. Wollschläger, U. Kreißig, R. Grötzschel', H. Bartsch, 
Properties of ion beam synthesized buried silicon nitride layers m ) 

Skorupa, W., K. Wollschläger, R. Grötzschel, 3. Schöneich, E. Hentschel, R. Kotte, F. Stary, 
H. Bartsch, G. Götz 
Properties of buried insulating layers in silicon formed by high dose implantation at 60 keV; 
4. Int. Conf. Rad. Effects in Insulators, Lyon (France), 6.-10.7.1987' 

Skorupa, W. 
Erzeugung von SOI-Strukturen durch Ionenstrahlverfahren ; Problemsem'inar ZfK/ZMD, Rossendorf, 
4.12.1986 

Skorupa, W., K. Wollschläger, M. Voelskow, п. Bartsch, K.-H. Heinig 
Formation of SOI-structurès by ion beam synthesis at 60 keV s ) 

Skorupa, W. n 
Erzeugung von SOI-Strukturen durch Ionenstrahlverfahren 

Skorupa, W. 
Gettering in SOI-structures with ion beam synthesizea buried silicon nitride layers; 2. Int. 
Autumn Meeting "GADEST", Garzau, 11.-17.10.1987 

Skopupa, W. , E. Wieser, R. Grötzschel, M. Posselt, A. Armigliato, A. Garulli, A. Beyer, 
W. Markgraf с) 
High Energy Implantation and Annealing of Phosphorus in Silicon 
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Sobeslavsky, E., H.U. Jäger, W. Skorupa, К. Wollschläger 
A model for nitrogen redistribution processes in high dose nitrogen implantation into 
silicon c) . 

Sobeslavsky, E., • 
Theoretische Aspekte der Stickstoff implantation in Silicium; Seminar in: Physikalisch-Tech-
nisches Institut "A.I. loffe", Leningrad,. 22.10.1987 

Stary, F . 
Activities of the Nuclear Physics Department of the Central Institute for Nuclear Research, 
Rossendorf (RDA) ; Instituts-Seminar in GAÑIL, Caen, 27.8.1987 

Steinkopff, T., S. Matthies ' s 
Discrete statistical treatment of texture development 

Strokovsky, E.A., V.G. Ableev, S.A. Saporoshets, B. Naumann, L. Naumann, A.A. Nomofilov, 
N.M. Piskunov, I.M. Sitnik, L.N. Strunov, V.I - Sharov, A.P. Kobuschkin, Ch. Dimitrov, 
L. Penchev, L. Visireva, B. Kühn, W. Neubert 1 3 4 
Impulsnije spectry fragmentov v reakziyax fragmentazii relatlvistskikh yader d, He, He 
pod nulevym uglom. • 

Teichfuß, M. 1) 
Zum Nachweis niederenergetischer geladener Teilchen 

Teichfuß, M. f) 
Development and Application of MOSFET-based Sensors 

Tesch, S. , • i> 
Nuclear Reaction Studies with Relativistic Beams of Light Nuclei at Dubna J 

Voelskow, M. , W. Skorupa, 0. Matthäi, H. Bartsch ч 
Ion beam induced epitaxial crystallization of doped amorphous silicon layers 

Voelskow, M., W. Skorupa, 0. Matthäi, H. Bartsch, K.-H. Heinig ч 
Ion beam induced epitaxial recrystallization of doped amorphous silicon layers 

Voitus, V. • ' -, 
Wälzen von Polfiguren 

Wagner, S., F. Neubert, Th. Otto, U. Kreißig, 0. Schöneich 
Physical model, properties and optoelectronical application of hydrogen implanted SOI 
MOSFET's c ) 

Weiss, L. 
Untersuchungen der Struktur und der Dynamik der kondensierten Materie mit der Methode der 
Neutronenstreuung am Rossendorfer 10-MW-Reaktor; Seminar der HA Kern- und Festkörpertheorie 
des ZfK, Rossendorf, 14.9.1987 

Wenk, H.R., T. Takeshita, C. Tome, H. Kern, S. Hofier, G. Will, S. Matthies 
Texture development and plastic anisotropy in monomineralic rocks r ) 

Wieser, E., Ch. Weise, E. Vetter, Th. Gessner ч 
Dotantenumverteilung in MoSi 7/Poly-Si-Schichtsystemen bei Kurzzeittemperung 

Wieser, E. 
Actual trends in doping and compound formation by implantation and subsequent annealing; • 
V. International Scho'ol on Physical Problems in Microelectronics, Varna. May 18-23, 1987 

