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NUCLEAR REACTIONS

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

P. Gippner, K.D. Schilling, W. Seidel, F. Stary and E. Will

Central Institute for Nuclear Research, Rossendorf

H. Sodan, S.M. Lukyanov, G.G. Chubarian, Yu.E. Penionzhkevich and V.S. Salamatin
Joint Institute for Nuclear Research, Dubna

Using the double-arm time-of-fiight spectrometer DEMAS /1/ systematic investigations were per-
formed concerning the energy and mass distributions of fragments originating from heavy-ion
reactions at various mass asymmetries in the entrance channel. lhe results have already been
published /2-4/. Fig. 1 shows the TKE vs. mass distributions obtained by investigating reac-
tions leading to composite systems with Z = 108. The parabolic dashed lines indicate the ex-
pected TKE release in fission in accordance with the fission systematics /5/, which is scaled
- /6/ propertional to M3Ma/(M§/3+ Mi/B):

KTKE(ASY = <TKE(S) - k-M3M4/(M§/3+ mi/3) (1)

Thereby, the expressions <ﬁKE(ASX> and <ﬁKE(SX> denote the mean TKE release of asymmetric and
symmetric /5/ fission products, respectively. The factor k is chosen in such a way, that both
'mean values coincide for M3=M4=A/2 where A=M +M2 M3+M The basic idea of the scaling for-
mula (1) is that TKE ~ 2324/(r3+r4), with Z~ M and r ~ M1/3, respectively. Fig. 1 shows
that formula (1) describes only the general behaviour of the intensity ridges in the measured
SF T T T T T T T v T Ty g T T T ‘—um TKE vs. mass distributions. Calculat-
' 22e (174 MeV) 49t ing the mean values <TKED per mass
interval one obtaines results denot-
ed in fig. 1 by the circles, which
o %522252;3‘ :zn deviate from the predictions of the

systematics. Up to now, the reason
/\_v/\/\ 1

I
¥

L
T

L

for these TKE-deviations is not yet
understood. They were found to oc-
cure in reactions, which undergo
Jag various reaction mechanisms /2,4/.
One gquestion-~is, how far the fis-
sion systematics (1) is able to de-
4% scribe exactly the TKE release in

quasi-fission processes observed in
40 232Th and 40Ar + 238U at

- E_ g = 220 Mev /2,4/. For these
—t—+————+-t-b—————1  peactions the contributions to the
wol | ‘OAr(206MeV).22Th _ 40Ar(225MeV) 20y I, fragments TKE caused by the angular
' momenta of the rotating, rigid com-
posite systems were estimated in the
sticking limit. They cannot explain
the experimental results. On the
other hand, for the reaction

22\e + 2%9ct . which is believed to
undergo fusion-fission /2/ small
deviations were also observed.

Ar +

wo \ + . {0

TOTAL KINETIC ENERGY TKE (MeV]

1
I
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TOTAL KINETIC ENERGY RELEASE IN HEAVY-ION REACTIONS WITH DOMINATING FUSION-FISSION
MECHANISM

P. Gippner, K.D. Schilling, W. Seidel, F. Stary and E. Will
Central Institute for Nuclear Research, Rossendorf

H. Sodan, S.M. Lukyanov, G.6. Chubarian, Yu.E. Penionzhkevich and V.S. Salamatin
Joint Institute for Nuclear Research, Dubna

In order to get more experimental material concerning the TKE release in heavy-ion reactions

at low incidence energies, the reactions 22 232Th and 22Ne + 238U were investigated, both
at E1ab = 179 MeV. The measurements were performed by means of the time-of-flight spectrome-
ter DEMAS /1/. Because of the mass asymmetries in the entrance channel ( N, = 0.827 and

0.831, resp.) the reactions considered are believed to undergo fusion-fission /2-3/. The ex-
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tions. (ii) Reaction products with

{TKE) values higher than predicted are observed at energies Egn NOt far from the Coulomb

barrier VCB‘ These deviations seem to decrease with increasing bombarding energies.

(ii1) Within a measured TKE vs. mas} distribution the (TKE) excess- increases with increasing

‘mass asymmetry of the fragments.

Deviations of the <TKE> values from the systématics were alsc observed in the spontaneous
~fission of 2°%km and ot transfermium isotopes /6/. They have been interpreted by a more com-
. pact ‘'scission conf1gurat10n of magic fission products result1ng in a h1gher Coulomb -repulsion-

snargy. This argument may be valld for fusion-fission reactions as 22Ne + Th, U Cf, where a

compound nucleus is formed. It is difficult to use it for explaining the behaviour of the

{TKE)> values in.guasi-fission systems as 40pr(~ 220 MeV) + Th, U, where a compactly tused

configuration is not attained. The reason for the observed <TKE) deviations remains, there-

fore, an open question. '
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DESCRIPTION OF THE MASS DISTRIBUTION IN HEAVY-ION COLLISIONS
G.D. Adeev
Omsk State University, Omsk, USSR

V.V. Pashkevich
Joint Institute for Nuclear Research, Dubna, USSR

G. Saupe
Zentralinstitut fir Kernforschung, Rossendorf, Bereich KF

The aim of the present calculations consists in the interpretation of fragment mass distributions ob-

gerved in the reactions 22Ne + 2490f and 40 232

Ar + Th which have been investigated at the heavy-ion
cyclotron U 300 of the Laboratory of Nuclear Reactions in Dubna /1/. The symmetric fragmentations ob-
tained in these reactions at the highest incident energies support the idea that comvound nuclei have
been formed before fission. In these cases the bombarding energy of the projectile is large enough to
overcome the conditional and unconditional saddles in the potential landscape of the entrance channel
so that fusion can occur. Por the corresponding high excitation energies of the compound nuclei'/1/
shell effects can be assumed to have been washed out. This leads to an important simplification of the
theoretical treatment because only the liquid-drop term of the total potential has to be taken into
account when calculating the potential energy surface of the nuclear systema. In the diffusion model
presented here a Fokker-Planck equation for the distribution function of the collective variables cha-
racterizing the composite system is used as a dynamical equation for the description of the fission
path from the saddle to the scission point /2/. The actual relevant variablés are the distance R bet-
ween the centres of mass of the two parts of the fissioning nucleus, the mass asymmetry x, and the neck
radius, They are unambiguously connected with the dimensionless variables {c,ot, h} which have been vro-
posed in ;ef. /3/ for the parametrization of the nuclear surface. In the numerical calculations two
sets of the liquid-drop potential paramefers have been used, but the resulting vartances of the mass
distributions show only a weak devendence on them. The diagonal elements of the friction tensor in the

_solved diffusion equation have been chosen proportional to the two-body nuclear viscosity parameter
which is the only free parameter in this model. In the diffusion tensor also only the diagonal elements
have been considered to.be non-zero, where the components have been derived from the friction tensor
via the Einstein relation. In addition, the influence of the angular momentum of the compoﬁnd nucleus
on the dispersion of the fragment mass distribution has been studied /4/. The inclusion of the angular
momentum leads to an additional term in the total potential energy which is given by the rotational
energy, where the moments of inertia parallel and perpendicular to the axis of symmetry are functions
of [c,ak, h} . Consequently, the stiffness coefficients entering into the PFokker-Planck equation become
angular-momentum dependent too, but they change only by a few percent. The main effect consists in a
significant shift of the saddle point to that potential region which is characterized by smaller C-
values and larger values of the neck radius. This corresponds to a shift in the direction of smaller
stiffness coefficients what influences the dynamics of the fission prvgeés in such a -way that the com-
puted widths of the mass distributions increase importantly. The results for the two nuclear systems
shown in fig. 1 are in reasonable agreement with the experimental data /5/.
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MEASUREMENT OF THE- ANGULAR DISTRIBUTION OF Y-RAYS IN THE BINARY FISSION OF 252Cf

W.Neubert, W.Pilz

Zentralinstitut fir Kernforschung, Rossendorf, Bereich KF

H. Midrten ]

Technische Universitdt Dresden, Sektion Physik, WB Kernphysik

The average angular momentum of the fission fragments can be derived from the angular distri-
butions of the accompanied )J-rays /1/. The fragments were detected position-dependently in
coincidence with the J-rays registred by a fixed detector (fig.1). The heavy and the light
fragment groups were separated by using the time-of-flight method (time resclution At=300ps,
L=60mm). Thus, it was possible tn cover the angular range from 0 deqg to 180 deg for the
Y-rays with respect to the emission direction of the light fragments.

The fission fragments were detected by a 20x40mm2transmission parallel-plate avalanche coun-
ter (mounted at a distance of 5mm from the 252Cf source) and a 35x180mm2 position-sensitive
avalanche counter. Both of the detectors were operated in a n-heptane athmosphere of 10

torr. The J-ray detector was a 2x2inches NaJ(TL) crystal coupled to a FEU-110 photomulti-
plier, resulting in an average energy and time resolutions of 15% and 10ns, respectively.

The Y-quanta were distinguished from the promptly emitted neutrons by a flight-path of
L=50cm in a second TOF branch. The activity of the 2520f source amounted to be about 104 fis-
sion fragmenté per second resulting in a coincidence counting rate of 6 events per second.
The J-ray spectra were divided into17 bins from 100keV up to 3MeV in order to obtain energy-
dependent angular distributions. The statistical error was less than 4%. The spectra were
corrected for scattering radiation which affected the measured distributions up to 30%. For
this purpose, a shadow cone was inserted between the source and the )-ray detector. The res-
paonce functions of the NaJ(TL) crystal were measured with calibrated radioactive sources of
J-rays placed at the position of the 2520f source. The solid angle and efficiency of the po-
sition sensitive detector was calibrated by using the 2D plots of the fission fragment TOF
and fragment coordinate measured without any Y-ray coincidence condition. The angular dis-
tributions were derived with reépect to this calibration. Fig.2 shows the results for two
bins of the J-ray energy. These results are in agreement with a recent publication /2/.
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ENERGY AND ANGULAR DISTRIBUTION OF 252CF(SF) NEUTRONS AT LOW ENERGY

H. Mérten, D, Richter and D. Seeliger
Technische Universitdt Dresden, Sektion Puysik, WB Kernphysik

W. Neubert
Zentralinstitut fiir Kernforschung Rossendorf

A, Lajtai
Central Research Institute for Physics, Budapest, Hungary

A new method, i.e, the direction-sensitive spectroscopy of fission fragments based on a
special set-up of parallel-plate avalanche counters in connection with neutron time-of-
flight spectroscopy, has been applied to measure the energy (E) and the angle (&) depen-
dent emission probability N(E,8) of prompt neutrons from spontaneous fission of 2520f at
low energy. The experimental scheme, the multi-parameter data handling, and the analysis
procedures were described in ref. 1. Two 6Li—glass scintillators NE 912 have been used at
35 cm £light paths.
In this case, the main background components to be considered are the random background,
the background due to scattered neutrons (to be deduced from a shadow cone measurement),
and the delayed-y-ray spectrum (to be measured by means of 7Li—glass detectors NE 913).
The method used provided the N(E,8) distribution for the 0.1 -~ 2 MeV range and the whole
angular renge (0-180 deg) with a rather high angle point density (up to 120). The results
represented in the figures indicate: :

(1) approximately isotropic angular distributions at very low energy (£120 keV).

(ii) a pronounced dip in polar direction (O deg) at E close to 0,95 MeV

(kinematic effect), and
(1ii) a raising anisotropy with increasing E.

The measured data can be well reproduced by the use of statistical-model approaches 2,3
assuning that all prompt fission neuitrons are evaporated from fully accelerated fragments.
As an example, the angular distribution at 1 MeV is shown in comparison with the result
of a-calculation performed in the framework of an extended version of the generalized
Madlend-Nix model (GMNM)3 . T, is the lower limit of temperature integration which was
introduced to account for the neutron-y-competition of fragment de-excitation. The N(E,8)
calculation is very seasitive to the choice of T, at low energy, whereas the emergy
spectrum N(E) is little changed. The investigations didn’t result in any significant
indlications of secondary emission mechanisms,
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Fig.. 1 Experimental N(E,8) data Fig. 2 The angular distribution at 1 MeV
(histogram, concentrated data) in compari-
gon with a GMNM calculation for different
To parameters.
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ENERGY BALANCE IN FISSION

H, Mirten, D. Polster and A. Ruben
Technische Universitdt Dresden, Sektion Physik, ‘WB Kernphysik

Fission energetics depending on mass asymmetry are studied in the framework of a simple
two~spheroid model (TSM) including empirical shell corrections /1/. The potential energy
V at scission is considered as the sum of the Coulomb interaction energy V. and the excess
deformation energies E4 of the complementary fragments /2/. Assuming that E; is quadratic
in radius change and Vc is the Coulomb potential of two charges effectively located at

the centres of the fragments, V is minimized to describe average fragment energies, The
deformability parameters are strongly influenced by shell effects. Their deviation from
the liquid-drop model values are related to the shell correction energy JW as in ref. 2.

On the basis of well-known fragment data for 222Cf(sf) and 2350(nth,f), empirical shell

correction energies have been deduced in the framewdrk of TSM (fig.1). They are in quite
good agreement with calculated shell corrections depending on deformation /3/. Note the

influence of closed~shell regions as indicated in fig. 1.
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Considering the diminution of shell effects /4/ with increasing temperature and taking
into account the excitation energy of the fissioning compound nucleus, the TSM is appli-
cable to any induced fission reaction. The actual d'W set is deduced from the accepted
empirical data by interpolation,

The calculations reproduce experimental data on the partition of emergy in fission as
function of incident energy satisfactorily /1/. Presently, the TSM can be applied for
the Th-Cf region,
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252CF(SF) NEUTRON EMISSION AT MEDIUM AND HIGH ENERGY

H. Mirten, D. Richter and D. Seeliger '
Technische Universitat Dresden, Sektion Physik, WB Kernphysik

W. Neubert
Zentralinstitut fir Kernforschung Rossendorf

Based on a new experimental method for the determination of fragment-neutron correlations
/1/ the double-differential emission probability N(E,8), i.e. depending on energy E and
angle 9, of 2520f(sf) neutrons has been measured in order to study the emission mechanism
in detail as well as to specify the nuclear standard "Cf neutron spectrum" more precisely.
Ths investigations include complex calculations in the framework of statistical-model
spproaches. /2,3/

Neutron time-of-flight spectroscopy with two NE 213 scintillators at ~ 1.6 m flight paths
in connection with a direction-sensitive method of fragment spectroscopy (n/4-geometry
/1/) has been applied. Experimental data, which cover the whole angular region, are shown
in fig. 1 (data normalized to 1.). As in an earlier investigation of emission aanisotropy
/4/, the equatorial spectrum measured in this work doesr’t indicate a pronounced hard
emission component, which was concluded /5/ from previous experimental data./6/

The measured distributions can be well reproduced by calculations performed in the frame-
work of the complex cascade evaporation model (CEM) /2/ as well as the generalized Mad-
land-Nix model (GMNM) /3/ as shown in fig. 2 (example). Rather small deviations appearing
in the equatorial region at high energy (2 6 MeV) specifically are within experimental
and theoretical uncertainties. Thus, no significant indications of secondary emission
mechanisms have been found. The measured polar specira extending to 18 and 15 MeV at

O and 180 deg, respectively, agree with the statistical-model calculations, too.
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Fig., 1 Experimental N(E,9) data ' Fig. 2 The measured angular distribution

of Cf neutrons at 2 MeV (histogram, con-
centrated data)in comparison with previous
data of ref./6/as well as theoretical
results (CEM, GMNM).
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EXTENDED STATISTIQAL—MODEL APPROACH TO FISSION NEUTRON EMISSION

P. Krimmling and H. M&rten
Technische Universitit Dresden, Sektion Physik, WB Kernphysik

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

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

(ii) excitation energy distribution depending on A and TKE /3/,

(i1i1) cascade emission /3/,

(iv) npeutron~y-competition (statistical model, empirical y widths),

(v) noeutron width diminution due to angular momentum effects,

(vi) optical-model calculation of transmission coefficients (inverse
cross section) depending on A,

(vii) semi-empirical level-density descriptibn including shell and pairing effects,

(viii) engular distribution in the center-of-mass system CMS (semi-classical
approach),

The code is suitable to calculate multiple-differential emission probabilities depending
on emission energy, emission angle, A and TKE, To guarantee a sufficient numerical
accuracy as required for detailed studies of the mechanism of fission neutron emission /1/
(in particular for 2520£(sf)), the total emission probability is obtained as a superposi-
tion of about 30,000 single energy distributions. Due to the recent improvements of the
CEM, experimental neutron data on the well-investigated 2520f'fission can be reproduced
satisfactorily.

Specifically the effects (iii)~(vi) have to be considered to describe the CMS spectra at
low energy accurately. Deduced shape parameter agree with data obtained from experiment

/4/.
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PRECISE ESTIMATION OF THE ANGULAR DEPENDING NEUTRON SOURCE STRENGTH FOR A 14 MEV
NEUTRON GENERATOR

Bach Ly Bah, B, Hildebrandt, K. Seidel and S. Unholzer
Technische Universitédt Dresden, Sektion Physik, WB Kernphysik

A precise and absolute determination of the neutron flux is made by counting the associa-
ted a-particles of the T(d,n)“He reaction by a Si~SB detector. This method is completed
by use of relative monitor counters consisting of a BF.~long counter and an organic
scintillation detector to check permanently the correct function of the a-monitor system.
To estimate the energy and angular dependence of the neutron flux QPe differential neutron
source strength - 3 ejand the neutron enrergy distribution - _SLJAL(En,O) were calcula-
ted for a real 3H~target composition with the code QELL /1/. dEnd)

The energy distribution of the neutron emission is given in fig. 1 dependent on the
emission angle -~ 6 relative to the deuterium beam axis.

- P Fig. 1

The angle dependent ecunergy distribution of neutron

5 80° . emission for a 3Ci ~ 3H-target at Ed=120 keV (Ed-energy of
L 1 deuteron, Nn -~ number of neutrons, En - neutron energy

5 e {1 © - angle of emission) :
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RECOMMENDED DATA OF THE NEUTRON EMISSION FROM PB AT 14 MEV INCIDENCE ENERGY

T, Elfruth, D. Seeliger, K. Seidel and S, Unholzer
Technische Universitdt Dresden, Sektion Physik, WB Kernphysik

The International Atomic Energy Agency started in 1982 the Coordinated Research Programme
on Measurement and Analysis of 14 MeV Neutron Nuclear Data needed for Pission and Fusion
Reactor Technology (CRP) to meet the increasing data requests arising mainly from the
field of fusion reactor neutronics. One result of the Working Group "Double-Differential
Neutron Emission Cross Sections" was a' recommended set of neutron emission data from Pb
derived from the compilation of experimental data obtained in the CRP or previously
published., Pb was used because it is a neutron mult{iplier candidate for fusion reactor
blankets and the material is easily available for groups starting measurements of DDX to
compare their resultis. )

The data compiled came from groups of IRK Viemna /1/, Usaka University /2,3/, PINSTEGH
Nilore /4/, University of California /5/, and TU Dresden /6,7/. Fig. 1 and Fig. 2 show
some of these data.

The recommended distributions are the average of the experimental data points'weighted
with the inverse of their errors.

It is of interest that the experimental data set obtained deviates from the evaluated data
of the ENDF/B-IV library /8/.
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Fig. 1

Angle integrated neutron emission spectrum from Pb
measured by several groups (+/1/,0A /2,3), x /4/,
00 /6,7), recommended from these data (——) and
evaluated in ENDF/B-IV (---),
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Fig. 2 Angular distributions of neutrons emitted from Pb with the edergies inserted. The
experimental data are from Refs. /4/ - x, /2,3/ -4v/5/ -0, and /6,7 - 04 . The
recommended average is plotted as full line, the evaluation from ENDF/B-IV as
dashed line.
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THE NEUTRON MULTIPLICATION OF LEAD AT 414 MEV NEUTRON INCIDENCE ENERGY

7, BElfruth, D. Seeliger, K., Seidel, G. Streubel and S. Unholzer
Technische Universitdt Dresden, Sektion Physik, WB Kernphysik und WB Strahlenschutzphysik

D. Albert, W. Hansen, K. Noack, C, Reiche and W. Vogel
Zentralinstitut fiir Kernforschung Rossendorf, Bereich Reaktorphysik

D.V. Markovskij and G.E. Shatalov
Institut Atomnoi Erergii "I.V. Kurchatova"

In blanket conceptions for D-T-fusion reactors neutron multipliers are used for improving
neutronic properties first of all the tritium-breeding coefficients. Multiplier materials
must have large (n,xn)-cross sections, small neutron absorption cross sections and appro-
priate technological properties., Iead is one of the candidates., It is located directky
behind the wall of the plasma torus. Therefore secondary neutron spectra from Pb bombarded
with 14 MeV pneutrons are of immediate interest. Structure and reaction parameters of the
closed~shell nucleus Pb remarkably deviate from the mean systematic behaviour of the
nuclei, Therefore, files of evaluated neutron data of lead should be more carefully
checked against measurements of neutron current, neutron flux and reaction rates at Pb-
arrangements than for most of other nuclei,

In the present benchmark neutron leakage spectra were measured with time-of-flight ( TOF)
and with proton recoil spectrometry (PRS) and activation and fission rates were deter-
mined for a lead sphere of 22,5 cm shell thickness fed in its centre with 14 MeV neutrons.
The results were compared with neutron transport calculations using the ANISN-, BLANK- and
MORSE~code, respectively, based on the ENDF/B and ENDL data files.

Using several indépendent experimental methods, the uncertainties of consistent results
were éxpected to be smaller than the uncertainties of data obtained with only one of these
techniques, for which a critical analysis of possible errors showed that uncertainties of
£10 % as requested are hardly attainable. Also calculated quantities scatter in this
range even if the same data set is used.

Neutron spectra measured with TOF and PRS and activation rates indicate a neutron excess
of & 10 % total in comparison with calculations based on ENDF/B-IV and ENDL-82 data,

which is mostly concentrated in the energy range E, = 1-2 MeV. Its description with an
increased (n,2n) cross section should be probably combined with a variation of spectral
shape parameters (level density, nuclear temperature, ...). At present the shape of the
leakage spectrum seems to be some what better reproduced with ENDF/B-IV data.

A detailed representation of the present lead sphere benchmark is given in /1/. The
results obtained are discussed in connection with previous lead benchmarks.

T T (1} T LILLAL t T
10° . Fig. 1
1 Neutron leakage spectra per leskage and
E) 1 source neutron
< ~. 900 experimental results
107 3 1 ENDF/B-IV-calculation
. iil. ENDI~82 ~-calculation
10'2 r— —
1 -
: -
! .
-—rj L1l 1 1 111 1 L1l 1
102 * ! 10° 10’
En[Mev]
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CORRECTION OF THE INFLUENCE OF FINITE SAMPLE SIZE ON MEASURED NEUTRON
EMISSION CROSS SECTIONS

T, Elfruth, E., Rodriguez, K. Seidel and S, Unholzer
Technische Universitdt Dresden, Sektion Physik, WB Kernphysik

K. Koack
Zentralinstitut fiir Kernforschung Rossendorf, Bereich Reaktorphysik

The neutron time~of-flight spectrometer at TUD was constructed with the view to measure
accurate angular distributions of the neutron emission at 14 MeV incidence energy. The
experimental arrangement /1/ allows measurements at emission angles from 15° up to 165°
under nearly equal experimental conditions. The ring samples used have an outer radius

of 6 ¢cm an inner radius of 4 cm and a thickness of about 1/4 mean-free-path of the neutron.
Therefore, attention is necessary to correct the influence of finite sample size.

The corrected double~differential cross sections are calculated from the experimentally
obtained data, a.,%*®, by

°nM(Eo?Ev"9’) = unme!P(EO;E,&).f1(§o,-&).fz(E,\%).fB(E,&). | , “)

The factor f1 is the correction of the anisotropy of the neutron source strength /2/
normalized to-the associated a-particles detected at §° and averaged over those neutrons
striking the ring sample at a scattering angle % . The factor f2 is the correction for
nultiple scattering expressed as ratio of detected neutrons having only one interaction
in the scatterer to the total number of neutrons detected., It is calculated by simulating
the experimentasl conditions with the 3-dimensional Monte-Carlo-Code HMORSE /3/, The factor
f3 includes both flux attenuation inside the sample and geometry correction of the in-
coming and outgoing neutrons. It is calculated by integration over the sample volume
without any geometrical approximations influencing the result. Fig. 1 shows as an example
the correction factors f2 and f3 for a lead ring sample of 1,0 cm thickness.

o T Pig. 1
P ' Correction factors of multiple scattering,
1 flux attenuation and geometry for a lead
ring sample of 1.0 cm thickness
2 ]
"-}: i | ( e o= 9 = 300;
= st - 90°%;
uwh .
e 150°;
[ /o =~ angle-averaged value)
wr—
- A.ﬂ,ﬂ-v.mm-rhm.‘-‘-:.:
o9l - 1
5|
08 1
s T 15
k E[MeV]
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NEUTRON EMISSION SPECTRA FROM THE INTERACTION OF 14 MEV NEUTRONS WITH IEAD

T. Elfruth, D, Hermsdorf, H. Kalka, J., Pothig, D. Seeliger, K, Seidel and S, Unholzer
Technische Universitdt Dresden, Sektion Physik, WB Kernphysik

Because of the importance of lead for the conceptional design of fusion reactors it gives
requirements to estimate more precise the neutron emission spectra.
Measurements of n-TOF spectra were carried out on the 14 MeV pulsed beam neutron generator
/1/ for scattering angles between = 15° and 165° in steps of 15°.
A1l spectra of the angular distributions for the lead sample, background and a carbon-
standard sample were simultaneously measured.
The mean incident neutron energy was nearly independent from the scattering angle with a
value between 14,07 and 14,14 MeV,
In fig, 1 the angle integrated emission spectrum is compared with model calculatiouns,
consisting in a superposition of 3 reaction parts:

- a DWBA reaction part /2/ describing collective excitations of the nucleus

- a preequilibrium and compound reaction part, calculated oo the base of the

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

LML AN S N R AN AN B N B

Fig. 1

The apgle integrated neutron emission spectrum of Pb

- (o present data;9 5)) for 14 MeV neutron incident energy

] compared with the ENDF/B IV evaluation (~~~) and a theore-
i tical model calculation (...)

] In fig, 2 angular distributions for 2 different neutron

A 3 emission energies E are compared with AMAPRE calc¢ulations,
] With increasing emission energy E the angular distributions
are more and more anisotropic ami forward peéked caused by
the increasing preequilibrium and direct reaction contri-~
butions. '

For E=5.5 MeV the calculation is in accordance with the
experimental data for all scattering angles, at 3.5 MeV appear discrepancies between
calculation and experimental data. for = 15° and AJ = 30°, For E=7.5 MeV the shape of
angular distribution is well described but the experimental data are overestimated by the
calculation, as it can be seen also for the angle integrated spectrum of fig. 4
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SEARCH FOR METASTABLE HIGHLY CHARGED RECOIL IONS
H. Schmidt-Boécking, V. Dangendorf, J. Euler, 3. Ullrich, S. Schmidt
Institut fur Kernphysik, University of Frankfurt/Main, D-6000 Frankfurt/Main
G. Zschornack
Technical University Dresden, Department of Physics, Division of Applied Nuclear Physics,
Mommsenstr. 13, Oresden, 8027, GDR
S. Hagmann

Kansas State University, Manhattan, Kansas 66506, USA

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

extraction gas

region « { : & drift region

X~ray “window"”

magnets

% Fig. 1:
Schematic view of the
[fzszzij experimental set-up

soller slits

e -detector

recoil-ion

multiwire tayer detector

backgammon anode

It is the goal of the present experimental investigation to obtain by x-ray-recoil ion
coincidence technique information about the correlation of final recoil charge states and
inner-shell x-ray emission in very heavy ion-atom collisions. The apparatus is built in
such a way that also delayed x~-ray transitions with a lifetime O >10 nsec can be detected
for x-ray energies above about 500 eV, A schematic view of the whole apparatus is shown in
Fig. 1. The collimated 1.44 MeV/u U beam of the UNILAC accelerator of GSI at Darmstadt hits
the Ar gas target (differentially pumped cell). The gas pressure was kept below 10-4 Torr.
The recoil ions are accelerated in the electrostatic extraction field (Vexz:SO to 2000 Volt)
and are then.drifting with constant velocity towards the recoil ion detector (channeltron).
The emitted x-rays are detected by a position sensitive x-ray detector which is viewing the
target cell and the flight path (3.5 cm) of the recoil ions. A Soller Slit is mounted in
front of the x-ray detector enabling one to detect the position of x-ray emission with a
resolution of better than 0.5 mm in direction of the ion flight path., The position resolu-
tion of the detector (backgammon type anode) itself is close to 0.1 mm if the gas pressure
in the detector is properly adjusted to the x-ray energy E . The time resolution of the
x-ray detector is better than 10 nsec for E, = 2.6 keV. Knowing the position of x-ray
emission and measuring the time difference between x-ray and recoil-ion detection, the
recoil-ion charge~state can be determined by time-of-flight technique and thus the correla-
tion between x-ray emission and recoil ion charge state can be measured. The “prompt”

(3 < 10 nsec) and the delayed x-ray emission can be separated from the position of x-ray
detection in the gas detector. Additionally, opposite to the direction of recoil ion extrac~
tion the electrons are detected in a second channeltron allowing a high efficient electron-
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recoil-x-ray triple coincidence. This triple coincidence is set up to reduce background
random events in the x-ray-recoil-ion coincidence. Because the expected real x-ray rate

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

INFLUENCE OF BREIT AND QED CORRECTIONS TO ATOMIC PROPERTIES IN HIGHLY IONIZED KRYPTON

I. Reiche, G. Zschornack

Technical University Dresden, Department of Physics, Division of Applied Nuclear Physics,
Mommsenstr, 13, Dresden, 8027

Using computer programs studying atomic structure or atomic transitions in highly ionized
atoms for diagnostics of heavy ion sources or the diagnostics and modelling of plasma de-
vices with relevance to fusion research it is important to know the influence of correc-
tions to the energies, calculated from the multiconfiguration Dirac-Fock formalism. For
this purpose we have qsed a multiconfigurational Dirac-Fock (MCDF) program /i/. This pré-
gram solved the MCDF eguations for an atomic system and dumpedvthe solutions to tape. The
adapted program BENA /2/ is able to read this dump and calculates corrections to the MCDF
energy levels that result from including the transverse Breit operator /3/ in first order
pertubation (EBreit)’ the second order vacuum polarization /4/ (EVP) and an approximative
estimate of the self-energy operator (ESE)' Our actual interest was focussed to Krypton
ion ground states, because we analyze this species in current experiments on the electron
beam ion source "KRYON-2" /S/ of the JINR Dubna, The object of our interest is here the
variation of X-ray energies in different Krypton ion ground states.

Table

Contribution of QED and Breit corrections to X-ray energy shifts of Kail' and L‘il-transi-
tions in Krypton of ionization stage I. eB+QED_contribution o the X-ray energy due to QED
and Breit corrections; 4E -~ absolute X-Ray energy shift: AEB+QED-X-Ray energy shift, con-
tribution of QED and Breit corrections. All shifts are declared relative to the energy

of the neutral atom. All shifts are measured in eV.

EB + QED

' Eso: 1QED A%, AE?«; - EEoZ 1QED A& L1 A5 g

2 21,451 0,330 - 0,031 - 1,882 -1,279 - 0,042
4 ' 21,504 0,926 0,022 - 1,836 0,885 0,004
6 21,471 1,862 - 0,010 - 1,832 2,076 0,007
8 21,451 3,036 - 0,031 - 1,831 3,673 0,008
10 21,442 3,084 - 0,040 . - 1,876 19,085 - 0,036
12 21,464 2,307 - 0,017 - 1,894 31,093 - 0,054
16 21,479 1,873 - 0,002 - - -

24 21,360 51,965 - 0,121 - - -




In Figs. 1-3 contributions from Egreit’ Evp and Egg to the electron binding energy to the
K~level are shown, In this figures completely ionized subshells are indicated. We notice
an shell dependent variation of different contributions. Significant alterations in values
of the analyzed contributions appear for ionization of 2p-electrons, whereby changes of
QED corrections lies below the eV-level.
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Fig. 1: Fig. 2: Fig. 3:
Breit contribution to the Vacuum polarization contri- Self-energy contributions to
K-shell electron binding bution to the K-shell electron the K~shell electron binding
energies for different ioni- binding energies for different energies for different ioni-~
zation stages 1 ionization stages I zation stages I

Consaquences of in the graphics for the K-shell demonstrated situaiion are reflected in
the Tabl. for X-ray energy shifts of Ka1™ and L 4 q-transitions of highly ionized Krypton,
We see, that for calculation of X-ray energy shifts the consideration of QED and Breit
corrections is in many cases neglegible, because these contributions lie as & rule at

about - 1 % of the absolute X-ray shift, Only for calculations of absolute quantities it
is inevitable to consider QED and Breit corrections to the MCDF energy levels, This cir-
cumstance may be used to economize computer time in a wide class of different studies of
atomic inner=-shell properties.
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ABSOLUTE MEASUREMENTS OF THE U-238 FISSION CROSS-SECTION AT 4.8 MEV AND 8.4 MEV NEUTRON
ENERGIES USING THE TCAPM

C.-M. Herbach, K. Merla, G. Musiol, H.-G. Ortlepp’) G. Pausch, U. Todt
Technische Univereitét Dresden, Sektion Physik, WB Angewandte Kernphysik
*) since 1984 CINR Rossendorf

1.0, Alchasov, L.W. Drapchinsky, E.A, Ganza, O.I, Kostochkin, V.I. Shpakov, P.S. Soloshen-
kov, S.M, Solovjev .
Khlopin Radium Institute Leningrad

The absolute measurements of the U-238 fission cross-section were continued by a measure-
ment at 8.4 MeV and a short test run with poor statistics at 4.8 MeV neutron energies /i/.
The main experimental parameters (neutron production and associated particle (AP) detec-

tion) of both measurements correspond to those of the Pu-239 measurements /2/. Considering

the parameters of the available AE-detectors the AP detection angle in the 8.4 MeV measu-
rement was changed to 41,5 deg.. Due to this, optimum conditions in the AP channel were
reached, but the neutron energy was shifted.

G¢ J
3 238
0 G, (*U)

ENDF /B-X
MAT.N0.6398

¥+ OUR RESULTS

L n

0 12 1%

En/MeV

The amount of fissile material in

Mean neutron energy (Mev) | 4.8 % 0.2 8.4 £ 0.2
R Corr Error Corr Error the fission chamber was increased
(W). cos;r. (%)' c?ggr- to 177 % compared to /3/ by use of
2 2 9 fission-foils, The error contri-
Counting of coincidences
- Statistics of effect - 2,22 - 0.87 butions of the target parameters
- Random coincidences 0.48 0,17 1,19 0.11 were reduced by the application of
Fission chamber efficiency new fission-foils of better inhomo-
- Pulses below correlated
~ background threshold 1.02 0,07 0.56 0.04 | geneity.
- Extrapolation to zero 0.87 0.27 1.24 0.14 | Tp real d ; 1
- Fragment absorption 3.07 0,90 2.74 0.81 e area ensities of all used
fission-foils were determined at
AP counting
- Background 3.30 0,60 0.94 0.29 the KRI Leningrad by 2x-«¢-counting
Neutron come (using T, , = 4.468°10% * 0.11 %
- Neutron scattering and 4 d h Ru-
effective foil thickness /4/). and the inhomogeneity by Ru
due to the cone aperture| 1.07 0.40 1.16 0.40 | therford-Backscattering-measure-
‘|- Cone neutrons outside . nts at th INR R
the angular extend of ments the C ossendorf /5/.
the fission foils - 0.02 - 0,01 Based on these results, the true
Fissile layers chamber design was optimized as ex-
- Areal density - 1.15 - 1.15 lained i
- Inhomogeneity - 0.54 - 0.54 | Prain n/1.2/.
T -3 To calculate the fission counting
Result (10 cm®) 0.551 1,022 losses by absorption of fission
Standard deviation (%) 2.82 1,82 fragments in the target layer a

+2.0

value of (5.5-1 0) mg/cm2 related

to the Uranium content was assumed, based on a value of 7.5
mg/cm2 for the averaged fragment range in USOB /6/ and data
from the foil manufacturer about microscopic inhomogeneity and
admixtures of other elements.

The 4.8 MeV result agrees within the error limits with the

ENDF/B-V evalustion (0.540°10°2%

cm2), the result at 8.4 MeV

lies 2.82 % above this evaluation,
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ASSOCIATED PARTICLE BACKGROUND NORMALIZATION IN TCAPM FISSION CROSS-SECTION MEASUREMENTS
USING THE D(D,3He)—NEUTR0N PRODUCTION REACTION

C.-M, Herbach, K. Merla, G, Musiol, H.-G. Ortleppt) G. Pausch, U. Todt

Technische Universitat Dresden, Sektion Physik, WB Angewandte Kernphysik
*) since 1984 CINR Rossendorf

The associated particles (AP - 3He) in our TCAPM fission cross-section measurements at

neutron energies around 8.4 MeV and 4.8 MeV are detected by a telescope of two completely

depleted Si-SB-detectors in connection with a fast particle identification circuit /1/.
This technique allows:

- to suppress rajes of scattered deuterons up to 2.5-105 t;"1

- to reduce the He-background (originating especially in the 12C(d,oo)-reaction) essen~
tially by generating a particle significant_ spectrum (fig. 1) containing all events in-

s??e/the former selected window around the “He-peak in the total energy spectrum (fig.
2 2 L]

The portion of the remaining not separated 4He-background is caused by the tail of the

4He-peak and amounts to 0.5...6 %. To determine this background underlying the 3He-peak
the particle significant spectrum is collected during

\ the whole measurement, In intervals background spectra

Fig. 1 BACKGROUND CORRECTION -
4ige 2 l\ PROCEDURE are collected using CH,, foils of comparable thickness

2

@
A

Ep ~845 MeV and besides particle spectra gated by correlated (incone)
neutron signals. The background normalization procedure

i \ *PARTICLE SPECTRUM  (F) by spectra fitting is illustrated by fig. 1. This proce=

PARTICLE SPECTRUM GATED aY

ﬂmméNgnmnsgwn dure is based only on experimental spectra, not on ma-
TTED TO {P) IN THE RESION

e o tPl o thematical descriptions of peak shapes.

s*\
\-nwnunms%ﬂmmlm*”*m Unfortunately, this method requires a sufficient large

R M L FITTED *He peak for the background spectra fitting. Therefore,
TO (D) IN THE REGION 181-188 )

181 the energy window in the total energy spectrum of the
RQHrnmmm detector telescope must be choosen wide enough to admit
1 .j :% a sufficient part of 4He events in the particle spectrum
f :?J“*\\ (Fig. 1, 2). This, of course, enlarges the “He amount
o mgﬁ : ixhu N within the AP window, too. In order to reduce the 4He
o ! i background ss much as possible, a new and independent
! u?sumoi Y method of background determination was tested in the 4,8
e E = fxmuw'n::~— MeV measurement; In the total energz spectrum the events
i Y PARTIOLE SPECTRUM of a separated "He peak were counted as a monitor rate
*wo —ﬂ:: 160 200 omne.  during both the measurement and the background control
runs, using anf and CHz-foils, respectively. The back-
ground particle spectra are normalized to the effect
g Fig. 2 TOTAL ENERGY ’ particle spectra by means of the ratio of these moni-
2 SPECTRUM tor rates, and in the normalized background spectra
S Eqmb8 MV the interesting background amount inside the particle
4E ~DETECTOR 102pm Sifs} window is determined. The results by using this inde-
15000} 3 pendent method confirm to these by spectra fitting
within the error limits of 0.2 %. But for a general
application of this method some experimental modifica-
' tions are necessary to improve the separation of the
100008 used “He peak, so that small electronic drifts do not
‘ influence the result.
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EXPERIMENTAL DETERMINATION OF FISSION FRAGMENT ABSORPTION WITHIN FISSION LAYERS OF Pu-239

C.M. Herbach and G. Musiol
Technische Universitét Dresden, Sektion Physik, WB Angewandte Kernphysik.

In order to check the absorption correction, experimental investigations as proposed in /1 /

were carried out at all of the Pu-239 fission layers / 2 7 which were used in our absolute
fission cross section measurements / 3=5_7. A further target (P) with the small thickness
of = 40/ug/cm2 was inquired additionally to improve the possible accuracy of the measure-
ment. All the fission foils were prepared by thermo-sputtering of PuF , with an isotopic
purity of 99,97% at the Khlopin Radium Institute Leningrad in the 1977-84 years.

The fissions were induced by neutrons of an Am-Be-source after their thermalization within

a block of paraffin. The fission chamber channel was the same as in our cross section mea-

3
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surements / 4,6 /. For each of the fission events the energy
loss of the fragments within the chamber gas was registered.
By analysing the amplitude of the current pulse the induction
effect was excluded and a sufficient good suppression of
o~-pile-up-pulses was reached, The normalization to an identi-
cal neutron flux was performed by utilizing a "standard” fis-
sion foil of U-235 in back-to-back geometry,

Based on the registered fission chamber spectra an identical
threshold was introduced for the evaluation of the measure-
ments to guarantee uniform conditions of the fission counting
independent on small drifts of the electronic. The check up of
the stability of the electronic conditions also made it pos-
sible to select a fixed plasteau range for the determination

of the plateau height PH within the several spectra.

By means of o~counting in low geometry a measure of fissio-
nable material within the foils was obtained. The spectra of
&= and (—emission confirmed the identical isotopic composi~-
tion, the Pu-239 peak widths for perpendicular (t-emission
indicate an equal chemical structure of the foils. Derived
from this measurements, a stopping power of about 20% higher
than the Ziegler data [/ 7_7 of UF , was established.

The presented results demand a revision of the absorption

correction, which leads to essentially higher cross section
data / 8_7. The analysis of the value Nzr/NAﬂ.as a function
of P, results in effective range
2-3mg/cm2. Moreover, additional

paremeters of about

counting losses were found at
be explained within the
bounds of the model “microscopic inhomogeneous layer”. This
effect, which is caused possibly by macroscopic surface struc-

tures, reduces the accuracy of the used method essentially.
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FINAL RESULTS OF THE ABSOLUTE CROSS SECTION MEASUREMENTS ON Pu-239

C.M, Herbach, K. Merla, G. Musiol,

G. Pausch, W. Wagner™*)

Technische Universitét Dresden, Sektion Physik, WB Angewandte Kernphysik
+) at present Joint Institute of Nuclear Research, Dubna (USSR)

Within the bounds of the joint measuring programme of the Technical University of Dresdan

and the Klopin Radium Institute Leningrad / 1 7 until

1985 absolute measurements of the

fission cross section on Pu-239 have been performed using the time-correlated associated
particle method for monoenergetic neutraons at spot points within the 2-20 MeV range.