•fieser, E. n \ . 
Silicierung durch Kurzzeittemperung-

Wieser, E., Ch. Weise, E. Vetter, Th. Gessner, H. Lippmann 
Redistribution of Implanted Dopants in MoSi' 2/Poly-Si Structures During Silicidation Tempering 

Wieser, E. ч 
Rapid Thermal Processing for VLSI Application 

Wünsch, R. -, 
Sigma-Hyperons in nuclei 

Wünsch, R. 
An.Alternative Interpretation of the Excitation Spectra of Sigma-Hypernuclei; LTF", VIK Dubna, 
Dezember 1986 

Wünsch, R. 
Hypernuclei ; Inst. f. Kernphysik, Novosibirsk, Juni 1987 
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a) VIII. Int. Balaton Topical Conf. on Intermediate Energy in Nuclear Physics, Balaton-
füred, 8.6.-13.6.1987 

b) Int. Schrödinger Workshop "Matter wave interferometry", Wièn, Sept. 1987 ' 

c) Intern. Conference on Energy Pulse and Particle Beam Modification of Materials, Dresden, 
7.-11.9.1987 

d) 31st IUPAC Macromolecular Symposium, Merseburg, 30.6.-4.7.1987 

e) Int. Winterschule Neutronenstreuung, Stadt Wehlen, 26.-30.1.1987 

f) IV. Vedecho-odborna Koni. miad, prac., Rez, 2.-6.11.1987 

g) 20. Fortschrittsberatung zur Endlagerung radioaktiver Abfälle, Stralsund, Nov. 1987 

h) 12. Conf. on Physical Metallurgy, K a t o w i c e - K o z u b n i k A p r i l 1987 

i) 17. Kracow-Rossendorf-Rez-Kiev-Seminar, Kracow, März 1987 

j) 19. Masurian Summer School on Nucl. Phys., Mikolajki, Sept. 1987 

k) 4. Meeting on Nuclear Analytical Methods, Dresden, Mai 1987 

1) 10. Tagung Physik und Elektronik, Berlin, 27.-29.10,. 1987 

m) 5. Tagung "Festkörperanalytik", Karl-Marx-Stadt, 30.6.-3.7.1987 

n) 3. Fachtagung Mikroelektronik-Technologie-Applikation, Karl-Marx-Stadt, 20.-22.10.1987 

o) 12. Arbeitstagung "Ionenimplantation", Reinhardsbrunn, 30.3.-3.4.1987 

p) Int.. Symp. on Modern Developments in Nuclear P h y s i c s N o v o s i b i r s k , 27.6.-1.7.1987 

q) 17th International Symposium on Nuclear Physics, Gaußig, 9.-13.11.1987 

г) ICOTOM 8, Santa Fe, September 1987 

s) International Meeting of the European Materials Research Society (E-MRS), Strasbourg, 
2.-5.6.1987 

t) Frühjahrsschule der Kernphysik, Holzhau, 4.-8.5.1987 

u) Int. Conf. on Theorie of Few Body-Systems and Quark-Hadron Interaction, Dubna, 
16.-21.6.1987 

v) 10th Discussion Conference "Small-Angle Scattering and Related Methods", Prag, 3uli 1987 

w) Int. Conf. "Advanced Methods in X-Ray and Neutron Structure Analysis of Materials", 
Karlovy Vary, Okt. 1987 

x) 1. Int. Konf. über Schnellerstarrung metallischer Legierungen, Varna, 11.-17.5.1987 

y) XXII School op Physics, Zakopane, 8.-15.5.1987 

z) X . Arbeitstagung "Strukturuntersuchungen an nichtkristallinen und partiell kristallinen 
Stoffen" der VfK, Vietgest, April 1987 

aa) Allunions-Symposium zur Physik der Kernspaltung, Obninsk, Juni 1987 

bb) 5. International School on Vacuum, Electron and Ion Technologies, Varna, Okt. 1987 

cc) INTERTRIBO 87, Strbske Pleso, 27.-29.4.1987 

dd) 20. Fachkolloquium Informationstechnik, Dresden, 17.-19.2.1987 

ее) Tagung Physik der Halbleiteroberfläche, Binz, 30.3.-4.4.1987 
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V E R A N S T A L T U N G E N 

I n t e r n a t i o n a l e W i n t e r s c h u l e " N e u t r o n e n s t r e u u n g 1 9 8 7 " , Stadt W e h l e n , 2 6 . - 3 0 . 1 . 1 9 8 7 