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

> absorption

foillpg/cm™] correction
(%)

I 287.9 {4,959+ 1,24
II 163.9 {4.58+1.30
IIT §138.3 |5.56+1,21
v 160.6 | 5.73 +1.24
11 199.8 [ 5.40 # 1,22
13 198.1 [4.03 +1.24 2.7%...4.

Particularly in the result of experimental investigations about the
fission detection efficiency /2 7 a revision of the preliminary
published data (see f.i. ref. / 3-5_7) becomes necessarry.

The losses by counting the fission fragments of isotropic fission
were determined for the same fission foils, which were used in our

cross section measurements. The experiments resulted in values of

7% higher than calculated using the fragment range of

R=7.5 mg/cm2 as assumed up to now (see tab.1). Additional effects
of absorption, which cannot b¢explained by “microscopic nonunifor-

mities” / 6 /7 led to the large uncertainty of the correction and
contribute the dominant error of the cross section data. To consider the fast neutron fis-
sion anisotropy the calculations discribed in /7 7 were performed based on the individual
effective range parameters / 6_7 of the foils. Because of the use of the fission foils in
forward and backward direction relative to the neutron flux in the cross section measure-
ments, the unknown energy dependence of the additional absorption effect has only a small

influence on the resulting error.

The uncertainty of the layers areal

density were reduced by low geometry (x-counting at the

TUD /8 7 to the value of 0.6%. An estimation of the maximum error of the neutron flux deter-
mination due to cone neutrons outside the angle extent of the fission foils were carried out
based on / 9_7 and results inlan essential contribution only for the 18.8 MeV measurement
(0.71%) . The neutron energy distributions were corrected in analysie of experimental infor-

mations,

The given result of the 14.7 MeV

measurement represents a summa- G
. X 2
ry of three single runs using 10m

the same target (I) /3 _7. The
revised result is in good

5

agreement now with the measu-
rements of Adamov, Li Jingwen
and Mahdavi (reviewed in /1Q/),

which confirme within +1.8%. 15

Only the data of Cance / 11/

Gt 1Pu-239) mean neutron 6/\‘ (‘_"2’;233) a6y
energy (MeV)| (10 cm©) f

Dot oy 4,9 + 0.08 | 1.800%0.039 | 2.18%

whthe || g 65% 0.12 | 2.43320.,050 | 2.03%

14,7 + 0.15 | 2.48820.038 | 1.52%

18.8 + 0.20 | 2.512:0.068 | 2.69%

== ANTSIPOV etal
——ENDF/BV
§ our results

't n s i s n " N

‘Tab.,2: Final absolute cross sec-
Ytion data of our TCAPM measurements

give 7-8% lower values.

All the final results are sum-
marized in tab,2, a comparision
with current data files is shown
in the fig.1. In contrary to the
evaluation of Howerton (in /107) a
rehormalization of the dats files
to higher cross sections must be
required, It seems to be probable,
that the discrepancies of the
Pu-239 data are caused by under=-
estimation of the absorption los-
ses due to surface effects by
using extremly thin fission foils,

;Fis.l: Comparision of the presen-
ted results with actual fission
cross section data files

12 % 1% 1
En/MeV
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A SIMPLE METHOD COF EXPERIMENTAL INVESTIGATION ABOUT FISSION FRAGMENT ABSORPTION WITHIN
THIN FISSION LAYERS BY USING THE FRAGMENTS ENERGY SPECTRUM

C.M. Herbach and G. Pausch

Technische Universitét Dresden, Sektion Physik, WB Angewandte Kernphysik

Particularly by using the time-correlated associated particle method in the energy range of
2-20 MeV an essential progreaé was reached for the precision of neutron flux determination
in absolute fission cross section measurements /1 7. Therefore, it is of great importance
now to proof the absolute fission detection efficiency as demanded in / 2 7, to improve

the accuracy of the absolute fission cross section data.

The real properties of fission foils are strongly influenced by several parameters of the
target production, which can not be checked completely / 3,4 7. So it must be required,
that the experimental investigations about absorption losses are performed by using the
same targefs as employed in the cross section measurements.

An excellent method to measure the fragment absorption within U-235-targets was developed
in /3 7 by utilizing a gridded ionization chamber and based on an intricate two-parameter
analysis, An easier experiment, also useful at targets with higher 0t-activity (Pu-239),
was carried out by P,H, White /[ 4 7:

Fission foils with different thicknesses of the active layer n(i) are put into the same
thermal neutron field. The number of detected fissions are counted in 2W-geometry (NZW)'
The normalization to the number of fissile atoms is performed based on a measurement of
alphas or fissions in low geometry (N,,). Microscopic nonuniformities within the layer
reduce the effective fragment range and are taken into account by the parameter 6/n

Npp(1)/Npg(1) = Coe (1 = (i)« (14 (&/n)?)/ (2R)) (1) .

8ut by using eq. (1) the fragment absorption can only be determined, if all of the fission
foils have the same chemical structure (R=const,) and surface properties (& /n=const.).

In the result of calculations of the fission fragment energy spectrum after their emission
at a plane layer / 5,6_7, the method of White could be modified to enlarge the range of

its application. The value of the number of counting losses A below the threshold in rela-
tion to the number of fragment pulses Py within a fixed plateau range of the fission chamber
spectrum (fig.) was found to be independent of the parameter n/R. Further calculations
simulating selected surface structures / 7_/ indicate the constance of this value also in
the case of microscopic nonuniformities. Significant differences are estimated only for
surface structures with macroscopic dimensions. If the latter effect is excluded, it

becomes possible to determine an individual effective range paramster of each fission foil

by using the eq. {2.,3) to calculate the absolute absorption without any restfiction re-
flected by chemical structure and microscopic nonuniformities:

Npp(1)/Na (i) = €y (2-C,eP (1)) (2)
A(1) = 1=(Nyp(3)/Nyp(8))/Cy =2 1/2+n(1)/Rype (4) (3)

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

tissions

Py
il 3 CHANNEL

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

G. Pausch, C.-M. Herbach, K. Merla, G. Musiol
Technische Universitét Dresden, Sektion Physik, WB Angewandte Kernphysik
W. Wagner, Join* Tnstitute for Nuclear Research, Dubna, USSR

Using the Monte~Carlo codes ROBER@1l...#3 /1/, first investigations were performed concer-
ning the systematics of fission fragment counting losses due to deviations from the idea-
lized plane target layer. The portion of "forward“ fragments from thermal fission which do
not leave the fissile layer with an energy above a threshold of 6 Mev, as well as the
"plateau” height in the fission chamber spectrum were calculated for three different types
"of periodic surface profiles (1: covered scratch; 2: filled scratch; 3: scratch with cov-
ered bottom /1/) with a period of 30 um, a scratch width (2b) of 1 um, and a2 scratch depth
(b} of 1 pm. A mean fragment energy of 84 MeV and mean ranges of 5.8 um, 9.0 um and

21.6 mm in the backing material (KOVAR), the fissile layer (U30g) . and the fission chamber
gas (methane at 110 kPa) were assumed, respectively. The simple stopping power model /1/
allows to compare the results with analytic calculations for a plane target layer of an
equivalent effective (i.e. averaged over a period) thickness /2/. Of course, no quantita=-
tive description of true counting losses should be expected in this case; the aim was to
find out systematic trends, especially in the counting loss / plateau height relation,
which help to understand the results of experimental investigations /3/.

Varying the target thickness t, a series of calculations was performed, each of them with
a total number of 20 000 fission events. Fig.1-2 show the results; the standard deviations
stated were deduced from the scatter of the channel contents in the plateau region of the
calculated energy loss spectra. As expected, an additional counting loss occurs, depending
on the type of the surface profile (Fig.1). On.the other hand, no significant violation of
the linear counting loss / g}ateau height relation was observed in spite of strong devia~
tions from the plane layer model (Fig.2)! Therefore, the "scratch” model does not explain
the behaviour observed experimentally /3/.

The “"broad valley" calculation (surface type 3: period 20 mm, 2b=10 mm, h=0.1 am, t=0.24 um;
total spectrum - lower absorption; spectrum of fissions originating inside the “valley” -
higher absorption) simulates shifted target edges in a first approximation. Even in this
case, the enlarged fragment absorption is followed by a corresponding rise of the plateau
height. Further investigations are planned.

REFERENCES : /1/ G. Pausch et al., this report p. 23

/2/ G. Pausch, Dissertation, TU Dresden, 1986
/3/ C.M. Herbach et al., this report p. 19

Counts Results of Monte-Carlo calculations P
Results of Monte-Carlo below - Code ROBER - ? pid
Counts TSR R Y threshold )
below calculations ~ Code ROBER- 'x—“ s T ) /,/
. ing power model " Triangte” -
threshold Stopping power model «Triangle Tmll'nn?ldt 6 h;ev e e d
” Threshold: 6Mev s
8 g
o Surfoce model 1 _/'/
8t a Surface model 2 g
o Surface model 3 s
P
¢ " Broad volley® 6 1 /4/'
6 === Plane target layer e © Surfoce model 1
{Analytic caloutation } "ﬁ‘—- & Surfoce model 2
e o Surface model 3
4 4 4
. 3 'Tgﬁl‘ R Plane target layer
e (Analytic calculation}
2 4 o # Broad volley
2 ¢ ;’/
o~ .//
v
e L o r v r T T T
01 02 03 04 Q5 0§ 0 05 10 15 .20 25 30
Effective thickness of target loyer Jum \g Plateau height /10°% (Mev 1™

Fig.1 Fig.2



- 23 -

ROBER = A MONTE~CARLO CODE SIMULATING THE INFLUENCE OF SCRATCHED BACKINGS ON THE ABSORP-
TION PROBABILITY AND THE ENERGY SPECTRUM OF PARTICLES EMITTED FROM A THIN TARGET LAYER

G. Pausch, K. Merla, G. Musiol, R. Perez

Technische Universit#dt Dresden, Sektion Physik, WB Angewandte Kernphysik
L.V. Drapchinsky, Khlopin Radium Institute, Leningrad, USSR

W. Wagner, Joint Institute for Nuclear Research, Dubna, USSR

The experimental examination of Pu-239 targets regarding the fission fragment counting
losses /1/ suggested to investigate the influence of a rough backing or target surface on
the absorption probability and the energy spectrum of fission fragments or alpha particles
originating within a thin target layer. The code ROBER was created to simulate such effects.
As a first step, three variants with different kinds of periodic surface profiles (Fig.l)
and a simple stopping-power model for fission fragments (Fig.2) were implemented at the
CDC-6500 computer of the JINR Dubna. The “"scratch® as the dominating type of surface dis-
turbances was suggested by microscopy /2/. The codes ROBER@1...#3 simulate fission chamber
spectra, i.e. spectra of energy losses of “mean™ fission fragments in a gaseous agent fil-
ling the space between the target surface and an electrode. Moreover, separate spectra are
built up for fragments which are generated inside the scratch. To reach good statistics

for the interesting rare events which cause the “"plateau” in the fission chamber spectrum,
a non-analogous Monte-Carlo method was applied. Two intuitive parameters allow to favour
fission fragment trajectories with small angles relative to the target surface, and with

an origin inside the scratch. In a series of test calculations the statistical uncertainty
of the plateau height was reduced by a factor of 2...3, choosing optimum parameters.

To verify the correct work of the complete codes, all subroutines and functions were tested
separately following a bottom-up strategy; selected sets of input data guaranteed that each
order was addressed. As an additional test, the plateau height as well as counting losses
were calculated for a plane taréet layer applying the codes ROBER#l...83 with a specialized
set of geometrical parameters (Fig.3). In this case, it was possible to check the results
by analytic calculations /3/.

The cho$en| structure of the code ROBER allows to modify the geometrical model or to im-
prove the stopping power model by a simple exchange of selected subroutines. In this way,
T remet 1 a broad variety of problems can be treated, e.g. simulation of natu-
‘Covered scratch © | ral alpha and RBS spectra from scratched foils or investigation of

V targets covered by inactive layers; the only restriction given by

the implemented algorithm is that the geometry of the problem must
be described by planes.
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INFLUENCE OF ATOMIC, MOLECULAR, AND SOLID STATE EFFECTS ON NEUTRON RESONANCE CROSS SECTION

K. Seidel, D, Seeliger and A. Meister
Technische Universitdt Dresden, Sektion Physik, WB Kernphysik

S. Mittag
Zentralinstitut fiir KEernforschung, Rossendorf

W. Pilz
VEB Robotron - MeBelektronik, Dresden

Commonly, nuclear reactions are considered as irdeperdent of atomic, molecular, and solid
state properties of investigated samples, but the interaction of slow neutrons with atomic
nuclei is one of some exceptions. The precise position and shape of neutron resonances
depend not only on nuclear properties but also on the nuclear surroundings., The permanent
improvement of precision of neutron spectroscopy gave the possibility to lavestigate a
physical field including the properties of nuclei as well as their interaction with the
environment in more detail. _

A detailed study of low-energy neutron resonances shows clearly an influence of atomic
binding on Doppler broadening. The influence of different crystal lattice vibrations and
intramoleculare oscillations on Doppler broadening had been observed experimentally /1-3/.
In addition, a temperature-dependent shift of neutron resonances was measured /4/. It
became evident that the understanding of effects of this type is meaningfull also for
applications of neutron resonance data, in particular for nuclear reactor calculations
/5,6/. '

The observation of hyperfine interactions in neutron resonances gave the possibility to
develope a new method for the investigation of nuclei excited in isolated compound-
nucleus states at excitation energy close to the neutron binding energy.

In eddition to the well-known parameters of these states as energy, spin, parity, and
‘widths, magnetic dipole moments of compound-nucleus states were determined one decade

ago /7/. In the last years, we succeeded in determining the mean-square charge radii of
different compound-nucleus states /3,8/. In the case of heavy nuclei, these states are
often fissionable with quite large fluctuations of fission widths from resomance to
resonance.,

As a matter of course, it is specifically interesting .to search for a correlation between
the mean-square charge radii and fission widths of compound-nucleus states /9/.

Such investigations can give new clues for the understanding of the fission process of
nuclei caused by resonance neutrons.

A review concerning the influence of atomic, molecular, and solid state effects on neutron
cross section at low-energy neutron resonances has been finished recently /10/.
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A STATISTICAL MODEL FOR MULTIPARTICLE PRODUCTION IN HADRON-HADRON INTERACTION

H.W. Barz, H. Miller and H. Schulz
Zentralinstitut fir Kernforschung Rossendorf, Bereich KF

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

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

Hans-Ulrich Gersch

Central Institute for Nuclear Research, Rossendorf, GODR

In.relativistic nucleus-nucleus collisions second-order interferometry became an important
tool for the determination of the size of the region of highly excited nuclear matter.
Investigating pion and proton correlations, the radius of the socalled fireball was extrac-
ted to be in the range of Roﬁt 2...6 fm.

The method is based on correlations between identical particles with small relative four-
momentum due to quantum statistics. It is assumed that the particles under investigation are
emitted during the collision of two heavy ions in a completely stochastic manner (without
initial correlations) /1/. Supposing a Gaussian-like distribution @ with Ro (radius) and

T (lifetime) and isotropic emission of the emitted particles, the correlatlon function ta-
kes the form /1/

Coq) -1+ exp [-3(*R 49770 ] (1)
15 =.Bl:;2’ g, = /El'EZ/’ Py and Ei are the momenta and energies of the emitted particles.
Usually one neglects the time dependence of (1). Further, a partially coherent generation of
the particles is taken into account by a factor A< 1 /2,3/. Therefore, the experimental
values are often fitted to the function '

C(qA)e1+AexP(- Q?R), (2)

This pure quantum statistical correlation is modified by the final-state interaction.

Our considerations concern only to charged mesons (e.g. pions) and to the modification of the
second-order interference due to the mutual Coulomb repulsion. In the literature this is
taken into account.by the socalled Gamow factor, G, obtained in a quantum mechanical treat-

ment /2,3,4/: C.(q) = Clag) G(g),

(3)
G = 2 n with . ma (4)
exp(2Fn)-1 9

In this way, coincidences of particle pairs with small relative momenta should be suppressed
by the mutual Coulomb interaction between them (Fig. 1). The number of particle pairs, once
created, is not conserved. '

However, under the published experimental results of pion interferometry 1 did not find any
indication for the necessity of the modification via the Gamow factor.

As shown in Figure 1, the data of Zajc et al. /2/ agree well with the results of the pure
quantum statistical treatment, given by (2), whereas the other data /4,5,6/ suggest an
enhancement instead of the predicfed suppression. The enhancement of the experimental pion-
data relative to the neutral-particle correlation function can be explaned in a classical
ﬁicture, in which the charged mesons are repelled by the mutual Coulomb force. Here, compared
to the initial (neutrai-particle) correlation function, the asymptotic one is simply obtained
by shifting the relative momenta toward higher values. Because of particle conservation the
correlation function remains normalized.

The effect of mutual Coulomb repulsion for the two outgoing particles can be introduced into
an intermediate result of the correlation function (1), in which the inital separation s of

tﬁe particles is explicitly given:
-3

L) o< g‘exp( zk‘)[1 * 5’" (9’5) ds (5)
[+

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

9,‘,:\/93 +_. with A = 4 m e2. (6)
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(A = 805 and 2880 Mev?2

Thus, instead of (5) we obtain an asymptotic correlation function given by

fm/c2 for pions and kaons, respectively).

Oo
st 2 sin(e,sD)
Cu (9,) o f D “p('z;:)[“ p ?s_b ] ds )
A AA%: N
with D= -g-ji’z . (8)

The lower integration limit, s = A/q%° , is due to the fact that smaller initial separations
are not allowed classicélly. The correlation function gained in this way is shown in fig. 2,
It differs markedly from the correlation function corrected by the usual Gamow factor. Con-
sequently the information gained about the size of the fireball is quite sensitive to the
manner of the Coulomb correction.

It should be noted that non-neglegible decay times of the fireball will reduce the correla-
tions. Further, until now, relativistic treatment of the Coulomb correction has been missing,
in general. )

Experiments are now in preparation by Nagamiya /7/ that attempt to measure-the correlation of
kaons. Considering charged kaon pairs, the predicted correlation is modified even more by the
Gamow factor. Further, as Fig. 3 shows, the discrepancy between the guantum mechanical and
the classical treatment is more serious for kaons than for pions. Therefore, the size parame-
ter of the fireball generated in relativistic heavy-ion collisions can only be obtained
unambigeously if the discrepancies concerning the Coulomb correction are clarified.
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© S.Y. Fung et al. /5/ source:
x D. Beavis et al. /4/ #* guantum-statistical effect,
A W.A. Zyjc et al. /2/ A corrected by the Gamow-
4+ N. Akhababian et al. /6/ factor,

O Coulomb final-state inter-
action considered classi-
cally.

For comparison, the Gamow-
corrected correlation func-
tions are shown.
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TEST OF LARGE~AREA SILICON DETECTORS IN HEAVY ION REACTIONS

L. Funke, J. v.Borany, J, Doring, M, Preitag, K.H. Kaun, H, Prade, B, Schmidt, R, Schwengner
Zentralinstitut fiir Kernforschung Rossendorf, Bereich KF

A, Johnson

Research Institute of Physics and Royal Institute of Technology, Stockholm, Sweden

Je.De Gaxrett, K, Schiffer

Tandem~Laboratory Risg, Niels-Bohr-Institute Copenhagen, Denmerk

Ton-implanted silicon detectors of about 14 cm2 sengitive area (42 mm diemeter) and a few hundred ) thickness
[1] have been tested in connection with 160 induced fusion-evaporation reactions at the tandem accelerator of
the Niels~Bohr-Institute Copenhagen in Risf., The goal of these experiments was to find out whether such kind
of detgectors could be used inside the NORDBALL [2] in order to separate reaction channels with evaporated char-
ged particles involved,

Three different targets (self-supporting Cu and ®'zn foils and ®Tzn backed on a Au foil) have been irradiated
with the 70 MeV 160 beam of the Risg tandem and the coincident events between charged perticles and. }-rays
(detected with a germanium detector) were stored in coincidence matrices of 256 x 2048 channels, As shown in
fig. 1 the particle spectrum conteins three distinct components, similar to spectra measured in o{-induced re-
actions [3,4]. At low energies the protons are dominating since they lose at most 3.5 MeV of their energy in
the 100 j sensitive depth, whereas the energy loss of ol-particles ranges up to 14 MeV, In the high-energy
part of the spectrum the scattered 160 ions can be seen, With the geometry used in these experiments (up to

4 detectors surrounding the target at a distance of 15-20 mm) & s0lid engle of about 2N can be covered, Scat-
tered 160 ions reached the detectors only in the experiment with the Au backed 67Zn target, The fairly good
distinction betvyeen protons, o¢-particles and heavier ions allows 2 separation of different reaction chammels
$0 be made,

In the cage of the Au backed 67Zn target the I-ray spectra gated with protons, a¢-particles and scattered 16O
fons contain meinly the resction chamels { ¢0,2pn), ('°0,p2n) and ('0,o¢n), ('®0,oz2n) es wei as (1%0,%%"),
respectively, As expected, channels with only neutrons evaporated are not to be seen in these spectrs,

The applicability of such detectors in NORDBALL experiments depends essentially on two questions:

i) How resistent are these detectors against radiation damages caused by scattered or emitted particles and
il1) Can a s0lid angle of 4T be reached? In the experiments described each of the detectors registered about
5 108 charged particles, a dosge far below the critical ome which 1s a few times 1010 O(=particles per anz {57,
The dose of about 106 scattered 160 ions that reached the detectors mainly under forward angles also aid not
deteriorate the resolution. From the present experiments in connection with the investigations of ref, 5 one
might estimate that the detectors can be applied for several weeks in such H,I, induced reactions before beco-
ming radiation damaged (provided the number of scattered heavy ions of the beam can be kept relatively small),
Purthermore, &s shown in ref, [5) there is a great chance for annealing the detectors. Finally, it seems to be
possible to manufacture square-shaped detectors of 35 x 35 mniz. A small box with 6 such detectors surrounding

T T T the target (with 2 detectors having an 8 mm hole for the beam)
105 1 would fit inside the NORDBALL and allow the registration and
approximate separation of charged particles in almost 477 geo=
netry,
104 PROTONS References:

{11 Boreny, J. von, et al.; Ammual report ZfK-584(1986)56

(2] Herskind, B.j Nucl, Phys., A447(1985)395

{31 Punke, L., et al.; Z, Physik A324(1986)127

[4) Schwengner, R., et al.; Armual report ZfK-559(1985)34,35,153
[5) Bischoff, L., et al.; ZfK=-579(1986)

* Pige 11 Particle spectrum measured in the reaction 67Zn (Au
backed) + 70 Mev 15

0 with silicon detectors of 14 <:m2
area, 100 pm sensitive thicimess and a resolution of
PARTICLE ENERGY {MeV) about 100 keV at 8 MeV ol-particles.
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By means of a sputter-ionsource used for the 7Li acceleration at the Rossendorf cyclotron, long periocd in-beam

experiments have been performed. In the first experiments enriched (92

%) 825, targets of different thicknesses

have been bombarded with 35 MeV 7Li particles. Spectra of yrays delayed to the beam bursts and Zg—coincidences

have been measured so far to investigate different nuclear structure aspects in the final nuclei

3gr, 85,86,

and 85’BGRb. As a first result a new ns-isomer with a®- 15/2" at EX = 2826.7 keV /1/ has been found (cf. fig. 1)
on the basis of the delayed yray spectra.
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Spin rotation spectra
for two transitions de-
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magnetic moment of the 15/2+ isomer in 85

In our earlier studies of the nucleus ggkras, some multiquasiparticle states have
been identified /2/ showing the growing importance of spherical shell model aspects
close to the magic shell number N=50. In 85Rb the positive-parity yrast states on top
of the 9/2% isomer are thought to result from the coupling of a proton in the 199/2
shell to the even-even 84Kr core /1/. Thus, these yrast states up 1o 21/2+ are
suggested to contain 3 gp components resulting from.coupling the 199/2 proton to
neutron (v) and proton () 199/2 core excitations /1/. No conclusion has been drawn
about the configuration of the 15/21 and 17/2; states lying between the 17/2; and
21/2; levels. In this region a backbending like behaviour is supposed /3/.

To clarify this situation, the magnétic moment of the new 15/2; isomer in 85Rb has
been determined by the TDPAD-method using a 50 mg/cm2 82Se powdeT target at room tem-
perature. The experimental arrangement is described in ref. /4/. Fitting the usual
analytic expression for R(t) to the experimental results (fig. 2), the Larmor fre-
quencies W observed for the 349.7, 1183.5 and 779.4 keV )-transitions have been
determined giving the averaged value wL = 147(4) MHz. Taking into consideration the
external magnetic field Bext = 2.535(6) T the g-factor amounts to g=+1.21(4) and the
Rb to p=+9.1(3) by Hith respect to the
large experimental errcr field corrections have been neglected. The positive sign

of the g-factor has been deduced by comparison of the phases of the measured R(t)
functions with the phases obtained for known g-factor and A2 values. From the time
distributions a preliminary half-life of T1/2 = 14(4) ns has been determined. -

The comparison of theoretical estimates for g-factors (table 1) with the experimental
value demonstrates that the 3 gp configurations of the type v_zn- are clearly ruled
out. The same can be stated for the configuration containing one pl/2 proton. The-
experimental g-factor is within the error limits in agreement with the values
calculated for the 3 gp configurations ng9/2f5/2p}/2, where the configura-

tion [Rg9/2(f5/2p3/2)4+]15/2+ is the most likely one.

Table 1 References
Estimated g-factors of 3 gp states /1/ Zell, K.0. et al., Phys. Rev..C25 (1982) 1379
K X a) /2/ Rotter, H. et al., Phys. Lett. 1638 (1985) 323
Configuration g " 2 (1¢
— E— calc /3/ Liibmann, L. et al., Z. Phys. A313 (1983) 297
Lv(gy )72 (m 1] 13/250521/2 <0.60 /4/ Ksubler, L. et al., ZfK-455 (1981) 1
. /
fﬂgg/zfs/zpl/z] 15/2 +0.99 /5/ Lederer, C.M., V.S. Shirley: Table of isotopes.
["99/2f5/2p3/2] 15/2%=3%17/2° c) +1.14¢g¢+1.26 New York: John Wiley 1978
(Mg /o€t c /0P /50, 4] 15727 +1.21
9/2°°5/273/2°4 .
(M99/2(E5/9P3/2)5°] 15/ +1.19
(M5 (25 /o035 047] 17/2° .21

a) ’ :
Calculated by means of the additivity rule of effective g-factors /5/ with: glvgg/9)=-0.24, glrpj/9)=-0.14,
gUrp3/2)=+1.83, glris p)=+0.54, glrgg p)=+1.37. o2 12

b)(ﬂ? stands for all m-configurations mentioned in footnote a)’
%’For different modes of spin coupling within the configurations.
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The in-beam study of 793r /1/ has been continued. Further experiments were carried out
using the '°Se(t,p2n) reaction (E =45 MeV) and the ' 'Se(d,pn) reaction (E,=27 MeV) at the
cyclotrons in Stockholm and Rossendorf, respectively. The level scheme deduced from the
present experiments is shown in figure 1. Meen lifetimes of states in 79Br were extracted
from Doppler-shift attenuation (DSA) and recoil-distance Doppler-shift (RDDS) experiments.
To suppress Y rays from (a,xn) reactions and background radiation a particle—) coincidence
set-up /2/ or a plunger device in connection with a multiplicity filter /3/ were used in
SA or RLD3 experiments, respectively, that employed the 77Se(o(,,pn) reaction. The life-
times are ziven in table 1.
Three band-like structures have been identified in 79Br. The level spacings and large E2
transition strengths (B(E2)=: 30-40 W.u.) within the yrast band built on the 9/2% isomer
are similar to those within the yrsst band of the core nucleus 788e end point to a de-
coupled motion of the g9/2 proton and the core. The transition energies within the 3/2°
ground state band decrease above the 13/2” state. This anomaly may indicate a band cross-
' ing with the- 2np bend observed above the second 13/2  state. The levels of this band are
depopulated by rather strong Ml transitions (B(Ml)a 0.4 W.u.) and might involve configu-
rations like a P3/0 proton coupled to a broken g9/2 pair of the core or a 8g/2 g{oton
coupled to certain negative-parity core states, similar to the 3aqp band in Br /4/.

References
/1/ Schwengner, R. et al., Annual reports 1984 and 1985, ZfK-559(1985)28, ZfK-584(1986)20
/2/ Schwengner, R, et al., Annual report 1934, ZfK-559(1985)34
/3/ Winter, G. et al., fnnual report 1985, ZfK-584(1986)102
/4/ Punke, L. et al., Z. Phys. A324(1986)127
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HIGH-SPIN STATES IN 'JKr
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The investigation of !2Kr has been continued, In order to enhance the excitation of high-spin states in additi-
on to the experiments performed in the reaction 77Se(<>£, 2n) at the Rossendorf cyclotron /1,2/ several experi-
ments in the reaction 783e(o(,3n) have been performed with 45 MeV o¢-particles at the Stockholm 225 cm cyclo=
tron shortly before its shut-down, In a ”-coincidence experiment 3 large-volume HP Ge detectors of more tham
20% efficiency have been used, Two of them were positioned at a distance of about § cm from the target under
90° relative to the beam direction and one detector about 8 cm spart under an angle of 135° {backward directi~
on), The 3 coincidence matrices of the different detector combinations have been added and the total matrix
contains about 2« 108 coincidence events collected during 25 hours of beam time, Purthermore, the two matrices
of the 135°‘- detector with the two 90°-detectors have been added separately and analysed with respect to Dopp~
ler shift effects /3/. The angular distribution and linear polarisation of the joreve have also been measured.
The present status of the evaluation allows us to establish the level scheme of 79K.r as glven in fig. 1, which
goes far beyond earlier studies /4/, Besides the yrast sequence of positive parity that is discussed in ref,
/3/ the level scheme contains the following level sequences:

1) Both signaturea of the 1gp configurations Py /2 fs /2 and also p3 /2 with the basis states 1/2° (ground state),
5/27 at 147,1 keV and 3/2° at 384.2 keV, The collectivity, at least in the Py /2 and fs /2 bands, is relative=
1y large /2/.

ii) Above 2,8 MeV four levels have been found, which show very complicated decay pattexm and are likely to form
a sequence of levels based on a 3qp configuration of negative parity. Possible low~energy transitions bet~
ween close-lying states of squal spin and parity (17/2” to 23/27) are present in the singles Paiat spectrum
but their intensities are too weak to be observed in the coincidence spectra, If they exist a strong mixing
of 3 configurations would be suggested.

1i1) In addition to the yrast sequence some yrare states of positive parity have been observed, which have
counterparts in 8lgr /57

To get more insight into the complicated level structure of ' °Kr, further evaluation of the extensive experi-

mental material is necessary, .
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TRANSITION PROBABILITIES IN THE BAND CROSSING REGION OF 79Kr
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Excited states in 79Kr have been identified up to 1™ (27/2") ana (23/27) using in-beam j-Tey spec-
troscopy in connection with (€X,2n) and (o ,3n) reactions at the cyclotrons in Rossendorf and Stock-
holm, respectively. The results are summarised in a level scheme shown in the preceeding contribution
to this report /1/. For many levels of the yrast sequence picosecond lifetimes could be deduced from
lineshape analysis in Doppler-shift experiments. The results have been obtained either in a common
analysis of the two lineshapes found at the observation angles of 25° and 155° or by analysing the
lineshape found at an observation angle of 135° in a I’-coincidence experiment. Reduced E2 and Ml

transition probabilities as derived from these lifetimes are given in table 1.

Table 1. Reduced E2 and M1l tramsition probabilities BIMYLIT-11 T
X s . [ o7y
given in ¥eisskopf units. 10k -“K; }_
I, I, 8(E2) I, I, B(m) : E o 41-o<’f{
s F -
1/25 92t 31(5/3) /2" 9/2"  0.020(6/4) £ [
17/2% 13725 44(4/5) 15/2% 13/2°  0.035(16/13) 2 0k can i
21727 11725 54(8/6) 1972% 17/2% 0.05(2) @ ¢t [ i E
/20 /28 1a4/3) 21/2p 21/2  0.4(2/1) s f ]
15/2% 11/2% - 4s(15/11)  23/2¢ 21/2{ 0.23(14/8) o t 1
U L L " Il 3
19/2% 15/2°  36(14/9)  23/2% 21/25 0.6(6/3) T e 52 2R
2372% 1972t 46(4s/23) 2572t 23/2% 0.18(6/5) SPIN OF INITIAL STATE
PR 4 + . . + -+ .
e5/2” 212y a8(12/1)  (21/27) 25/2" 0.22(17/9) Figure 1. The i) transition probabilities
(21/2%) 23/2" 57(43/22) in the yrast sequence of 7JKr in compari-
- son with the corresponding data in 8lkr
The errors are given in parentheses in units of the /2/. The curves correspond to the predic-
last digit. #hen asymmetric the notation is tion of the coupling scheme /2,3/.

(upper/lower) uncertainty.

The E2 transition probabilities in the yrast sequence of 79Kr have been found to increase slightly with
increasing spin (see table 1) but they do not show an irregularity at the band crossing. This behaviour
might be interpreted as arising from a considerable mutual mixing of the lqp and 3qp configurations for
several levels in the crossing region, The M1 transition probabilities, on the other hand, are for
transitions above spin 21/2 considerably greater than for transitions at lower spin (see figure 1).

The increase of the B(Ml) values in 79Kr by approximately a factor of four is smaller than in the case

of 81Kr where the B(Ml) values in the 3qp band are about ten times larger than in the lqp band.

A plausible explanation for the B(Ml) values in the 3qp band being smaller in 79Kr than in alKr is

found on the. basis of the semi-classical coupling scheme of the three particle angular momenta in the

81

3qp configuration. For the 3qp configuration in ~ Kr it was assumed /2/ that the unpaired neutron

79Kr contains two neutrons less than alxr
79Kr occupies the Kn = 5/2
substate. Togetner with the smaller value of the aligned angular momentum of the two unpaired protons
(i=o4ﬂ in 79Kr compared to «6h in 81Kr), the lowsr value of Kn in 79Kr gives rise to the reduction
of the B(M1) values in the 3gp band of 79

figure 1).

occupies the Kn = 7/2 substate of the 39/2 multiplet. Since
it is reasonable to assume that the unpaired neutron in the 3qp states of

Kr as compared to 8lKr (see the broken and full curves in

References:
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NEAR-YRAST SPECTROSCOPY CF THE N=48 NUCLIDE ~ 'Kr
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About twenty new levels in 84!(1- up to spin 14 h and 7.65 MeV excitation energy have been established (see fig.1)

as a result of an extensive in-beam spectroscopic study via the 8283(0(.211) reaction at the cyclotrons in Lenin-
grad and Rossendorf, Based on Doppler-shift attenuation or plunger experiments, the mean lifetimes could be de-
termined for thirty of the levels excited. The dominant structure of a new long-lived 12% isomer hes been iden-
tified /1,2/ as the stretched 4qp configuration 97.'(p3 /2,15 /Z)Q ‘v(g9 /2)-2 on the basis of the measured g-factor
and the sum of the excitation energies of the involved 2qp states 4‘5 and 8':. Most of the negative-paxdrty states
could be grouped into two mequences with AI = 2 and AI = 1, respectively, built on the two lowest 5 states,
The 2qp configurations V(g97;,p17;)5- and x(p3/2/f5/2/p1/2,g9/2)5- srespectively, might be ascribed to:them,
but at least the odd-spin members of the two bands are strongly mixed as indicated by strong interband transi-
tions, The collectivity in the negative-parity bands is rather low (B(E2)=:10 <~ 20 W.u.) as in the ground state
band. The (6;) level at 3,95 MeV turns out to have non-collective structure as shown by the low E2 strengths of
the transitions deexciting this level, Together with the (8j) and (103) levels it forms a band-like sequence
with enhanced E2 transition strengths (about 30 < 40 W.u.) between them, This E2 enhancement might be due to
the deformation driving properties of the lowest & /2 orbitals in the proton system indicating the presence of
a broken pair of g9 /2 quasiprotons in this sequence, : -

References:
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Recently we reported on a new four-quasiparticle isomer at Ex = 5373.4 keV with J"’= 12* in 84Kr /1/, which

was observed among the about 20 new 84Kr levels established as a result of extensive in-bean spectroscopic meas-
urements. The isomeric state is deexcited by a cascade of two E2 transitions of 169.3 and 1968.0 keV feeding the
known 8% isomer at EX = 3236.1 keV. A first measurement of the magnetic moment by means of the TOPAD method at
“the Rossendorf cyclotron resulted in g = +0.14(3) for the g-factor of the 12% isomer /1/. Since this g-factor

is rather small, only half an oscillation period could be observed within the given duty cycle of 90 ns causing
a relatively large experimental uncertainty.

In order to reduce the experimental error a further g-factor
measurement was carried out at the Stockholm 225 cm cyclotron.

The isomeric state was populated in the (e« ,2n) reaction by

SPIN PRECESSION SPECTRA bombarding a 825 target (enriched to 92 %) with 30 MeVe-

82
Se(oQZn{f‘Kr particles. The TOPAD experiment was performed with two big
Eyx=5373.4 keV A >0 JE=12¢ 71!1' L4i2tns

RIY) Eyemarkey e oea  geomsiel Ge(Li) detectors placed at 135° (Det. 2) and -45° (Det. 3)
osk i relative to the incident beam direction as well as with one
low-energy photon Ge detector at -135° (Det. 1). The external
magnetic field applied perpendicularly to the beam-detector
plane amounted to Bext = 2.170Q1) T. The beam was pulsed in
the 1:9 mode with an electrostatic deflector /2/ giving a
repetition time of 1.23 ps. Prompt and delayed signals of all
three detectors were stored event by event in a two-parameter

0.0+

1 1 1 |
;ﬁﬂmjkw 3°2kt,_ ;ﬁ? 0,32?“,, mode (El’t) on magnetic tapes. The subsequent analysis was
o5k ] carried out by setting gates on photopeaks and appropriate
l background intervals in the energy axes of the sorted matrices
providing the time distributions for selected jy-rays. From the
background-corrected time spectra the normalized ratios R(t)
were formed for the 169.3 keV transition in 84Kr and the

I
{ 184.1 keV one in 18¢ (fig. 1). Fits of the corresponding ana-
i
!
|
!

0.0

0S5t
lytical expressions /3/ to the experimental R(t) ratios and

also to the time curves for the 1968.0 keV yray provided 4 inde-
pendent g-factor values, the weighted average of which amounts

1 1 1 A
400 300 200 100
"®01o¢,pn )'°F
€, = MY keV Ay >0 "=t Ty2 =153ns
E g = 1841 keV Det.t — Det.3 9=0576(7)

05} 4 to g = + 0.175(15). The comparison with the R(t) function of
the 184.1 keV E2 transition in 18¢ confirms the positive sign
: X he g-factor.
ook _ of the g-factor

Taking into consideration both g-factor measurements we
finally got

-3 , ) g(12%, 5373.4 keV) = + 0.168(14) and
150 100 ER) 0 .
—~—— TIME {ns) T1/2(12 , 5373.4 keV) = 44(2) ns.

As discussed in ref. /1/ on the basis of the additivity rule
Fig. 1 for effective g-factors this experimental result can only be
Time-differential spin precessiog spectra explained by assuming the 4 gp neutron-proton configuration
for the 169.3 keV transition in 84Kr and ; -2 . in th
the 18.1 keV one in 18F. The solid lines tion  v{gg/p)gi M (ps g, f5/5),+ to be dominant in the wave
represent results of fits. function of the 12 isomer.
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INVESTIGATION OF 'Se IN THE (c(,n) AND (<X, O(n) REACTIONS

L, Punke, J, Doring, R. Schwengner, G, Winter
Zentralinstitut fiir Kernforachung Rossendorf, Bereich KF

Barlier we have found interesting structural effects in 2'kr [1] and also in "kr [2] and Bkr (3] , such as
a shape transition and enheanced M1 transitions. In the corresponding Se isotones no information on three-quasi-
particle (3qp) excitations is known so far, Thus, we have initiated the study of '’Se that cammot easily be
reached by in-beam j-ray spectroscopy. Up to now only one experiment [4] has been performed using the reaction
76Ge(o(,n) at ol-particle snergies of 13 - 16 MeV, As a result of this study low~-spin states up to 11/2 have
been established in 7980. In order to get data on higher-spin states we measured ”-coincidoncoa in Rossendort
in the (o¢,n) reaction at 18,5 MeV o<~particle energy and the ,~ray singlef spectra at 13, 16 and 21 MeV. Be=
cause of the low threshold of the (o¢,2n) reaction the 785 trensitions [S] become dominant already at low
beam energies which makes the investigation of 3qp excitations above spin 21/2 practically impossible.

In the preliminary level scheme given in fig, 1 all levels above 2 MeV are newly established but they likely
belong to 1qp excitations, Most of the transitions shown in fig. 1 have also been observed by us in the reac=-
tion 8os«(oal,t:(n) at E, = 27 MeV, In this case the wesk (o¢,t(n) chamnel has been selected by using an ion-
iuplanted silicon detector to register the evaporated ol-particles and to measure the coincident ,-ray spectrum
(seo fig, 2 of ref, [6]).

In order to excite 3qp excitations we intend to study 'OSe via the !0e(1i,p3n) reaction with the 35 MeV 1i
beam of the Rossendorf cyclotron, The cross section of this reaction is in the order of 10% of the total cross
section and the use o_f S1 detectors for the registration of the evaporated protons may clean up the spectra
sufficiently well, Purthermore, Dopplereshift lifs~
time measurements are planned in collaboration with xss
a group of the FTI "Joffe" Leningrad,
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Fig, 1: Preliminary level scheme of 7936 as obtaie
ned from investigations in the (o¢,n) and
(X ,eXn) reactions,

IN~EEAM INVESTIGATION OF THE Ne=82 NUCIEUS '42Na

L.K#ubler, W, Enghardt and H, Prade
Zentralinstitut fir Kernforschung Rossendorf, Bereich KP

In the course of our structure investigations of N=82 isotones also the even-even nuclei 13835 /1/ and 14000
/2/ have been studied. To follow especially the behaviour of negative parity states identified in these mu~
clei, in-beam mezsurements for the N=82 nucleus 142!6 have been performed at the Rossendorf cyclotron using -
the resotion '*°Ce(<,2n)'#?Nd with 205E, <27 MeV. In the measurements 10 me/ca’ thick '*°ce0, targets en-
riched to 99.5% deposited on lavsan foils have been hombarded. The following experiments have been performed:
Measurements of asingles I-ray spectra, relative excitation functions, the I—linea:r polaxrization, prompt
”-coi.ucidences and I—RP time distributions, The evaluation of the data is in progress.