F r ü h j a h r s s c h u l e " K e r n p h y s i k " , H o l z h a u , 3 . - 8 . 1 9 8 7 

I n t e r n a t i o n a l Conference "EPM-87 - Energy Pulse and Particle Beam M o d i f i c a t i o n of M a t e r i a l s " , 
D r e s d e n , September 7 - 1 1 , 1987 

PATENTE 

H e n s e l , E . , W . S k o r u p a , K . W o l l s c h l ä g e r , U . Kreißig 
Verfahren zur H e r s t e l l u n g von I s o l a t o r s c h i c h t e n in b z w . auf H a l b l e i t e r s u b s t r a t e n 
DD 249 997 ( 2 3 . 9 . 1 9 8 7 ) 

K ö g l e r , R . , L . Z o l l f r a n k , M . V o e l s k o w , Uhlig (ZMD), Hofmann (ZMD) 
S t r a h l u n g s b e h e i z u n g s a n l a g e für s c h e i b e n f ö r m i g e Substrate" 
DD 249 569 Al (9.9.1987) 
DD 249 568 Al (9.9.1987) 

L ü c k , H . B . 
F i l t e r k a s s e t t e mit tangentialer Ü b e r s t r ö m u n g 
WP DD 249 413 

S k o r u p a , W . , K . W o l l s c h l ä g e r , E . H e n s e l , U: K r e i ß i g , H . Bartsch 
Verfahren zur Herstellung v e r g r a b e n e r I s o l a t o r s c h i c h t e n durch I o n e n i m p l a n t a t i o n 
DD 249 996 ( 2 3 . 9 . 1 9 8 7 ) 

W I S S E N S C H A F T L I C H E ' P R E I S E 

I n s t i t u t s p r e i s e 

1. Preis K a t e g o r i e i-

R o t t e r , I. 
S e l b s t o r g a n i s a t i o n in Atomkernen 

2. Preis K a t e g o r i e I 

K i r c h b a c h , M . , H . - U . Jäger 
Einfluß von M e s o n e n a u s t a u s c h s t r ö m e n auf einfach verbotene ß - Ü b e r g ä n g e 

3. Preis Ka.tegorie I 

B a r z , H . W . , K ä m p f e r , B . 

P h a s e n ü b e r g a n g in H a d r o n e n m a t e r i e und Q u a r k f r e i h e i t s g r a d e 

I n s t i t u t s p r e i s Kategorie I I , 1. Preis 1986/87 

L ü c k , H . B . , H . M a t t h e s , G . A n d r a s s y , W . B e c h e r , M . F r i e d r i c h , B. H e i n r i c h , W . P f e s t o r f , 
E. S c h m i d t 
K e r n s p u r m i k r o f i l t e r 

S o n d e r p r e i s für i n t e r n a t i o n a l e Z u s a m m e n a r b e i t 

K o t o v , A . A . , L . N . A n d r o n e n k o , L . A . V a i s h n e n e , I.P. B o n d o r f , R . D o n a n g e l o , G . R ö p k e , W . Neubert 
H. S c h u l z , H . W . B a r z , E . N". Volnin (+) 
Beiträge zur .Multifragmentation 

P R O M O T I O N E N A (Dr. rer. n a t . ) 

V o e l s k o w , M . , J . Matthäi 

B e e i n f l u s s u n g • e l e k t r i s c h e r und s t r u k t u r e l l e r Parameter von i m p l a n t i e r t e n p o l y k r i s t a l l i n e n 
S i l i z i u m s c h i c h t e n durch L i c h t i m p u l s e r w ä r m u n g 
AdW der D D R , 10.7.1987 

Lorenz , U . , H , Ulrich 
S i ( L i ) - D e t e k t o r e n zur e n e r g i e d i s p e r s i v e n R ö n t g e n s p e k t r o m e t r i e 
AdW der D D R , 25.9.1987 

Romaguera F e r n a n d e s , A. 
D i g i t a l e F i l t e r m e t h o d e .zur V e r a r b e i t u n g der Signale von B r a g g - I o n i s a t i o n s k a m m e r n 
AdW der D D R , 30.10.1987 

Dang Viet Вас 
D e c o n f i n e m e n t - P h a s e n ü b e r g a n g und Q u a r k m a t e r i e im n i c h t t o p o l o g i s c h e n S o l i t o n - B g g - M o d e l l 
AdW der D D R , 18.11.1987 
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PROMOTIONEN В (Dr. s c . . n a t . ) 

Iwe, H . ' • 
R e l a t i v i s t i s c h e K e r n - K e r n - R e a k t i o n e n im Rahmen des intranuklearen K a s k a d e n m o d e l l s 
TU D r e s d e n , 30.10:1987 

D I P L O M A R B E I T E N 

H a n i c k e , U . 

M e t h o d i s c h e U n t e r s u c h u n g e n zur I o n e n i m p l a n t a t i o n und K u r z z e i t t e m p e r u n g bei der Präparation 
von S i ( L i ) - D e t e k t o r e n 
TU Dresden und ZfK R o s s e n d o r f , 1987 

M i e h e , U . 
N e u t r o n e n k l e i n w i n k e l s t r e u u n g an Zementstein 
TH L e i p z i g , 1987 

BERUFUNG 

Dr. s c . n a t . W i e s e r , E . 
E r n e n n u n g zum Protçssor für F e s t k ö r p e r p h y s i k an der AdW der D D R , 3.9.1987 
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ZEWTRALINSTITOT FÜR KERNFORSCHUNG ROSSENDORF, BEREICH G 

VERÖFFENTLICHUNGEN ' 

Alenitskij Yu. G., H. Guratzsch, N.L. Saplatin, S. Preusche, H. Tyrroff, S.I. Chesnova 
The Choice of U-120 Cyclotron Trim Elements in the (1-1.45) T Induction Range, 
Preprint 9-87H91, VIK Dubna (1987) 

Dietrich, J. 
A Linear Ion Optics Model for Extraction from a Plasma Ion Source 
Nucl. Instrum. Methods A 262 (1987) 163 

Eichhorn К., К. Bux 
Verfahren zur Bestimmung der erosiven Wirkung kavitierender Strömungen auf Werkstoffe 
WP G0 1 N/301 876.7 

Eifrig Ch., К. Eichhorn, P. Hammer 
Zweinuklidverfahren für kontinuierliche Abtragsmessungen 
WP G0 1 N/308 521.3 2.11.1987 

Eifrig Ch., К. Eichhorn, P. Hammer 
Thin Layer Activation for Wear Studies in Compressors 
Nucl. Instrum. Methods В 27 (1987) 45 

Eichhorn К, S..Turuc, P. Hammer, Ch. Eifrig 
Precise Activation for Wear Studies at the Rossendorf Tandem Accelerator 
Procceedings of the Third Working Meeting Radioisotope Application and Radiation 
Processing in Industry. Vol. 4, Zfl Leipzig 

Hammer P., K. Eichhorn, Ch. Eifrig 
A Study of Wear in Refrigerating Machines Using thin Layer Activation 
Procceedings of the Third Working Meeting Radioisotope Application and Radiation 
Processing in Industry. Vol. -.4, Zfl Leipzig 

Langrock E. J., K. Eichhorn, К. Gloe, P. Mühl 
Erste Ergebnisse zur On-Line-Schnellextraktion mit Kronethern bei kernchemischen Experimenten 
Isotopenpraxis 23 (1987) 8, 308 

Schmidt D., H. BUttig, U. Jahn 
Theoretische und experimentelle Untersuchungen zur Wärmeausbreitung in Targets für die 
Anwendung der Thermographie in der Strahldiagnostik, 
ZfK-619 (1987) 

Werner T, K. Eichhorn 
Anwendung der DUnnschichtaktivierung zur Verschleißmessung an Keilwellenverbindungen 
Maschinenbautechnik 36 (1987) 9, 410 

VORTRÄGE, die außerhalb des eigenen Kollektivs gehalten wurden 

E. Richter' 
Stand und Perspektiven der Anwendung von Teilchenbeschleunigern 
SAAS Berlin, 22.10.1987 
K. Eichhorn 
Zur Optimierung der Parameter bei Verschleißuntersuchungen mittels DSA 
7. Kolloquium "Dünnschichtaktivierung",' Dresden, 27.10.1987 

VERANSTALTUNGEN • 

7. Kolloquium "DUnnschichtaktivierung", Dresden, 27.10.1987 

XIV. Frühjahrsschule für Beschleunigungstechhik, Hörnitz, 23.-27.3.1987 
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TECHNISCHE UNIVERSITÄT DRESDEN, SEKTION PHYSIK. WB THEORETISCHE PHYSIK 

VERÖFFENTLICHUNGEN 

M ü n c h o w , L . , R . Reif: Recent Developments in the Nuclear Many-Body Problem 
V o l . 2 Nuclear Reactions and D y n a m i c s . Teubner-Texte zur Physik, Band 15, 
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