Extended shell model calculations with configuration mixing for the positive perity states /1/ and particle-
core couplﬁ.ng scalculations for the negative parity states /3/ have been perfomod.'
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PARTICIE~CORE COUPLING DESCRIPTION OF NEGATIVE PARITY STATES IN THE zw50 NUCIET 19921133,

L. Kéubler, W.Enghardt, P, Kleinwichter and H. Prade
Zentralinstitut fiir Kernforschung, Rossendorf, Bereich KF -
Experimentally observed positive and negative parity states and the corresponding electromagnetic properties

1
in the semimagic Z=50 mucleus 1Sn can be successfully described in the framework of the shell model with

configuration mixing (SCM) and the particle-core coupling model (PCC), respectively /1/, Further , for posi-
tive parity states and half-lives in 109Sn also agreement of the experimental results with SCMecalculations
could be. found /2/, In the present work this structure investigations are extended to negetive parity states
an 199135 ysing kmown experimental dsta /3/. -

PCC-calculations for semimagic N=82 nuclei are described in ref. /4/., According to this concept the negative
parity states of 109’113511 (figs. 1, 2) arise from coupling one neutron in the 11111/2 shell to the positive

1
parity states of the corresponding cores 108, 2Sn, respectively., The core states have been computed within

the SCM where the Ne!
re the N=50 valence neutrons were distributed over the 157/2, 2d5/2, 2d3/2 and 351/2 orbits, The

model parameters are the same as used in the earlier calculations on excited levels of 111811 /1/.
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Pig. 1, Comparigson of experimental /3/ and theoretical Fig. 2. Experimentally observed negetive parity states
109, (PCC) energy spectra for negative parity states /3/ in 113sn compared to PCC calculations, In
in Sn. In the calculated spectrum for each spin the the theoretical spectrum up to Ex<5 MeV the two lowest
two lowest states are displayed up to Ex<4 MeV, states for each spin value J are given,

The comparison of the experimental spectra with the theoretical predictions shows ithe following feature: In the
experiments the energy differences between the 11/21', 15/2; and 19/2; states exhibit a vibrator like behaviour.
Contrary, the corresponding calculated level spacings are more typical for multiparticle multiplets, For the
neighbouring even-even nucleino’"ZSn the comparison of experimental observed low lying 2+, 4+ ‘and 6+ states
/5/ with SCM celculations /1/ gives qualitatively the same distinction., Compared with the N=82 nuckei , in
the 2=50 miclei & more complicated situation is found. In the tin muclei ' 12?1'4gn collective positive parity
bands have been observed which are interpreted as two-proton two-hole excitations. In the even-even N=82 nuclei
fno collectivity has been found with the exception of the 3~ gtates and the shell model approach assuming an in-
srt 2=50, N=82 core has been proved to be an adequate description/6/. The results on tin nuclei show that the
12381150 core exhibits not so good inert propertles for SCM celculations, Systematic experimental and theoretical
investigations of half-lives in 109,111,135, nucled are 4n progress.
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139

NEUTRON 2f7/2 EXCITATIONS IN Ba

H. Prade, W. Enghardt, L. Kdubler and G. Winter
Zentralinstitut fiir Kernforschung, Rossendorf, Bereich KF

139

During our in-beam study of 13883 by means of the 136Xe&*,2n) reaction we also got some information on Ba

levels populated simultaneously via the (e,n) reaction channel.

139 139

So far mainly low-spin states of Ba have been studied in the Cs 8 decay, via thermal neutron capture and
by means of the (d,p) reaction /1/. The present experiments revealed four new levels on top of the known 11/2°
state at 1308.2 keV. The partial level scheme of 139Ba as observed in the &,n) reaction is shown in fig. 1.
The levels at excitation energies of 1828.7, 1977.1, 2091.6 and 2743.4 keV have been established on the basis
of the }}-coincidence spectra with the 1308.1 and 230.8 keV lines gated. Taking into consideration the angular
distribution coefficients obtained for the 148.4 and 520.6 keV yrays as well as the small half-life of the
1977.1 keV level (Tl/2 = 0.40(25) ns) the most probable assignments proposed for the levels at 1828.7 and
1977.1 keV are 3" = (15/27) and J = (17/2), respectively.
In 139Ba all single-neutron states within the 82 - 126 major shell
. ﬁ{‘é}?ﬁ \ have been identified /1/, i.e. 2f,, (g.5.); 3p3/, (627 keV), 3p ),
. N (1082 kev), lh9/2 (1283 keV), 2f5/2 (1421 keV) and 1113/2 (1539 keV).
Besides these neutron single-particle excitations various particle-
core coupled states are likely to appear in the excitation spectrum
of 13983. This might be expressed by the high level density between

K&m; 1.0 and 2.5 MeV experimentally observed /1/. Since the 139Ba g.s.
E?:; is known to be a rather pure 2f

the fact that the 2f7/2
fain particle orbitals above the N = 82 gap, the coupling of the f,

16 tm2)

neutron state, which reflects

7/2
shell is lowest in energy among the single-

neutron to low-lying 13883 core states may form some of the yrast

states with spin values of J  11/2.

139

Therefore, excitation energies for negative-parity Ba states

§ have been calculated within the framework of a particle-core

.Y wd

i

oty coupling (PCC) model based on coupling one 2f§/2 neutron to
— ®8a,, 7r= +1 proton states of the N = 82 nucleus 1B Ba. According to

the PCC concept succesfully applied to odd-parity states of N = 82
Fig. 1 : nuclei /2/ the latter core states are described by means of the
Partial level scheme of 1>°Ba as shell model with configuration mixing (SCM) adopting a well
observed in the 136Xe@x,n) reaction established SCM approach of Wildenthal /3/. The only new parameter
entering the present calculations is -the strength of the neutron-
proton surface delta interaction between the f7/2 neutron and the active protons in the core, which was chosen
to be the same as for” the proton-proton interaction (A0_= 0.373 MeV, A1 = 0.373 MeV).

In fig. 1 (right-hand side) the predicted spectrum of the corresponding odd-parity states for 139

Ba is compared
with experimental data. For all = -1 states with a2 11/2" a good correspondence between experiment and
theory is found. Especially, the experimental excitation energies of the 11/2° and 15/2° states at 1308 keV and
1829 keV, respectively,‘are reproduced very well by the theory. Our simple PCC.model predicts the'11/2; and 3/21
levels to be rather pure states arising from an aligned and antialigned coupling, respectively, of the 2f7/2
neutron to the ZI,core state, while for all other odd-parity states at least two core states should contribute
to their wave functions. Nevertheless, the contributions of the dominating basis states given in fig. 1 are
predicted to amount to more than 50 ¥ in the calculated negative-parity wave functions.

In order to compare the whole 2f7/2 multiplets with experiment more unambiguous spin and parity' assignments are

needed. .
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E1 TRANSITIONS IN N = 82 ISOTONES CAUSED BY OUTER SUBSHELL CONFIGURATIONS

W. Enghardt, L. Kdubler and H. Prade

Zentralinstitut fiir Kernforschung, Rossendorf, Bereich KF

Investigations on semi-magic N=82 nuclei with 138<A =144 /1/ have shown that most of their spectroscopic pro-
perties at Ex X 5 MeV can be well understood from few proton excitations outside the doubly niagic core 1 2Sn.
The valence protons are assumed to occupy lg7 /22 2d5 /29 2d3 /2 351 /2 and 1 h11 /2 single particle states. But, it
is not possible to account for the rather strong E1 transitions observed for some of these nuclei /1-3/, since
they are j-forbidden. The present attempt to explain the £1 transi-
tions is suggested by data of the proton stripping reaction
1445‘“("1:)145[:-“ /4/, where significant 1=3 and 1=5 components in the

&
tu
%

& o m‘ég 5 proten strength distributions between 2.7_< Ex< 5.5 MeV have been
LR :ﬁm,_"m P T observed, which may be attributed to the 2f, /2 @nd 1hg,, shells a-
m_s T . g_ q ’w‘i“: bove the Z=82 gap. Thus, we conjectured that the wave functions of
& - negative parity may contain admixtures of configurations, where one
& 91 un .‘Pm..m n: proton occupies eitht.er.the 2f7 /2 OF the lh9 /2 shell instead of the
N L o i lh11 /2 one. The remaining valence protons are assumed to be on the
. "%’:‘réygu . %Py o gds shells /5/. We applied this approach to observed El transitions
Egum = 5 in the N=82 nuclei (cf. fig. 1). The B(E1l) values of single-proton
1w T . 2018 | 27¢ transitions between the 2f, /2 and the 1g, 72 °F 2dg /2 subshells as

well as between the 1h9 /2 and the 1g7 /2 ones were calculated by means

am® & LS . £ Pun of the combination of the particle-core coupling model (PCC) for

an - 2?2 | we v =-]1 states and the shell model with configuration mixing (SCM) for
Gl m_“ﬁ\ﬂ wor w o ” =4.'1 states as explair?et.j in ref. /5/. The B(g,L)-values of‘ tht.a com-

%E*E‘i_w useo peting Ml and E2 tpansxtlons have also been computed. Considering

. | - e l wa- the results in table 1 we found that very small admixtures of outer

subshell excitations in the 7 =-1 wave functions are sufficient to
understand the experimental branching ratios or the lifetime in
fig. 1. As an example, the E1 decay biarch of the 23 ns isomer in
IAGCe will be correctly reproduced, if the =9 state with a pre-
dominant structure (197}2, lhll}z) /1/ contains only 0.007 % of the
configuration (197/2’2d5/2)3,2f7/2 or 0.003 % of the configuration‘(197/2,2d5/2)3,1h9}2.

Fig. 1 Levels of N=82 isotones decaying
via E1 transitions

Table 1 Predictions obtained from PCC and SCM calculations on the deexcitation of levels which decay via an El1
branch for the nuclei 140Ce, 141pr and 145gy

Nucl El transitions Competing transitions
. Y
gkev) 3T | oY [BELn>® | Be1,m™® Eykev) | 3F s(MC’ | B(E2)
140¢, 222.4 | 100 | 97 fo.016 0.032 202.3° g 7.4
1353 | 120 | 117 |o0.004 0.0026 188.8 - | o.010 1.6
3.4 | 127 | 11t |03 4.7 x 10 232.6 13 0.051 93
8lpp 650.2 | 13/2* |11/27 [ 2.7 x 107* | 2.2 x 107* 2713.7 | 11/2* | 0.0021 8.8
310.3 9/2* 17
868.8 | 13/27 | 117271 9.4 x 1074 0.026 218.6 13/2 | 0.028 5.1
854.0 | 23/2” {21/2% | 2.2 0.30 78.2 | 21/2~ | 0.012 130
Wey | s69.3 | 17727 | 15/2* | 0.0064 0.0066 239.5 | 15/2 | 0.0062 95
530.2 | 15/2” ( 0.012 38
968.5 | 13/2° 3.8
329.2 | 15/2" |15/2* | 0.020 0.0014 912.0 | 11/2° 7.0
1858.0 | 11/2 42

a_) Reduced E1 strength of proton transitions between the outér 2f7 /2 shell and the 1g7 /2 OF 2d5 /2 shells.

Reduced E1 strength of proton transitions between the lh9 /2 and

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

vW. Andrejtscheff, L.K. Kostov, L.G. Kostova and P. Petkov
Institute of Nuclear Research and Nuclear Energy, Sofia, Bulgaria
A. Dewald, J. Eberth, K.0. Zell and P. von Brentano

Institut fiir Kernphysik der Universitdt zu Kéln, BRD

L. Funke and E. Will )
Zentralinstitut fir Kernforschung; Rossendorf, Bereich KF

The odd-odd transitional nucleus 106

/1/ and in several light-particle induced reactions /2/. An extensive effort has been under-
taken /1/ to interpret the spectroscopic data from the (HI,xn) experiments in terms of a model
including the couplings of the two odd gquasiparticles to a -weakly deformed core. Thereby,

a long half-life (200 ns) was predicted for the 6 1level at 765.2 keV supposed to have the
structure 1fg9/29h11/2.

Ag has been thoroughly investigated in (HI,xn) reactions

Little is known about the structure of low-spin states in spite of the rich experimental
information on energy levels. Earlier, 3% isomers were located in the odd-odd neighbours
108’HoAg but so far not in lOSAg. No definite suggestions on the structure of these isomers
have been made so far.

In the presenf work, excited levels of 106Ag were studied using the reaction 103Rhﬁaﬂn)106Ag
on the Cologne tandem and on the Rossendorf cyclotron. Delayed );-coincidences were performed
between germanium detectors (electronic START) and fast scintilators (or signals associated
with the beam pulsing) providing the electronic STOP pulses. The data were analyzed accord-
ing to the generalized centroid shift method /3/.

The time centroid of the 675.5 keV reveals only a small deviation from the zero-time line
which indicates an upper limit

T1/2(765.2 kevV) < 0.2 ns
in contradiction to the above mentioned theoretical prediction. Further,

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

+

could be derived for this 3~ level (364.4 keV). For all levels with J = 37 a value of

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

was found.

An estimate of the M1 transition strength of the 87.4 keV transition (B(Ml)ex = 5.3-10'3 Wou.)

connecting the 3~ level at 364.4 keV and a lowef-lying 2~ level supports the assumption that
both states belong to the multiplet 17(99/2)62pi}2 ‘)d5/2' We suggest that the structure of
the 3% isomers .in 108’lmAg arises from the coupling of a d3/2 neutron to three 99/2 proton
holes. Due to the shift of the Fermi level with decreasing neutron number, the d3/2 neutron
orbital in 106Ag is supposed to lie rather high. This explains the non-existence of - a low-
lying 3% isomer in this nucleus. In this way, the low-lying states in‘lUGAg can be understood
in terms of spherical multiplets. In excitations where the h11/2 neutron is involved deformed’
shapes may occur due to the deformation driving force of the h11/2 orbital.
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ENHANCED E1 DECAY OF THE K" = 6~ STATE IN '7%gme

W. Andrejtscheff, L.K. Kostov, L.G. Kostova and P. Petkov
Institute of Nuclear Research and Nuclear Energy, Sofia, Bulgaria

J. Doring, L. KHubler, H. Rotter and E. Will
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Two—gquasipartiocle exoitations of even-even nuclei in the classical deformed region
150<A<190 have been the subjeot of numerous investigations. Of specilal interest are 2qp
band heads with measurable lifetimes as transition probabllities reveal details of their

intrinsic structure, which facilitates e.g. a better vnderstanding of the high-spin be-
haviour.

This work is a continuation of our earlier studies /41/ on this topic. Redently, the nucleus
1743¢ has been extensively investigated in (HI,»m) and (o(,xn) reactions /2/. Several long-
lived (11/2:>100 ns) 2qp states have been found with rotational bands built on top of them.
The KC= & level at 1713.5 keV appears as the band head of a AJ = 1 rotational band iden-
tified up to J™= 157, The half-1ife of this level was estimated /2/ as 2 ns<Ty ;<10 ns.
We performed delayed y - r.f. coincidences in the 1723{b(c>(,2n) reaction at the Rossendorf
cyolotron. The time distributions were analyzed according to the generalized centroid shift
method. The experimental set-up and details of the data analysis are described e.g. in ref.
/1/. The level under investigation is de-exoited by two E1 transitions of 1105.1 keV (to
the 6% member of the ground state band) and of 164.3 keV (to a K%z 6" 2gp band head of a

AJ = 1 rotational band) as illustrated in fig. 1. From the time centroids of these two
transitions an average value of

Ty/p (1713.5 keV) = 0.45 ¥ 0.10 ns

has been obtained. The configuration of this f (L 6", K = 6 level is supposed /2/ to arise
from the stretohed ocoupling of two quasineutrons: v(7/2%/633/,5/27/512/). The structure of
the J™ = 6%, K = .6 level at 1549.3 keV is suggested /2/ as 92%7T(7/2%/404/,5/2%/402/) +
8%V (7/2"/514/,5/27/512/). Thus, the 164.3 keV transition oonnecting these states should be
assoclated with the 8% admixture:\77/2+/633/ - ) 7/27/514/. However, the Weisskopf hin-
drance factor F, = 3.3 x 104 of the 164.3 keV transition does not show any appreclable re-

1713.5 6 s K= 6
O (1/2¥7633/,5/27/512/)

164.3

1105.1
* 6" ,K=6

154943

924 7C(7/2t 1404/ ,5/2% 1402/)
* ey (1/27/5141,5/27/512/)

608.4 67+ KE=0

Fig. 1 Partial level soheme of '/4me

tardation /3/. The E1 transition of 1105.1
keV to the J™ = 6%, K = 0 level is 5-fold
K-forbidden. The hindrance factor of this
transition, P, = 3.8 x 106, is by two or-
ders of magnitude larger than that of the
164.3 keV transition, but still too low
for a 5-fold K-forbldden transition. More-
over, the resulting hindrance per degree
of K-forbiddenness (Fw)1/CAK'1 = 21 1s by
far the lowest one among the known values
in the region 150<A<<190. This is quite
surprising especially for an even 8spin

(J = 6) of the initial ‘state where octupole admixtures with K = 0~ are not expeoted /1/.
In'1721b the J7 < 6", K = 6 2qp state decays by a similar E1 transition to the J7r= 6+,
K = 0 level with F, = 7.3 x 10'°, 1.e. (rw)1/G°K'1) = 149 (of. /1/). In this way, both E1
transitions depopulating the 2ap state at 1713.5 keV appear strongly enhanced. For a more
detalled understanding, configuration mixing of this state associated with a possible ro-
tational alignment of the 113/2 neutron (7/2%/633/) has to be taken into consideration.
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LIMITS ON HEAVY AXION PRODUCTION FROM p(n,a)d
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The observation of correlated monoenergetic enhancements in the electron and positron
spectra measured in heavy ion collision experiments /1/ msy be interpreted as signals of a
light neutral boson decaying dominantly into e+e——pairs. A candidate for such an object is
an axion desired for a chiral solution of the strong CP-problem /2/. Up to now the
searches for standard axions /3/ have been negative. The data of ref. /1/ suggest an axion
mass of m, ~ 1.7 MeV/c2 and a lifetime of té ~/1O_13 e 10_12 s leading to unnatural par-
ameters /4/ in the standard scenario. These problems and, furthermore, experimental con-
straints on the standard axion can be circumvented for variant axion models /5,6/ which
were proposed recently.

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

The positron yield measured was corrected for IPC and PF and an axion-~to-gamma branch-
ing ratio of RexP(x,N) = (0.1 % 4.7) '10—4/£(X,N) remains, where £(x,N) is the acceptance
function obtained from a Monte-Carlo-calculation. This has to be compared with the theo-
zetical value /7/ R(x,N) = 1.1+ 107 [1 ~ (m,c?/Ey )220 (m, - 2n)[§ 14! V]2, with

/“ﬁﬂ) =/“p - A, the difference of the proton and neutron magnetic moments. The quantity
3(1) = f(x,§,N) is related to the coupling of axions to nucleons, where x denotes a scale
parameter, f’e’{-x_q, x} /6/ and N = 1,2 gives the number of active quark families for
variant axions. The mass and the lifetime are obtained from

m (x,N) = N- 25 keV (x + x 1) and tz+e—(x) = 471'72/[/§'GF mg-/(ma/Zme)z 1], 9= x

(GF being the Fermi coupling constant). The standard axion model results from these for-

mulas if N = 3 and =7 =X The comparison of the experimental and theoretical R allowed
us to give limits (90 % conft'idence level) on the parameters for the standard axion and for
the variant axion with N =1, = x (Table 1). For N = 2, = X and = -x_1 as well as

for N = 1,_{ = =~ the 90 % CL for R does not constrain the theoretical predictions.

Table 1: Axion parameters excluded by the present experiment

at 90 % CL
Detector 1
NaI{Tl) N =1, f: x N =3, f=‘x
Detector 3 % 41 ¢ x <83 0.038 < x < 0.062
. m, (Mev/c?) 1.05 <m, < 2 1.2<m, ¢ 2
t, (ps) 0e33 < 27, ¢ 941 33< <23

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

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

Zentralinstitut fiir Kernforschung, Rossendorf, Bereich KF
The effective chiral action of QCD can be assumed to be given by

s(u)

]

- iTr log iP (1)
where

1B = i -m(UPy + UTP), oy =2 (LY Q) . (2)

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

Due toc the vanishing of the baryon number for R —» 0, the scaling behaviour obtained for the
energy (M~ R) does not necessarily imply that the chiral soliton with NB = 1 is instable.
Since .the baryon number is not independent of the explicit form of the chiral field, to find
chiral solitons with given baryon number one should minimize the energy under the constraint
of a fixed baryon number. The constraifed energy functional may still have a local minimum.
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VACUUM INSTABILITIES IN THE EFFECTIVE CHIRAL ACTION

H. Reinhardt
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Many different approaches show that the effective meson action of QCD for a chiral field
Ue SU(n)L X SU(n)R/SU(n)V (n - number of flavors) can be approximated in the absence of ex-
ternal scalar, vector and axial-vector fields by

S(U) = -iTr log i y"0 1
| u) iTr log iy " (1)
where
s Wl _ s yH _ + 1
1y, = 1 Y9 -m (UPgsUP ), Ppy =3 (L x Yy
Here m denotes the constituent quark mass. In ref. /1/ the action (1) was calculated in an
improved heat kernel expansion which includes gradients of the chiral field in non-perturba-
tive way. This expansion is expected to converge sufficiently fast for both R —> oo and R - 0.
Restricting to next-to-leading order one finds from (1) the following Lagrangian of the
chiral field

2
= -1 2 H 1 m My _ By2 2 1 H
L 2 F.“ tl‘(LuL )+ -32—"2- tr{F((LuL )‘ (apL ) ] +m (D -;-2-) LpL

)
- mz[z(a\‘—%)Lv(apL”) . (Qp dy ﬁ) L”LV]} :

u

where Fy is the pion decay constant, Lu = u* SMU denotes the left current, and
u2 = m2 + to(t M) a position dependent mass. The energy of a chiral field of the hedgehog
form U = exp[gf@(r)_]with a profile function ©(r) = NJLexp(-r/R) was calculated from

eq. (2) as function of the spatial extension of the field, R, for winding numbers N = 1,2,3,4.
As one can see in the enclosed fig. 1, for small sizes R the field energy becomes negative

and eventually approaches zero linearly. The latter behavior is expected from the general
scaling behavior of the chiral action (1) (see ref. /1/). With increasing winding number N the

minimum of the energy curve

30 l eventually increases. Quali-
tatively, this behaviour can
0 7] be found for other profile
functions. In physical terms,
-50 — the negative energy at small
n R means that the system would
5-100 ] gain energy by forming
"chiral bubbles" of small size
R~0.04 - 0.08 fm with non-
. =150 7 zero winding numbers. The
. vacuum would hence not be
-200 |~ \3=<'.,-" - translationally invariant on
| a microscopic level, but would-
-250 N (SN NN TR N RSN SN S N N B consist of a gas of topologi-
0.00 0.04 0.08 0.12 0.16 0.20 0.24 cally non-trivial "chiral
' R (FRD bubbles". Similar results have
Energy of the chiral field U in MeV as defined in eq. (2) been found by a numerical
plotted as function of the spatial extension R of the profile X : K
function O(r) = N exp(-r/R) for several winding numbers N. evaluation of the fermion
Winding number N = 1 corresponds to the solid line, N = 2 to determinant in a resticted
the dotted line, N = 3 to the dashed-dotted line, and N = 4 .
to the short-dashed line. space /2/.

/1/ Reinhardt, H., Niels-Bohr-Institute preprint, NBI-HE-86-46, /2/ Kahana, S., G. Ripka, private éonnpnications
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“NONLOCAL EXPANSION OF THE EFFECTIVE CHIRAL LAGRANGIAN®

F.~M. Dittes and L. Minchow .

Zentralinstitut fir Kernforschung, Rossendorf, Bereich KF

We present an explicit expression for the second order term in the nonlocal
expansion of the effective chiral ection end estimate the corresponding
contribution to the field energy.

At present it is widely accepted that low energy hadron physics can be described
by the effective chiral lagrangian (see, e.g., /1/, /2/)

L= ?.ﬁ;‘ 5 .‘yzn‘?—mlé)
where the matrix U is usually chosen in the "hedgehog” form

Lo=eapliFEys) , F=F/7-8(r)
The real part of the corre§§ondinq action can be represented as

j Ay 4
?e I__,.—W/o—-———:’ Z Tr$\,
S [ ] 7 J{*Jz z z, ( )

where Vs-imﬁﬂl(m being the constituent quark mass, ma 345 MeV), and Oc(xl,x
is the causal Green function of a scalar field with mass m,
The leading term of this expansion is

s,= g 14 [2°t-x)]" T W) viK)

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

F =E£., +£
kA

Kin uonloc  )oo 2
2 01
where £, =Z'.T<f,. !(/ (v20'°+2 0in ﬁ)
is the usual kinetic term with the pion coupling constant j; renormalized
to its physical valuejh, 93 MeVv, and

2)

Epnie = 22 Az,m{ [ ik (2m2a)d(s)- L2 ”“’“’fo/ (+*6"+2526)f
T AR
Whemz/(o) SJr {[{q z(”f"é/z)*(fj 3(*"/3 v,’s +a"/¥)+4 S;T)lgeﬁl e
e 2 73 v =|%-e
+5, Xs‘ dy §  Cren 8o, S =nn bl f2 I

l
stems from the trace Tr V(x )V(xz) and 8ll distances are measured in units of
the hedgehog "radius" R (Kq and K, are the Bessel functions of imaginary
argument).

One sees that E onloc 9088 to zero for both R»0 and R»o0 , A numerical estimate
shows, however, that there is a minimum of E, for R=0.3 fm (cf. the fig. for
the parametrization &(r)xz arctan (R/r)z). This can be interpreted as an indi-
cation for the formation of a bound state of pions with baryon number one.

Of course, all numerical values should be taken with care due to the possible
influence of higher order effects and to the importance of heavy mesons at

small distances.
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FROM QUARK FLAVOUR DYNAMICS TO A CHIRAL SOLITON MODEL WITH DYNAMICAL RESTORATION OF
CHIRAL SYMMETRY

H. Reinhardt and B. Kémpfer

Zentralinstitut fir Kernforschung, Rossendorf, Bereich KF

Effective meson Lagrangisns derived from Nambu Jona-Lasinio type of quark flavour dyna-
mics have proved successful in describing low-energy meson physics /1/. These effective
Lagrangians are usually calculated in a gradient expansion around the meson field confi-
guratsion of the vacuum corresponding to the phese with spontaneously brokem chiral sym-
metry. Here we report an effective meson theory derived from the Nambu Jona-lasinio model
in a generalized hest kernel expansion /2/ around a space time dependent chiral redius

field configuration #(x)=<qq>» (for detsils cf. /3/). The resulting chiral meson Lasgrang-
ian reads

2 = GBI e - v(4) - 1Fz~(¢)\‘r LpL 3—2-1 o LLLVICLE, YT m
with e=2r and L = U*D U belng the left current of the chiral: field U(x)ESU(2) 1X5U(2),,
SU(2)1. Here N A z

vig) =3 v < F( ) F(E)rc -z(e —EP(O,E)) (z.)

is the effectlve potential of the chirsl radius field @ and C(g)=N(D (O,AL) + L»exp(--—))
ig a kinetic coefflcient Furthermore

Foi(4) = o ™ Mo, $5/A%) (2
(N: number of colors, (' : incomplete gemma function) is a dynsmical pion decay constant
and A is a Buclidian cutoff. The effective potential (2) has the typical "mexican hat"
shepe and decribes the sponteneous bresking of chirel symmetry in the vacuum where V'=0.
By putting the vacuum value of the pion decay constant Fn(Q) to its physical value of 93
MeV, the cutoff A can be fixed in dependence on the vacuum value of ¢°, which represents
the constituent quark mass.

We have calculated the soliton model solution by exploiting the hedgehog ansatz for
the chiral field with winding number one. In Fig. 4 we show the order parameter # and the
chiral angle © for the soliton as function of the radius. The partiel chiral symmetry
restoration in the soliton center is a consequence of the symmetry breaking potential V.
In case of ¢=¢o our model degenerates to the standerd Skyrmion model with an energy of
1080 MeV for fixed coupling constants. Our model explains why in almost all chiral soli-

ton models the pion decay constent hes to be reduced by about 30% to bring the soliton
energy down to the nucleon mass.

_ 0 REPERENCES
oin i e “¢1¢, /1/ Reinhardt, H., and Ebert D.; Nucl. Phys. B271
asl\ S dito 08 (1986) 188 and references therein
" / /2/ Reinhardt H.; Ann. Phys. in print
\y // 06 /3/ Reinhardt H., and Kiémpfer B.; to be published
04|- \\// Fri=93MeV 04 Fig. 1: The chiral angle © and the scalar field ¢ as
/A\ function of the radius x=rF, (g ) (full lines: @ =320
AN 0.2 MeV, A <667 MeV, §=0.971, dashed lines: $ =150 MeV, A
ot S 0fm 0 =2510 MeV, g=0.535).
0 04 08 12

Fig. 2: The soliton mass as function of the constitu-
ent quark mass ¢°. S denotes the SKyrﬁion mass.
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ANALYSIS OF THE ISOTROPIC LAMBDA-PARTICLE EMISSION IN C+C COLLISIONS AT 3.66 A*GEV

B. Iwe
Zentralinstitut fuer Kerniorschung Rossendorf, Bereich KF

At the Dubna synchrophasotron the production of lambda particles was investigated in the
reaction C+C at a bombarding energy of E/A=3.66 GeV [1]. The angular distribution
dli/dcos®' (in the NH-system) of +the lambda particles stemming -only from central
collisions shows a remarkable unexpected degree of isotropy (fig. 1d). The lambda
particles produced in the elementary reaction p+p -——> lambda + X in the energy region
of interest are anisotropicly Qdistributed (fig. 1a) and have a marked forward-backward
symmetry. In the reactions {He+Li, C+C} ——-> lambda + X without any trigger conditions
the Dubna experimentalists have found anéular distributions with the same behaviour
reflecting the fact that these reactions can be understood to a good approximation as a
sum of independent nuclgon—nucleon collisions. Central collisions between carbon nuclei
including all nucleons of the system into the interaction show the isotropic lambda
emission as mentioned above.

This experiment was analysed using our intranuclear cascade code CASIMIR [2]. This code
models the interaction process of heavy ions as a sequence of binary collisions of
freely moving hadrons. The production of lambda particles proceeds via either direct
nuclepn—nucleon encounters or else via secondary pion-nucleon encounters. Mean field
effects are neglected. Casimir includes completely the rescattering effects of the
lambdas with the surrounding matter. The Lamda particles produced via pp ~--> NKlambda
have been distributed according to w(cos®')=(1+3c0s28')/4 representing a good fit <o
experiment (fig. 1a). The calculated lambda distribution (fig. 1b) of the reaction C+C
differs only somewhat from the input distribution w. On the other side, outgoing from an
isotropidinput'w=1/2 the calculation leads to obviously anisotronic distributed lambdas
(fig.1¢). In order to compare with experiment the distribution in figs. b) and c¢) are
averaged according to the experimental intervals (fig. 1d). Pinally an anisotropic
distribution is contained the side points of which lie clearly outside the experimental
unaccuracy. The CASIMIR calculations show a lambda emission favoured in forward-backward
direction. The considerable pion induced lambda production (about 35%) increases the
anisotropy further. In conclusion one can state: on the basis of binary collisions it is
impossible to understand the isotropic lambda production in central C+C collisions.
Maybe, here, a hint has been found that a new mechanism is at work.

wicoss
experiment b pep —A+X
a) c)
Fig.1
s s s & Angular distridbutions dN/dcos®' of lambda
“f . u.__.wh“ particles in the NN-system. Fig. a) shows
_‘M.“w‘! TLeemAx | CoC=AX :::::A::’;:M two experiments p+p——->lambda + X together
b) d)with the fit (full curve) used in CASIMIR.
The experiment C+C--->lambda + X (full line
: in fig. 14) is compared with CASIMIR calcu-
— 5 o5 lations.
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INVESTIGATION OF > HYPERNUCLEI IN THE FRAMEWORK OF THE CONTINUUM SHELIL-MODEL

R. Wiinsch
Zentralinstitut fiir Kernforschung Rossendorf, Bereich KF

J. Zofka
Nuclear Physics Institute, Czech. Acad. Sci., ReZ/Prague, Czechoslovakia

o single-particle properties

Numerical calculations showed that the use of the harmonic oscillator potential for the
description of 5 hyperons bound in nuclei may be mislesding. Binding energy and redial
wave function calculated in the more realistic Woods-Saxon potential deviate essentially
from the oscillator values, in particulser for states close to the threshold and, for
angular moments 1< 2, above the threshold. These differences are much more important
than in the case of nucleouns or A hyperons, since the average S -nucleus potentisl is
s8till shallower than the A potential /1/. The calculations performed have shown that,
for light = hypernuclei (A< 16), quasi-bound states with 1=1 do not exist for central
potentials with a depth 15 MeV £ Vie %< 25 MeV and an arbitrary value of the spin-
orbit potential. This is in contradiction to the interpretation of the measured A = 12,16
S, hypernuclear systems/2/. On the other hand, our calculation stresses the role of
atom-like states with a =~ hyperon bound mainly by the attractive Coulomwb force with a
mean square radius of the orbit several times larger than the nuclear radius. )

Resonant and guasi-free mechanisms of strangeness transfer
Due to the shellow = - nucleus poten-
tial, the quasi-free process turns out

to give a considereble contribution to 150(K:T[')1§C'g<=450Mé/Ic.0n=0°,DWIA ,Veo=0
the (K~,J) cross section in the region o]

° B B
of 7 production even at small or i D A !
vanishing momentum transfer /3/. & &F &f '

_ dNewr/dE (Mev-')

Fig. 1

Calculated 160(K'*,Jt*)160 spectras vs.

= binding energy By for two values
V.o Of the average 37— nucleus poten-
tial, and a vanishing spin-orbit
potential Vs.o‘. The srrows indicate
the positions of the thresholds of
1h-digintegration channels. The broken
lines show the quasi-~free contribution,
While_the boxes indicate the excitation
strengths of bound or narrow resonance
states. Above the resonance peaks,
their dominating 1p-1h structure has
been displayed.
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Threshold effects which are connected with & pronounced enhancement of the quasi-free
process may simulate s resonant behaviour of the 5] hypernuclear system. (See fig. 1)
On the other hand, the significant differences between nucleon and % hyperon radiel
wave functions diminish the excitation probability of bound and resonance hypernuclear
states (indicated by the boxes in fig. 1). So the quasi-free knock-out of = hyperons
may account for all the gross structure in the observed spectra. In this case, there
isg no reason for a strong spin-orbit splitting for = hyperons, as has been deduced on
the basis of the'dominating excitation of substitutional states /2/.

< hyperons in a complex nuclear potential

The = hyperon undergoés a strong conversion to /A if it is surrounded by nucleons. In
extended nuclear matter, this process is characterized by a width of 20-40 MeV which
would cover all the nuclear structure. Nevertheleass, structures narrower than 5 MeV
have been observed for finite X hypernuclear systems. Up to now this discrepancy could
not be unraveled and the conversion process is generally neglected in = hypernuclear
structure calculations. The interpretation of the structures in the experimental spectra
as threshold effects may solve this problem. If the observed structures are actually
connected with the threshold behaviour of the quasi-free component rather than with
the excitation of resonance states, their widths can be smaller. A S'hyperon in a
scattering state has a much smaller probability of meeting a nucleon and converting to
8 /\ than a J hyperon which moves in the nuclear interior. :

We investigated the influence of the = —+A conversion on the shape of the 120 exci-
tation spectrum measured in the (K",Jt*) reaction on a 16O target. The conversion
process was taken into account by an imaginary part of 10 MeV depth in the average
hypernuclear potential. Real and imaginary parts were takenm to be proportional to the
nuclear density. The calculation was performed in continuum shell-model approach /4/.
We observed an additional decrease of the strength of the reaoncnre excitations, while
the threshold behaviour of the quasi-free process is almost unaffected. Moreover we
noticed a remarkable difference between resonance states with a hyperon in deeply bound
shells (e. g. in the hypernuclear ground state) and states with a hyperon in a weakly
bound Coulomb astate. While for the former a width of more than 10 MeV was calculated,
for the latter we got less than 1 MeV. Their excitation probsbility, however, is too
smell to explain the observed structures.
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TWO~-FLUID MODEL APPLIED TO ULTRA-RELATIVISTIC HEAVY ION REACTIONS

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

N . . T = ih _ _ _. :
@1%‘»:0 S 'Tlc; =-Dnn (w-&_l) and ‘Qn,u,'-)l‘L =0 T R = Dun (U‘—L(),

where n, ui, and Tik denote the baryon number density, the four-velocity and the energy

" momentum tenmsor of the target fluid while the barred quantities refer %o the projectile.
The coupling term can be related to the longitudinal repidity loss Ay in a single nucl-
eon-nucleon collision via D=m G}n by, which we estimated to be 1.2 GeV fmz. The local
coupling hes the consequence that the energy is conserved within the fluids. Therefore,
the model is applicable only for not too high energies, presumably below 100 GeV. For
larger energies the leak-out of energy from the fragmentation region into the midrapidity
region has to be considered.

_The equations are solved using an equation of state thaet allows for & transition frou
nuclear matter into the quaerk-gluon plasma /1/. To reduce the numericsl expense only

one spatial dimension was considered by investigating the collision of two slabs with
thickness d. The energy den-
ity attained in the central
part is shown in fig. 1 to-
gether with the baryon num-

| ber density. For a thickness
od 10 fm most of the matter

is in the phase of a hot quark

e |
(GeVmfd)

JA _J gluon plasma with an energy
density of 2 GeV/fm>.
3k -,
(fm?d)
2 -2
n Fig.1. Maxiwum of energy den-
1 —1 sity end particle number den-
sity as a function of slab
thickness calculated using a
00 é 1‘0 115 0 relaxation time of 0.1 fm/c
d(fm) for the phase tramsition.
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ISOTOFE DISTRIBUTION IN NUCLEAR MULTIFRAGMENTATION

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

e

relative yields

E/7=65 MeV 1

e e e —

25 30
moss number A

" ure

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

Ag a consequence of this cooling
process of the fragments the lsotope
distribution gives only little in-

Fig.1. Primordisel and final isotope distribution for formation about the dbreak- up

two different excitation energies per perticle of

3.7 MeV (deshed lines) snd 6.5 MeV (solid lines) for

charge numbers Z=8 and Z=13, respectively.

yield

" relative

B ]

moss number A

'Fig.z. Calculated isotope distributions for different

charge numbers Z compared to the data of ref./2/.
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SITE-PERCOLATION APPROACH FOR MASS AND ISOTOPIC DISTRIBUTIONS IN FRAGMENTATION REACTIONS
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H, Schulz
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The production of nuclear fragments has been viewed as a percolation phenomenon. Former
percolation models /1/ - /3/ are able to describe the trends of mass distributions only.
To describe isotopic distributions the consideration of the isospin degree of freedom

is necessary, what was introduced in ref. /4/. This isospindependent percolation model
supplemented with isospindependent statistical weights reproduces the experimental
features of mass and isotopic distributions in proton induced fragmentation reactions,
as it is shown in figs. 1 and 2, The inclusive percolation picture used in ref. /4/

is an approximation of the exclusive percolation /6/ considering mass and charge conser-
vation in every event,
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SUBTHRESHOLD PION PRODUCTION AND STATISTICAL MULTIFRAGMENTATION IN NUCLEUS~NUCLEUS
COLLISIONS

H.W,Barz and H.Schulz

Zentralinstitut fiir Kernforschung, Rossendorf, Bereich KF
J.P.Bondorf and J.Lopez

The Niels Bohr Institute, 2100 Copenhagen, Denmark

C.Guet

GANIL, 14021 Caen Cedex BP 5027, France

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

me V, their number is given by

w(E-m 5o 5“) » AT
* X gV —P
w(E™)-w(E” -m - €)) (Zv‘h\)s T

dN(A) = mo +E)dEn

where ¢y, p“_, ooy 8 denote in turn kinetic energy, momentum, mass and degeneracy of
the pion. The number of nuclear states for the total excitation energy E*: is denoted
by w(E¥) and depends on the mass number AO. In the limit ET‘+m“4(E* the above formula
goes over to Flanck's formula for black-body radiation. The number of nuclear states
at the freeze-out stage is evaluated by means of the statistical multifragmentation
model /1/. The differential cross section is calculated according to

dn(a [v])

10°

46 _ > Tbedb
For illustration we consider the reaction 40Ar +4OCa —
T X at 44 MeV/nucleon /2/. The results are shown in the
figure. One sees that the multifragmentation scenario gi-
ves a much too small pion cross section, whereas the com-
pound nucleus model (Fermi gas, dashed line) reproduces
the data reasonably well enough. Thus we conclude that
pions cannot coexist inthe interaction volume together
with fragments at break-up. If we rely on a statistical
process for subthreshold pion production, the emission
has to occur early enough before the hot participant zone
expands and fragmentation may set in.
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PROTON EMISSION IN AND OUT-OF PLANE WITHIN THE TSM

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

We apply the phenomenological two-stage-model (TSM) for fast particle emission /1/ to

calculate the ratio of proton emission cross sections perpendicular (¢ = 90°) and inside
(P = 0°) the reaction plane for different polar angles 8 . Corresponding experiments /2/
14N + 197Au, E/A = 30 MeV reaction, Possible deviations of

the reaction plane from the plane fixed by the fission fragments are taken into account

have been performed for the

in the same way as in the simple source-model interpretation of /2/ (averaging cross
sections over q) with a Gaussian-like weight).

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

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

Our treatment of possible fluctuations of the reaction planes cannot smooth out these
structures in polar direction. Furthermore the ratio of cross sections at different
angles is much more sensitive to those structures then the cross section itself, Hence,
the variety of qualitative trends obtained for different polar angles 9 might be a
consequence of our "90°-approximation" /1/.

However, to check this statement s corresponding calculation would require two additional
‘angle integrations, which is connected with a very high numerical expense. But only after

that conclusions can be drawn from the comparison of TSM predictions with the experimental
data.

12 es55° |12l  6-85° |03 Fig. 1
_ : Calculated ratio of out-of-plane to in-
%? 1 plane coincidences between fission frag-
o .
=8l 08l 0.2 ments and light particles for 3 different
E: o angles @ as a function of proton energy.
= Experimental points evalilable for O= s55°
1
fia 0 o o only (e) are also shown for a rough
lD .lo, 0.1 . .
qJ:HTIL_rJ’L“ (Q) cualitative comparison in the other cases
| ! | ° (0). Note the different scales.
(=0 (=)
. * 10 . .40 N
0 20 «0 60 0O 20 40 60 O 20 40 60
' £ (Mev)
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SOME MODEL CALCULATIONS OF LINEAR MOMENTUM TRANSFER IN INTERMEDIATE-ENERGY HIC

M. Biedarmann and P. Madler
TU Dresden, Sektion Physik, Wissenschaftsbereich Theoretische Physik

The most probable amount of linear momentum transfer §’=(P")/P; is an important gross
property characterizing intermediate-energy heavy ioncollisions. Of special interest is
the question to what extent ¥ is influenced by two-body dissipation (TBD). While in the
simple momentum-space model of /1/ a substantial TBD (enhancement of the pure one-body
(0B) results) must be incorporated to fit the data, the additional consideration of coor-
dinate space as well of angular momentum has been shown in /2/ to have a similar effect,
We have proved the findings of /2/ by using a 3-dimensional generalization of the
quantum-mechanical 0B model described for one dimension in /3/. Since that model for any
incident energy and mass number combinations only slightly overestimates the missing mo-
mentum carried away by fast particles in a corresponding TOHF evolution /3/ we claim that
the corresponding 3D results for § shown in Fig. 1 both for direct and inverse kinematics
might be close to or somewhat smaller than corresponding (not-existing) realistic TDHF
results, This means (cf. Fig. 1) that in the case of direct kinematics realistic TDHF
values of §' really could be close to the data in contrast to the OB results of /1/ which
"are also shown in Fig. 1. ,
For the case of. inverse kinematics our 3D-box results are close to. unity (like in /2/).
Besides theilarge c.m, momentum of the system this is connected with the fact that in TDHF
/4/ as well as in our box model more particles escape in the direction from the smaller
this
for
in the
inver-

nucleus to the heavier one, TBD, however, is expected to at least partially balance
difference (rescattering of nucleons). Hence, a given amount of TBD should 1ower.§
inverse kinematics with respect to the OB result to a larger extent than enhance it
case of direct kinematics. Consecuently, deviations of experimental ? values in the
se kinematics from unity might be more indicative for the role of rescattering than

comparisons in direct kinematics.

model

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

Fig. 1 Ratio of transferred linear momentum to incident momentum for varying incident
energy for central collisions, : 20.. 197
upper case: Ne+”_“Au reaction (Ne-projectile)

lower case: 197Au+2%Ne reaction (inverse kinema-
tics), r.h.s. for TSM results

meaning of the curves: ¢-~-#TSM, —— 3D-box model,
-+~ model calculation of /1/ (one-body part only)
O: exp. point for Ne+Au /6/

» : some exp. points for different systems taken

from /7/
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RANDOMIZATION BY COLLECTIVE FLUCTUATIONS IN THE EARLY STAGE OF A HEAVY-ION COLLISION

P. Midler

Technische Universitdt Dresden, Sektion Physik, Wissenschaftsbereich Theoretische Physik
L. Minchow and A. Pfitzner _ ’

Zentralinstitut fiir Kernforschung, Rossendorf, Bereich KF

Since collective fluctuations render effective with respect to a redistribution of occupation numbers 9v in
the contact phase /1/,- we apply the same mechanism to the approach phase of a nucleus-nucleus collision. Here,
the approximations made in /1/ are not valid. Rather, we have to solve the coupled system for ¢, and the

variances /1/ % , f and @= <6‘P’>t together with LIV) h(t)1v> , consistently on the computer. The

master equation for ?y reads

§=2 f.,(fc[(w)www i hry ‘“W)M (kt“’)(? -3 )- Q;“/f’di N #%)(3,8, i,)], @

) - : -
with Mg (+, £-1) = £, (96, (6-7) exp[z.fé_t,tté'(q,ﬁ') g,.(w)J te.c.
The equations for the variances, together with the (?y ~dependent) transport coefficients, are quoted in /2/.

The projectile is simulated by a Woods-Saxon potential (V0 = -50 MeV, & = 0.6 fm, R, = 4 fm), which approaches
the HF-potential of the target nucleons with SR> = 0.2 c¢. The initial conditions are taken at the instant to’
where the s.p.-potentials begin to overlap: (¥>, , 9, &)= 60%- Ey), YE)= €h)=Ph) =0

Preliminary results are shown in figs. 1 and 2 at t = t + 40 fm/c (vanishing s.p.-potential barrier). A com-
parison with two-body collisions is made using an improved version of the collision term given in /3/. Fluctua-
tions (**+ in fig. 1) and two-body collisions (g @ @ ) produce each a randomization of the same order of magni-
tude. Both mechanisms together (e e ) yield a significant amplification, especially for the continuum (s,>0).
This amplification is due to the reduction of Pauli blocking by the fluctuations. The s.p.-density profiles in
fig. 2 exhibit a similar behaviour: the effect of fluctuations (—) is amplified if two-body collisions are
added (e 00 0). This effect is most important for nucleons outside the s.p.-potential (-».-¢), which is a hint
for a new mechanism for pre-equilibrium particle emission.
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Randomization of occupation numbers (see Change of one-body dens1t1es (see text)

text). Fermidistributions for several tem-

peratures are shown for comparison. ---- HF g.s.-state density of the target
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FLUCTUATION-INDUCED RELAXATION IN ONE-BOOY DYNAMICS

A. Pfitzner and L. Minchow
Zentralinstitut fir Kernforschung, Rossendorf, Bereich KF
P. Mddler

Technische Universitdt Oresden, Wissenschaftsbereich Theoretische Physik

Simulating part of the evolution in a nucleus-nucleus collision by collective dynamics, we
have to account for correlations between the collective {R,P} and the intrinsic variables
4{x,px}r. They produce not only fluctuation and dissipation in the collective subspace /1/, but
also a "collision" term I( g(”) in the equation for the one-body density /2/: 59.(“_—_

[hit), @] + i T(s™"). We refer {R,P} to the relative motion and suppose dR= R = <RY
to be small. Then, I( 9(4)) reads (§-m= A-gM)

Lo 4 Y
I(gm):.o&r{ Yoy - [§6)+ ;szmr/z/m)[FI(t),g( )Cé*?f)F(Hb‘)g“)(l—'l')J + h.c.} ) 1)

with the collective variances %&)= <§22>t ) f(é):g%<[3f:§2¥>t ) the stiffness .)'2_2' of the
collective potential and the reduced mass p. Intrinsic transitions are managed by the gra-
dient F = V/3R of the coupling V(x,R) (FI(t) =g%w¢)F@IQEtt) , with g(t,t') the mean-
field propagator).

From (1), a master equation for the occupation numbers &nglg“’lq_ has been derived /3/.
Supposed the evolution proceeds through a contact phase (<R> smallJle>0) a relaxation time
can be extracted which reads, for QO(Q();Q(Z-&)’within F-N<ELE+R,

t
Y kg lF i [X0-1,1,  a=0tt , Jaregidn =ty )

Here, g = A/10 is a level density parameter, "t‘* = 10'22

s the memory time, and 2703[2/4()2]'1
the zero-poiht fluctuation. Stable (damped) and unstable (exponentially increasing) solutions
Xft)are separated by the line 2= 2¢~ in the {%,H:/} -plane (fig. 1). It is the solution of
2/‘6‘)& %%2) » with %! the feed back of the correlations on the collective potential /3/. When
approaching this line from above (252 ) , (b'eff gets smaller than the collective relaxation
time Trel and attains a few 10_22 s at 29 2, . This is demonstrated in fig. 2, which shows
relaxation times along a vertical cut of fig. 1 at |F| « 0:4 MeV/fm. Since equilibration
times from two-body collisions are of the same order of magnitude we conclude that the fluc-’
tuation-induced relaxation may compete with two-body collisions if 2 =~ 2,0 - ‘
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VALIDITY OF THE LANDAU-ZENER FORMULA FOR QUASIELASTIC HEAVY-ION REACTIONS

B. Milek

Joint Institute for Nuclear Research, Dubna

R. Reif

TU Dresden, Sektion Physik, Wissenschaftsbereich Theoretische Physik

In order to test the validity of the Landau-Zener formula for particle promotion between
molecular orbits numerical investigations of the same problem have been performed within
a semiclassical description of the heavy-ion collision, including a realistic choice of
the single-particle scheme of the radial coupling matrix element as well as of the tra-
jectories for the relative motion of the collision partners. As an example we have chosen
the inelastic excitation of the first 1/2+ state of 17O in a 170 + 13C collision /1/, for
which a pronounced svoided level crossing between two branches originating from the
asymptotic 231/2 and 1d,5/2 levels in 170 occurs. The radial coupling matrix element as a
function of the distance between the centers of the ions shows a long-range tail, which
is responsible for a strong excitation of the upper level already at rather large distan-
ces, This behaviour which does not allow to localize the transition in a narrow region
around the crossing point has been discussed in ref, /2/ (see fig. 1). By further calcu-
lations it has been confirmed that the jump probability reaches a saturation value even
if the system passes the crossing region once with high collective velocity., As a function
of the bombarding energy the two-way jump probability exhibits an oscillatory behaviour:
it has a first maximum for incident energies near the barrier, which falls down rapidly
(half-width of about 1 MeV) and a smaller peak (half-width of about 5 Mev) located at

20 MeV above the barrier, depending on the orbital angular momentum. Such a resonance-
like structure cannot be understood within a diabatic picture of two independent jumps
but is well known in molecular physics as an interference phenomenon between transitions
in the entrance and exit stage of the reaction (Stickelberg phase in the expression for

~ the two-way jump probability).

The importance of these features in the jump

|
07[ fc:\; ey e j probability, which are not covered by the
# ~ "\\ ] Landau-Zener formula, should be further
as explored.
o
o
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F
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Fig. 1 .
] R ) J  Radial coupling matrix element T,, and jump
v e % > ® o obability P, for 70 &+ 3¢ (from ref,/2/)
in —= R{tm) out —= proba Y P12 + . .
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PHOTO- AND ELECTROEXCITATION OF 14c anp 14n

A« N. Golzov, N. G. Goncharova, .
Institute for Nuclear Research, Moscow State University, Moscow, USSR

H. R. Kissener
Zentralinstitut fir Kernforschung, Rossendorf, Bereich KF

For the 1p shell nuclei the data on inclusive and partial photodisintegration cross sec-
tions through the GDR region are more complete and consistent than those in other mass
regions. Thorough checks of microscopic theories against the photonuclear data at photon
energies below 50 MeV have been performed for the 1p shell nuclei (for reviews see /1,2/).

The corresponding data for the nucleus 140 have been published only recently for the
channels ( Y. Neoe)s ( (¥.1n), (¥.2n) and (K'.n ). These cross sections differ in seve-
ral respects from the trend observed for the neighbouring nuclei with g.s. isospin T o70:
(i) there is only little structure in the pygmy resonance region E_=x 17 MeV,

(11) the T, GDR peak is found at relatively high energy, and ¥"
(i11) the (X .,2n) process constitutes a significant part of the inclusive photoneutron
cross section.

A shell model study with standard input can explain all important features of the ex-
perimental evidence. We have calculated the integral response, the expected prominent
partial disintegratxon channels ( X.N ) and the particle emission spectra for the decay
chain 14¢ - 13 12¢, The dominant disintegration branches of the GDR in 14 4c feed the
15.1 MeV state in C (about 25 %), the g.s. of 135 (about 30 %) and the g.s. of 13¢
(about 20 % of the dipole sum). In order to discriminate between model versions, more
data on the partial disintegration channels are needed. Details are given in /3/.

13

The same model has been used to calculate excitation strengths, formfactors and disin-
tegration channels of the stretched M4 configurations excited in backward electron scat-
tering on 14 C and 14 4N /4/+. Recent high-resolution data for C(e,e Y1gg® @t momentum
transfer qa 250 - 400 MeV/c show three narrow 4~ resonances at 11.72, 17.33 (T=1) and
24.3 MeV (T=2); theory reproduces both positions and relative strengths. The T=2 M4 reso-
nance 1s a good candidate for searching for isospin impurity in the gisnt resonance re-
gion through partial disintegration channels. For the 14N(e,e') data theory also provides
a good description, but some ambiguity remains in assigning the M4 strength to the obser-
ved resonances (5, 4~, 37; T=1). Estimotes for the disintegration channels of prominent
M4 stretched configurations in 14N are given /4/.
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ON THREE-BODY FORCES

I. Rotter
Zentralinstitut fir Kernforschung, Rossendorf

The difference between the nucleus and the atom consists in the fact that the central field

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

Because of the existence of highly excited states above particle decay thresholds, the nuclei
should be described by taking into account the coupling to the continuum‘in a straightforward
manner from the very beginning. In the Rossendorf continuum shell model /1/, the starting
point is a standard nuclear structure calculation with inclusion of the single particle
resonances into the space of bound single particle wavefunctions up to a certain cut-off radius.
The coupling to the continuum, including the tails of the single-particle resonances beyond
the cut-off radius, is taken into account by the same Hamiltonian H = H0 + V without addition-
al approximations. The part V contains the residual two-body forces.

The corrections to the results of a standard nuclear structure calculation, which arise from
the coupling te the continuum, are connected mainly with the correction term HQPG§+)HPQ to
the Hamiltonian which takes inte account the coupling via the continuum. Here, the 0 subspace
‘is the function space of the standard nuclear structure calculation with the Hamiltonian

HQQ = QHQ, the P subspace is the function space of scattering states with the Hamiltonian

HPP 2 PHP and one particle in the continuum, HQP Z QHP etc. and P + Q = 1.

A consequence of the replacement of HQQ in the shell model by Hgaf in the continuum shell

model is the appearance of some symmetry violation in the nuclear forces. The matrix elements

eff
of HQQ - HQQ are

c(+)

(| Hap G Hag | o> =2;[d6' KPRl HIZE"> ()" <EL I HIdn> ¢¥

where(bR is eigenfunction of HQQ’ §E is solution of the coupled channels equations -

(E-HPP)ESE(+) = 0 while ¢ denotes a channel with threshold energy £C. The matrix elements

(1) do not vanish also at energies where all channels are closed, i.e. for bound states. The

eigenvalues of Heff are real in this case, otherwise complex. The real part determines the
Qq

energy, the imaginary part the width of the state.

The matrix elements (1) induce some charge dependence of the nuclear forces which has nothing
to do with the problem of charge symmetry of the nuclear forces in nuclear matter or between
free nucleons. This charge dependence is caused by the differences in the scattering wave-
functions §;:of neutrons and protons owing to the Coulomb interaction as well as by the
different threshold energies L for neutron and proton channels. The differences have, accord-
ing to eq. (1), regularities with general many-body properties of the nuclei as, e.g., binding
energy and shell closure /2/, which are in accordance with the trends observed in the Coulomb
energy anomaly.

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

Zentralinstitut fiir Kernforschung, Rossendorf

The Rossendorf continuum shell model /1/ allows to describe the nucleus as an open quantum
mechanical many body problem. The starting-point is a standard nuclear structure calculation
with inclusion of the single particle resonances into the space of bound single particle
wavefunctions up to a certain cut-off radius. The coupling to the continuum, including the
tails of the single particle resonances beyond the cut-off radius, is taken into account by

the same Hamiltonian H = H0 + V without additional approximations.

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

the Hamiltonian, which takes into account the coupling via the continuum. Here, the Q sub-
space is the function space of the standard nuclear structure calculation with the Hamiltonian
HQQ = QHQ, the P subspace is ihe function space of scattering states with the Hamiltonian

HPP Z PHP and one particle in the continuum, Gé+) is the Green function for the motion of the
particle in the centinuum, HQP Z QHP etc. and P + @ = 1.

A consequence of the replacement of HQQ by Hﬁgfin an, open quantum mechanical system is the
appearance of some symmetry violation in the nuclear forces for finite nuclei which does not
exist in nuclear matter. The nucleus is, indeed, an open guantum mechanical system in rela-
tion to the nucleon degrees of freedom. But the threshold for the emission of A isobarsis so
high in energy that the nucleus may be considered as a closed system in relation to these
particles. As a consequence, the NN, 84 and 4 N correlstions in finite nuclei are different
/2/ although they may be the same in nuclear matter. The differences correspond to the
differences in the effective nuclear forces used, e.g. in the standard shell model and in
the continuum shell model calculations.

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

In a similar way, a small charge dependence of the nuclear forces is induced by the environ-
ment /S5/ which has nothing to do with the problem of charge symmetry of the nuclear forces in
nuclear matter.
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COOPERATIVE EFFECTS IN NUCLEI AND SELFORGANIZATION

I. Rotter
Zentralinstitut fiir Kernforschung, Rossendorf

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

The corrections to the results of a standard nuclear structure calculation, which arise from
the coupling to the continuum,are connected mainly with the correction term HQP GP(+)HPQ

to the Hamiltonian, which takes into account the coupling via the continuum. Here, the Q
subspace is the function space of the standard nuclear structure calculation with the Hamil-
tonian HQQ = QHQ, the P subspace is the function space of scattering states with the Hamil-
tonian HPP = PHP and one particle in the continuum, GP(+) is the Green function for the

motion of the particle in the continuum, HQP 2 QHP etc. and P + § = 1.

The CSM /1/ allows to describe longliving states and shortliving ones in a unified manner and
can therefore be used in order to investigate the interplay between the shortliving collec-
tive states and the longliving states of single-particle nature. The results of numerical
calculations obtained show that the collective features of the nuclei may be identified with
cooperative effects in self-organizing systems /2/. Structures in space and time are formed
since all the resonance states have a finite lifetime due to their coupling to the continuum.
The paradigm of synergetics formulated by Haken /3/ seems to be valid also for nuclear struc-
ture studies although the mathematical formalism used is completely different. Moreover, the
concept of a value parémeter defined by Eigen /4/ is included automaticaly inta the nuclear
structure studies /5/.

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

from the point of view of selforganization. ’

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

H. U. Jéger

Zentralinstitut fir Kernforschung, Rossendorf, Bereich KF

The phenomenological model /"1 7 developed to describe the evolution of oxygen depth pro-
files during high dose oxygen implantation into silicon takes into account phenomena such
as target swelling, surface sputtering, internal oxidation due to unbonded oxygen, and

to a certain extent, also changes in ion range. The model has been generalized /27 to
analyse tracer experiments / 3, 4_7. One finds that the computed oxygen profiles have an
incorrect slope in the lower 8102/31 interface region (compare fig. 1),

One identifiable parameter in the calculations which can affect this slope is the ion
renge distribution used. Up to now this was assumed to be a simple gaussian for the pure
silicon target (i.e. at low doses). It consisted of parts of three gaussians when a dis-
tinct buried layer is formed., If instead of gaussians the skew range distributions of

oxygen ions in Si and Si0, reported in ref, /57 ere adooted and put together by dose
matching, we compute the new results shown in figs, 1 - 3,
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Kilner et al. /3 7.
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ON THE LINEAR CASCADE THEORY FOR INHOMOGENEOUS TARGETS
M. Posselt, Zentralinstitut fiur Kernforschung, Bereich KF

Ton implantation into multilayer targets and into more complicate heterogeneous structures is increasingly used
in processing steps of the modern microelectronic technology.

The linear cascade theory describes the phenomena in ion-beam induced collision cascades by linearized Boltzmann
equations. For inhomogeneous targets we have to take into account the spatial dependence of the differential
cross-sections in the collision terms of the equations. Further, in the case of inhomogeneity the Boltzmann
equation cannot be transformed /1/ into the so-called "backward” form which is the fundamental relation of the
well-known LSS(WSS) theory. Therefore we have to treat the "forward" equations. In this report we only consider
the equation for the incident particles using the following assumptions: (i) The properties of the target only
vary with the target depth x. (ii) At x=0 we have s stationary plane source of particles with normal incidence
and initial energy EO‘ Then our problem depends on: (i) the depth x, (ii) the energy E and (iii) the

direction cosine of the particle motion with respect to the x-axis, 7 . We can derive the following equation
for the particle flux J(x,E,7) = F(x,E,7%7) v 7

DI Bx = StJ+StJ

F(x,E,%) is the statlstlcal distribution function. The collision terms St J and St J describe the interaction
of the incident particles with the screened target nuclei and the target electrons respectlvely In the first
part of Sth = StnlJ+ St J the energy transfers from the projectiles to the target atoms are greater than a
threshold T SG< E. We 0bta1n

(x E, E t) x,E)
0 f(tm) I Eelx,E, ), ) £(+72)30x,E,7)
St;d = dt dﬂla(x Em,t ,71) - dt _375'
T ” /" ey
t)(x,E Tmn -1 £ 0GE, Ty )
a(x’E'"Z'tﬂl) - B(sin¥ (x,£,0)01- ’712)1/2#'2 "lcos\?) 9(51n13‘(1 )2 1/2-01+1Zcos1} )

T+ it 4 -19) - (-7 cos? )* )1/2

cos¥(x, €, )= (<m+M<x>)/zm)(e(x,r,t))‘1/2+((m-M(x))/Zm)(e(x E, 1)) 172 e(x,E, D=1/ (1s(L+ 4ty (I (C00E) 2y12,
t (x ETnin)= (g (X)/B’(X))(E+T in t (x E,Ep)=C gx)'m1n((E /(- y (x)),E4CE, -E)/x(x))

t (x E’Tm1n) C (x) E-T. /x’(x) t (x E)= C (x)

m and M are the masses of the projectiles and the target atom§ respectlvely.(EE and C;x are the reduced energy
and the reduced length and j = 4mM/(m+M). e assume that collisions with energy transfers below T.in do not
change the direction of motion of a projectile. Further we take into account that R“G“-E. Similar arguments can

be applied to all collisions of the incident particles with the target electrons.We get the simple expressions

St o3 = (C,(0/C 2(x\>‘-U 1 dt f(tlg) J(XEE’”)] st = ,é%-[ 5,(x,E) J("—EZ'Z-)—]
n n

The electronic stopping power S and the function £ for the nuclear scattering can be abtained from /2/. The
solutions J of our eq[xation have to obey the boundary condition J(0,E,%) = 3 J(E—EU)J('»Z-I) + JB(E,—»Z)G(-';Z).
30 and JB are the flux of the incident particles and a given flux of backscattered primaries, respectiveley.
From J or F we can derive range profiles and other essential informations.Inserting J=q;967) oikg(-oz) into the
equation for J we obtain two coupled equations for J+and J_.For heavy ions and light target atoms we can neglect
the contribution of J_to J. The numerical treatment of the remaining eguation for J,=] shows analogies to the
iteration schemes of Christel et.al./3/ and Ashworth et.al./4//5/ which have been successfully applied to range
profile calculations in homogeneous and multilayer targets.In comparison with the iteration schemes our method
has two'advantages:(i)lt is based on a3 consequent derivation from the Boltzmann eqdation.(ii)lt is more general.
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SCALING PHENOMENA OF PRIMARY CRYSTALLIZATION STUDIED BY COMPUTER EXPERIMENTS
H.-J. Miller and K.-H. Heinig
Zentralinstitut fir Kernforschung, Rossendorf, Bereich KF

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

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

15 T T - T T

Two main features of the PC have been studied: (i) static analysis of the
% computer graphics of the final structures with respect to mean grain size,
grain edge, and grain size distribution (Fig.1), and (ii) kinetic analysis
b of transient quantities of the crystallization process like normalized
mean grain size (Fig.2), fraction of crystallized material, number

of nucleated grains, exhaustion of the crystallizing interface, and

4 exhaustion of the unrecrystallized volume. ’

10,

Despite of the strong temperature dependence of the mean grain size and the
/ duration of transformation, a fundamental statistical scaling behaviour has
lQS 5 5 05 been found for the topological static features as well as for all kinetic

9 RIR parameters (see Fig.l and Fig.2) using appropriate (temperature dependent)

scaled grain-size distribution  SCaling factors. Universsl laws for these parameters of PC have been found.

f“j}éﬁﬁﬁ-:;:}fggﬁ’ This is rather surprising, because (i) these laws are independent of the

Fig.1: and ... 1200K)

ratio between the rates for nucleation and gruwtt, which varies drastically
within the investigated temperature range (800...1300K), and (ii) the computer graphics of the final poly-
crystalline structures seems to have pronounced differences.

This temperature ihdependence leads to the conclusion that the statistical scaling behaviour must be a result
of the topological features within the random network of grain boundaries. It has been pointed out by

Rivier /2/ that random cellular networks, which fulfill the conditions of space filling, topological sta-
bility (see Ref. /2/), and equal physical constraints of network formation exhibit the same "most probable”
cell size distribution of the final network.

The networks of grain boundaries of structures obtained from the 10+ R Lttt
computer simulation fulfill these conditions provided that random Rith) o
nuckation (with respect to space and time) and a constant ratio -Hﬁgl & I
between growth and nucleation rates during transformation are assumed. L o
Therefore, the mean grain size distribution corresponds to the "most nsL - E
probable" céll size distribution. The scaling behaviour of all the i »* 1
other parameters, also of the kinetic parameters, result from the Y
discussed basic features of the random grain boundary network.

The investigation of the scaling phenomena of PC leads to a deeper % as 10 B
understanding of analytical transformation formulae, their abilities

and their limits of application, and it facilitates the inter- normalized mean grain
. size vs. scaled time
pretation of experimental data of PC and the transformation conditions. Fi8.2: Ca 200K, % 1000K,
* 1200k}

/1/ Miller, FR-J., Heinig, K.-H. and Hennig, K.; Computer Simulation of Primary Crystallization
amorphous to crystalline, Proceedings of the E-MRS - Strasbourg, June 1986
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COMPUTER STUDIES OF THE STATISTICAL DISTRIBUTION FUNCTIONS OF PARTICLES MOVING IN COLLISION CASCADES I:
INCIDENT PARTICLES

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

Extensive informations about the evolution of the ion-beam induced collision cascades can be obtained from the
statistical distribution functions of the particle species moving in cascades.

At first let us consider the incident particles. Our calculations are based on the following assumptions:

(i) stationary irradiation, (ii) plane source of particles with normal incidence and initial energy EU at

the target surface and (iii) linear cascades. Then our problem only depends on three variables: (i) the target
depth x, (ii) the ermergy £ of the particles and (iii) the direction of motion with respect to the x-axis, cosf .
Using the last Rossendorf version of the TRIM Monte Carlo simulation program /1//2//3/ we have logged the num-
ber of incident particles penetrating marker planes at x during dt with (E,dE) and (cos@ ,dcos@ )

dd = j(x,E,cos8 ) dE dcosB dt
The statistical distribution function f is obtained from the flux j by a simple transformation
£(x,E,cos8 ) = j(x,E,cos0 )/(v|cosB| ) with v = Y2E/m

m is the particle mass. The number of particles moving at time t in (x,dx) with (E,dE) and (cos® ,dcos8® ) is
given by dof = £(x,E,cos8 ) dE dcosB dx. Instead of the particle numbers dJ and df we can define probabilities.
For example,

dS& = j(x,E,cos6 ) df dcosB /( ‘f j(x,E,cos0 ) dE dcos® ) = Sh(x,E,cose ) dE dcosO

is the probability that a particle penetrates the marker plane x with (E,dE) and (cos® ,dcos® ). The distribu-
tions ( 35N(X,E)/B_E ) = ij(x,E,cose) deosB and  ( Bj'N(x,cose )/ D cosB) = ij(x,E,cose) dE

are shown below. The two figures illustrate the spatial evolution of the incident particle beam for 50 keV As®
implantation into Si. It is evident that the peak of the energy distribution must shift from E0 at x=0 to Ef at
sufficiently high values of x. Ef is the final energy in the simulation of the particle motion. We have chosen
Ef=15 eV. Fig. 1 shows very broad energy spectra at small and medium depths. Therefore we can conclude that the
energy distribution loses the memory of the initial energy E0 at relatively small depths. On the other hand,
the directional distribution in fig. 2 always shows a strong anisotropy which is determined by the direction of

incidence at x=0. uzr

-
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Fig. 1 Fig. 2
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COMPUTER STUDIES OF THE STATISTICAL DISTRIBUTION FUNCTIONS OF PARTICLES MOVING IM COLLISION CASCADES II:
RECOILING TARGET ATOMS '

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

The knowledge of the statistical distribution functions of the particles in cascades is not only important for
the understanding of the surface effects (backscattering and transmission of the primary particles, sputtering
of target atoms) but also for investigations of bulk phenomena (implantation, recoil implantation and mixing)!
. In the present studies we have used the same assumptions as in part I /1/. Similar registration techniques

for the recoiling target atoms have been employed. In contrast to part I we have to simulate the motion of all
cascade particles which have a chance to penetrate the given marker planes. Target atoms begin to move if the
energy transferred from a projectile exceeds the displacement energy Ed.
Far 50 keV As” implantation into Si we have investigated the energy and directional distributions of the
recoiling target atoms penetrating the markers at x. Two cases have been considered: (i) The histories of the
particles have been followed until Ef=Ed=15 eV. (ii) Only recoils with energies E 2 Ef = 5 keV have been
simulated. In both cases the enmergy distribution shows very marked peaks at Ef. The peaks have approximately
equal heights at all marker depths. Therefore the great majority of the particles are always the recoils of the
lowest energies. The thin high energy tails of the energy distribution are the remaining memory of the energy
distribution of the incident particles /1/. The length of the téils decreases with increasing depth x. In the
case of Ef=15 eV the energy distribution function decreases approximately proportional to l/E2 in agreement
with the Sigmund theory /2/. The directional distribution of the particles with energies E z Ef =5 keV

(fig. 2) shows a stronger anisotropy than the distribution of the recoils with E z Er = 15 eV (fig. 1). This

is evident since the distribution of the high emergy recoils is more influenced by the directional distribution
of the incident particles /1/. This influence decreases with decreasing energy and with increasing generation
of the cascade recoils. The isotropic limit /2/ is given by the dashed lines. The spatial evolution of the
directional distribution is not very pronounced. With increasing marker depth the fraction of the particles
moving in a backward direction decreases slightly.

33{x,COsIN)
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ON THE CALCULATION OF THE MULTIPLICITIES OF QUASICRYSTAL DIFFRACTION SPOTS
V. Heera and B. Rauschenbach
Zentralinstitut fur Kernforschung Rossendorf, Bereich KF

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

There exists a simple rule for the calculation of multiplicities in the classical ecrystallography: The
multiplicity is the mumber of the possible pemmutations and sign changes of the 3 Miller indices. Because of
the linearly dependence of the 6 basic vectors used in the 1i—QC indexing this rule is not valid. &
straightforward computer calculation of the 1-QC multiplicities is possible, but very expensive, because 6
integers must be varied indeperdently. In this paper a aimpe algorithm for the calculation of the 1i-QC
multiplicities should be presented.

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

N1=n1+n2, N2=n5— y 1\13=n3+n4, N4=n1—n2, N5=n5-m6, N6=n3—n4

we can obtain Q2 in the followinz fomrm: Q2 S+%*D with %'=1.618 the golden mean and S= ZNiz. D can
be splittet in 2 tems: D = 5, - S, with S,={(N;#p)24 (N3, )2+ (Nglig)?} and S, = {N,2N;2M:2). Since S
and D are integers and ¥Tis a irratlona.l number both are independently constant for all dQ,J corresponding to
a fixed Q. The high symmetry of the term S according permutations and sign changes is reduced by D. The
expression D is only invariant under permutations and sign changes of the 3 sums (Ny#N,), (N3+N4) and
(N5+N6).

Let us now describe the steps of calculating the multiplicities of a reflex with given Q:
— Determine the terms S and D corresponding to the Q under investigation.
~ Split up the temm S in all possible ordered sets of 6 positive quadratic mmbers [IN1 "]j’
IN1|>INEI>...>|N6I with j=1...z and z the number of possible sets.
- Take one of these sets and pick out from these 6 mmbers all different ordered triples, which must be
assigned to the mmbers Ny ,1'13,1‘!5. The residual 3 numbers are the coamplementary triple.
- Calculate the corresponding 32 and S1=D+SZ. There is the helpful restriction that S1 cammot be - smller
than 0.
— Then split up the sum S1 in 3 positive quadratic mumbers and puzzle out whether there is a possibility +to
assign this nmunbers to the temms (N1+N2) (N3+Nl}) and (N5+N6) so that IN,l, lNal and IN6| are the mumbers of
the complementary triple. This step determines the sign of the rumbers.
— The multiplicity of the found index set (Ni) is then MQ3-23*3'/(q*2m* Tm!) with g=1 for all N; even or
odd and q=2 for N; of mixed type. m is the mmber of the zero mumber pairs (Ni’ N,)=(0,0) and m_ the number
of equal number pairs (INiI,lel), (1,5)= (1,2),(3,4),(5,6), in the set (IN,1), 1=1...6.

. - Repeat this procedure for all sets [INiI] 3 with S=constant. The total multiplicity is then given by the
sum of all MQ;)'

In conclusion it should be noted that the diffraction spots related to each other by scaling transformations
deseribed 3in /1/ and discussed also in /2/ have the same multiplicity. Thus it is possible to optimize the
procedure described above by using the scaling laws to minimize the value of the sum S.

/1/ Heera, V. and Rauschenbach, B., this report p. 68
/2/ Elser, V. Phys. Rev. B3R (1985) 4892
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SOME REMARKS ON THE INDEXING OF THE DIPFRACTION PATTERN OF ICOSAHEDRAL QUASICRYSTALS
V. Heera and B. Rauschenbach

Zentralinstitut fliir Kernforschung Rossendorf, Bereich KF

Since the discovery of the icosahedral quasicrystals (1-QC) /1/ many papers concerning the interpretation
and  calculation of the observed diffraction pattern have been published /2/. Because of the
noncrystallographic 1icosahedral poimt group of the QC pattern, common crystallographic rules for indexing,
caleulation of multiplicities and intensities of the diffraction spots camot be used. In addition,
different notations in the QC description render the understanding in this matter more difficult and give
raise to confusion. The aim of this paper is hence to present the comnection between the index notations
of Bancel et al. /3/ and Elser /4/. The position of every i-QC Bragg peak in the reciprocal space is given
by 6
q-= Tl'/a*Z ng*q;/q 1)

i=1
with n; integer, often denoted by the index shorthand (ni)=(n1 s+-+s0g) analogous to the Miller indices in
conventional crystallography. The b6 basic vectors T, with length q can be selected from the 12 vectors
pointing to +the vertices of an icosahedron under ‘the restriction qi#—ﬁ’j for all 1,j. There are mmerous
possibilities to choose the basic vectors in this frame and hence there exist different index notations. The
most common notations are given in /3/ ard /4/. The cormection between this 2 sets of basic vectors is
presented in table 1. The co—ordinate reprensentation according Bancel et al. is also shown in this table.

Vectors §; according /3/ _c: -q’e ES G, '6'5 g,

x 4 1 0 T -%
co—ordinate representation y 3 -Y 1 1 0 0

z 0 0 T -y 1 1
connection with vectors &"; /4/ q * 3’1" -q * 'e'é" q * ?2" q * ?5" q * ?3" -q * eu“

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

It 1is obvisious from table 1 that the same Bragg reflexes are denoted by different index sets, e.g. the
(1410000) reflex according Bancel correspords to the (100007) reflex in Elser's notation. There are, however,
still further complications in the QC indexing. Because of the self similarity of the QC the indexing is
ambiguous in the sense that the diffraction pattern can be scaled (inflation and deflation rules) and then
re-indexed. This means that the QC lattice constant a* in formulae (1) is only defined up to a scaling
factor s. Thats why the QC lattice constant follows from the work of Bancel (a*=1.08 A) strongly differs
from the one given by Elser (a=4.60 A). The connection between both is given by the scaling relation a=s*a*
with s= o 3.

/A/ Shechtmen, D., Blech, I., Gratias, D. and Cahn, J. V. Phys. Rev. Lett. 53 (1984) 1951
/2/ see e.g. Levine, D. and Steirhordt, P. J. Phys. Rev. B34 (1986) 596

/3/ Bencel, P. A. and Heiney, P. A.  Phys. Rev. Lett. 54 (1985) 2423

/4/ Elger, V. Phys. Rev. B3 (1985), 4892



APPLICATION OF THE POINT KERNEL INTEGRATION METHOD TO THREE-DIMENSIONAL NEUTRON FLUX CALCULATION OUTSIDE THE
HEXAGONALLY SHAPED LWR— CORES

X n
F. Seidel
VEB Kombinat Kraftwerksanlagenbau, Berlin

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

order transport calculations /1/.

The PKM presented here is based on the separation of the whole neutron shielding problem in a one-dimensional
multigroup—Sn—calculation to determine the point kernel parameters and a tree-dimensional one-group point

kernel integration /2/.

For shield points T distributed three—dimensionally the point kernel integration determines the neutron flux

spectrum part above the energy limit Eo (usual 1.0 or 0.5 MeV)
>

pﬁ(ih‘[wﬁaae,
i ™ N R
Eo \\ Q \\ \ >

The integration is carried out over all neutron

source points T "of the source Volume V
¥ )~ [Sd ol 0747
(r lﬂ'lrr PLTr-vi)jdr 2

in which the neutron flux contribution resulting

from the source

Q.(F)=Q(# )f X&) dE 3 >

is attenuated on the way Ir—rl from the source to

the shield point in consideration of the optical Fig. 1 Schematical representation of the geometry and
thickn . the ray-tracing of a typical LWR-core-shield
€8s t-v arrangement with hexagonally shaped assemblies.
— e (%) )
Lg(lf rl) Z,E(OS)JS.

)((E) is the fission spectrum andilEo(s) is the point kernel parameter depending on the material distribution
and averaged over the energy range above Eo' In order to consider the material boundaries® in eq. (4) the
approximation

TR~ 2 Gul (5>
is performed with respect to hexagonal, coaxial and eccentric—cylindrical boundaries. Such geometry options
ensure the practicability of an exact ray-tracing through a core with hexagonally shaped and trigonally dis—
cretisated assemblies and through a typical light water reactor shield, s. fig. 1. For each assembly a regu-
lar trigonal fine mesh grid of an arbitrary mesh size may be chosen.

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

gration a suitable representation of the SIEVERT-integral table is used.

The efficiency of the method for calculating the neutron fluence of reactor shield materials was demonstrated
by some model calculations. The first results offer that an improvement of the point kernel parameter f£it

will be necessary to obtain accurate fluxes /2/.
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APPLIED METHODS

PIXE INVESTIGATION OF AéIBg—SEMICONDUCTORS

H.U. Frey, A, Hupfer® .
Karl-Marx-Universitat Leipzig, Sektion Physik, WB Angewandte Kernphysik
Karl-Marx-Universitdt Leipzig, Sektion Physik, WB Halbleiterphysik®

The XPS and PIXE methods have been used to determine the elemental composition of ultra-
high vacuum prepared A§Ieg-semiconductors, A quantitative XPS (X-Ray Photoelectron
Spectroscopy; information depth of about § nm) analysis is complicated by compositional
changes due to the preparation (gentle ion bombardment, low temperature annealing) and
uncertainties of XPS sensitivity factors, The information depth of PIXE (Particle~Indu-
ced X~-Ray Emission Spectrometry) is in the range of about §/um and quantitative applica-
tion of this method is well established /1/.

Following the UHV-~preparation and XPS-analysis the thick semiconductor crystals have been
PIXE-analyzed with protons of 1,7 MeV energy and with proton currents between 0.5 nA and
2 nA, It took (40 - 90) minutes to collect charges of (2 - 5),uC. The quantitative com-
position wee determined using the thick target PIXE formalism /2/.

The quantitative results of both methods (table 1) are in an unexpected good agreement,
The stoichiometric composition of the Aileé materials with a slight deficiency of the
Bv-component was confirmed. In the case of the (Cd,Zn)3A92 solid solution the PIXE re-
sults confirmed the nominal composition of the bulk material showing, that preparative
influences disarranged the Cd/Zn ratioc on the surface,

While the XPS results were normalized to 100 % absclute concentrations have been deter-
mined with PIXE, Only for one sample a total concentration of 100 % was obtained. The
lower total concentration of the other samples showed the existence of contamination
elements (C,0) that could not been analyzed by PIXE, Impurities of Ffe and Cu (in the
/ug/g region) could be found and some Cd was analyzed in ZnsAs,.

Despite of the very different methods important conclusions could be drawn with regard
to the analytical description of the UHV-preparation /3/ and the reliability of the used
quantitative XPS formalism,

Sample P Zn As cd c o Sum
ZH3P2 stoich, | 240 760 - -
XPS 188 792 - - 4,7| 15.86
PIXE 193 £ 151775 ¥ 15 | - - 968
ZnjAs, stoich, | - 567 433 -
XPS - 583 403 | - ., 9.21 4.9
PIXE - 574 £ 15 411 2 10{3.5 1 1 988.5
CdzP stoich, | 155 - - 845
2 XPS 143 - - 843 9.5| 4.2
- PIXE 148 ¥ 20 - - 852 % 15 1000
Cd_ As stoich, |- - 308 692
32 XPS - - 295 648 , 134 |23 |
PIXE - - 292 2 10 | 688 ~ 20 . 980
(Cd.zn) As, " stoich, |~ 214 355 431 -
XxPS - 256 363 367 | 7.8] 6.3
PIXE - 212 * 10 [331 2 10| 424 2 10| 967

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

~ The suthore thank the staff of the WB Physikalische Chemie (KMU) for the possibility
of performing XPS measurements, expecially D. Hirsch for experimental cooperation,
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PROFILING OF (Al,Ga)As/GaAes HETEROSTRUCTURES BY EXPERIMENTAL AND COMPUTER-SIMULATED
BACKSCATTERING SPECTRA '

R. Flagmeyer, H,-E, Zschau, and A. Koch
Karl-Marx-Univeresitét Leipzig, Sektion Phyaik, W8 Angawandte Kernphysik

Quantum well Alea1 .,\8-CGaAs structures require uniformity with respect of composition

and thickness of individual layers, abruptness of interfaces and high crystslline quali-

ty. Recently, the thickness of the individual periodes in (Al,Ga)As-GaAs superlattices

were accurately measured by backscattering spectrometry /1/,. In order to determine depth

profiles of composition of various Al «G84.,A8/GaAs heterostructures we emploied two

methods:

(i) Comparison with computer-simulated spectra. The computer code RBSSIM /2/ was used
to generate RBS-spectra of multilayered structures and of pure GsAs esccording to the
experimental situation. In all cases thin slabs of 1 nm thickneas are chosen, A
Gaussian filter with an energy spreading = 15.,.25 kev was applied for smoothing
the generated spectrum to avoid statisticel fluctuations,

(11i) Direct evaluation from experimental random backscattering spectrum. A marking routine
allows the rapid analysis of multielemental and multilayered structures using an
improved mean-energy approximation successively for each layer /3/.

An example of an Al G01 xAs/GaAs(iOO) heteroepitaxial structure (T 2) is shown 1n Fig. 1.
The best fit to the experimental

spectrum by means of computer ' * — — T T
simulation (i) was achieved with 63b .. somple T2 AlosGagzAs a5 ]
parameters specified in Tab, 1, '\ \Q i«lev\ne'_
Mole fractions x and layer sef- .wl . substr, >}  5 |
thicknesses are in excellent “x§\ M A2 ayer) Aly, Fiog A5

o~
w
T

aggreement with the results
using method (ii),

)
(=)
T
/

backscattering yield (10° counts)

27 B — \\ -4
AASfra ~— —_ ¥ 1‘
181 RBS anlysi ‘ 1
17 MeV He', G5 =165° ,
Figure 1: random incidence 3.2 keVich,
a9 J
Observed and simulated mmMMmq/w
backscattering spectra from tom slabs, =224 kev
Al G31 xAs / GaAs multi- 0Le 1 — . R | . " 1
X - : 0 0S 10
layered structure compared backscattering energy {MeV)
to bulk GaAs
Table 1: i _ ' Thickness (nm) / Al content x
Layer No, 1 2 3 4 5
Computer simulation 38 / 0 70/ 0.80 725/ 0.40 : 100 / 0.80 -/ 0,40
Direct evaluation 379 / O 73 / 0,84 733 / 0.39..,0,42 103 / 0,82 -/ 0,41

The detailed analysis of the first GaAa/AlO.SGao.er interface results in transition
width of about 25 nm.

For both methods, the accuracy in measurement of thicknesaes d and x values amounts to
Ad= 2(0,05d + 5 nm) and Ax = % 0,02, respectively,
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MEASUREMENTS OF HYDROGEN INCORPORATION AND OF DAMAGE DENSITY ON PROTON BOMBARDED InP

C. Ascheron, V, Riede, H. Sobotta, R, Flagmeyer, C, Neelmeijer®
Karl-Marx-Universitét Leipzig, Sektion Physik,
*Zentralinstitut fir Kernforschung, Bereich KF

On proton bombarded InP single crystals we have studied the fluence dependences and
depth profiles of the incorporated hydrogen, chemically bonded hydrogen and of the im-
plantaticn induced damage density by use of particle induced Y -spectroscopy, infrared
spectroscopy and Rutherford backscattering/channeling technique, resp.. Depth distri-
butions were determined on bevelled samples (tan™ = 2 - 10'4).

The investigations show that up to relatively high fluences (D"==3'1017 cm'z) nearly the
whole implanted hydrogen is retained within the implanted samples. The hydrogen distri-
bution within InP (fig. 1) nearly coincides with the one measured on as implanted GaP
/1/. H is partly contained chemically bonded to P atoms (but probably not to In atoms)
as ir absorption measurements show (fig. 2, /2/) and partly contained in relatively
stable small bubbles as indicated by scanning electron microscopy.
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Fig. 1: Depth profiles of damage density, of total H and of chemically bonded H,
Fig., 2: Variation of the ir absorption of InP due to the P-H valence vibration,

Fig. 3: Fluence dependences of mean damage density N _/N_ within the highly damaged re-
gion and of integrated absorption A in the r nggs of the corresponding local
modes shown in fig. 3,

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

Zentralinstitut fir Kernforschung Rossendorf, Bereich KF

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

(PIXE), Rutherford backscattering (RBS), and nuclear reaction analysis (NRA).

The lateral distribution of Cr deposited in the surface oxid layer of steel samples is a pro-
blem of interest. In principle Cr and fe can be separated by means of PIXE. In our case a
very small Cr signal (Kg peak) was observed on the tail of a very strong fFe- Ky peak. There-
fore, it was difficult to separate the Cr peak from the background. This leadsto a large un-
certainty of the Cr intensities.
Nuclear medicine makes increasing use of 99mTc radiopharmaca. The distribution of these ra-
diopharmaca in the organism of test animals is examined, for instance, by autoradiography of
microtome sections. Kidney and brain tissue of rats were measured with the microprobe
with the aim of comparing and showing whether the Tc is deposited alone in the tissue or to-
gether with the ligands. Tests with the microprobe showed that Tc can be traced by PIXE and
RBS measurements at an energy of Ep:»} MeV up to a concentration of about 0.1ug/mm2. The re-
sults of the microprobe measurements of the tissues showed that the Tc concentration of the
specimens was lower than the detection limit. Examinations shall be continued with specimens
containing larger Tc concentrations. '
Furthermore piezo sinter ceramis consisting of (Pbo.eBao.A)szos were measured with the mi-
. croprobe to determine the elemental distribution after the sintering process. Relatively
strong structures found in the elemental maps were similar for Pb, Ba, and Nb, respectively.
In principle such a behaviour is typically for isolated islands on the surface. But in case
of a thick target such islands are not to be expected. Additional SEM (scanning electron
microscopy) investigations showed, that the measured lateral elemental distributions are
influenced by the surface roughness of the specimens. Fig. 1 shows a SEM picture of a sample
surface. Since the X-ray detector was arranged at 120° relatively to the proton beam, some
parts of the target were shadowed and some preferred. In case of a strong roughness of the
surface it is impossible to get a correct elemental map. Further examinations.using smoother

specimens are envisaged.

Fig. 1: SEM picture of the surface of a piezo

ceramic sample, (140*107)um2
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HYDROGEN DEPTH PROFILING IN H IMPLANTED SEMICONDUCTORS USING ELASTIC RECOIL DETECTION

D, Lehmann, C, Ascheron, and C.VNeelmeijer'
Karl-Marx-Universitdt Leipzig, Sektion Physik, WB Angewandte Kernphysik
*Zentrelinstitut fir Kernforschung, Rossendorf, Bereich KF

Mechanical, electrical and optical properties of semiconductors and other materiels are
rather modified by the presence of hydrogen, e.g. /1/. However, most methoda of elemen-
tel analysis are not successful in the quantitative determination of H without sample
destruction, But in the last decade the problem could be solved using ion beam methods
(nuclear resonance reaction analysis - NRA and elastic recoil detection - ERD) /2/.
Continuing earlier measurements to H profiling on GaP /3/, we investigated the hydrogen
distribution of further semiconducting materials (Si and InP), For H detection we used
ERD in the earlier described experimental arrangement /3/ with 4He projectiles of 1.5
and 1,7 Mev, respectively, The relatively small analysed depth interval of t £ 300 nm
has been extended by one order of magnitude by taking a bevelling technique for prepa-
ration of the irradiated areas of the single crystals, After H implantation with 0.3
MeV protons (InP: 3 x 1017 cm'z; Si: 1,7 x 1017 cm'z) the irradiated areas of the samp-
les were sputtered with 1 keV Ar ions. Thus a wedge was prepared with 8 slope of about
300 nm per mm, The experimental results (fig. 1) for the two materials show, as known
from GaP /3/, a strongly marked maximum of H con- T \ T T T
centration in a depth, which is equivalent to the Si
range of implanted H, and a low H content in re-~ 7,4
SP17x10"'H
gions nearer to the surface, Each measured value .
was taken in a depth of about 150 n# below the inplant.
actual surface, to eliminate influences of sample
preparation and interferences with the H surface
peak,. A comparison of the InP results with those
of GaP /3/ shows nearly coincidence concerning
the maximum H concentration as well as the FWHM
of the distribution and the position of the peak,
but also the H content near below the surface, In
the case of silicon shape and height of the H pro-
file are slightly changed in comparison to InP. A
larger content-of hydrogen in the region between

(e}

= InP 1
A

0" H
[ inplant.

H concentrationiat.-%%)
N
(an]

o

surface and peak compensates partly the H loss

4
within the peak.
For InP the H profile was also obtained with NRA :
1,,15 12 Oki=——m = = = = — — 5= —~ A
("H("°N,x)¥")"“C reaction). The two results are 0”1 2 . 3.
in good agreement within the error limits. daﬁhQun)
References .?19. 1: Hydrogen'depth profile in Si
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DEPTH PROFILE OF MICROHARDNESS ON HYDROGEN IMPLANTED GaP AND InP SINGLE CRYSTALS

C. Ascheron, R, Schafer*, A, Schindler**

Karl-Marx-Universitét Leipzig, Sektion Physik, WB Angewandte Kernphysik
*Martin-Luther-Universitéit Halle, Sektion Physik

**zentralinstitut fiir Isotopen- und Strahlenforschung Leipzig, Bereich SF

We have extended our investigations of the effect of proton bombardment on the surface

hardness of GaP /1,2/ to depth dependent studies on GaP and InP, The measurements were

performed on (111) oriented GeP and InP single crystals implanted with 3.10'7 cn? 0.3

MeV protons and bevelled by 1 keVv Art sputtering, Using a Vickers microhardness tester

a load of 20 g was applied for a duration time of 15 s. On unimplanted material values

of 8.0 GPa and 4,2 GPa are found for GaP and InP, resp.

In order to interpret the hardness measurements the corresponding distributions of ra-

diation damage and of implanted hydrogen are taken into consideration (figs. 1 a and b/3,

4/). The depth dpendent changes of the microhardness of the bevelled samples are shown

in figs. 1 ¢ and d. Though the measurements do not exactly represent the hardness at the

given depth since there is a gradient in hardness within the region of indentation

depth and since effects of deeper layers cannot be neglected, the following qualitative

tendency can be recognized: .

1. Within the point defect rich region (t=31.5/um) hardness increases with damage density,

2, Within the highly damaged region in which extended defects predominate a distinctly
smaller increase in microhardness is observed (the effect of gas bubbles can be ex-
cluded).

3., Within the H rich region hardness reincreases.

These results make us suppose that point like defects have a stronger hardening effect

~ then more extended defects and that the incorporation of hydrogen hardens material.
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Fig. 1: Depth dependences of the relative changes in microhardness“of GaP (c) and InP (d),
of the damage density (o) and of the H concentration (v) of GaP (a) and InP (b)

implanted with 3 + 1017 e¢m™2 0,3 Mev protons,
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A STUDY OF VACANCY TYPE DEFECTS ON PROTON BOMBARDED GaP SINGLE CRYSTALS

C. Ascheron, G. Dlubek*, R, Krause*, H, Erhard®, D, Klimm™*

Karl-Marx-Universitdt Leipzig. Sektion Physik, WB Angewandte Kernphysik
Martin-Luther-Universitét Halle, Sektion Physik

b Karl-Marx-Universitédt Leipzig, Sekticn Chemie

Negatively charged and neutral vacancy type defects produced in GaP by proton bombard-

ment (E_ = 1.7 MeV) were studied by use of positron annihilation (Doppler broadening

and lifetime measurements). The measurements show with fluence increasing concentration

of vacancy defects, ‘

The study of annealing (stepwise conventional annealing for 30 min) shows various sta-

ges (fig, 1) which are discussed by taking into consideration the results of internal

friction (fig. 2), Rutherford backscattering/channeling and electron microscope measure-

ments:

~ Near room temperature and at lower dam#ige densities (below about 0,5 %) isolated va-
cancies predominate.

- At around 430 K P vacancies become mobile., Here the formation of P-Ga divacancies
begins due to the coalescence of isolated vacancies, Measurements of internal friction
which respond to unisotropic defects support this assumption (fig. 2).

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

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

- The annealing stage near 800 K which is also expressed in Rutherford backscattering/
channeling measurements /3/ is believed to be connected with the annealing of smaller
defect agglomerates consisting of vacancies, interstitials and antisites,
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Fig., 1: Temperature dependence of the rela- Fig. 2: Internal friction J; of
tive changes AS (o) of the S-para- proton bombarded GaP as a func-
meter and AT (e) of the mean posi- tion of the inverse temperature
tron lifetime on proton bombarded
GaP
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INVESTIGATIONS OF THE ANNEALING BEHAVIOUR OF HYDROGEN IMPLANTED GaP SINGLE CRYSTALS 8Y MEANS OF PARTICLE
INDUCED GAMMA-SPECTROSCOPY, INFRARED SPECTROSCOPY AND RUTHERFORD BACKSCATTERING CHANNELING TECHNIQUE

C. Ascheron, H. Sobotta, V, Riede, C. Bauer+, Re. Grdtschel+, A.'Schindler++
Karl-Marx-Universitit Leipzig, Sektion Physik, WB AKP
* Zentralinstitut fir Kernforschung Rossendorf, Bereich KF, der Ad¥W der DDR

**Zentralinstitut fir Isotopen~ und Strahlenforschung Leipzig, Bereich SF, der A4W der DDR

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

The measurements give the following results:

20 -With rising temperature, the H profile slight-

ly broadens, increases outside and decreases
inside the concentration maximum. Since these
variations are not very strong, a very low
mobility or a trapping of the implanted H can
be assumed.
~The defects in the less damaged region anneal
more strongly than in the damage peak region,

which points to the predominance of larger de-

i fects with higher activation energy within the
heavily damaged region.

~The bonded H, which is contained in one order
| of magnitude lower concentrations than total

implanted H and which is bonded at defect si-
| tes /1/, exhibits an annealing behaviour simi-

lar to the simpler defects. This behaviour sug-

hydrogen concentration (at %)

gests that the main H fraction is bonded to
smaller defects also present in the damage
peak region.
~-Immediately below the surface (t<0,5 ,um) a
chemisorption-~like gettering effect of the da-
maged layer to H trapped at the surface is ob-
served after annealing.

4 References
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damage density (%)

depth { um)

Fig. 1: Depth profiles of (a) total H content ( snalysis 'H('%F) '®0 ana '("’Na7) '2C reactions),

(b) concentration of bonded H (IR analysis) and of (c) damage density (RBC analysis with 1,7 MeV
He+ions) at bevelled GaP single crystals implanted with 3}(1017t:m-2

» 300 keV protons at 300 K (~°)
and 30 min postannealed at 480 K €0~), 620 K ¢V and 720 K é-9-9).



SWELLING OF He+ IMPLANTED G&P SINGLE CRYSTALS

C. Ascheron, A, Schindler+, R. Plagmeyer, G. Otto
Karl-Marx-Universitiit Leipzig, Sektion Physik
+Zentralinstitut fir Isotopen- und Strahlenforschung Leipzig,Bereich Strahlenforschung, der AdW der DDR

The bombardment of AIIIBV materials with He' ions offers the possibility to produce isolating regions
suitable for gain-guided lasers with high reproducibility /1/.

Changes in volume are due to radiation damage and implanted gas. They are expressed as swelling and
strain. These changes were studied together with damage as a function of fluence and post-bombardment
annealing temperature. Fig. 1 shows the results of swelling measurements.
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Pig.1 Swelling h of (111) GaP bombarded with 0,6 (£3) and 1,0 MeV He'ions (0 ) and difference Ah (av)
as a function of fluence for implantation at 300K (a) and following annealing at 450K (b) and
720K (c).
N
The measurementlindicate increasing swelling with rising fluence which exhibits saturating behaviour
for medium fluences and a stronger reincrease for higher fluences up to volume changes exceeding the
amorphization value. At lower fluences (D-<2x1016cm-2) the swelling of the near surface layer t1 and
its annealing behaviour are described by the corresponding strain; the fluence dependences of swelling,
strain and damage density agree qualitatively which 1s also observed on H+-implanted GaP /2/,
At higher fluences, strong swelling occurs since the damage peak broadens towards the surface due to
the coalescence of point defects at the front side of the damage peak. Thus, by energy dependent RBC
measurements two regions with predominantly different defect types can be distinguished: The near sur-
face region, which contains small defects, and the highly damaged region containing voids and dislo-
cations, which broadens with rising fluence. Annealing at 450 K reduces swelling, strain and damage den=-
sity for all fluences studied, annealing at 720 K does so for fiuences D-:3X1016cm-2. At higher fluen-
ces flaking occurs during annealing due to the pressure of the implanted gas.
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FISSION-TRACK AGES OF NATURAL GLASSES
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By means of the fission-track method age determinations were performed with five native
rhyodacitic glasses (volcanic glasses). To this date physical ages of these rocks were
not yet determined, Geological-stratigraphic classification is also based on assumptions.
Samples were split with one part being retained for later determination of spontaneous
track density. The other part was heated in air at 400°C for two hours to erase all spon-
taneous tracks, These sections were then neutron irradiated with a fluence of about
(1.48:9.30)'1019 m'z in the channel VK III of the nuclear research reactor in Rossendorf,
After a series of preliminary examinations the optimum etching conditions were fixed as
follows:

Etchant: HF (20 %); temperature: T = 296 K; etching time: t = 10 s,

The geological age /1/ is determined according to

‘t,_i_.ln(is._k_dw_fl, 1),

Ad PiAs
where: t = age in years; Pg = number of spontaneous fission tracks per area; p; = number
of induced fission tracks per area; ’kd = total changing constant for 238U (1.6-10'10 a'lh
)pf = changing constant for spontaneous fission of 8y {8.5-10" -17 ), q)= fluence of
thermal neutrons, é;f = cross-saction for thermal neutron induced fissxon of 235y
(5.82.10° =25, ), = isotopic ratio of 235 /238U (7.2-10° )

The etch pits were observed under an optical incident-light microscope at 1000 magnifi-
cation,

The fission track ages in this study are compared with K-Ar-ages in Table 1.

Table 1: Fission-track ages and K-Ar-ages of the rhyodacitic glasses

sample No./ |fission-track earror stratigraphic K-Ar-age hitherto existing strati-

locality age in 106 a in % classification in 106 a graphic classification
1/Garsebach | 241 + 49 20 Triassic 45 + 4 Upper Carboniferous
near Meissen .
2/Garsebach 240 + 53 22 Triassic 98 + B Upper Carboniferous
near Meissen .
3/Brauns- 185 + 13 7 Jurassic 136 + 6 Upper Carboniferous
dorf
4/Spechts~ no age deter- : - 190 + 9 Upper Carboniferous
hausen mination pos-

sible
5/Queck=- 131 + 27 21 Jurassic 82 + 3 Rotliegendes
hain

Although there are partly relatively great differences between fission-track ages and
hitherto existing geological classification, a correspondence relating to the order of
magnitude can be found at least for the samples 1, 2 and 3, K-Ar ages which were detsr-
mined with the same material are in a higher contradiction to the geological assumptions
than the fission-track ages.

Reference
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THE POSSIBILITIES OF CPAA IN GEOLOGICAL SAMPLES BY THE ROSSENDORF CYCLOTRON Y-120

D, Degering, S. Unterricker, and W, Stolz
Bergakademie Freiberg, Sektion Physik

The charged particle activation analysis (CPAA) is well established in analysis of metal-
lic samples /1,2/. We tested the possibilities at the Rossendorf f-f cyclotron for the in-
vestigation of geological materials as a complement to the instrumental neutron activation
analysis (INAA)., The cyclotron accelerates x-particles, deuterons and protons with primary
energies of 27 Mev, 13.5 MeV and 6.75 MeV, respectively. An estimation according to /3/
under the assumption that equal amounts of energy are absorbed in the thick targets led
to the following results:
- because of the relatively high energy of the ot -particles the threshold energies of a
number of possible reactions (x,n), (ex,2n), (o,p)., (,pn)are exceeded and all deliver
thick target yields of about the same order: i,e., helionic activation is non-unique
for deuterons the (d,n), (d,2n) and (d,p) reactions reach satisfactory thick target
yields but somewhat higher than in the case of X-particles: only for light nuclei the
(d, o) and (d,2p) reaction must be taken into account
- the activation by protons is based on the (p,n) reaction; only for light nuclei the
(p.ox) reaction is possible; however, the thick target yields lie sbout one order below
the values for deuteron reactions,
Therefore, activation by deuterons seems to be favourable.
The main problem in the analysis of geological samples is the increased background of the
a’-ray spectra as a consequence of major element activation like O, Sd, Al, Ca, Mg, Na, K,
Fe and H. That's why we investigated geological standard materials with various composi-
tions: ZGI anhydrite AN, ZGI basalt BM, ZGI granite GM, ZGI limestone KH, ZzGI slate TB,
and fluorite XMW(. The materials were pressed to rectangular samples (area 5 x 10 mmz,
thickness € 1 mm) and four of it were bound on an aluminium target as described previously
/4/. With this preparation a beam current of %;LA for d and o and SALA for p in the inter-
nal beam of the Rossendorf cyclotron is possible.

The X'spectra showed strong contributions of the following nuclides, all resulting from
24 44Sc 44msc 46S A7 48

the activation of major elements: Na (from Na); c, Sc, Sc (from Ca):

Table 1: List of the elements, whose 56C°' 57C°' Sec° (from Fe). For examination of
unique origin could be proved other elements the method of the internal stand-

Element Reaction Half life ard was used /4/. We plotted the concentration

Mg 24Mg (d.o‘)zzNa 2.6 a ratio of the investigated to the reference ele-

Ti 47Ti (d,n) 48, 16 d " ment vs, the decay corrected intensity ratio of
481, (d,2n)48V selecteda’-lines from the refering nuclides. The

Co 59Co (d,p) 60Co 5.3 a lines uszgmfor the standard were the 271 keV

Zn 66, (d.n) 67ca 3.3 d line of o Sc (Ca-activation) and the 122 keV
67Zn (d,2n)67ca line of “"Co (Fe~activation). Presuming a unique

Sr 86§r (d,n) 87, 3.8 d origin of the considered nuclide, we must obtain
87Sr (d,2n)87Y a straight line, Naturally, the activation of the
875 (d,n) 88, 107 d major elements hinders the analysis of some ele-
885, (d,2n)88Y ments. The method is suitable for the elements

y 89, (d,2n)892r 3.3 d in Tab., 1. Of it are Mg, Ti, Sr, and Y of special

interest, because their determination by INAA is

difficult or unpossible.
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FLUORINE DEPTH PROFILING FOR CARIES PREVENTION
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Following preleminary investigations /1,2/ the depth profiling using proton-induced
af-ray emission (PIGE) is an established method ready for routine analysis. Our main
object is the fluorine profiling in tooth enamel up to a depth of 500 nm, Applying the
resonance at a proton energy of E_ = 340 keV of the reaction 19F(p,0(31160 (Ear =

6,129 MevV, 6,916 Mev, 7.115 MeV and F; = 2.5 kevV) fluorine distributions can be measured
with a depth resolution of (20,..25) nm at the surface. Using proton current of (100.,,
150) g A, charges of (20,..40) ,uC were collected for each energy at a beam spot of 1 mm
diameter. In order to optimize the clinical application of fluorine varnishes the know-
ledge of the "washing-out” behaviour of the deposited fluorine is an essential question,
Hence teeth divided in three parts were prepared as follows. Except the control each
sample was touched with the Duraphat laquer and another laboratory drug called D and DAP,
respectively., After a 20-hours exposition the laquer was removed and the samples with
index "1 were profiled, however those denoted with index "15 T" after a remaining of

15 days in a simulated mouth milieu (Figs. 1 and 2),

From RBS-spectra one obtains s significant lack of phosphorus and oxygen for the sample

D 1 which is daused by a 250 nm thick layer rich in CeF, at the surface,

2
References:
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PIXE ANALYSIS OF ELEMENTAL DISTRIBUTIONS ALONG SINGLE HAIR STRANDS

H,U, Frey, and G, Otto
Karl-Marx-Univereitéit Leipzig, Sektion Physik, WB Angewandte Kernphyeik

As the trace element levels in the human body can be influenced by the total trace element
status and the extent of environmental exposure the medical and environmental research
needs concentration velues of several elements in various orgsnas of the human body., Slowly
growing parts (e. g. hair, nail) may reveal elemental distributions which correspond to
the actual elemental supply at the time of their growth, Thus scanning analysis of the
concentrational distributions within parts of different age may be helpful in diagnosis

of time-depending processes, Human hair seems to be an excellent tissue for non-invasive
investigation of the trace element status end is therefore of incressing interest in toxi-
cology, forensic science, nutrition, and environmental technolegy /1/.

A homogeneous proton beam /2/ with 1.7 MeV energy was used for PIXE analysis of elemental
distributions along single heir strands. As high currents resulted in damage of the hair
/3/ beam intensities of about 0.5 nA/mm2 and measuring times of 90 minutes were used., The
number of ions falling onto the sample was determined using the diameter of the homoge-
neocus proton beam and the thickness of the hair, which was determined before irradiation
by use of a light microscope. Characteristic X~-rays were measured by a Si(Li) detector
with an energy resolution of 195 ev FWHM at 5,9 keV, Special experimental conditions /3/
and the formalism for thick target PIXE /4/ were used for the quantification of the ele-
mental content,

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

Element | x = 15| x = 20| x = 25| x = 30
Ca 729 736 934 1160
100 ; . cl 2370| 2680 | 3350 2410
200 400 Channel
Ca Fe 38 40 74 - 50
o ° K a11| a25| 37| 302
104 S 47000 45200 45700 45300
Ti Cr Fe  Cu2n Zn 262 219 204 224
01024 .
c
3
S
10
Table 1: Elemental concentrations (/ug/g) in the hair
100 y . Chorael of a male analyzed in variocus distances
e
200 &0 (x/mm) from the root of the hair
Figure 1:

PIXE spectra of single hair ana-
lysis of a femele (top, Q = 1Q/uc)

and @ male (bottom, Q = 18/uC)
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-SPECTROMETRIC INVESTIGATIONS TO THE INTRINSIC RADIOACTIVITIES OF SHIELOING MATERIALS
Kim Jung Ho, S. Unterricker,and W, Stolz
Bergakademie Freiberg, Sektion Physik

For the construction of a low levalxnspectrometer beside the location /1/ slso radioacti=~
ve impurities in the shielding and construction materials are of great importance, Common
shielding materials are metals of high atomic number, mostly Pb, Bi, Hg but also Fe, Cu,
Sn and Cd, These substances contain natural radiocactive impurities, In some cases also man
made radioactive nuclides can be detected.
The activities are small in every case, though one must use a very sensitive low back-
ground spectrometer to select suitable shielding and construction materials. In our case
the X-spactrometer consists of a 45 cm> Ge(Li)-detector shielded by 9 cm of lead at the
outside, 2 cm mercury and 0.6 cm electrolytic copper. The cold finger is directly surroun-
ded by a lead plug and the preamplifier is enclosed with low activity copper sheets. The
samples were grained and filled into a Marinelli beaker of 3 cm wall thickness.
The contents of radioactivities in the samples are determined by i) the geology and geo-
chemistry of the ores, ii) the metallurgical procedure, and iii) the age of the metals.
Beside discrete photopeaks x=spectra of the samples show remarkable differences in the
background continuum below about 0.7 MeV. These preferentially originate from the/e-brems-
spectrum of 21°Bi which is a daughter of 10Pb (half life 22 a, U chain). For most of the
discrete lines there are hardly differences between the blank and the sample. To our exps-
rience only the following peaks can be analysed: 40K-1.46 MeV, 208T1-2.61 MeV,
210Pb-0.24 MeV, 21481-0.61 MeV, 226Ra-0.19 MeV. In every case there must be a careful cor-
rection for absorption of background radiation by the sample and for the self absorption
in the sample, Such corrections can be performed very exactly by a Monte-~Carlo procedure
/2/. We made approximations with a point detector and a series expansion of the correspon-
ding integral relations. The self absorption correction is problematically for energies be-
“ low 0.3 MeV and large effective sample thickness, Therefore the bremsspectrum contributions
(first column of Tab, 1) are not corrected. Printed are only relative numbers which are
comparable because the samples have all an equal effective thickness of about 12 gcm'z.
The numbers are differences between a sample and a blank measurement. Owing to the absorp-
tion of background by the sample the best shielding material is that with a large negative
value. Tab. 1 shows for selected materials beside the bremsradiation contribution the cor-
rected photopeak rates per kg of 40y and 2°8T1.

References
/1/ Kim, J, H. et al.:; Annual Report 1985, ZfK - 584, April 1986, p. 120
/2/ Nakamura, T. and T, Suzuki; Nucl. Instr. and Meth. in Phys. Res, 205 (1983) 211

Table 1: Counting rates for intrinsic radioactivities of shielding materials

shielding material counts per 10%s counts per 10%s- kg
0.1 - 1 MeV 40 - K 208 - Tl
relative numbers 1.46 MeV 2.61 MeV

yellow lead bricks 12800 0.4(7) 0.3(5)

- radistion protection

lead Halsbricke 2700 0.2(4) 0.1(3)

- electrolytic, 99,99 % . .

lead bars . 2600 1.7(7) 0.2(4)

-~ old lead installation

lead slabs 800 0.6(6) 0.2(3)

- Muldenhiitten, 40 a old

bismuth Halsbriicke -260 <0.1 0.6(4)

- 99.9 %

lead U,S,S.R. -660 0.8(5) 0.1(3)

- underground laboratory . ‘

ZfK Rosgendorf

lead Korea (KDVR) -910 0.2(4) 0.6(3)

- wire form

mercury-China -1040 0.7(6) 0.1(5)
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MOESSBAUER SPECTROSCOPY OF THE TEMPERING BEHAVIOUR OF THE SPRING STEEL 62S5iCrS

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

The structural changes of martensitic steel owing to the tempering are determined mainly
by the decomposition of the state of strain in the supersaturated solid solution and the
carbide formation, It influences the properties of the resulting microstructure of the
steel in a strong way. '

In the literature there exist different opinions on the composition and crystallograpﬂy of
the induvidual carbide phases after tempering which are influenced by the content of al-"-
loying, the hardening, and the tempering conditions. The X-ray phase analysis Of)C(FBSCZ)-
carbide and © carbide (Fesc) mixtures often fails in consequence of the structure simila-
rity of mixture components, If different alloying elements are introduced into the steel
matrix the lattice parameters of the single carbide phase change in different extents, We
report investigations of the carbide formation in the austenitic steel 62SiCr5 (0,62 C;
1.27 Si; 0.91 Mn; 0.5 Cr; 0.14 Cu; 0.024 P; 0,011 S) after a heat treatment by different

tempering temperatures using the Moessbauer effect, The investigations were performed at
293 K and at 80 K,

Table 1 shows the measured results,

Table 1: Moeasbauer parameters of carbide phases (d‘ = isomer shift (rel. O Fé),
A = quadrupole splitting, Hi = internal magnetic field)

T = 293 K T = 80K
tempering - - - -
temperature d~/mm-s 1 ZS/mm-s 1 Hi/T carbide cf/mm's 1A/mm's 1 Hi/T carbide
293 K 0.32 0.83 - spm € 0.41 1.00 - spm €
. 0.16 0.64 2,21 {(x+©)
423 K 0.30 0.79 - spm € 0.37 0.78 - spmE
0.11 0.64 2,25 (x+ ®)
543 K 0.28 0.82 - spm £ 0.30 1.07 - spm £
0.28 0.43. 1.93 (x+@) 0.30 0,36 2.33 ('-x+9)
0.26 0,21 - 2,38 ®
-698 K 0.21 0.89 - spm £ 0,32 1.10 - spm €
0.13 -0.,07 1.76 xX 0.34 (o} 2,13 ‘;.
0,17 0.07 1.9 ® 0.34 (o} 2,35 (<]

The complete set of the spectra shows a central quadrupole doublet. The parameters of this
doublet are nearly unchanged in the full region of temperature and can be assigned to a
superparamagnetic(spm) ¢ ~-carbide (FeZC) according to the literature. Up to tempering tem=-
peratures of 543 K the magnetically splitted spectra correspond to an intermediate carbide
of the 7~ and © -phases /2/. With rising temperatures the structures of ) - and © -car-
bide appear well separated.

The occurence of spm £ -carbide in the full investigated temperature region is surprising
and can be explained only by the high silicon content in the steel matrix /3/. The forma-
tion of intermediate carbides is supported by the high content of alloying elements in

the steel, With rising tempering temperatures the crystallinity and the portions of the

X - and ® -carbide phases improve in favour of & -carbide.
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WEAR STUDIES OF COMPONENTS USING DEUTERON ACTIVATION

Ch. Eifrig
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P. Hammer VEB dkk Scharfenstein

The deuteron activation of a ball and socket joint at the tandem accelerator mékes it possible to
determine the wear raté, the transport of abraded material, and the contamination of the sliding parts.
A new series of refrigerating compressors with ball and socket joints (fig. 1) is developed in the

VEB dkk Scharfenstein.

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

+

I
123 4

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

For acitvation the pistons or the balls are adjusted in a vacuum chamber with a position reproducibility
better than 0.1 mm. After adjusting the deuteron beam with an energy of 3.5 MeV is passed through a 2 mm
diameter collimator and then it is directed to the ring-shaped friction aréa of the compressor part.

8 activity spots with a diameter of 2 mm are produced in these areas by rotatingAthe part in the beam.

The nuclide Co-57 is generated in trace quantities in a 15 pn deep layer. The parts activated in this

way require only elementary handling precautions. The activation quality is controlled autoradiographi-
cally, and by l—spectroscopy. Measurements of the micro-hardness of test samples show that this activation
leaves the wear properties of the materials unchanged.

After the radioactivation the Co-57 intensity of the parts is measured in relation to a calibration source.
The parts are assembled into a complete compressor which is mounted in a test stand with an additional

0il circuit and an oil filter collecting the wear particles. The filters are changed after a definite time
and their radioactivity is measured with a scintillation detector. After the test run the machine is
disassembled, the individual parts are checked for Co-57 contaminations. The Co-57 intensity of the

piston or the ball is measured again. With the difference between this value and those value measured
before the beginning of the test run, and with the calibrated activation depth profile, the total wear
depth can be determined and coordinated to the values of the oil filter measurements (fig. 2).

2
=
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Pigure 2: Wear dependence on the running time of selcted
: | 3MPa &
§ | # . compressors at different pressures
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This method causes an error of 20%. This is a typical value for wear measurements.

With the described method it is proved that the oil exchange and the lubrication of the joint take place.
The measurements show that the wear of the joint has a degressive behaviour. This is important for the
durability. Further the fact that only a few wear particles from the activated friction area are found

on thevopposite surface of the frictional partner shows that the destructive kinds of wear - abrasion
and adhesion - are negligible.
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ENERGY AND DOSE DETENDENCE OF DAMAGE PRODUCED BY IOW ENERGY Ar ION BEAM ETCHING OF GaAs
MEASURED BY 64Cu ADSORPTION AND AUTORADIOGRAPHY AND RBS-CHANNELLING

R. Pechner, A. Schindler, R. Flagmeyer+ and F. Bigl
Zentralinstitut fiir Isotopen- und Strahlenforschung Leipzig, Bereich SF, der AdW der DDR
*Karl-Marx-Universitit Leipzig, Sektion FPhysik, WB AKP

Studies of low energy Ar*-ion bombardment damage of ¢ 100> GeAs surfaces by meéns of 64Cu
adsorption, autoradiography and Rutherford backscattzring were presented in previous
papers /1,2/. In this peper the studies are extended to dependences on Ar ion energy (0.5
t0 2.0 keV) and on dose (1 . 1013 1o 5 . 1016 cm-z). The experimental conditions are the
same as in /1, 2/. 64Cu adgsorpiion was carried out at room temperature in an aqueous so-
lution (1 mg CuII—ions; 10 ml . 1 nHC1 and 15 MBq 64Cu in 100 ml Hzo) for 5 minutes. Auto-
radiographs were taken with the samples in contact with the film for 1 to 10 hours.
Blacking curves were measurqd by a photometer. A quantitative Cu concentration measurement
was made by autoradiographic imagingdcalibration standards on the same f£ilm.

Pig. 1 shows the adsorbed Cu concenirations as a function of the ion dose for four ion
energies. The adsorbed Cu concentrations on the non bombarded areas at the samples are
lower than 6 . 1013 cm-g. The solid curves are only guides for the eye. The adsorbed Cu
concentration increases with ion dose and begins to be saturated at a dose of 1...2 x 1015
o::xu"2 for 0.5 keV ions. With increasing ion energy the Cu concentration increases for the

game dose and the beginning of the saturation shifts to higher doses.

This behaviour is in qualitative agreement with the behaviour of the damage production
measured by RBS-channelling, shown in Fig. 2 for GaAs and Si. RBS measurements were carried
out with 1.2 MeV He' ions using a backscattering angle of 95° (5° grazing exit geometry).
With the given detector resolution power of 15 keV the surface depth resoluiion becomes
better than 4 nm. The results of Fig. 2 are in good agreement with previous measurements
/2, 3/. Pig. 3 shows ion energy dependences of the adsorbed 40u concentration and of the
damaged layer thickmess at the saturation level of the ion dose (> 1016 cm-2). Also shown
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Fig. 1 Adsorbed 64Cu concentration on Ar Fig. 2 Total amount of damage measured by
jon bombarded GaAs surfaces as a RBS surface peak intensities of
function of ion doge for 0.5 keV £100> aligned spectra of Ar-lon
(—+—), 1.0 keV (—x-), 1.5 keV bombarded GaAs aniSi as a function
(—o—) and 2,0 keV (—a—) ion energy of ion dose for 0.5 keV (—¢-), 1.0

keV (—x—) and 2.0 keV (—a-) ion
- energy. The right-hand scale in di-
‘ cates the thickness of the damaged
layer, estimated under the approxi-
mation of rectangular demage profiles
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Fig. 3 Comparison of the behaviour of the ad-
_ hmﬁf om) sorbed Cu concentration (o), left-hand
: scale and the damaged layer thickness
(x)this work, (s)/3/, right-hand scele
of Ar ion bombarded Geds at gsaturation
dose (> 1016 cm~?) as a function ef ion
energy; also shown: Ar® implantation
(R, + AR ), (s0lid curve) and damage
v (Ry+ A Rng (dashed curve) calculations

@
T
* w

DAMAGED LAYER

Cu-CONCENTRATION

3
T

1 1 Il n 1

PP s 3 et (right~hand scale) after Pearson /4/ and
1N ENERGY Sigmund and Sanders /5/ respectively

(-]

are the theoretical curves for R_ + A R_ for implanted Ar and for the produced damage

Ry +4 Ry (projected ranges R., Rp plus sgandard deviations 4 Rp, ARD) after /4/ and /5/
respectively. Fig. 3 demonstrates a rather good qualitative agreement of the behaviour of
Cu concentration and damaged layer thickmess at the saturation dose level as a function of
the ion energy. The experimental results lead us to the conclusion that the adsorbed Cu~-
atoms penetrate into the demaged layer and are gettered at defect sites. This agsumption
is confirmed by the high diffusitivity of copper in GasAs. A rough estimate of the copper
concentration in the damaged layer for saturation doses gives values of 15 to 20 atom
percent. Measurements of the depth profiles verify the distribution of the copper atoms in
the damaged layer /6/.
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STUDY OF NEAR SURFACE DAMAGE DEPTH PROFILES OF Ar ION BEAM ETCHED GeAs BY MEANS OF 64Cu
ADSORPTION AND AUTORADIOGRAPHIC DETECTION

R.. Pechner, A. Schindler, F., Bigl, J. FPlachowsky
Zentralinastitut fir Isotopen- und Strahlenforschung Lelpzig, Bereich SP, dexr AdW der DDR

In previous papers near surface damage of Ar ion beem etched GaAs crystaels was investi-
gated dy means of 64Cu adsorption and autoradiographic detection /1, 2/. The adsorbed
copper concentration dependences on ion etching energy and dose behave qualitatively as
the demage layer thiclmess depends on these etching parameters. Om this account it is con~
cluded that the primarily adsorbed copper atoms penetrate into the whole damaged layer
where they are gettered. Depth profile measurements of adsorbed Ou atoms on damaged layers
made to check this assumption are presented in this paper. The sample preparation for depth
profile measurements was done by very low energy ion beam etching (0.2 keV Art ions) of
bevelled sections on the damaged and “7Ou adsorbed Gais surface. Autoradiographic re-
glstration of the Cu distribution at the bevelled section and differentiation of the -
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GaAs : Ar*

DEPTH d

Fig. 1 Fig. 2

Fig. 1: Autoradiograph of 64Cu, adsorbed at partly ion beam etched (‘r, 1.6 keV,
1. 1017 cm 2), blackpart of the sample, < 100 > GaAs. A bevelled section for
depth profiling made by low energy ion beam etching (Ar, 0.2 keV, 80 mAcm 2) is

also shown. The scheme indicates the area (1 x w) and the inclination (ot) of
this section.

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

blacking curve of the autoradiograph in connection with the mechanical profile measured
by the Talystep method give the copper concentration depth profile. Fig. 1 shows the
auntoradiograph of a sample which was prepared as mentioned above. The bevelled section on
the partly dameged sample is indicated. Ion beam etching was done with 1.6 keV Ar ions
with a dose of 1 . 1077 cm™2, In Fig. 2 the mechanical profile of the bevelled section of
the sample in Fig. 1 is shown (-x=- not ion beam etched, —s—ion beam etched). The differe-
rence in gtep height between the damaged and the nondamaged part results from the higher
gputtering rate of the damaged layer.

There are obvious problems with the used profile measurement technique because damage
causgsed by ion beam etching has to be measured by ion beam etching depth profiling. Ab-

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

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

64Cu depth distribution of adsorbed copper on ion beam
etched <100> GaAs. Ar ion beam etching parameters
are normal incidence dose 1 . 1017 cﬁe, ion energy

0.7 keV (®); 1.0 keV (x); 1.6 keV (m )}, 2.0 keV (4 )
and unetched (4 ). The solid curves are only guides
for the eye.

RELATIVE Cu-CONCENTRATION

» (s}

The measurements show clearly that the copper is distributed throughout the &amaged layer.
It is also shown that there are very deep feils in the profiles, far deeper than the pre-
dected and measured /2/ thicknesses of the heavily damaged layers. Similar results were
obtained for the depth distribution of implanted Ar-etching gas in Silicon by SIMS /3/.
Our experiments suggest that the combination of 4Cu adsorption and bevelled sections is
a ugeful tool for the characterization of near surface damaged layers in Galds.
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A PATTERN EDGE FROFILE SIMULATION FOR ION BEAM ETCHING FROCESSES

G. Ringel, A. Nickel, F, Bigl
Zentralingtitut fiir Isotopen~ und Strahlenforgchung Leipzig, Bereich SF, der AdW der DDR

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

~ A number of mechanisms may be responsible for the formation of ion~induced topography.
One of the most -important mechanisma under most circumstances relates to the dependence

of the etching rate ¥ on the angle of incidence 6. A typicel dependence for ion milling
is shown in Fig. 1.

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

X(? + t) = X(T) + t (V(@)+5in @ + cos & . aV/de)
Y(T + $) = Y(T) + t (sin ©:dV/d® + cos ©°V(8))

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

(T + %)

It is nmown that these equations are valid foxr homogeneous materials. So it is necassary
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in addition to solve the following equation for
interfaces.

Ary B = 1,0 keV

VM(8)/sin (6M) = VS(©S)/sin (eS)

with VM(OM) - eiching rate of the masking material
for an edge angle ®M

VM(©S) - etching rate of the subsirate ma-
terial for the unknown angle ©S of
the substrate profile

ETCHING RATE  {nmemin-!)

Figure 2 shows the time-dependent evolution of the
pattern edge profile'for the ion beam etching of a
500 nm SiO2 layer with Ar ions. The Sio2 layer was
over_etched with 100 nm. The edge erosion of the
masking material is so high that after a quarter

o s » 5 o 7 o of the total etching time an etching process in
ANGLE of INCIDENCE [DEGH the 8102 layer has taken place both in the vertical
and the horizontal direction. The edge angle in the
Fig. 1 8102 layer is relatively smallf

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

Let us suppose that the smallest etching rateis the etching rate of the masking material
and the highest etching rate is the eiching rate of the layer which has to be structured,
see Fig. 1. The result is shown in Fig. 3. The edge angle of the structured layer would be
increased, to about 76%, On the other hand the displacement of the edge would inorease to
003 M.

The present program. for the modelling of pattern edge profiles during ion milling is also
used for reactive ion beam etching.
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SCANNING MICROBEAM WITH A LIQUID METAL iDN SOURCE

J. Mittenbacher
friedrich-Schiller-Universtitdt Jena, Sektion Physik

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

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

|- LMi-
ION GUN
lLééJ
B =1 1. APERTURE
—1— CONDENSOR

% E]—-rmsnm

E [E]--- MASSFILTER

L {0001+ sTiGMATOR
2.APERTURE
— 0BJECTIV
— DEFLECTOR

—-S.E.DETECTOR

[— TABLE
Fig. 1 Fig. 2
Schematic diagram of the SIM of an integrated circuit
FIB system 70 x
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DETERMINATION OF THRESHOLD VOLTAGES OF LIQUID METAL ION SQURCES

I. Stiebritz, R. Mihle, F. Machalett
Friedrich- Schiller- Universitdt Jena, Sektion Physik

In the present work the ion source consisted of a needle emitter wetted by liquid gallium

and an extraction electrode without aperture.

The dependence of the threshold voltage on geometrical parameters was determined experimen-
tally and computed numerically by a finite difference scheme using a spherical coordinate
with increasing mesh size /1/.

The threshold voltage V, as a function of the tip radius r, and the distance d is represented
in the figures 1 and 2, respectivly ( d-distance between extraction electrode and emitter
tip).

From the experimental as well the numerical data a3 simple empirical eguation could be derived
for calculation of threshold voltages:

(y~ surface tension, EO— dielectric constant).
By this expression it is alsoc possible to determine the surface tension of various liquid
metals or alloys. For temperatures near the melting point we determined with a precision of

Vt =

10 percent for:

gallium ) = 0.7 N/m
Au-Si J = 0.8 N/m
gold J = 1.1 N/m

in good agreement with

tabulated values

v, (k)

~~ 0 experiment
-x- b computation 4

d= 2mm

o2t 6 8. %
rolum)

Fig.l Threshold voltage vt vsS.

n % 16 8 2

tip

radius Ty for gallium emitters
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MASS SPECTRA OF Au-Si ALLOY LIQUID METAL ION SOURCES

R. Mihle, F. Machalett, I. Stiebritz
Friedrich-Schiller-Universitidt Jena, Sektion Physik

In order to optimize the working parameters of Au-Si alloy liquid metal ion sources the in-
fluence of the alloy composition and the source current on the beam composition was investi-
gated. The measurements were carried out by means of the ion source and the mass spectrome-
ter described in /1/ and /2/, respectively.

The influence of the source feed composition on the intensity .of the main ion species in the
beam is shown in Fig. 1. It is visible that an increase of the silicon fraction in the source
material causes an increase of the proportion of silicon ions and of the Au-Si compounds too.
Fig. 2 shows the flux ratios of the various ion species normalized to the total ion flux as

a function of the socurce current. For these measurements the eutectic composition of AUBZSiIB
was employed. It can be seen that for increasing source current the Si* and AuSi¥ fractions
increase whi}e the Au® fraction decreases and those of sitt, Si2+, Au251++, Au++(beyond 40pA)
are nearly constant. The ratios of doubly to singly charged ion fluxes as functions of the

source current are shown in Fig. 3. There can be seen that the two ratios decrease with
increasing source current.
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MEASUREMENTS WITH AN E*B TYPE MASS SEPARATOR

R. Mihle, A. Matthies, I. Stiebritz, F. Machalett
Friedrich-Schiller-Universitdt Jena, Sektion Physik

In ion microbeam systemsan E*B type mass filter is often employed for the separation of the
different ion species, delivered by the liquid metal ion scurces. While its mass resolution-
is considerably lower than that of a sector magnet, use of this filter leads to a simple op-
tical configuration because of its straight beam line /2,3/. The design of the E*B mass sepa-~
rator is described in the article by Seliger /1/. '

A schematic diagram of our ion optical column is shown in Fig.l. It consists of the following
elements: ion source, condenser lens, E*B mass separator and Faraday cage. The emitted ions
are accelerated by the extractor voltage to energies between 5 and 25 keV and are focused by
the condenser lens on the separation aperture. The lenght of the field region is Lf=Scm and
that of the drift space Ld=7cm. Separation apertures with diameters of 1, 0.5 and 0.1 mm are
used. The magnetic field of the strength of 0.1 T is realized by a Maniperm-ceramic magnet.
The ions are collected by a Faraday cage.

The atomic composition of the alloys used was A“BZSiIB and Auaoﬂezu. The obtained mass spec-
tra are shown in Fig.2 and 3. The vdues of source current Is and of extractor voltage Uex are
indicated. Using a 0.5 mm diameter separation aperture, a mass resolution of about 30 was ob-
tained. The silicon isotopes could be separated. The observed Al ions in the Au-Be mass spec-
trum arise from the corundum ampoule where the alloy was melted. The observed ion species and
the related ion flux fractions of the AUBZSiIBalloy correspond with those measured with a
magnetic spectrometer /4/. The values for the AuBDBe20 alloy are not yet been published and
are the following:

ion species _ Auy” Au*? Aut?t ALY a1t AL*? ge* ge**
jon flux fraction (%) 7.28 65.17 6.84 1.24 0.83 0.36 14.37 3.91
ION SOURCE o d . —r
Y  EXTRACTION APERTURE 33004 Auy, Siyy : ,,;l .
) CONDENSER LENS @ ::5::'; ™ Aug Bty
ENTRANCE APERTURE Au o ost I 1,270 uA |
40| § Uy 909KV
ExB MASS SEPARATOR | g . ! o %
< 20 H g =
DRIFT SPACE < 303
SEPARATION APERTURE 2or N 02
Si
FARADAY CAGE o A /\ ] ! . ‘
4 . siy o °'
w o [T s 0 : a [13 06 [*)
£/’ — E/vat —e
Fig.l Ion optics column Fig.2 Mass spectrum of the Fig.3 Mass spectrum of the
Au825‘118 alloy Au808e20 alloy

‘References;

/1/ seliger, R.L., J.Appl.Phys. 43 (1972) 2352

/2/ Shiokawa, .T. et al., Microcircuit Engineering 1984

/3/ Ishitant, T. et al., Nucl.Instr. and Methods 218 (1983) 369

/4/ Machalett, F., Mihle, R., Stiebritz, I., to be published in J.Phys.D



- 95 -

AMORPHIZATION AND ELECTRICAL PROPERTIES OF SILICON AFTER HIGH ENERGY PHOSPHORUS IMPLANTATION

W. Skorupa, R. Grotzschel and E. Wieser
Zentralinstitut fiir Kernforschung, Rossendorf, Bereich KF

}1P+—imp1antation and

different annealing schemes have been reported recently /1,2/. Further experiments included

the test to amorphize silicon at such high energies and the investigation of the electrical
12 16 -2
- - 10 cm °,

First results concerning the properties of silicon after 0.99 MeV,

properties after imblantation of doses in the range 10

Previously, it was reported that amorphization is not possible by depositing that energy
density into nuclear processes being sufficient at low implantation energies /2/. Implanta-
tion with doses higher than 7.5 - 10“ cm2 as used in /2/ was performed in the range

0.75 - 6 - ll.’l15 cm_z. It was shown by RBS (1.7 MeVv, aHe*) that a buried amerphous layer was

formed after implanting a dose of 4 - 1(]15 cm'z. This dose is higher by a factor of about

7 compared with results of Morehead et al. /3/ who reported a threshold dose of € - 1014 cm_2
at 200 keV and 300 K. Retarded amorphization at higher energies may be explained by radiation
enhanced selfannealing due to charged point defects. They should be formed with a high prob-
ability considering the large amount of energy deposited into elecironic processes at high

energy implantation /2/.

0 — T T T T T T T T T The results of van der Pauw-meas-
urements are shown in Fig. 1. Post

N\

" . 3154 P ,
Implantation:™'P ", 0.99 MeV e implantation annealing was done by

- Anneadling :0e1350°C,20ms,air (FL) // 7 o S .
x+1000°C.8h.N5 (F) A flash lamp irradiation at 1350 °C,

/o

r]ll

20 ms, air. The dashed line repre-

7/ sents an activity of 100 %. Most of

d

rd
/< full electrical

ol

the experimental values are in the

q.

.
"¢ oA
5.
& 4 dote
r -/ activity h ‘i range 70 - 100 %. The cause for the
r A:’ 1 's low activity at 1012 em? is not
u 'l 1.5 clear at present. The Hall mobility
gv - \%‘ ¥ *='  behaviour points to impurity scat-
@ . :. /,’ _ ] % tering indicating well annealed
g o s ) 4 @ material. For a dose of
' 202 € 7.5 - 10 cn? the mobility was
g N // o ] g correlated with the volume carrier
x
(2 /’ i concentration determined from SIMS
0" ,L Y B SR BT IS S S S A B A n1 perllan A good agreement with
10" 012 'OB 014 _2] 10‘5 05 conventional values /4/ for the same
IMPLANTED DOSE [cm volume concentration was reached.
Fig. 1 For the low dose range also the
Sheet carrier concentration and Hall mobility in values reached after furnace anneal-
dependence on implanted dose after 0.99 MeV, P*- . R
: imglantation p - ’ v ing at 1000 °C, 8 h, N, are included.

Only a little difference was found.
Such an anneal step was used to simulate the influence of technological processes after CMQS
well formation.
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NG DOPANT DEPENDENCE OF IMPLANTATION DEFECT ACCUMULATION AND AMORPHISATION IN HEAVILY
D SILICON

rdtzschel and J. Schdneich

ral Institute for Nuclear Research, Rossendorf, Dept. KF

Dvurechenskii and V.P. Popov

itute of Semiconductor Physics, Novosibirsk

artsch

itute for Solid State Physics and Electron Microscopy, Halle

process of defect accumulation and the mechanism of the crystalline-to-amorphous phase

sition during ion implantation has been studied widely for elemental and compound crys-
/1,2/. The amorphisation is understood as the overlapping of amorphous spikes or, at

lower defect creation densities, of collision cascades, where the lattice collapses when a

criti

ical relative number of displaced atoms of ~0.1 is reached /3/. In the latter case the

defect accumulation - and annihilation processes are mainly influenced by the mobility of the
simple defecis and their probability for agglomeration, which are dependent on the tempera-

ture

resp.,

sili
ion

(e.g. 1/. We have shown that the defect accumulation rate and the amorphisation dose,
also depends on the dopant concentration, and in the case of heavily boron doped

con (NB ~ 3 at.%) the influence is so strong that the amorphisation dose for 80 kev Ne*
implantation has been found to be 10 times higher than for pure silicon /4/.

Heavily doped silicon surface layers were obtained by ion implantation (B+, As+, and B* + As™)
at doses of 5 - 1016 cm'2 and subsequent liquid phase epitaxy by means of PEBA /5/. These

samp

les were implanted simultaneously with 80 keV Ne® ions. To avoid thermal effects at

elevated temperatures the current density was kept below 0.2 pA cm‘z. The implantatioh was
performed in increasing partial doses up to full amorphisation. After the implantation of

each

partial dose aligned RBS spectra have been taken with the He' beam incident along the

€100> axis. As a measure for the accumulated damage we used the maximum values X of the

8
-

Fig.
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Si ¢
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- 4 placed fraction of the Si atoms.

In Fig. 1 thf dependence of Xmax on the
implanted Ne® ion dose D is shown for the
different doping atoms.
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In the case of silicon crystals and room

temperature implantation the crystalline-

amorphous transition is complete at the
amorphisation dose Da’ when the aligned

X\x
\>
]

L1kl

yield reaches the random yield level. This

T
2

usually used criterion for amorphisation
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DOSE (em™2) tained by electron or X-ray diffraction.

is in good agreement with the results ob-

1

1mplantat10n dose D for Si (1), Si ¢B), account the Watkins mechanism /6/.
As> , and Si <B+As)

The results, summarized here in Fig. 1,
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MODELING OF ENHANCED DIFFUSION AND ELECTRICAL ACTIVATION OF As IMPLANTED INTO Si BY RAPID
THERMAL ANNEALING

R. Kbégler .
Zentralinstitut fir Kernforschung, Rossendorf, Bereich KF

A comparison of experimentally determined dopant profiles and sheet carrier concentrations
with computer simulations shows a transient enhanced diffusion of As in Si during fapid
thermal annealing (RTA, Tmax = 1000 - 1200 °C, duration 1 to 20 s) with respect to the used
computer model by Tsai /1/. The Tsai model describes the diffusion of As in Si according to
a vacancy mechanism taking into account neutral and single charged vacancies (Vo, V7). For
maximum As concentrations exceeding the solubility limit the formation of electrically

inactive, non mobile As-vacancy clusters is assumed.

The comparison of this model, valid for conventional furnace tempering, with experimental
results, obtained by RTA of As implanted Si (energy 100 kev, dose range 5 - 1015 to
2 - 1016 cm_z), results in a diffusion coefficient for RTA enhanced by a factor between 2

and 6 depending on As concentration, T and annealing duration /2/.

max
This enhanced diffusion coefficient DAs can be well described using a model considering
beside V° and V™ also twofold charged vacancies v2m 73/,

Dy = 0% + 07 (n/ny) + 027 (n/n)?

0% = 6 - 1072 exp (-3.44 eV/KT) cm?/s, D™ = 12 exp (-4.05 eV/KT) cm’/s

027= 125 exp (-4.6 eV/kT) cnl/s

(n = charge carrier concentration in the profile, n; = intrinsic carrier

concentration)

The transient behavior of the diffusion enhancement results from the decreasing carrier con-
centration due to precipitation or clustering as well as to the diffusional broadening of
the profile. The 02' term is only for high carrier concentration important.

This model describes the diffusion behaviour of As in Si
very well as demonstrated by the results in Fig. 1lb.

The following conclusions about essential processes during

RTA of As in Si are possible:

- For As concentrations > 1021 cm-3 the assumption is not

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

- For very short dwell time at T (td < 5 s) the computer

max
model results in a too high electrical activation. This
points on a higher formation velocity of electrically
inactive As in the early stage of annealing than assumed

by the Tsai model.

IR

Fig. 1

J Depth distribution of arsenic following annealing
computer simulation (line) and RBS depth profile
. . . a) 1-1016 As+/cm2 (100 keV), Tpax = 1100 °C, tg

0 b) 5-1015 As+/cmZ (100 keV), Tmax = 1175 °C, tg

non
—
[0
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THRESHOLD OF THE ELECTRICAL ACTIVATION OF Si IMPLANTED GaAs BY SHORT TIME ANNEALING IN THE

SOLID PHASE REGIME

0. Panknin and E. Wieser

Zentralinstitut fir Kernforschung, Rossendorf, Bereich KF
Ya.V. Fattachov and J.B. Khaibullin

Kazan Physico-Technical Institute, Kazan

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

negativ effect of the surface degradation.

The SI Cr-doped (100) GaAs was implanted in the dose range up to 10

15 Si/cm2 at an energy of

200 keV at about 100 °C. Annealing was performed without encapsulant by flash lamp irradia-
tion with pulse durations between 20 and 500 ms or.using a set of tungsten halogen lamps

with dwell times = 0,5 s.

In fig. la the dependence

of the optimum annealing tempera-

woor o ¢ tur on the annealing time is shown for tempering without
251000 |- dissociation *\\\ caplayer. The experiments show a upper temperature limit
E 900 *\\\ at about 1100 °C for very short times as well as a smal
\\\ time dependence at temperatures ¢ 750 °C.
seor T Fig. 1b presents the dependence of the electrical activa-
700} . ) e . . tion on the annealing time for an implantation of
107 0’ 0% ey VO 102 5 . 10!* sifcm?. For each time the optimum temperature
Sw10" Sircm?, according to figure la was used. The short time threshold
0 r § = 200 kev for electrical activation has been found at about 50 ms.
i // \\\L__; — For a pulse duration of 20 ms no dopant activation has
'% F ! been measured up to the temperature limit of massive
= { surface degradation (& 1100 °C). Annealing with a SisN,
0% E™ /—no activation b cap up to = 1200 °C gave no better results /1/.
,Wf‘ '1;|‘ ‘?BOQ;I‘6|‘ ‘452 The sheet carrier concentration in fig. 1b is charac-
terized by a maximum of the shert annealing time of
Fig. 1

Dependence of the optimum

3 >
annealing temperature (a) and GaAs with doses = 1

about 200 ms. This was observed only for Si implanted

Si/cmz. An additional anneal-

of the sheet carrier concen- ing at 900 °C, 2 s leads to no remarkable decrease of

tration (b) on the dwell time

at Tmax (capless annealing).

values observed at annealing < 1 s. This maximum at short
annealing times is due to the amphoteric character of Si

in GaAs and can be explained by the assumption of a Si
concentration on As sites lower than the value for long

time annealing /2/
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REDISTRIBUTION OF IMPLANTED As IN A MOSiZ/PULYSILICUN STRUCTURE BY SHORT TIME ANNEALING

E. Wieser and Ch. Weise
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Refractory silicides combined with a polysilicon layer to a polycide structure are of growing interest for MOS
gate metallization schemes. Thereby, short time annealing is now accepted as a very promising process for
silicidation tempering ad dopant activation within the polysilicon. An important problem is the redistribution
of the impurity atoms used for doping the polysilicon within the. sheet system. In the present paper the
redistribution of As implanted into MoSi2 on undoped polysiiicon will be considered. Rapid.thermal annealing
(RTA) and conventional furnace annealing will be compared and the influence of a 5102 cap layer is shown.

(10d> p-type Si wafer were covered with 100 nm 5102. Following 150 mm undoped polysilicon were deposited. A
stoichiometric Mo/25i sandwich layer was deposited by cosputtering technique. The thickness of the tempered
MoSi2 layer amounts to 100 nm (deposition thickness about 130 nm). The sample were implanted with As at an
energy of 125 keV up to a dose of 1 - 1016 cm'z. Annealing was performed in a furnace in Hz-atmosphere for

30 min at 1000 °C or using a set of halogen lamps for 15 s at 1050 °C in air. Before annealing a part of the
wafers was covered with a 2060 nm cap layer of plasma CVD 5102. The depth distribution of As was measured using
the SIMS technique.

Figure 1 shows the obtained As profiles. The two different depth
scales take into account the shrinking of the MoSi2 by the tempering.

"”Q}+Eﬂl§‘ IEEE_ The As depth distributions are very similar for both the short time
annealed samples as well for the sample d, tempered at 1000 °C for
30 min with the SiO2 cap. While the as implanted As profile is mainly
concentrated within the MoSi2 layer after silicide formation the

102

cy Lem?)

largest part of As is found in the polysilicon sheet.

About 40 to 60 percent of the implanted As is lost. After an anneal-
ing treatment of 1000 °C/30 min without a cap layer only 1 to 4
percent of the implanted As could be detected.

The present results can be explained in the following way. By'the high
temperature treatment the hexagonal MoSi2 formed during implantation
transforms into the tetragonal phase in a time shorter than 15 s for
the considered temperatures. Only a small amount of As is build in

the growing tetragonal MoSi2 grains. The main part is concentrated’

at the grain boundaries and moves very fast in the polysilicon layer

1020

10"

10“

and to the MoSiz/SiO2 interface. Due to saturation of the upper inter-
face and the polysilicon an equilibrium state is approached in about
Fig. 1 10 - 15 s for the capped samples. This is proved by the nearly un-

Depth distribution of As in a MoSiz/ changed As distribution after 1000 °C/30 min tempering.

g;;{:;%;g?nbs?efgsgyféiT; Si;hagap, For uncapped samples the evaporation of As leads to a monotonic

c - 1059 °C/15 s without cap, d - decreasing As concentration. The As trapped at the MoSi2/5102 inter-
1000 °C/30 min with cap, e - ) . : .
1000 °C/30 min withoutpéap face of the capped samples was removed bynthe 5102 etching.
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FORMATION OF BURIED Si}Nh/SiOxNy LAYERS IN SILICON BY HIGH DOSE IMPLANTATION AT 60 keV

W. Skorupa, K. Wollschliger and R. Grotzschel
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Intention

- Formation of buried compound layers at very low implantation energy of 60 keV compared
with the usual energy range 150 - 300 keV,

- Synthesis of silicon oxynitride by combined N/0-implantation in alternating sequence,

- Test of the annealing scheme of previous experiments with 330 keV nitrogen beams:
Ttarget = 500 °C, post impl. anneal (PIA) = 1200 UC’,S h, N, /1,2/.

Results and conclusions

- Gaussian profile shape in all cases after implanting a total dose of a) é N' or

B 3 N* + 30  orc) 30" + 3N - 1017 cn? as deduced from the silicon part of RBS
random spectra; see channels 200 - 250 in Fig. 1 for case c)

- By RBS oxygen and nitrogen profiles of
the SiOXN layers can not be evaluated

-5 separately (channels 100 - 150 in Fig. 1).
%10 80keV,500°C17 . Other methods are to be used.
| (30"« 3N*)x10"em™ .
as implanted - PIA leads to nearly rectangular profiles

with steep interregions Si}NA/SiUXNy—Si

due to precipitate dissolution /2/.
B random

The damage density is lowered drasti-
. cally after PIA to values of about 5 %
aligned - for case a), 10 % for b) and 15 % for
c). The higher values for the last two

[61]
T
[}

YIELD{103COUNTS/CHANNEL)  YIELD{103COUNTS/CHA
[N e}

¥ Ol N \ . cases are caused by the lower dissolu-
tion velocity at 1200 °C of precipitates
i annealed containing oxygen.
i 1200°C.5h.N, .
B - By IR spectroscopy the importance of
oxygen for crystallization inhibition
B random _ in silicon nitride was emphasized /3/.
5 : - Only SiGXNy compounds have random
N - bonding structure before and after
: “digned PIA at 1200 °C.
- b - Little crystallites of silicon within
080 : CH.ANNEL NO‘ . 280 the Si0 N, layers were found by XTEM.

That means the total dose may be some-
what too low for the synthesis of

Fig. 1 stoichiometric compounds.

RBS spectra (1.2 MeV, 4 He™) after combined
N*, O+-implantation (a) and annealing at
1200 °C (b)
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CHEMICAL DEPTH PROFILING OF BURIEDQ SILICON NITRIDE LAYERS IN SILICON BY AUGER ELECTRON
SPECTROSCOPY
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In extending previous studies of ion beam synthesized compounds in silicon with Infrared
spectroscopy and X-ray photoelectron spectroscopy /1/ Auger electron spectroscopy with a
scanning probe was used to study the chemical structure of buried silicon nitride layer
systems. In detail, the depth profiles of bonded silicon and nitrogen and free silicon were
recorded. Two modes of profiling were tested: conventional sphtter profiling and scanning of
a focused electron beam (d & 0.4 pym) on a bevel. The latter method is more advantageous
because compound decomposition by sputtering leading to errors in determining the chemical
state and the depth scale is avoided. Sputtering was used only for surface cleaning of the
bevel before the measurement. Moreover, this method is much more time saving.

First results reached by the scanning

'11.N'. 33(;kevl Si method are given in Fig. 1. The buried
13x10%® cm-2

layer system was produced by implanting
a dose of 1.3 - 1018
of 330 keV. Furnace anriealing was per-
i formed at 1200 °C, S h, N2.

The nitrogen rich region between 0.4 pm

N*em™2 at an energy

as implanted
and 0.7 ym represents the buried silicon
nitride layer. Both, after implantation
and annealing a layered structure is
visible which is more distinct after

the anneal step. An overstoichiometric
5 Si Si | peak as found by RBS in the centre of
such layers after annealing /2/ was not

INTENSITY [ARB.UNITS]
£

i R seen. Furthermore, the interfaces be-

' N . . tween silicon nitride and silicon are-
3L | steepened after annealing. The steepness
annealed is then twice as high as before and
2k L comparable to that one of an interface

Si ‘ between a Si3NA surface layer deposited
1L e by rf-sputtering and the silicon top
N \ N : laygr. This 513N4 layer was used at
0 1 ! 1 L bevel measurements as a surface marker.
0 05 10
DEPTH [ ,.lm]'
?ig. 1

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

References

/1/ Hensel, E., W. Skorupa, Thesis, AdW der DBOR, 1985
/2/ Skorupa, W. et al., Proc. 5. Int. Conf. IBMM, Catania 1986



- 102 -

ION BEAM INDUCED EPITAXIAL CRYSTALLIZATION OF DOPED AMORPHOUS SILICON LAYERS
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Ton beam induced epitaxial crystallization (IBIEC) has become an interesting new method for
solid phase epitaxy of amorphous silicon at temperatures below that of conventional furnace

variant (>550 °C). Firstly, this method was reported for silicon by Golecki et al. /1/.

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

atically.

In this letter we report about a peculiarity of IBIEC at relatively low energy of 165 keV

applied to arsenic doped (100 keVv,

pl?

1 -1 cm'z) amorphous silicon layers. Target heating

as necessary for IBIEC was firstly done by the ion beam itself. A target temperature of

400 °C was realized using 165 kev N*

8 pA cm 2.
4 v L T

JBIEC- - 0-Si (AS ~impl) 1

&

(]

BACKSCATTERNG YIELD [x10°)
® I5<>

Fig. 1
RBS spectra (1.2 MeV, He®) of
amgrphous silicon _layers (100 kev,
As™, 1 . 1015 ¢cm~2, RT) on mono-
crystalline silicon after differ-
ent steps of IBIEC (165 keVv, N,
400 °C);random (1), aligned
(2-8)

2 - as amorphized; 3 - 1 - 10
cm-2; 4 - 3 . 1018 em=2; 5 -
5 . 1016 em-2; ¢ - 7 . 1016 ¢cm=2;
7 -9 . 1016 ¢cmn-2¢ 8 - 12 - 1016
cm-2 -

16

(330 keV, N2+) ions with a beam current density of

In Fig. 1 RBS spectra of an amorphous silicon layer with
an initial thickness of 140 nm after different regrowth
steps by IBIEC are shown. The regrowth process begins at
doses 21 - 101° ¢n?
7 - 10 cm'2 full recrystallization is reached. At a

depth correspond{ﬁg to the projected range of the nitrogen

annealing ions (~ 380 nm) a defect peak grows due to the

and after implanting a dose of
16

high nitrogen concentration in this region. Surprisingly,
further irradiation up to a dose of 1.2 1017 cn~? leads
to the evolution of a second defect peak in the region

of the regrown amorphous layer (lower part of Fig. 1).
The depth of this peak corresponds well to the projected
range of 70 nm of the arsenic atoms used for amorphization.
To circumvent the influence of arsenic in our experiment
self ion amorphized layers were regrown by IBIEC in the
same manner as the arsenic amorphized ones. As shown by
RBS measurement no defect peak was found in this experi-
ment. That means, the presence of arsenic within the
amorphous layer of the first experiment is of crucial
importance for the evolution of the second defect peak.

The formation of this defect peak may by explained by
point defects which will by created especially at the
projected range of the annealing ions. . Due to the high
target temperature they are expected to migrate during

IBIEC. A part of those moving to the surface may be trapped by arsenic atoms forming point

defect clusters or secondary defects like loops.
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ELECTRICAL PROPERTIES OF MOS STRUCTURES FABRICATED IN LAMP RECRYSTALLIZED FILMS ON SiO2
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Recent investigations have shown, that lamp recrystallized silicon (r-5i) exhibits n-type
conductivity with & free carrier concentration between 3 - 101% and 1 - 107 cm™> /1/.
Values for the generation lifetime range from 0.1 ps to 1 us /2/. These different values of
the generation lifetime are probably caused by different preparation prior or after the-
recrystallization. '

It is the purpose of this paper to investigate the effect of some process steps, such as
chemical cleaning, preoxidation and HCl oxidation on the electrical properties of MOS struc-
tures prepared in 0.45 pm thick silicon films recrystallized by lateral zone melting. The
effect of preoxidation was investigated by growing a thermal oxide approximately 60 nm thick
in dry 02 which was subsequently etched away. Other samples were prepared by standard
chemical cleaning of the silicon films only.

Planar MOS capacitors were fabricated growing a 70 nm thick gate oxide in dry 02 at 1000 °C
with or without HCl. The electrical properties of these MOS structures have been investi-
gated using high-frequency and quasistatic capacitance voltage (CV), triangular voltage
sweep (TVS) and Halleffect measurements.

As a result the doping concentration in the r-Si films gives a value of 1.4 - 1016 cm_3.

This relatively high unintentional doping concentration could be due to diffusion and/or
segregation of impurities such as N, C, 0 and P /1/ from the cap layers and the underlying
oxide during the recrystallization process.

The other electrical properties, such as interfacial effective charge Nf at flat band con-
dition of high frequency CV characteristics, density of interface states Nst at midgap point
of the guasistatic CV characteristic%i spodium concentration NNa determined at 250 °C, Hall
mobility My and generation lifetime Lg are summarized in Table 1.

Table 1
Process Nst NNa /JH Zg
sev -l cm~2y /cm'z/ JemZv~1z71y /us/

Gate-Oxide without HC1

Chemical

cleaning 5.6 - 1010 4.1 - 1010 10108 . 1010 750 <0.1

Preoxida-

tion 5.3 - 1010 4.0 - 1010 1010-5 . 1010 760 <0.1
Gate-Oxide with HC1

Chemical 4.6 - 100 3.8 - 1010 <1010 860 - 900 2.4

cleaning '

freoxida- 46 . 1010 3.0 - 10'0 <1010 900 2.4~ 2.6

The data of Table 1 demonstrate that preoxidation of r-Si has no advantageous effect on the
electrical properties against chemical cleaning only for both kinds of oxide. A comparison
of the'data for the samples oxidized with and without HCl shows an appreciable improvement
in the electrical parameters and.especially in the generation lifetime due to the HC1
oxidation.
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ETCH RATE MODIFICATION OF THERMALLY GROWN 510, LAYERS BY ION BOMBARDMENT
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Thermally grown silicon oxide layers are widel& used as both dielectric layers in KOS~
structures and passivation layers against moisture penetration and alcali ion contamina-
tion. Defects, impurities as well as clusters of both creating during the semiconductor
device production change the structure of the amorphous SiO ~petwork in connection with
changed bonding states. The chemical reaction velocity between 3102 and- the etching solu-
tion is determined by the bonding state.

We present experimental results for enhanced etching rates owing to ion bombardment in-
duced defect creation in comparison to calculated defect profiles in thermally grown SiOE.
Thermal SiO2 films were deposited on <100> p-type polished silicon wafers by wet oxydation
at T = 1150 °c. Wafers with different 5i0, layer thickness (715 nm and 414 nm) were implan-
ted with He™ and Ne' ions respectively. The implantation was curried out et E = 60 keV and
D = 1-10'% cm™2, After ion implantation the wafers were etched with 2.7 % HF at T = 25 °C.
The thickness of the removed SiO2 layer was measured both mechanically by means of a Taly-
step and by the optical interference technique. Combining these methods it was possible to
determine the refractive index n in dependence of the layer depth. No chenge of n was ob-
served, For nonimplanted SiO2 leyers the etch rate of Vo = 16.5 nm-min-1 was found.

FPig.1 presents the etch rate profiles., The ion induced defect profiles were simulated
using Monte-Carlo-calculations [1] . To get information about the relative location and
shepe of the experimental etch profile with respect to calculated defect distribution the
theoretical peak maximum was normelized to the maximum of the etch rate Vmax® Y

In the case of Ne' the position of experimental and theoretical peak maxima agree well in-
dependent of the nuclear potential applied for calculations. This agreement is generally
not observed for He'. The introduction of a Moliere-potential instead of an universal
potential improves the theoretical description slightly. However we assume the major part
of diviations to be caused by uncertainties of the model (ILindherd, Scharff - Bethe, Eloch,
LSBB) for electronic stopping applied. In both cases the shape of the defect profiles is
less affected by the nuclear potential. For Ke' implantation the remaining div1at10ns at
the high energy tail have been not completely understood until now.

v I [ v B E— !
oo a) Ne'—=510, 4s515,T! o b) He'—e=-510, ,
!
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Fig. 1: Etch rate profiles and calculated defect distributions for Ne' (a) and He' (b)
implanted S102 .
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A NOVAL PROCESSING TECHNIQUE FOR THE FABRICATION OF THIN ANISOTROPICALLY ETCHED SINGLE
CRYSTALLINE SILICON LAYERS
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There are several etch stop techniques that exhibit strong dependence of the etch rate on
the dopant concentration of single crystalline silicon [1,2] . For the usually used alka-
line solutions (ethylenediamine-water and potassium-hydroxide-water mixtures) the etch
stop is realized by heavy boron doping (NB~1-1020 cm-3). Insulating etch stop layers
such as SiO2 and Si3N4 to this time are only used for poly-silicon or nonsemiconducting
layers [3,4]. ,

In the present work at the first time ion implented buried SiBN4—layers are used as an
etch stop for epitaxial silicon layers, For the investigation the stariing material was
<100>-oriented polished silicon wafers with 0, = 1...10 Qem and 40% KOH-water mixture

as selective anisotropic etchant was applied., The wafers were implanted with nitrogen et
E = 330 keV and D = 1.2~1018 cm"z to form the buribdeiBN4—layer. The mean laeyer depth
was about 600 nm and the layer thickness about 300 nm. Undoped epitaxial layers with

0.5 = depi//um £ 5 were deposited on the single crystalline silicon top layer above the
buried 513N4-1ayer. The anisotropicel etching was chosen through a mask from the backside
of the wafer (Fig.1).

<100>epi-Si pr——w—m—r— $i0, (1 um) Fig.1:
buried 313N4 Cross section of the asnisotropically
<100>-Si- (300 nm) etched wefer with buried Si,N, as
substrate ' 374

an etch stop layer
510, @ /um)

The etch process stops excellent when the buried SiBN4-1ayer is reached., We have

observed a high selectivity with an etch rate ratio of R 100 Si/RSi N 2 102. In compa-~
rison, the etch rate in heavely boron doped p+-layers 1s lowered by g %actor 10...100 [1].
Good flatness for small etched areas until 135x135 /um2 and 135x2135 /um2 was observed,
Etched areas until 10x10 mm2 were wavy but mechanical very stable.

Pogsgible applications of this noval etch stop technique for example are the construction

of sensor eiements, micromechanical devices and the manufacturing of thin masks for
X-ray lithography.
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RESULTS OF HIGH RESISTIVITY NTD - SILICON SLICE PRODUCTION
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The Neutron Transmutation Doping (NTD) technique to produce high resistivity n-type Si
( ¢ 10 kQcm) became a stenderd process in ZfK last year /1/., This NTD-Si is necessary
to manufacture nuclear radiation detectors (NRD) with depletion layers up to 1 mm and
detectors for backscattered electrons in the energy range 10...30 keV with very low
capacities, The electron-detectors (ED) are installed in the Electron-Beam Inspection
System ZRM 20 ©of Carl Zeiss Jena.

Table 1 gives & survey about the several irradiation cycles. The starting materisl used
in the present work was p-type Si ( 9p= 2...5 kQicm) from the Central Institute of Elec-
tron Physics Berlin. The application of a two-step-annealing to reduce the phosphorous
concentration and to improve the minority carrier livetime © /2/ led to an increase of
the yield (Yield parameters: §n> 8 kiem, T > 200ms) .

The doping rates K¢ = N_ and their deviations are repregented in Table 2. On an
average an overirradiatiog according to 1.65 '1011 cﬁ3 was found.

The failure was caused by slices with toolow resistivity, by broken slices during the
NTD-process and by slices for calibration.

cycle No. of No. of No. with yield application
cassettes slices two~-step-a. slices %
I 2 8 - - - calibration
II 2 23 - 23 100 ED
111 2 35 18 35 100 ED, NRD
Iv 2 59 - 58 98 ED
v 2 65 40 26" 40 ED
Vi 2 59 10 54 92 ED
Vi1 3 96 - 69 T2 ED, NRD
VIII 2 12 - - - calibration
IX 2 27. - 15 56 ED, annealing exp.
2: 19 384 68 280 13

Table 1 Results of the several irradiation cycles

cycle I IIX Iv v VI Vil IX
cagsette
D 40~ - 28 52] 53 54| 56 57| 58 59| 60 61] 85 86 87| 90 91

kb eim 1032.073 1 4.1 5.1]3.0 4.4{3.4 2.0|1.8 2.8[12.6 3.2]2.5 3.8 3.7|3.0 3.4
Ko 721101273 | 4.0 5.0{3.7 4.9|3.5 2.1{3.0 3.2{1.7 3.7[2.0 3.5 3.6|2.8 3.3
ak¢ 10em 3| 1.0 1.0]7.0 1.0{1.0 1.0| 12 4.0/1.0 5.0|5.0 3.0 1.0[2.0 1.0

% =3 =2 {422 ¥11|%2 +7 469 +¥15]45 #14]-20 -8 -4-]-7 -3

Table 2 Doping values of the several irradiation cycles
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EFFECTS OF 20 keV ELECTRON BEAM RADIATION ON MOS STRUCTURES USING THIN ANODICALLY GROWN
OXIDE FILMS
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Annealed anodically grown Si[l2 films are comparable in quality to thermally grown SiO2 /1/
although there are structural differences between anodically and thermally grown films /2/.

It is known that exposure to ionizing radiation can cause an increase in the fixed oxide

charge density and in the surface state density of the interface between thermally grown 5102
and Si.

In the present work we investigated the influence of 20 keV electron beam radiation (dose =
3.6 10"5 As) on MOS structures using anodically grown oxide films at first time.

Before and after irradiation the fixed oxide

j% =0 charge density (Neff,Fb) and the surface
-S0- state density in the midgap (Nst,Mg) depend

on anodization technique, oxide film thick-
40 ness, post-anodization cleaning and anneal-
a0} ing conditions.

However, the influence of post-anodization
~20- cleaning and of annealing conditions dimin-
10l ishes with decreasing of oxide film thick-

ness.

% The influence of oxide film thickness on the
flatband voltage shift (Up,) and the fixed
Fig. 1

oxide charge density (Neff,Fb) of anodical-

Flatband voltage shift and fixed oxide charge ly grown silicon oxide films annealed at

density of anodically grown silicon oxide

[s] . : . :
films before and after electron beam irradiation 400 °C in a nitrogen stream is shown in

Fig. 1 before and after electron beam irra-
o £ £
diation (Ug,, Neff,Fb)'
The radiation hardness of anodically grown oxide films annealed at 800 °C and of thermal SiO2

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

Table 1

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

: - E E
g";ge dox | Yrp | Yrb Nett Fb Nett Fb Nst,Mg Nst,Mg
! s bove | v 171020 enm27 | /1010 en2/ | 1000 evilen?/ | /1010 evilen/
thermal | 24 | -0.15 [-0.24. -15.2 -7.8 2 140
anodic 20 | -0.26 |-0.28 -5.8 -3.79 2 80
. 15.5| -0.24 |-0.26 -10.4 -5.92 - 33

The leakage éurrent of electron da&gctors passivated with ultrathin anodically grown oxide
films (d = 17 nm) is stable under high-vacuum conditions.

The increase of leakage current generated by electron beam irradiation diminishes with oxide
film thickness.

Reference
/1/ Mende, G. et al., Thin Solid Films 102 (1983) 65

/2/ Mende, G. et al., 16. Arbeitstagung "Physik der
Halbleiteroberflache", Tagungsbericht, S. 253



- 108 -

OUT-DIFFUSION OF DXYGEN DURING ION BOMBARDMENT OF POLYMER FOILS
W. Rudolph, R. Grdtzschel
Zentralinstitut fir Kernforschung Rossendorf, Bereich KF

15 19

F ion bombardment of plastic foils a strong hydrogen out-diffusion was
observed /1/. In those measurements we found slightly increasing yields of the 1H(15N,d¢012C
and 1H(lgF,QLJ’)MO nuclear resonance reactions at low ion fluences for oxygen containing
foils. This effect could be explained by an additional out-diffusion of oxygen.

During N and

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

For polycarbonate the oxygen out-diffusion is already finished at .a He® fluence

¢5#4*1014 He+/cm2, whereas in the case of polyester the constant oxygen level is only
reached for¢2'.25*1014 He+/Cm2. Therefore, the out-diffusion of oxygen depends on the irra-
diated material. On the other hand our results hint to a constant and material independent
oxygen to carbon ratio for large He' fluences (see Fig.l).
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Fig.l: Oxygen ito carbon ratios in dependence upon the 4He fluence
for polyester (CIUHBDA)n and polycarbonate (BlsHIAD})n

Reference

/1/ Rudolph, W. et 8l.; Nucl. Instr. Meth. B1l5 (1986) 508
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A DIFFRACTION - RELATED CLASSIFICATION OF POLYCRYSTALLINE MATERIALS

P. Klimanek
Bergakademie Freiberg, Sektion Metallurgie und Werkstofftechnik

Theoretical consideration on X-ray or neutron diffraction by polycrystals arge often related to a single-phase
model structure (ideal polycrystal /1,2/), whose scattering phenomena can be described by averaging the intensity
distribution of its single-crystallite scattering over all orientations of the diffraction vector E’: G - g;)/h.
The diffraction peaks associated with families of crystallographically equivalent nodes |7:| = const. of the
reciprocal space may be called diffraction singlets in this case. Of course, in order to interprete diffraction
by real polycrystals (e.g. by real powders or massive materials interesting in materials science and technology)
physically realistic structure models must be used. In the following table a hirarchy of such models is proposed
which takes into sccount the chemical (phase) composition of a microstructure, physical (structural) homogeneity
of the crystallites and the spatial arrangement (distribution of positions and orientations) of grain§ with

different structure (arrows indicate interrelations between the structures).
L)

single-phase objects
ideal polycrystals

S statistically statistically layer
homogeneous “~——— jinhomogeneous  “—————= stryctures

materials objects
ideal phase mixture ’ \\\\\\\‘-~\_.——;——””""

multiphase systems
Realization by

o o == o fine-grained —n

powders
l«——- real powders —

— Massive materials,
thin layers

carefully prepared, I

l._._..._.__.

A more detailed discussion of the scheme will be given in /2/. Here only the following explainations may be
given:

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

- Statistically inhomogenecus polycrystals are objects, the crystallites of which are nearly randomly (iso-
tropically) distributed but have significantly different size (and shape) and/or non-random orientation
distribution (i.e. texture) and/or must be devided into fractions with different lattice disorder. X-ray or
neutron reflections of such structures are so-called diffraction multiplets (i.e. weighted sum of partial
reflections due to g¢he crystallite fractions with different lattice disorder) /1,2/, which in multiphase
systems with various grain diameters D or absorption parameters uD are influenced by the effect of so-called
microabsorption (/’7, for instance).

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

Experimental realization of the effects mentioned just will be discussed in /4/.

/1/ Klimanek, P., Cryst. Res. & Technol. 18 (1983) K15 /3/ Taylor,A., X-Ray Metallography, J.Wiley & Sons,

/2/ Klimanek, P., Dissertation B, Bergakademie Freiberg 1987 New York, London, 1961
/4/ Klimanek, P., A.Micklich, p. 110
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SAMPLE-INDUCED ERRORS IN QUANTITATIVE OIFFRACTION ANALYSIS OF TEXTURES

P. Klimanek

Bergakademie freiberg, Sektion Metallurgie und Werkstofftechnik
A. Micklich
Zentralinstitut fir Kernforschung, Rossendorf, Bereich KF

Texture analysis by diffraction methods is based on the fact, that the observed intensity Ih(y) of a reflection
h = {N(l} associsted with a direction y in the sample related axis system of a polycrystal is connected with
the orientation distribution of the crystallites by

L(y) = %:wj Pn,3(¥) AL, 4(¥) 69

where w. is the volume fraction of a texture component having the pole density Ph J(y) and reflecting ‘he in-
tensity aly J(y) into the detector. If al, j(y) = al, is equal for all texture components, normalization of
(1) leads to the quantity

L (y) Z ’
o) = T - Ly o 0 1,2 = [r ey @
h

which represents the direct pole figures defined in quantitative texture analysis (/1/, for instance). On prac-
tical conditions the equation (1) is valid if

all crystallites are equivalent with respect to the operating scattering mechanism,

absorption can be treated as a volume effect and taken into account by a correction factor for all texture
components,

statistical errors due to grain-size induced local fluctuations of Ph .(y) are sufficiently small and

the detector in all positions of pole figure registration measures the integrated intensity (or the same
constant position of it, respectively) of all scattering crystallites.

1

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

I(y) . Z

g T PR = Lowy By 40D 5 &

h 3
where the weight factors 'h S(y) = Ih (y)/Ih £ 1 depend on the special properties of the microstructure of
the scattering object. Accordmg to /2/ in this connection two types of structural inhomogenextles must be
taken into account:

- statistical inhomogeneity due to randomly (isotropically) distributed crystallites of various texture compo-
nents with significantly different grain size and/or lattice disorder as reslized, for example, by mixtures
of deformed and recrystallized grains in hot-worked materials and

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

In the first case the parameters “h, j(y) = “h, 4 are independent of the direction y, but usually different for
various reflections h. That means, statistical inhomogeneity of a polycrystal essentially gives rise to sys-
tematic errors of the volume fractions of the texture components but does not influence the distribution func-
tions Ph j(y) However, in layer structures absorption is different for various textures components even in
smgle—phase materials and the parameters ®p j(y) depend on both the direction y and the type of the reflec-
tion. Moreover the beam geometry of the diffraction experiment (transmission or backreflection technique) have
to be taken into account, too. For this reason in diffraction experiments with layer structures both the volume
fractions wj and the distribution functions Ph J(y) of the texture components can significantly be modified.

In order to check the considerations sample immbgeneity was experimentally simulated by neutron diffraction
with model objects composed from Cu sheets having different, well-known microstructures and textures. The in-
vestigations show that significant changes of pole figures due to sample inhomogeneity are possible.

References :
/1/ Bunge, H.-J.: Mathematische Methoden der Texturanalyse. Berlin: Akademie-Verlag 1969
/2/ Klimanek, P., this report p. 109 -,
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DETERMINATION OF THE IMPLANTATION-INDUCED TEXTURES BY ELECTRON DIFFRACTION

K. Helming and B. Rauschenbach
Zentralinstitut fir Kernforschung, Rossendorf, Bereich KF

The formation of textures inducted by implantation is a phenomenon not investigated up to now.
Because of the small thickness of the texturized material (2100 nm) the determination of
such textures is only possible using electron diffraction. At this the measured values (pole
figures, see fig. 1) are usually insufficient for a quantitative texture analysis (reproduc-
tion of the orientation distribution function (ODF) of the crystallites). With the help of an
extended MPDS-conception /1/ the ranges of measurement of the pole figures absolutely neces-
sary for an ODF-calculation may easely be determined. They have at least to be large enough
in order to solve the problem of determination of a single orientation unambiguously.

With the MIMV-method /2/ modified for treatments of incomplete pole figures /1/ the first
0OF based on electron diffraction was calculated /3/. Fig. 2 shows the fibre texture of the
TiN-crystallites induced by implantation of N in Ti (direction of implantation parallel

to the direction of the normal N of the sample). It describes the density of probability to
find crystal planes with the normal Ri = (d}, 7i) parallel to W.

10
n
Y
®
3 10
¥u
3 i)
o
' % =(00) Re(n9
%
Fig. 1 Fig. 2
a) Diffraction intensity of (100) and QOF of the normals of crystgl planes
(111) planes (e experimental, o theo- h = (AVi, ?i) parallel to

retical)
b) measurement scheme

References

/1/ Helming, K., Dissertation A, ZfK Rossendorf, 1985
/2/ Matthies, S., G.W. Vinel, Phys. Status Solidi B112 (1982) K111, K115
/3/ Helming, K., B. Rauschenbach, Phys. Status Solidi 8138 (1986) Kl
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ANALYSIS OF THE INNER COMPATIBILITY OF EXPERIMENTAL POLE FIGURES BY SINGLE POLE FIGURE FITS

S. Matthies

Zentralinstitut fiir Kernforschung, Rossendorf, Bereich KF
G.W. Vinel

Zentralinstitut fiir Kernforschung, Rossendorf, Bereich G

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

Gi=1,2,...,1; 3= 1,2,...,D:
o~
~ oo N o, N
SRR j f({gbn chnL I T obraaR) oF. (1
n=1 o

Erroneous experimental data are not compatible, i.e. several pole figures as well as the
values inqgifferent pole points (;3) of a given pole figure correlated by the crystal
symmetry;fB cannot be interpreted as projections of one and the same 0DF f(g). The first
circumstance (“outer compatibility") can be investigated with the help of group theoretical
invariants /3,4/. For a characterization of the inner compatibility there was not a quanti-
tative approach up to now.

In difference to the harmonic method /5/ considering (1) as a linear problem and using the
FOURIER-apparatus the WIMV-method /2/ (solving (1) together with the non-linear condition
f(g) & 0) is able to get an approximative solution even for a single pole figure without any
formally mathematical restrictions. The quality of such solutions can be characterized by the
RP-values (mean value of the relative deviations of the recalculated from the experimental
pole figures).

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

RPOi /%/: 0.46(0.41), 0.86(0.35), 0.57(0.55)
RPli /%/: 0.56(0.52), 1.05(0.71), 0.80(0.73).

References

/1/. Matthies, S., ZfK-480 (1982), ISSN 0138 - 2950
/2/ Matthies, 5., G.W. Vinel, Phys. Status Solidi B112 (1982) K111, K115
5

/3/ Matthies, S., G.W. vinel, Gemeinsamer Jahresbericht 1984, ZfK-559 (1985) 81;
ISSN 0138 2950

/4/ Matthied, S., Annalen der Physik 43 (1986) 299

/5/ Preferred Orientation in Deformed Metals and Rocks: An Introduction to Modern Texture
Analysis. (Ed. H.R. Wenk) New York: Academic Press 1985
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TEXTURE INVESTIGATIONS ON A FLUORITE VEIN STRUCTURE BY NEUTRON DIFFRACTION

M. Betzl, K. Helming and W. Voitus

Zentralinstitut fir Kernforschung, Rossendorf, Bereich KF
H.J. Franzke

Zentraslinstitut fir Physik der Erde, Potsdam

In rocks texture features are of interest in two aspects for geosciences because they provide information sbout
the history of rock formation, deformation and metsmorphic processes. On the other hand, the rock texture is
responsible for the forming end orientation of megascopically measurable énisotropies of physical parameters.
This gives the way to specisl applications of the neutron diffraction method in the future.

More recent investigations have 8 more or less methodical and orientation character and concentrate on mega-
scopical and light-to scaning electron microscopical examination of undeformed and deformed Fluorites of
hydrothermal vein structures of the Thuringian forest (3 samples) and the Eastern Harz mountains (3 samples).

According to the similarity of results in bath occurences, here we report only about the deformation profile of
the Harz mountains.

Fig. 1a ~ lc show the pole figures of s undeformed fluorite, fig. 2a - 2c the pole figures of a deformed sample.
As for the position of peaks one has to take into account that the determination of sample coordinates

axis has a deviation of & 10° from the exact position, because the sampling in practice is always related to
megascopically visible sfructural features.

The undeformed sample has a clearly distinct texturation ‘Pﬁ’fn ~ 20; ?ﬁ;o) ~ 25). Besides a very distinct
main component {111} <112> a less intensive secondary component {100} < 010> is formed. This type of fluoride
was not influenced by further deformations. Thats why we conclude that this strongly ordered texture pattern is
mainly a product of recrystallization under static conditions.

The deformed sample has not reached such a highly oriented texture, but we notice also 4 preffered orientations
which, however, are hardly ever determined only by discussion of pole figures.

Nevertheless, it is fundamental to conclude that the primary highly ordered texture pattern with preffered
orientations of (100)- and (111)-lattice planes parallel to the vein walls in the deformed Fluorite is regularly
partially moved into new positions, so that seems to be axiomatically possible to explain deformation stages of
Fluorite veins by texture analysis with help of neutron diffraction.

-)ZA second order camponent

+150-8-2-25 main component  +2-5-9-5-0
Fig. la - 1c: Pole figures of the undeformed sample

% X

1-15-2-25-3-38 : 1-15-2-28.3 (=% 0
Fig. 2a - 2c: Pole figures of the deformed sample
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SMALL~ANGLE NEUTRON SCATTERING ON SILICON NITRIDE POWDERS

F. Eichhorn
Zentralinstitut fir Kernforschung, Rossendorf, Bereich KF
J. Blédsing

Technische Hochschule "Otto von Guericke" Magdeburg, Sektion Mathematik und Physik

Silicon nitride is a prefered substance for future materials. Because the construction details
must be processed by s}ntering of powders the shape and the size of grains have to be in a
suitable range. We used small-angle neutron scattering in order to determine these properties,.
By the help of this method the material can be investigated in a nearly original state. As the
volume of samples used can reach the order of 1 cm3 a representative portion of grains takes
part in the scattering of neutrons.

In the two-phase approximation (the sample consists of particles within a matrix) the differ-
ential cross section of small-angle scattering /1/ is

S50 0% (5,- 0,V % [ xpliBRI a7

% .
ea —d .
Ir

with NP - number of particles with the volume VP,
., (@) - scattering length density of the particle (matrix),
N - number of atoms in the sample,
la} = 4xsin€/A ,
A - wavelength,
28 - scattering angle.

Term I determines the scattering contrast and term II is the single particle form factor.

The scattering of thermal neutrons (A sas 0.1 nm) into the scattering angle range of few seconds
of arc contains’ information on structure elements with a size of several pm. Samples produced
by nitriding silicon powder and chemical reaction of ammonia with silicon chloride, respec-
tively, have been tested on a double crystal diffractometer equipped with perfect crystals.
After the separation of the apparatus function /2/ the measured scattering cross section was
expanded within the frame of the Guinier approximation into components of particles with
different shape or size.

figure 1 shows the obtained particle size distri-

5 d bution function of a nitrided silicon powder.
[0 individual particles Taking into account not only the results of the
5 L} 1 particle shape determination but also the data
o of sedigraphic and electron microscopical analyses
§‘3 g i ; : particles with a diameter of equivalent spheres
g % ogglomerates less than 2.5 pym are individual ones whereas the
@ 2t |°\\~\\\\\\\ 1 greater sizes are caused by agglomerates of
- 1 o-_—._\_\\-~_ 20...150 single particles.
1¢ o l
0 . N
0 5 10 15 References
. particle digmeter /um /1/ Kostorz, G., Treatise on Materials Science
Fig. 1 and Technology. Val. 15, ed. G. Kostorz,
Particle size distribution of a silicon Academic Press 1979, p. 227
nitride powder Rroduced by direct /2/ Schild, L., Dissertation A, Technische Hoch-
nitriding of si

icen _ schule Magdeburg 1982
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SANS STUDIES ON THE HYDRATION PROCESS OF PORTLAND CEMENT PASTE

f. HauBler and U. Miehe

Jechnische Hochschule Léipzig, Sektion Naturwissenschaften
ﬁ. Eichhorn

Zentralinstitut fir Kernforschung, Rossendorf, Bereich KF

Small-angle neutron scattering (SANS) wass applicated to problems of material research in
civil engineering. Hydrating Portland cement paste was investigated on a double crystal
diffractometer equipped with perfect crystals.

Portland cement paste contains many crystallographic phases existing in various ranges of
size. Therefore the scattering curve is a superposition of these phases and structures.
Following formula can describe this fact /1/:

S

1(8) = K GZ Py uy { Vyi(e) W;(a) ERCRY P 1
i=1 Vpi

Q= 4x 8in(B/2)/2 (2)

The measured SANS curve I(B) is'a function of the rocking angle 8 of the second diffractome-
ter crystal. ]f(Q,a)(2 characterizes the particle form factor. The variable a is the charac-
teristic linear size of the scattering objects, while W(a) represents the distribution func-
tion of a. V_ describes the volume of the scattering particles with the volume-concentration
p and with 3 SANS contrast u. The summation is extended over s types of scattering objects
with different phases and geometries. The constant K and the smearing operator ﬁ take into
account properties of the diffractometer device.

First experiments /2/ showed the develop-
ment of the scattering curves during the
initial 24 h after the beginning of

hydration. The changes of the scattering
curves are caused by the microstructural

I . development confirmed by measurements of
20y ’ ! temperature, electrical resistivity and
- (///////—,,,,,,,,,,,,—’* ‘ dielectric constant /3/, too. Now,
R fig. 1 shows the development of radii
/////”’ *erWiz 2050 of gyration during 28 days after the
1000 . :..:I,:z::: onset of hydration /4/. The radii of

gyration vary with the water/cement
ratio in the range from 500 to 3000 nm.
0.38 is the calculated water/cement

s m % ratio for complete hydration of the
Y Portland cement used. In contrast to
T T
the other samples the sample with a
Fig. 1 water/cement ratio of 0.27 shows another
Gyration radius for cement paste of different asymptotic cinetic behaviour. The exist-

water/cement ratio versus hydration time ing deficiency of water causes both a

prolonged hydration process and a decrease of the gaps between the individual cement phase
grains.
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THE STRUCTURE OF METAPHOSPHATE GLASSES BY NEUTRON DIFFRACTION

W. Matz
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E.A. Goremychkin

Joint Institute for Nuclear Research Dubna, Laboratory of Neutron Physics

In connection with the development of athermal optical glasses with anomalous partial dispersion there is a
growing interest in phosphate glasses. Up to now the structural reasons for the athermal behavior of the glasses
are not known.

We studied the stomic structure of a series of metaphosphate glasses, Me(PO})2 with Me = Zn, Mg, Ca, Sr, Ba,

by neutron diffraction. In such glasses exist very short interatomic distances. To resolve these distances the
structure factor S(Q) have to be measured up to high values of Q (= 4#rsin2’/A). With a conventional neutron
diffractometer at the RFR a maximum value qnax = 93 nm'1 can be achieved. In order to extend the (-range of the
structure factor time-of-flight neutron diffraction experiments were performed at the pulsed reactor IBR-2 of
the JINR Dubna. With Qmax = 168 nm°1 a good resolution in real space was obtained /1/. for the interpretation

of the diffraction data the function T(r) was used.

Qmax :
2 sin (#Q/Q )
Tr) = drrg + 2 / efs@-1] ————2%
0 ax

Here $o is the mean particle densiiy of the sample. The figure shows the T(r)-curves for the investigated
glasses.

sin (Qr)dQ

The separated peaks in T(r)
especially for Mg(P03)2
and Zn(P04), indicate the
the possibility to divide
T(r) into single peaks.

The procedure of dividing
T(r) into single Gaussians
was performed at a graph-
ical display. To obtain a
good quality of the fit

MglPo,),
: 2 I & g

the difference between
experimental and fitted
peaks (dotted line) was
minimized.

These peaks can be attri-
buted to distinct atomic

] v JE ;va rn pairs according to the
different ionic radii of
Fig. 1 the samples constituents.
Reduced radial distribution functions T(r) of metaphosphate glasses as deduced The pairs are indicated in

from neutron diffraction experiments (continuous lines). The dashed lines are he fi . From the results
the fitted Gaussians attributed to different atomic pairs and the dotted lines the figure )
are the residuals. of the peak separation

procedure the following
description of the structure of the glasses can be given. The main structural elements are Poa-tetrahedra with
a mean P-0-distance of 0.155 nm. The tetrahedra are only a little distorted, as indicates the 0-P-0 bond angle
distribution deduced from P-0- and 0-0-distances. The 0-0 coordination number of 4.5 allows the conclusion, that
tetrahedra are connected up via two bridging oxygen ions in chains. The P-0-P bond angle distributions have a
maximum around 140 * , so that the chains sre not linear. The metal ions are located between the chains of P0,-
tetrahedra and are surrounded by oxygen ions. For the glasses with Zn,Mg,Ca the metal has 4 nearest oxygen
neighbors and in the Ba glass B. The structure of strontium metaphosphate glass seems more complicated.

/1/ Matz, W., U. Hoppe, Gemeinsamer Jahresbericht 1984, ZfK-559 (1985) 77
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In the past year the total operation time of the cyclotron has been 5650 hours. The beam has been
used mainly for basic nuclear research (1508 hours) and isotope production (1489 hours).

Table 1 showe the complete time distribution.

Table 2 gives the survey of accelerated particles with their percentages of beam time.

Por the generation of L13+

ions an internal ion source with an indirect heated cathode was put

into operation. This has given the possibility to increase the beam time with L1 ions used for

nuclear spectroscopy studies,

Table 1

Beam time distribution for 1986

Cyclotron operational 5650 h

Turning on and off;

Maintenance 502 h
Scheduled revision 476 h
Total beam time: 4672 h

Nuclear physics 1508 h

Isotope production 41489 h

Neutron therapy 200 h
Thin-layer
activation 100 h

Cyclotron improvement 510 h
Others 865 h

Table 2

Accelerated ions and their
percentages of beam time

v 52 %
H,' 3%
kH°2+ % %
6i7p, 3 1%
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OPBRATION OF THE BLBCTROSTATIC ACCELERATORS IN 4986
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Tandem—Acoelerator

The accelerator has been operated in a 3-shift mode. It has been used for axperiments of nuoclear
physics, solid state physics, thin layer astivation, irradiation of polymer foils and for experiments
directed to the development of accelerator components.

Characterizing parameters of accelerator employment are given in table 1 and 2.

hours species of ions rel. op. time

Available time 5802 P 2 %
Accelerator under voltage 8429 d 2t %
BExperiments with bean #139 d (pulsed) 1% %
Development 692 ¢ 33
N 25 %

Maintenance and planned
etand o Si 5%
a 1%
Br, O <1 %

The accelerator did not need an opening of the vessel for maintenance during the past year.
The life time of the charging belt (Greengate) is now about 12000 hours.

The equipment for foil irradiation in connection with the production of nuclear track microfilters
has been improved. Because of the insufficient long term stability of ion current the relation
"ion current/foil speed" has to be kept constant. The foil belt tension 18 controled in order to
achieve exact winded finished rolls.

A test stand for experiments with an external ion beam has been built up. Pirst activities using
this possibility dealt with investigation of art objects.

With respect to beam diagnostic at present we study a decelerator lens assembly for measuring the
energy spread of a low energy ion beam.

In comnection with our development of sputter ion sources we delivered and set up into operation
an 1on scurce MISS 483 at the tandem accelerator of the University of Helsinki.
Yan de Graaff Accelerator

The 2 MV VAG accelerator has been used 3200 hours mainly for nuclear analysis (protone, deuterons,
helium ions). During that time the rf-source was running without any maintenance.

We changed the charging belt and we use now a Poly-C-belt. At present ‘the 11fe time of this belt
is about 2300 hours. The charging with brushes was not satisfying because of the high dust
generation. Now we use a conventional needle arrangement with good success.

The activities for improving the energy stability of the ion beam have been continued.
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NUCLEAR ELECTRONIES AND METHODS

ELECTRONIC EQUIPMENT FOR THE 4mw- SPECTROMETER PHOBOS
W.D. Fromm and H.-G. Ortlepp

Zentralinstitut'fﬁr Kernfcrschung, Rossendorf, Bereich KF

H. Sodan and 0.V. Strekalovski

Joint Institute for Nuclear Research, Dubna, Laboratory of Nuclear Reactions

At present the installation of ‘the 4m-spectrometer PHOBOS /1/ for reaction products of medium
energy heavy ion collisions is prepared at the JINR Dubna, Laborstory of Nuclear Reactions.
Perallel with the development and test work on models of the pas-filled detection modules/2,3/
parts of the electronic equipment have been developed /4/. The conception for the whole
electronic system has been worked out. It includes:

i) special timing and spectroscopic.equipment which has been optimized with regard to the

chosen gas detectors, .
ii) the first level trigger logics for events exceeding a certain multiplicity level,
iii) the CAMAC multiparameter data acquisition system based on the system crate principle,
iv) the computer configuration for data collection, control and on-line analysis,

v) the preliminary conception of the electronics for the phoswich scintillation detectors.
The concept is based on maximum simplicity and economy with the technoloqy presently available
at the JINR Dubna and the CINR Rossendorf. At the first step the event selection is performed
only by a multiplicity criterion (fig.1l). Later the majority coincidence may be replaced by
a more sophisticated set-up, but the individual detector-specific modules organizinb analysis
or fast reset must not be changed. A second level trigger is not foreseen, but may be intro-
duced later, too, e€.g. by replacing the system crate by a faster multiprocessor bus system.
The computer-controlled detection electronics for the chamber and the scintillator part for
each of the 30 modules of PHOBOS is realized as dedicated CAMAC-units. Therefore, s CAMAC-
system consisting of several branch highways has to be chosen.

The data-taking computer will be connected to a specialized CAMAC-crate, the system crate, via
a crate controller KEQOl /5/ with OMA-capability. As branch drivers single width CAMAC units
KK008 /6/ placed in the system crate are used. Also the trigger electronics is located in the
system crate allowing in this manner fast service of the interrupt by first transferring the
response pattern to the computer which then selects the crates with hit modules. Their infor-
mation is read blockwise with OMA into a buffer which is periodically written to magnetic tape.
A second, more powerful computer is coupled to the bus of the data-taking machine and can use
parts of the event-data for on-line analysis. Singles and two-dimensional spectra can be dis-
played and stored on magnetic disk. Several small computer systems control subsystems of the
spectrometer, e.g. the vacuum system, the gas-supply and the high voltage system. The status
of these autonomous syétems is supervised by the data-analysis computer during the experiment.
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THE VACUUM AND GAS HANDLING SYSTEM FOR THE 4T SPECTROMETER "PHOBOS"

W. Seidel and DO. Walzog

Zentralinstitut fir Kernforschung, Rossendorf, Bereich KF
H. Sodan

Joint Institute for Nuclear Research, Dubna

The vacuum and gas handling system for the 4Wspectrometer PHOBOS /1/ was designed. From this
conception practical demands were derived for the technical specifications of the main com-
ponents of the vacuum and gas handling system which are to be regarded in the practical
design work. Several considerations have to be addressed regarding the feasibility of such a
design: ’

(1) In the reaction chamber a vacuum of 1.0'A - 10'5 Torr should be attained.

(2) The 30 Bragg ionization chambers (BIC) /2/ and 30 double grid avalanche counters (DGAC)
/3/ have to be evacuated initially to 1072 - 1072 torr.

(3) The 60 counters and the reaction chamber should be simultaneously evacuatable or aera-
table.

(4) The counters must operate with a steady gas flow and one has to control the pressure and
gas flow.

(5) The control system must prevent wrong manipulations.

Fig. 1 shows the concept of the vacuum and gas handling system (pumps, gate valves, bellows
etc.), which is based on NW250, NW100, NW40 and NW25 components. The BIC and ODGAC operate in
a continuous gas flow mode with different highly purified gases. For easy exchange of the
detector modules the whole spectrometer PHOBOS is planned to be turnable by + 90°. All detec-
tors are, therefore, connected by flexible tubes with a movable system of four ring tubes,
which provide the evacuation and a separate gas flow through both counter types. The outlets
of the counters are connected to vacuum pumps and the amount of gas flow is regulated by
needle valves behind the detectors. The gas pressures can be adjusted with a precision of-
about 1 ¥ by means of automatic valves VBR 40 /4/ located before the detectors.
The corresponding reference
signal is given by a vacuum
#-o meter M 501 /4/. It is planned
imi to use one of such systems for

each group of 3 BIC working

with the same gas pressure.
The 30 DGAC are provided with

one tommon control system only.

% 30% A prototype of the gas flowing
X

control system is under test.

Fig. 1

Vacuum and gas handling system
for the 4@ spectrometer PHOBOS
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FURTHER TEST RESULTS WITH THE DOUBLE GRID AVALANCHE COUNTER

W. Seidel and H.-G. Ortlepp
Zentralinstitut fiir Kernforschung, Rossendorf, Bereich KF

The overall design of the double grid avalanche counter (DGAC), provided for the 4¥&pectrome-
ter PHOBOS /1/, and first test results have been described previously /2/. During the last
year the time and position resolutions could further been improved. Fig. 1 shows the measured
time resolution for the light group of 252C£ fission fragments versus the gas pressure for
two different wire distances. Both counters had the same anode-

“ml oy cathode gap of 3 mm and were operated 15 V below the (pressure
J dependent) voltage, where the spark discharge sets in. For 1 mm wire
- 15mm distance the minimum at about 2.5 Torr is caused by the contrary
§_ e prstanct sction of the pulse height and the drift time dispersion which de-
§3ny ’L) Wmm | crease with decreasing pas pressure. For 1.5 mm wire distance this
minimum cannot be attained due to the much higher field inhomo-
\i //jﬂ/} geneities between the wires. For different gas pressures the posi-
N \Tiji, N tion spectra of fig._z were measured with the 1 mm OGAC irradiated
o nfgsg}gm1 5 with&-particles through the diaphragm depicted (upper part). The
Fig. 1 signallprocessing has already been described in /3/. At low pres-

sure (p€ 3 Torr) the electron diffusion causes a lateral spread
of the avalanche surpassing the wire distance. A continuous posi-

tion information may be obtained from the centre of gravity. For

’ - - Oy’ . s s
PR gle e gl e g p>5 Torr the wire structure is resclved, corresponding to an ava-
-q-p. 4'p4w. FIs titam Cuutre

o) Zoam.s . lanche width of about 1 mm, in agreement with /4/. Fig. 3 shows an
SL ??:; ] etched Cu diaphragm (above) and its image (below) ‘produced

J s } 1 with & -particles and the 1 mm DGAC.
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A BRAGG TONIZATION CHAMBER WITH LARGE SOLID ANGLE

W. Seidel, H.G. Ortlepp, 0. Walzog and F. Stary
Zentralinstitut fiir Kernforschung, Rossendorf, Bereich KF
M. Andrassy and H. Sodan

Joint Institute for Nuclear Research, Dubna

We present here the prototype of a Bragg ionization chamber (BIC) with a solid angle of
30 msr designed for the second detector layer of the 4X spectrometer PHOBOS /1/. By using the
Bragg curve spectroscopy /2/, one measures the energy and the afomic number z of high energy
heavy ions stopped in a gas-filled ionization chamber with the electric field parallel to the
incoming particle trajectory. The principle of operation and the analogue signal processing
were already described in /3/; first test results obtained with a digital signal processing
system are described in /4/. Compared to conventional ionization chambers with the electric
field perpendicular to the particle trajectories, the BIC offers the additional advantage of
close packing, necessary to follow the demands for high solid angle efficiency of PHOBOS. The
schematic view of the detector is shown in fig. 1. The BIC consists of a truncated hexagonal
pyramid made from stainless steel. The entrance window has a diameter of 13 cm and was made
of 3 pum (380 ng/cmz) thick aluminized polyethylene,
supported by horizontally stretched steel wires
(diameter 0.2 mm) with 2 mm spacing. The grounded
window withstands a pressure difference of about
400 Torr. The 1 mm wide and 1 mm spaced field
shaping electrodes were etched from copper-plated
fiberglass epoxy laminates glued together in form
-0f a truncated hexagonal pyramid. The voltage
divider of totally 100 Mfaresistance supplies a

$0% Ar » D% 04,

e field strength Eavl/rz, necessary for position-
] ausesem independent Z calibration. The distance between

[0 eemass £rcxy Lamwate
STANLESS STEEL

the cathode and the Frisch grid amounts to 22 cm,
that between grid and anode to 1.5 cm. The frisch

B o . Wom
Fig. 1 grid consists of copper-beryllium wires of 70 pm

Schematic view of the BIC diameter, separated by 0.4 mm. The screening in-

efficiency was calculated to be

""""""" ] v v 0.25 %X. The preamplifier signals
=150 TORR PULSER i BRACG Feax ) were fed into two different shap-
it ! 300t R i ‘ i3

o0 ﬂ'ﬂ§£¥ (/13ﬂ1 1 v wzfﬁaghw‘ ing amplifiers - a standard spec-
- z 2 00" . . .
oo} LIKEVICHANNEL 4 8200 e troscopic amplifier with 6 ps
= €=05p shaping time for the energy deter-
100F ] mination and a second one with
0.5 ps shaping time corresponding

COUNTS

05340260 380
CHANNEL NUMBER
Fig. 3

o-particle Bragg peak
spectrum

to the electron drift time between
the Frisch grid and the anode.

The chamber was operated in 3
stationary regime with 90 X Ar +
10 % CH4 non-purified gas at a

pressure of 150 Torr. First tests were performed with eC-par-
ticles from 210Po and 2815 sources. Fig. 2 shows the meas-
ured energy spectrum. Subtracting the contributions of the
energy straggling in the entrance window (AE ~ 40 keV) and
‘the electronic noice (AE = 89 keV) from the observed value
of AE = 71 keV, the intrinsic energy resolution of the BIC is estimated to be 4E = 32 keV
(AE/E = 0.6 X). From the ¢{-particle Bragg peak spectrum shown in fig. 3 a Z resolution of
3.6 X was deduced. Further optimizations of the energy and Z resolutions are under work.

/1/ Sodan, H. et al., Annual report 1984, ZfK-559 (1985) 144 /3/ Kotte, R. et al., ZfK-591 (1986)
/2/ Gruhn, C.R. et al., Nucl. Instrum. Methods 196 (1982) 33 /4/ Romaguera, A., H.G. Ortlepp, this report p.123
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INTRODUCTION OF DIGITAL FILTERING METHODS INTO THE BRAGG-CURVE SPECTROSCOPY

A. Romaguera snd H.-G. Ortlepp
Zentralinstitut fiir Kernforschung, Rossendorf, Bereich KF

During the development and test of a small Bragg ionization chamber (BIC) at CINR /1/ it be-
came clear that the usually applied signal processing /2,3/ is not optimal, especially with
regard to pile-up problems. Therefore, the introduction of digital filtering methods was
considered. A complex study has been started including:

i) model calculations of expected errors due to the qudntization in dependence of the
analogue shaping and the flash ADC resolution and sampling period

ii) storage of real BIC wave forms of alpha praticles and low mass heavy ions from the
CINR 5 MV tandem accelerator by use of a transient recorder (fig. 1)

1ii) off-line test of several algorithms for obtaining the Z information applied to the
: stored waveforms (fig. 2) in order to optimize the digital filter operation

iv) real time processing of BIC signals digitized by a 8 bit video ADC with 200 ns sampling
period in a model digital filter arithmetics for gaining the energy information
(fig. 2).

In these first attempts both the E and Z resolutions did not attain the values of the ana-
logue method. Reasons are the small number of only 14 samples and the unsufficient stability
of the used ADC. The stability requirements for pulse spectroscopy are at least one order of
magnitude higher than for video applications. A new digital system based on an 8 bit flash
ADC chip is under construction.
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BIC pulse shape recorded 8
with the CINR transient re-
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Fig. 2

Alpha-particle Bragg-peak

(upper part) and energy (lower
part) spectra obtained by ana-
logue and digital signsl proces-
sing
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A TEST OF THE BRAGG IONIZATION CHAMBER BY: USING THE REACTION 1"|a+”’c1(z.2w|ev)
A.A. Kotov' ), W. Neubert and W. Pilz
Zentralinstjitut fiir Kernforschung Rossendort, Bereich KF

The observation of various charged particles produced in inelastic H.I. reactions at very low
energies is restricted to some light target nuclei. A sensitive test of the ionization cham-
ber was performed with a target enriched in 1OB(mixed with 120) which was bombarded by a
3aMeV 5Cl-beam. In this case the incidence energy exceeds the Coulomb barrier of about

22 MeV and the production of reaction products is favoured by the positive Q-values. Indeed,
we observed pronounced branches of C, N and 0 out of the products of elastic scattering. The
108 and lzc constitutents of the target scatter the incoming ’SCI jons elastically into nar-
row cones which are not accepted by the ionization chamber mounted at 27.5 deg with respect
to the beam axis. This feature enables us to follow the low intensity branches of nitrogen
and oxygen down to about 8 MeV. Nevertheless, the upper branch in fig.l belongs to the scat-
tered beam particles. Ions of 35Cl with energies up to 23 MeV can be produced by elastic
scattering from the Al target holder. The lower branch in fig.l is formed by the lgs target
recoils. The range of these recoils(’Z.Smgcm-z) exceeds somewhat the depht of the ionization
chamber (corresponding tol.BSmgcm'zof butane) and the non fully stopped boron ions lead to
the vertical fringe. On the other hand, the track of the 1 C recoils of about the same energy
fits within the chamber lenght. The branches of nitrogen and oxygen are lower in the intensi-
ty. An inspection of the kinematics shows that both nuclei may be produced by 3501 induced
reaction on 8 and 120. As a consequence of the low energies, all branches in the BP-E plot
are inclined and a somewhat modified data processing is required. We subdivided the energy
range from 9.6 MeV to 15.2 MeV into 20 bins and determined the centres of gravity. Fig.2
shows the projections onto the BP-axis whereby the distances between the peaks refer to the
energy-averaged values. We find a good separation of adjacent nuclesr charges in the 5<2%48
region regardless of their low energy and moderate energy resolution of the detector. The
charge resolution amounts to be about Z/AZ =16. The BP-response (for a shaping time of 0.25
us) fulfills the linear relationship Z=0.125*BP+1.35.
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PROPERTIES OF A COAXIAL IONIZATION CHAMBER TESTED WITH LOW-ENERGY HEAVY IONS
A.A. Kotov'), W. Neubert and W. Pilz
Zentralinstitut fir Kernforschung Rossendorf, Bereich KF
Experiments with purifi=sd n-pentene resulted in good energy and charge resolutions /1/.
However the purification is time-consuming and a simple alternative is the use of other slke-
nes. Commercial butane which contains up to 68X of isobutane was used in the experiments at
the Rossendorf Tandem Accelerator. A disadvantasge is that the signal amplitude for heavy ions
goes down by about 2% per hour in our jonization chamber /2/ newly filled with this gas.
A series of tests was performed with 12C"’ions of Eo=20 MeV. The ions elastically scattered
by 8 Au target (290ugcm'2) enter the jionization chamber under 27.5 deg. with respect to the
beam axis. The entrance window (18mm in diesmeter, supported by a Ni grid) was made from Form-
var with a thickness corresponding to S7ugcm'2. The ionization chamber was operated at 6.,8.,
9.and 10.103Pa. In order to meintein the same E/p-values the voltage was always adjusted. The
total charge released by the jonization was measured with a pulse shaping of 2ps by using
spectroscopic amplifiers SPV 5024. (he measurements cover the range 0.75 V/Torrcm < E/p € 2v/
Torrcm in the space between cathode snd Frisch grid. The peak position-remains unshifted for
E/p 21.8 V/Torrcm indicating full charge collection. At fixed E/p, the amplitude of the ener-
gy signal (E) rises to a pressure of 9.103 Pas where total absorption is reached for 18.7 Mev
carbon ions. This result is confirmed by calculations of the Bragg curves using the input da-
ta of ref. /3/. The Bragg-Peak signal (BP) was generated by using the spectroscopic amplifier
SPV 5023 with a shaping time of 0.25pys which becomes comparable with the collection time of
the electrons produced around the Bragqg peak. A Gated Biased Amplifier (ORTECD noderl 442) gl-
lowed the necessary ps-delay of these analog signals required for the two-dimensional dats
processing. Both the E and the BP signals were fed into stretchers followed by B bit ADCs.
The digitized information was combined in a 16 bit interface (SWB 4901) and processed by a
microprocessor-controlled 2 D-analyzer withcolour display. A two-dimensional BP-E plot subse-
quently generated at E/p=2.35 V/Torrem by ions of 12C}*(14.7 MeV), 28Si7+(27.3 HeV) and
5Cl7+(26.2 MeV) shows fig. 2. The values in the brackets are the energies after the entrance
window. This plot shows 8 good separation for silicon and sulfur above 15 MeV. A linear rela-
tion between the BP-amplitude and the nuclear charge Z is fulfilled for the three ions (and
ions of B8,C,N,0, next contribution) as seen in the insert of fig.2.
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A DETECTOR TELESCOPE FOR MEASURING ANGULAR OISTRIBUTIONS OF NEUTRON INODUCEG CHARGED REACTION
PRODUCTS

P. Michel, J. Hutsch, J. Mdsner, K. Moller end G. Schmidt
Zentralinstitut fiir Kernforschung Rossendorf, Bereich KF

A charged particle spectrometer, described in /1/, hes been changed in several details and completed by two
position sensitive multistep avalanche chambers (MSCs) /2/ in order to measure the differential cross section
of neutron induced charged particles in forward direction. At present we use this upgraded spectrometer for a
measurement of the zero degree differential cross section of the n-p capture reaction at En =25 MeV. In a
former experiment we determined the total cross section of this reaction /3/.

The n-p capture reaction and its inverse, the deuteron photodisintegration, has recently recieved much atten-
tion from both the experimentsl and theoretical sides. Especially the 0° cross section excitation function seems
to give deeper insight into details of the N-N interaction, see e. g. /4/.

Fig. 1 shows the spectrometer consisting of a gaseous target and a detector system. The gas cell contains two
MWPCs which ensure that detected particles are originated within the cell. The two scintillation counters (SCl,
SC2) serve for messuring the time of flight and the response of the charged particles and the two MSCs are used
for the determination of the track coordinstes in order to reconstruct the neutron-deuteron angle. The position
resolution of the MSCs sllows o determination of this angle with an accuracy of 1.7 mrad (FWHM).

The spectrometer was designed in order to minimize multiple scattering and energy loss. The exit window of the
gas call was made of 13.5 m/an2 mylar foil, the thickness of the plastic scintillator of SCl is 5.2 mg/::rn2 and
the MSCl has an averape mass density of 3.8 lrg/t;m2 tungsten. In order to avoid windows for the MSCs the whole
vessel is filled with isobutan corresponding to a density of 2.4 mg/v:.:n2 along the path between the gas cell and
SC2. The MSCs operate in the gas flow mode (@ 100 un’/min) using a system to maintain a constant pressure of
(16 +0.1) mbar. A mean scattering angle of about 28 mrad for 10 MeV deuterons results from these values taking
into account additionally the multiple scattering within the gas cell containing hydrogen at a pressure of

0.4 MPa.

The spectrometer has a mean opening angle of + 107 mrad resulting from the distance of 700 mm between the centre
of the gas cell and the SC2 and the diameter of 150 mm of the SC2.

The other components of the experimental setup are similar to that described in /1/. In order to obtain a larger
rate of capture deuterons a Ti-T target of 2.5 - 1012 Bq/t:ln2 and 8 neutron collimator with enlarged opening
angle are applied. Thereby, the neutron flux crossing the gas cell amounts to about 4 - 105 n/s at a pulsed
deuteron beam of 1.% pA. Consequently
the total rate of capture deuterons per
hour is about B0, that means a factor
20 larger than formerly.

Fig. 1
| S Y P Schematical viev of the teleecope
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POSITION SENSITIVE MULTISTEP AVALANCHE CHAMBERS FOR DETECTION OF LIGHT CHARGED PARTICLES
P. Michel, J. Hutsch, J. Mgsner, K. Mdller end G. Schmidt
Zentralinstitut fiir Kernforschung Rossendorf, Bereich KF

Two low pressure position sensitive multistep avalanche chambers (MSCs) have been developed for an experiment
measuring the differentiasl cross section of the n-p cepture reaction at En=25 MeV /1/. This kind of detectors
have been chosen due to the spezific conditions of the experiment resulting in the following demands. The mass
density of the chambers has to be smsll in order to minimize multiple scattering end emergy loss, the efficien-
cy for detection of deuterons up to 15 MeV should be nearly 100 %, track locslization of better thsn 0.5 mm
(FWM) is required in order to obtain a sufficient sngular resolution and 8 stable operation is necessary with
respect to position response and efficiency during several weeks at pulse rates up to 105c/s.

We have built two MSCs with effective eress of 100x100 m? and 190x190 mm?, respectively. Fig. 1 shows the
arrangement of the electrodes, where A is a 50 ug/cm2 fomvar foil with 40 ug/t:m2 pold evaporated, B is 8 1 x 1
m2 mesh of 20 pm Au-tungsten wires, C and E are the cathode grids made of 28 pm Au-tungsten wires in 1 mm
distance and D is the snode grid consisting of 13 pm Ay-tungsten wires 2 mm spart. The PPAC gap (A-B) is 3.7mm,
the gap of the drift space and the distances between cathode and anode wire planes are 5.3 mm. The E-grid is
orthogonal to that of D and C. The principle operation mechanism of low pressure MSCs has been investi-

gated by several authors /2/. We applied delay-line read out using special low noise preamplifiers /3/.

The two MSCs have been tested with 5.5 MeVw-particles (2*1Am), 5.9 kev J's (*°Fe), protons (5 to 25 MeV) and
deuterons (5 to 22 MeV) at pressuresof B and 16 mbar isobutan. Position resolution of 320 pm (FWHM) for «~par-
ticles and 480 pm for 5.9 keV J's have been obtained in both coordinates over the whole active areas of the
chambers. A differential and integral nonlinearity of track localization of smaller than 0.8 X has been measu-
red with an a-source using a computer controlled mechanical scanner. Fig. 2 shows the result of the determina-
tion of the efficiency for protons anc deuterons at 16 mbar wvhich have heen obtained by operating the chamber
in coincidence with a scintillation counter telescope described in /1/. ’

More details about the properties of the chambers will be published. Finally it should be noted that excellent
operation stability of the chambers including electronics and gas flow system has been observed during several
days under the real conditions of the experiment.
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fig.1l: The arrangement of the electrodes of the MSCs. Fig.2: The efficiency of the MSCs for protons
and deuterons.

References

/1/ this report p. 126

/2/ Breskin, A. et al., Nucl. Instrum. Methods A 161 (1979) 19 and 221 (1984) 363
Sanewsci, Ju.W. et al., Dubna Preprint P 13-B4-563 (1984)

/3/ Ortlepp, H.G. and Seidel, W., Gemeinsamer Jahresbericht 1984 ZfK-559 p. 149



- 128 -

PARAMETER OPTIMIZATION OF HIGH-DENSITY AVALANCHE CHAMBERS
P. ManfraB, W. Enghardt, W.D. Fromm and 0. Wohlfarth
Zentralinstitut fir Kernforschung, Rossendorf, Bereich KF

High-density avalanche chambers as proposed by Jeavons et al./1/ are intended for use as
position sensitive detectors of a positron emission tomograph (PET) which is under construc-
tion. The PET is planned to consist of a hexagonal arrangement of such detectors, each having
a size of 5028 cm®. Before finally designing the positron camera the essential properties of
the detectors had toc be studied. The results of these investigations are summarized in this
report.

The detectors were operated with different filling gas mixtures at normal pressure:

(i) Ne + 4% Hexan + (0.07, 1.3 or 2.6)% i-propanol,
(ii) Ne + (10 or 20)X% co, + (0, 1.3, 2.6 or 4.0)X i-propanol.

Layout ofAthe-’—ray»convertets

The multi-hole converters consisting of 0.2 mm thick PbSn35b2.5 foils insulated by layers of
glass fabric reinforced epoxy-resin were made in the KSG Gornsdorf by means of machines that
are commonly used for producing multi-layer printed circuit boards.

We tested four kinds of converters with holes of 0.8, 1.05 and 1.7 mm diameter. The mini-
mum thickness of the remaining converter material between the holes is 0.2 mm. It could be
shown that for both gas mixtures the converters with holes of 1.4 and 1.7 mm diameter allow
the detection of all escaping electrons by the MWPC. Therefore, converters with 1.4 mm dia-
meter holes will be used for the positron camera.

Jime resclution

The aim of this investigation was to get information on the maximum time resolution (2¢)
that is achievable for this detector type, where special interest was focused on the change
from the drift to the avalanche regime of converter operation. For this purpose the anode vol-
tage of the MWPC was adjusted at 1.4 kV that ensures a convenient registration of the time
distributions of the conversion electrons in the drift mode, and the the electric field
strength at the converters (Ec) was increased. Fig.l shows the typical time spectra in the
drift and avalanche modes as well as in the transition phase. The latter is limited to a
rather narrow field strength interval of about 1 kV/cm. The avalanche regime begins for elec-
trons escaping the converter foils on lowest potential and extends over the whole converter
with increasing Ec. For a converter consisting of 20 layers (0.2 mm Pb + 0.1 mm insulator)
and Ne + 4% Hexan + 2.6% i-propanol as filling gas the maximum field strength is limited to
Ec=7‘2 kV/cm by electric discharges in the converters because of the roughness of the inner
surfaces of the holes. The corresponding time resolution amounted to 220 = 16 ns at FWHM.

Using converters with thicker insulation layers (10 times 0.2 mm Pb + 0.2 mm insulator),
the practical limit of the electron amplification (Raether's condition) is reached at Ec=8.7
kv/cm, i.e. electric discharges occur during the irradiation with the )-rays of a 22Na source.
The time resolution attained at this field strength was 2v0 = 14 ns FWHM. Basing on these
results the converters of the positron camera will consist of 16 layers of 0.2 mm Pb and
0.2 mm insulator each.

Efficiency and yield

Fig.2 shows the detection efficiency for 511 keV ,—radiation of a MWPC with one converter
consisting of 20 layers (0.2 mm Pb + 0.1 mm insulator) in dependence on the converter field
strength Ec; the MWPC anode voltape was kept constant. The efficiency amounts to £= 4.8%

at Ec=6 kV/cm. Since the absorption of 511 keV radiation in the converter was experimentally
found to be 16%, the converter yield is 30%. Thus stacking 8 such converters will give a8
detector with an efficiency of £:22.5% for E,:Sll keV.

Electron- amplification- and discrimination against 1ou-enetgy-Compton—scaftered-radiation

The electron amplification in the convettér depending on Ec at constant anode voltage was mea-
sured for the 6.3 keV photons emitted from a 55Fe source. The experimental setup and the re-
sults are displayed in fig. 3.
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The source was mounted on top of the converter and their radiation was collimated perallel to
the converter surfsce by means of Pb-foils. Using the filling gas Ne + 10% 002 + 2.6X i-propa-
nol a8 maximum gain of Mc=35 at Ec=6.2 kV/cm was measured. This preamplification in the conver-
ter is sufficient to reject the low-energy signals of the MWPC by pulse-height discrimination.
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/1/ A. Jeavons et al.; Nucl.Instr.Meth.176(1980)89
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EXTENSION GF THE DUBNA TIME-OF-FLIGHT SPECTROMETER DEMAS FOR MEASURING LIGHT CHARGED
PARTICLES IN COINCIDENCE WITH FISSION FRAGMENTS

H.-G. Ortlepp

Zentralinstitut fir Kernforschung, Rossendorf, Bereich KF

K. Heidel and H. Sodan

Joint Institute for Nuclear Research, Dubna, Laboratory of Nuclear Reactions

New experimental information about the fusion-fission process at about 10 MeV/u is expected
from light charged particle (mainly alpha particles) - fission fragment coincidence meas-
urements. The Dubna double-arm time-of-flight spectrometer DEMAS /1/ has been used for the
spectrometry of two correlated heavy reaction products only. Recently a 5 cm diameter AE-E
silicon detector telescope manufactured at the CINR Rossendorf /2/ has been included. The
telescope is placed inside the reaction chamber at 20 degrees with respect to the beam direc-
tion (fig. 1). In eddition to the quantities TOF, E, X, Y measured in both DEMAS arms the
values AE and £ of the telescope and the time AT between the light particle and one of the
fission fragments had to be recorded. For that aim the event trigger logics (fig. 2) and the
data acquisition system were modified. The system is triggered by a majority coincidence unit
if at least two of the three signals TOF 1, TOF 2 and AT are in coincidence within the 1 s
resolving time. In this case the gates of each of the 11 CAMAC ADC's are opened and, after
conversion, 11 codes are transferred to the SM-3 computer. In the analogue AE and E channels
linear gate and stretcher units (ORTEC 542) serve to suppress pile-up and to match the timing
conditions at the ADC input gates. A first measurement was performed with 178 MeV 22Ne ions
bombarding a gold target. The data analysis is under way.
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A AE-E ANNULAR SEMICONDUCYOR DETECTOR TELESCOPE FOR LIGHT CHARGED PARTICLES FROM HEAVY ION
REACTIONS

M. Deutscher, E. Hentschel, J. Keller, R. Kotte, H.-G. Ortlepp, W. Seidel and F. Stary
Zentralinstitut fiir Kernforschung, Rossendorf, Bereich KF

For measurements of forward peaked fast light particles in coincidence with other products of
heavy ion reactions an annular detector topether with its readout electronics /1,2/ was de-
veloped. In o first step 8 AE-E telescope in ring like geometry consisting of & silicon
surface barrier diode with 6 concentric sensitive areas and a plastic scintillator /2/ was
used. Based on the experience with large Si(Li) particle detectors /3/ a modified type with
8 central hole was developed to replace the scintillator. The preparation and performance of
this type is similar to the full plane one /3/. Fig. 1 shows its cross section and the
dimensions. The design allows a radiation sensitivity up to the edge of the hole.

During a test experiment at the Rossendorf U-120 cyclotron a 0.2 mg/cm2 (CDZ)n target was
bombarded with 7 MeV protons, 13 MeV deuterons and 27 MeV alpha particles. The elastically
scattered particles were detected by the ring telescope at 72 mm distance downstream. The
Af, £ and ring number codes were collected event by event. Dff-line the events were sorted
for each ring number into separate AE-E plots. Fig. 3 shows the added spectra of the p, d
and alpha runs.
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INVESTIGATIONS ON THE DETERMINATION OF THE Pu ISOTOPIC COMPOSITION BY GAMMA-RAY SPECTROSCOPY

H. Prade® and L. Funke

Zentralinstitut fir Kernforschung, Rossendorf, Bereich KF

R. Arlt and W. Lewis

International Atomic Energy Agency, Vienna, Department of Safeguards

In-field measurements of the isotopic composition of plutonium samples for safeguards pur-
poses are usually carried out by using high resolution joray spectroscopy (HRGS). The in-
fluence of some of the most important experimental factors (e.g. counting statistics, resolu-
tion, absorber thickness), which can be controlled by the inspectors, on the accuracy of the
determination of Pu isotopic composition has been studied in order to judge measured values
of isotopic ratios and isotopic abundances and to optimize the equipment, measurements and
data evaluation. The sensitivity of the uncertainty of the measured values has been determined
by varying only one of the parameters keeping all the other measurement conditions constant
at the same time. Special attention was paid to process high counting rates, which is requir-
ed to minimize the measurement time and also is a general problem in nowadays Joray spectro-
scopy.

The ,-ray spectrometer used in the present investigations was the standard HRGS equipment
used by IAEA inspectors in the field (13 cm planar HPGe detector and series RG-11 preampli-
fier made by Princeton Gamma Technical Corporation, 8K CICERO MCA of the Silena Corporation).
For some of the measurements the PGT detector (Det. 1) was replaced by a 2.6'cm3 ORTEC planar
HPGe detector (Det. 2) and a Tennelec amplifier TC 244 was used instead of the CICERO ampli-
fier. The data evaluation was performed by means of the standard LLNL plutonium isotopic eva-
luation software implemented on the DEC-PRO 380 computer. Altogether 164 Pu spectra (4K length)
have been measured and processed. The plutonium ’—ray measurements have been performed in the
Safeguards Analytical Laboratory in Seibersdorf using Pu samples of 10 g and 30 g. In fig. 1
an example of a Pu spectrum is shown. The Pu isotopic composition is obtained from the joray
spectra between 122 keV and 382 keV by analyzing the six peak groupings indicated in fig. 1.

To study the influence of the counting statistics, resolution and Cd absorber thickness in
front of the detector on the accuracy of the determination of the isotopic composition of Pu
samples the relative errors of three different criteria have been regarded:

200y 2,09 Wi 238p, , wtx 2%0py 4 1.57 wix 24%py

the ratio Pu/ Pu and the peak area of the 160.31 keV peak, which is the principal

source of the 240Pu value.
In fig. 2 the dependence of these parameters on the counting statistics are shown as obtained
with the PGT detector (Det. 1), 2 pys shaping time and 30 % busy time. The relative errors
first decrease rapidly with the integral number of counts (up to n1107), while further in-
crease of the measuring time leads to a moderate improvement only.

Taking into account also the results on the influence of the resclution and the absorber
thickness the following conclusions can be drawn:

1. It is very important to collect Pu spectra with good statistics. "Good" means more than
107 integral counts (provided the Cd absorber thickness is chosen between 1.4 mm and
2.4 mm).

2. For the data analysis code used in this investigation the influence of the resolution is
of less importance as far as it does not exceed the end of the plateau region (850 —900 eV)
at 208 kev (cf. fig. 3). Good resolution leads to a remarkable improvement only if it can
be made « 700 eV at 208 keV.

3. It seems to be very important to optimize the spectrometer for high throughput, even if
some compromise to the resoluiibn has to be made. In this case it might be helpful to use
with the present systems a 1 ps shaping time and the peak detection mode of the ADC.

* Consultant to the IAEA from 29 May to 2 July 1986
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y-RESPONSE MATRIX OF VOLUMINOUS NaJ(Tl)-SCINTILLATORS

D. Iucas and H, Mirten
Technische Universitdt Dresden, Sektion Physik, WB Kerophysik

W. Neubert and W, Pils
Zontralinstitut fiir Kernforschung Rossendorf

For the analysis of continuous y-spectra measured by the use of thick HaJ(Tl)-scintilla-
tors, it is necessary to take into account the inverse responae matrix. In order to deter
mine the detector response with high precision an analytical method has been developed.
For this purpose, the treatment of Gardmner /1,2/ based on rather simple parametrizatiouns
of the respouse spectra has been extended concerning additional terms (peak due ts back
scattering, maximum at the Compton edge) to improve the agreement with measured detector
respounse distributions. Purthermore, the parameters, which define the ratio of the escape
peak areas to the photo peak area, have been modified.

All parameters are coansidered as continuous functions of y-ray energy. The detector
resolution depending on energy has to be deduced from measurements.

A FORTRAN code has been developed to calculate the response matrix for cylindrical sodium
iodide crystals with eligible geometry. The calculations based on an optimized parameter
set yield a rather good agreement with measured response functions, Examples are represen-
ted in the figures for a (2"x2")-scintiliator.

In fig. 1, a result of a Monte Carlo calculation /3/ (MCC) is shown for comparison.
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COSMIC RADIATION INDUCED BACKGROUND OF SELECTED DETECTOR TYPES AT HIGH ENERGIES

S, Unterricker and D, Degering
Bergakademie Freiberg, Sektion Physik

The mein component of cosmic radiation at sea level is the muonic component. Its intensity
is of the order of 160 t/nzs and the muonic energies range to more than 10150V. For the
stopping of muons by matter nuclear processes have no 1upoftpnca, that means ionization
processes are dominant, The differentisl energy loss st energies >200 MeV ise aspproximately
2 Mev/gcm'z. Therefore, the high energy muons have s great range.

1f & muon crosses an energy sensitive detector the pulee height is proportional to the
path length in the detector and the muon induced background will show an extended maximum
at an onergy‘? corresponding to the most probable path length T} The muonic energy distri-
bution is practically unimportant for this muonic background spectrum es shown in Fig. 1,
A geological shielding by 200 o we (water equivalent) ehifts the energy distribution of the
nuons to higher energies. The pattern of background spectrum, especially the 'muonic peak’
of the NaI(Tl)-detector, is not influenced by thick geological layers. Only the intensity
is diminished by a factor of 100,

The shape of the muonic background spectrum is determined by 1) the effective dimensions
of the detector, 1i) the zenith angle dependence of muonic intensity, iii) the energy de-
pendence of the differential energy loss, and iv) the rasponse of the detector to the pro-
ducts of muon interaction, Maximum path length lmax in the detector and maximum differen-

tial energy loss define a maximum deposited energy Emax'

In Tab, 1 theoretical values for ? and E

03] — L of different detector types are euumerizzgf
;;:zzﬁﬁn) In the cases of Nal, Ge and Si good agreement
\“».¢*~\ with the experiments (see for instance Fig.l)
£1u \E I could be achieved. All of these detectors
1 s, show also some pulses with E > Emax' For Nal
51 kY Surioce mecsurement and coaxial Ge detectors the 'muonic peak'

is in an energy region which has hardly impor-
tance in the field of spectroscopy, while in
the case of Si detectors the muon energy de-
position is important for the background of

& - and ﬁ-apectre. Large proportional coun-
ters show the ‘'muonic peak' at X-ray energies,

) - :
1 kL Rodetube “Ae Eescoeth™ |

o e e l

S0 100 50 E/MeVv

Figure 1: High energy spectrum of a large NaI(Tl)e
detector without and with & geological shielding of
200 m we,

Table 1: E and Eua for selected detector types

x

detector NalI(Tl) Ge(L1) Si(L4i) proportional counter

geometry cylindrical ‘coaxial’ planar cylindrical
100mmP x 100mm 45&:::13 16mm@ x 3mm 50mmP x 400mm

E/MeV 59 30 1.2 0.012

Enax/Mev 114 S0 5 0.050
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EXPERIMENTAL ARRANGEMENT FOR INVESTIGATION OF THE ANGULAR DISTRIBUTION OF J-RAYS
IN THE TERNARY FISSION OF 2°2ct
N. F. Bondar..), W. Neubert and W. Pilz
Zentralinstitut fir Kernforschung, Rossendorf, Bereich KF
The detection of ternary fission events requires an optimization of the registration effi-
ciency and an effective suppression of disturbing events. High detection efficiency of the
J-rays is achieved by two large (Sxéinches) NaJ(T1) crystals (SC1,SC2) coupled to FEU-110
photomultipliers. Both detectors are adjusted at a distance of 54cm on both sides of the

52Cf source (*) in order to check the forward-backward emission symmetry. The fission frag-
ments are detected by 8 transmission parallel plate a‘alanche counter (PPAC-STARY) and a po-
sition sensitive PPAC which covers an angular range of 98° degrees. The coordinate of the re-
gistered fission fragment is read out by an inductive delay-line. Perpendicularly to the pla-
ne defined by the transmission PPAC, PS PPAC ( @=25°) and the centre of the NaJ(T1) crystals
we arranged two silicon detectors D1 and D2 of 3*150§?cm. Each of these silicon detectors co-
vers an angular aperture of 40 degrees and they are shielded by a 3éum Al foil in order to
stop the 6.12MeV alpha particles of the g.st.decay of 2520(. The preamplifier /1/ was modi-
fied for large-area silicon detectors with capacitiesC> 100pF. The observed counting rate of
ebout 1 particle per sec. of light charged particles (mainly &X° s) allows to join the timing
signals from both detectors after fast discrimination. The corresponding energy signals were
amplified by shaping amplifiers (7=0.25us). The agreement of the energy scales of both spec-
troscopic branches was checked with a ThC'source. The threshold was set at 1MeV in the follo-
wing CFTs adjusted for this long rise time. Both of the logical output signals are connected
and then they are fed into the slow coincidence input 1.
A cut-off of the neutrons in the J-branches became possible by a careful adjustment of the
CFTs delivering a minimum walk of small signal amplitudes. The logical output signals (M) of
the corresponding TACs 4 and 5 are fed into the slow coincidence units. The time correlation
between of s and J° s is measured within 100ns by TAC 3. The M output signals of this TAC and
TAC 2 deliver the remaining slow coincidence input signals. The coirncidence outputs of both
‘J-branches are connected by a TTL OR module with adjustable ps-delay. The output of the OR
triggers both ADCs (El and E2) and then the two 7 bit words are connected by a mixer. The
three words FF TOF, POSITION and E1+E2 enter a multiplex interface based on the SI 1.2 stan-
dard which allows a data storage via the DMA channel onto the magnetic disc of the KRS 4201
computer.
*#+) On leave from LNPI, Gatchina, U.S.S.R.
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THE REGISTRATION OF 3 AND 4 PARAMETERS FROM FISSION EXPERIMENTS
W.D. Fromm
Zentralinstitut fir Kernforschung, Rossendorf, Bereich KF

For & certain class of experiments the recording of events consisting of several quantities on
a mass-storage device is necessary. Typically magnetic tape units are employed which provide
capacities of tens of megabytes. At the KRS4201 computers installed at the Rossendorf tandem
generator only magnetic disk storage is available. Therefore,‘the event format was optimized
to fulfil the following experimental requirements:

- every parameter is represented by 1 byte (256 channels),

- every record contains 63 events of up to 4 parameters,

- 600000 events per disk cartridge can be stored.
The event format is used for 3 as well as 4 parameter measurements (Fig.l1). The following set
of programs was implemented:

Prog-Nr. Task 3 Param. 4 Param.
3 Control of 2D-Display FADI FADI
& Measurement TRIP VIRP
5 On-line Sorting TROS VIS0
6 Protocoling PROT PROT

fFor the quality of the measurements the excellent display of linear and two-dimensional
spectra is essential. Singles spectra of each parameter are continuously updated and presen-
ted on a high resclution vector display (1024*204B). For two selected parameters a two-dimen-
sional representation with full resclution (256%256) is produced on the color display unit
during the data-taking /1/.
The on-line sorting is performed according to a two-dimensional information held in a table.
This information can be provided either directly from the color display unit after marking
a region of interest with the joystick or by the input of a papertape containing 256 values
for the lower and upper iimits each. This papertape can be produced by a program which uses
physical knowledge concerning the information needed for sorting. The table remains in core
and can be used several times. An additional condition for another parameter can be implied
for 4-parameter data. Again, a two-dimensional distribution for 2 selected parameters and
singles spectra are produced for events fulfilling the conditions. The choice of the para-
meters is unrestricted, therefore, an easy self-checking procedure is available. Because the
sorting is performed from the disk it is very fast (few seconds).
The content of the disk can be protocoled, too. The experiments number, the according disk
space and the number of blocks occupied are printed for every run.
The following fission experiments were performed so far:
1) multiple differential neutron emission probabilities from spontaneous fission of Cf252

parameters: TOF fragment, fragment direction, TOF neutron /2/
2) measurement of neutron spectra from n-induced fission of Th232

parameters: TOF neutron, scintillator light output, pulse shape (off~line n}—separation)
}) angular distribution of y-rays in the binary fission of Cf252

parameters: TOF fragment, fragment direction, ’-energy
4) angular distribution of ,-rays in the ternary fission of szsz

parameters: TOF fragment, fragment direction, j-energy, al ’—fission (n-separation)
All the experiments are long-time measurements with typical data-taking times of 1000 to
2000 hours. The superior stability of the KRS5420]1 system has to be emphasized. In periods
of unattended running of the experiment the display-monitors are switched off. The detai-
led physical evaluation was also performed or is in progress at the KRS4201 computer with
programs written in FORTRAN language by the experimenting physicists.

Word: 0 1234567 127 References

DA [Nr. Nr.[2 a|2 a2 & 2 4 /1/ Fromm, W.D. et al.; Annual Report 1983
TA {Exp Blk]1 3}J1 3jJ1 3 13 ZfK-530(1984)131
Event: 1 2 3 L 63 /2/ Marten, H. et al.; Annual Report 1985
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Fig.l Structure of a disk sector for

the storage of fission-events
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THE COLOR DISPLAY UNIT FD&4971 AS AUTONOMOUS 2D-ANALYZER
W.0.Fromm

Zentralinstitut fir Kernforschung, Rossendorf, Bereich KF

The measurement and the presentation of two-dimensional (2D0) intensity distributions is an
essential method in nuclear reaction studies. The adaption of the color display unit FD4971,
otigiﬁally developed for the investigation of multispectral images of the earth's surface,

to nuclear physics applications /1/ has opened new possibilities for complex measurements at
the accelerators and in the methodical work in the laboratory. The large display memory of
the unit (1,28 KB) allows high resolution of the parameters (256*256 channels) and the regis-
tration of up to 65535 counts per channel (16 bit). The device can work in an autonomous
manner or coupled to a host minicomputer via a 16 bit parallel interface. The display unit

is controlled by the microcomputer system MPS4944 which can be easily expanded. New regimes
for data-storage or presentation required for a certain experiment can be programmed.

In the autonomous regime the possibility to store the content of the large display memory

has to be provided. The magnetic cassette tape unit K5200 equipped with the controller for
the standard interface SIF1000 /2/ was connected to the display unit. On one side of the

tape cassette 250 KB can be stored which amounts to slightly less than two pictures. The
direct (1:1) output of the pictures is not only tape- but alsoc time-consuming (>2 min per
picture). If one uses the fact that a large part of the memory contains zeros and the maxi-
mal intensity is well below 215, then the number of consecutive zeros can be counted and
treated as one negative number. This sparse data scan procedure was implemented in the magne-
tic tape software with very large savings observed (compaction up to 20-fold).

Several experiments are searching for small effects on a large background. The separation is
based often on the position of the intensities in the two-dimensional array spanned by the
parameters. Formerly /1/ only linear transformations from intensity to color hue and vice
versa were provided. For the above-mentioned measurements a logarithmic transformation was
implemented. The 16 hit intensity is transformed into a 4 bit exponent with a 3 bit mantissa
pointing to the 7 bit address for the continuous color scale. The reciprocal transform repro-
duces the data within the 4 most significant bit.

Furthermore the possibility of a hardcopy output of the recorded intensity distributions was
a necessity. Every channel of the intensity distribution is printed as graphical element con-
sisting of 3*3 points on a robotron 1154/5200 graphical matrix printer (768 points/line).

The number of points printed (0..9) is connected to the intensity again in a logarithmic man-
ner. All points are filled if the intensity is larger than 256 counts. An example of such

an output is shown in the figure.
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ELECTRONIC DEVELOPMENTS OF THE KFM GROUP
W.D0. fromm, F. Schwarzenberg and H.-G. Ortlepp
Zentrslinstitut fir Kernforschung, Rossendorf, Bereich KF

Analog-Digital-Converter ADC. 9908-30

For the microcomputer system MPS 4944 a spectroscopic ADC module was developed. The ADC is
of the Wilkinson type and works with a clock frequency of up to 50 MHz. Resolutions of 256,
1024 and 4096 channels ere selectable by the microcomputer. The data are output on the front
panel connector as parallel information of up to 16 bit tsking 2 sign-bit into account which
are determined by front-panel BNC connectors. A coincidence regime is provided with a pro-
grammed waiting time for the coincidence signal of 2 to 8 psec.

Interface Module V. 24/IFSS/PI0 - VIF 9909-10

The overwhelming number of new peripheral devices are nowadays equipped with serial inter-
faces. For their ussge in connection with the microcomputer system MPS 4944 an interface
module for V.24 and the 20mA current loop IFSS was developed using the peripheral IC U856
(SI0). For V.24 the interface-IC 75150 and 75154 are used. The IFSS was realized with opto-
couplers and active current sources. In addition the parallel interface IC U855 (PIO) can be
used for specific interface requirements (e.g. CENTRONICS).

Adapter for the Electronic Typewriters S56011/56010 9810-10

These electronic typewriters can store one line of text only. Therefore, the use of lift-off
or cover-up tapes in the correction process is obligate. The sdapter board /1/ adds 2K of RAM
(6116) to the text-memory and upgrades the typewriter to a memory-typewriter. One full page
of text (4 KB) can now be held in memory and by means of a self-contained algorithm very
easily corrected, updated and checked using the B-character LED-display and function keys.
Furthermore, a. normal magnetic tape cassette unit can be connected to the adapter in order

to archive the typed information. The pages are stored on tape with a 4-character filename
and can be read back whenever necessary.

Video Display Unit Controller VOU.9911-10

A VDU controller board for the UPC880 single-board computer /2/ was developed. It was rea-
lized on a small PC-board (95*170 mm?) for the display of 25 lines with B0 characters each.
The character-RAM (6116) is mapped into the memory of the microcomputer. 128 characters are
stored in a 8+*12 pixel field in the character-ROM (2716). The generation of the video-signals
for the TV monitor was facilitated by using an integrated CRT controller chip (6845). The

VOU board 9911 is functional equivalent to the robotron K7024-board.

Adapter- V.24-IFSS. 9912-10

The delivery of a number of personal computers PC1715 has stimulated the use of computers

in areas as economy, bureau automation, text processing and others. The need for adequate
hardcopy-devices had initially to be fulfilled using existing printers which do not possess
the necessary V.24 printer interface for the PC1715. Therefore, a smell adapter-board for
the current-loop IFSS was developed which is connected to the bidirectional V.24-port of the
PC1715. More than 30 adapters were built and distributed so far.

Serial Interface for  the Electronic Typewriter 56009 9915-10

Under certain circumstances the connection of an electronic typewriter to a personal computer
is the preferable solution because of the high quality of the output. For the 56009 electro-
nic typewriter a small interface board for V.24 or IFSS was developed. The unit is attached
to the internal test connector and fits under the plastic cover of the typewriter. The mode
for printing is selected by a special key combination on the typewriter. The output speed

of 15 char/sec is much higher thgn reached by emulating the keyboard /3/. Only 8 IC are used
for the IF-bowsd (SI0D, CTC, EPROM, level converters). A first batch of 10 units was produced.
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PSEUDOGRAPHICS ON THE PERSONAL COMPUTER PC 1715
H.-J. Miiller, K.-H. Heinig, W.D. Fromm and F. Schwarzenberg
Zentralinstitut fiir Kernforschung, Rossendorf, Bereich KF

On the international market, in personal computers of a performance compareable with the

PC 1715 high resclution graphics is usually implemented. Thus, it is an essential drawback
that the PC 1715 allows quasigraphics only with the aid of a restricted character set of 12
graphic symbols. In order to overcome this drawback partly, a graphic ability with reduced
resolution ("pseudographics”) has been developed. The problem has been solved by a minimum
demand for hardware and software: a 2 kByte EPROM has to be put into an existing socket and

a short machine program has to be loaded (using interpreters) or linked {(using compilers).
Although the presented solution requires considerable less effort than a "semigraphics”

for the PC 1715 proposed recently /1/, a broad spectrum of unpretending CAD problems as well
as graphics-oriented computer simulations can be accomplished.

The PC 1715 offers the possibility to expand the character-ROM by a 2 kByte EPROM. Therefore,
128 user-defined quasigraphic characters can be added to the alphanumeric character set.
Rather than using special characters, the generation of graphics by free addressable points is
a suitable method for general problems The dot-array of a character consists of 12 rows with
B8 dots each. Dividing this array 1nto six fields with 4x4 dots each, we can establlsh a pseudo-
graphics of B0*2%*24%*3=160*72= 11580 "pixels" on the standard monitor. In doing so, 2 =64 new
pseudographic characters have to be defined in order to permit all possible pixel configura-
tions within the dot-array of a character. As the 2 kByte EPROM expansion can store 128 charac-
ters, two different kinds of pixels can be defined. We use a "full" pixel (all 4x4 dots of the
pixel are bright) and a “"small" pixel (only the inmost 2x2 dots are bright). It should be
noted that the two kinds of pixels can be used simultaneously within one graphic presentation,
but they cannot be intermixed within the dot-array of one character.

The figure shows an example for the application of the pseudographics. Full pixels have been
used for the frame, whereas small pixels are taken for the curves. Alphanumeric symbols can

be used within the graphics by so-called field-attributes /2/.

The application of the pseudographics is supported by a short machinecode routine. The method
to load or to link this routine with user programs is described in the special documentation
contained in the PLOT.D0C and PLOYBAS.D0C files obtainable from the authors.

The usual screen memory area ($F800...$FFB0) or an additional one ($B800...$BF00) can be taken
for storing the pseudographics. Manipulating a pixel on the sreen is accomplished by the call
of PLOT(IX,IY,IT), where IX is the x-coordinate (0...159) and IY is the y-coordinate (0...71).

IT is a control parameter with the meaning: IT= 0 1 5 2
pixel erased set(full) set(small) tested

The screen is cleaned by the call of the subroutine RUB.
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AN INTELLIGENT CAMAC-CONTROL UNIT FOR THE CCD SENSOR L 110 C

G. Karrasch, D, Kreiseler, K, Kreiseler
Joint Institut for Nuclear Research Dubna, ONMU, USSR

G. Musiol, G. Zschornack
TU Dresden, Department of Physice, Division of Applied Nuclear Physics

At the curved crystal diffraction spectrometer of the Departhent of New Acceleration
Methods at the JINR Dubna & computer controlled adjustment of diaphragms, localized on

the spectrometer focussing circle is realized /i/. In order to get comparable measurements
it 1s necessary to make a reproducible adjustment of the diaphragms. For this purpose, an
opticel measurement system based on a CCD sensor L 110 C in connection with a CCD control-
ler in CAMAC stendard with a microprozessor Z 80, has been developed. The operation
conditions of the CCD controller are shown on Figure 1,

PRINTER
. Fig. 1:
ceo | b CONT%%ELER } co:TAR::fER Operating conditions of the
CCD controller
ADC CAMAC BUS

The CCD control unit realizes the generation of a tact sequence for performing variable
exposure time and control of ADC-daete reading out,

The data are intermediately stored in the RAM of the control unit. The start of the
working cycle can be done either manuvally from the front panel of the microprocessor
systes (csse A) or via CAMAC bus from an other computer (case B). In the working regime
A the data are transferred via a SI 1,2 interface to a printer,

In the reqgime B either the position of diephregms or the data of all CCD pixels are given
via CAMAC interface to an external computer,

Furthermore, it is planed to test the system for X-ray position sensitive measurements.

/1/ G. Karrasch et al,; Preprint JINR P 13-83-474, Dubna, 1983
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DETRITIATION SYSTEM FOR A HIGH-FLUX NEUTRON GENERATOR

U. Gohs and D, Schmidt
Technische Universitét Dresden, Sekiion Physik, WB Kerophysik

Tritium handling is an important precondition for the operation of high-flux neutron
generators with an open target system. Sputtering, diffusion and replacement in the tar-
get result in tritium losses and, hence, in the contamination of the vacuum systems as
well as the generator exhaust gas. In order to meet the requirements concerning the alo-
wed maximum tritium concentration in air /1/ and the safe handling of contaminated genera-
tor components a detritiation system /2/ has been elaborated for the high-~flux meutron

generator INGE-1 /3/

trium axtsorption
system (TAS-1)
glove dax with stack
tritium odsorption } above the above the
system (1AS- 2) ator glove box

X

i}

3

I ventilator

[[crmee=

‘ atmosphere l

Figure 1:
Detritiation system for a high-flux
neutron generator

This systems counsists of three componentst:

(1) a tritium adsorption system (TAS-1) for cleaning of the generator

exhaust gas
(i1) a glove box with a tritium adsorption system (TAS-2) for target change,

waste handling and cleaning of the generator exhaust gas and
(141) a ventilation system for air circulation above the neutron generator
or the glove box.

The tritium adsorption systems TAS-1 and TAS-2 are automatically working detritiation
systems based on catalytic oxidationr of tritium and adsorptidn on a type 4A molecular-
sieve dryer. The main components of these systems are a ventilator, an electrical pre-
heater, a reaction tube filled with palladium and copper oxide, a cooler, an adsorption
bed, and a flow-through ionisation chamber, The decontamination factor amounts to =40

for a single-pass airflow of %10 o>/h.
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OXIDATION OF HYDROGEN IN ATR AND IN INERT GAS ATMOSPHERE USING COPPER OXIDE CATALYSER

M, Bittoer and U, Gohs
Technische Universitidt Dresden, Sektion Physik, WB Kerophysik

Tritiuz removal from air or inert gas atmosphere is necessary for systems involving
tritium, Effluent gas sireams are vented to a detritiation system based on the oxidation
of tritium commonly. The choice of catalysers t0 be used depends on the experimental con-
ditions, Metal oxides are usually applied for the oxidation in inert gas atmosphere. Due
to their high reaction rate, precious metel catalysers are used in order to oxidize
tritium gas and tritiated orgenic compounds in an atmosphere involving oxygen.

The oxidation of hydrogen is & first order reaction since the reaction rate is not affec-
ted by the initial concentration, Hence the reaction rate k and the decontamination factor
are rglated as follows: k e (ﬁ‘lnx)/vcat’

where V is the gas flow rate, and Vcat the reaction tube volume. The relation between the
inlet and outlet gas concentration is the decontamination factor K.

The oxidation of hydrogen in inert gas atmosphere is represented in figure 1. It is shown
that the decontamination factor is affected by the oxygen content of the catalyser. The
reaction rate depends on the temperature according to the Arrhenius equation eand is given

as follows: k = 7,3.10° exp(-52000/RT) for Hy(/1/).

The oxygen capacity for the used copper oxide catalyser (Leuna-Kontakt-44393) amouants to
56 1 per liter catalyser at 190°¢.

The reaction behaviour of CuO in air is represented in Figure 2. Since the reaction rate
shows a linear depeundence on the gas flow rate the gas phase mass transfer is the factor
determining the reaction rate in the analized region.

L s 2t S S R e san e S v T T T

L ::'l‘::nr .
1% 3+
P -4 ﬁ
s 4
s J 10+ .
& -~ -
o5} 4
l}. E
[ 1 T SN W S T TS o+ B
0 ¥R D O WE X O WX e L 1 i
O’wﬂt (R4 % 00 150 Q/m"
Fig. 1 Fig. 2
Effect of oxygen content Effect of gas flow rate on
on the reaction rate the reaction rate

References

/1/ Schmidt, D., Seeliger, D.; Experimentelle Grundlagen fiir neutronenphysikalische
Untersuchungen fiir die Kernenergetik, Teil II, A4-AbschluBbericht TU Dresden,
Bektion Physik (1986) '



- 144 -

A DIFFUSING SYSTEM FOR PROTON BEAMS

H.U, Frey, U, Lehmann, and J. Vogt
Karl-Marx-Universitét Leipzig, Sektion Physik, WB Angewandte Kernphysik

Precise PIXE measurements require a uniform particle beam. Several groupe use the multiple
scattering of a thin diffuser foil to produce a uniform particle distribution across the
ion beam /1,2/, A diffusing system for the 2 MV Van de Graaff accelerator of the Karl
Marx Univergity was constructed and the characteristics have been determined both theore-
ticelly and experimentally,

Due to the maximum proton energy of 1.7 Mev a thin Jiffusing foil consieting of light
elements has to be used, but better diffusing properties are provided by thicker foils of
heavier elements. Following a8 mathematical procedure for the calculation of aultiple
scattering processes /3/ the properties of several diffuser materials and locations with
respect to the target have been tested. As the result a carbon foil of 145 nm thickness
which 1s 225 cm far from the target is used /4/, The intensity profiles (fig. 1) have
been determined by scanning of a small piece of metal across the beam dismeter /2/ and

show 8 uniform distribution,
The diffusing system has been used to

minimize the destruction of biological

10- o % OQDQO o . semples during ion bombardment. As was
o od’ o shown in /5/ the normalized yield of
o &xxnﬁx o X-rays increase with increasing accu-
X x mulated ion charge, A linear function
- y of the form
@ X ° .
c 51 X Y1 b
9 =~ = a+byQ, =a(l+=220) (1)
< ° x o ZQ:I. 1Z 1 a1
X was fitted to the X-ray yields of a
o X certified reference material of the
X IAEA (rye flour, V8) /4/. The term b/a
0 s S T —Q-o— stands for the relative increase of
-4 -3 -2 _11 0 1 2 3 4 the X-ray yield and shows the degree
x/mm of the sample destruction. The values
. in table 1 show that the diffysed ion
Figure 1: h1 le d
Intensity profiles (arbitrarily normalized) of beam causes a much lower sample de-
the diffused proton beanm struction,

Element | with diffusing foil | without diffuasing foil Table 1:

I = 20 A I = 15 nA Values of b/(a /uC) for proton
bombardment of’ a rye flour
c1 2.4,10-3 7 1.2_10-2 ;anrl: ;b;zs)dia-otor 2.5 om;
-3 -2 P ‘
K 8.0-10 2,3-10
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AN INEXPENSIVE FAST=CLOSING SAFETY VALVE AGAINST VACUUM BREAKDOWN

B, Krsuse, and b, Lehmann
Karl-Marx-Universit8t Leipzig, Sektion Phyeik, W8 Angewandte Kernphyeik

To save the accelerator vacuum within the beam pipe againat leskage or rupture of the
exit foil of our “external ion beam™ facility, mounted on the Leipzig van de Graaff acce-
lerator, & simple and quickly acting vacuum seal has been designed, constructed and
tested, The whole set-up consists of two separate units, which sre fitted into two
neighbouring flange ports (with 65 mm diameter) of & commercial croes piece (K 65, HV
Dresden). Each unit consists of a cylindrical bese plate, which carries an O-ring and
the function dependent construction, On one eide of the sealing component (left part of
fig. 1) 8 cylindrical "nose” with a central bore of 6 mm diameter protrudes from the
base pleate, At the end of the nose & small O-ring is fixed, On the eame eide a besring
block with ball-~bearinge cerries the axle of the valve plgte.

In normal operation the valve plate is opened at an angle of sbout 45° and its position
is fixed with a specisl latch st the end of a letihg magnet (right part of fig. 1) and
with two springs, mounted on the valve base., The plate possesses an ssymmetric, oval
bore hole, The ion beam, having left the central bore hole, passes the ssymmetric opening
in the valve plate without restriction,

If the vacuum in the eystem begins to break down, s Penning gauge signalizes this
unfavourable state and activates the lifting magnet through s relay switch, Thus the
latch is reset to the upper position and the two springs sccelerate the valve plate to-
wards the small O-ring seal, Becasuse the oval hole in the plate and the 6 mm bore in the
nose do not overlap, the fast and tight closing of the opening prevents a vacuum break-
down in the beam pipe, After & foil rupture the exit foil has to be exchanged and the
closed seal must be opened sgain, which is essily done with a special tool,

Till now the vacuum seal has worked relisbly.

Fig. 1
View of the two components of the safety valve
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A METHOD FOR COMPUTER CONTROLLED REGULATION OR STABILIZATION OF DETECTOR VOLTAGES

N.F. Bondar

Leningrad Nuclear Physics Institute, Gatchina, U.S.S.R.
J. Mosner and J. Hutsch

Zentralinstitut fir Kernforschung, Rossendorf, Bereich KF

In order to stabilize or to regulate the voltage of several detectors of a computer control-
led experiment a CAMAC-modul (single width) has been developed yielding 8 individually adju-
stable dc-levels of 0 to 10 V. These bias outputs can be selected by the CAMAC-instructions
F(16)A(0 to 7) using the IC C565 for the DA-conversion. The accuracy is 12 bit (2 £0.25 %).
The bias voltages are provided by detector supply units denoted HSVE /1/. They are dc-sup-
plies with an output voltage ( max. 4.8 kV ) proportional to an external input dc-level of

0 to 10 V. Moreover a reference output level ( also 0 to 10 V ) proportional to the normal
output voltage is available.

Coupling the dc-outputs of the CAMAC-modul to the external inputs of the HSVEs 8 detector
voltages can be individually controlled. The measurement of the voltages (resp. the reference
levels) is performed by a CAMAC-multiplexer /2/ and a 14 bit CAMAC-AD-converter /3/.

Using this configuration it is possible to realize computer controlled long term stabilizati-
on of detector responses as well as systematic investigation and test of the operational con-
dition of gaseous multistep detectors, automatic optimization of energy and time resolution
of detector telescopes and similar investigations. 0f course, for such computer controlled
measurements it is necessary to feed the computer with the other operational parameters of
the deteqtors as temperature, gas pressure, gas admixture etc..

Up to now we used this configuration for an experiment measuring the differential cross sec-
tion of the n-p capture reaction /4/. Because of the small cross section value of this reac-
tion a measuring time of several weeks is necessary requiring a stable operation of the whole
set-up during this time. Therefore, the used on-line computer (KRS 4201) serves for data ta-
king as well as for recording and control of the different parameters of the experiment. With
respect to the detector supplies the voltages of two MWPCs and two position-sensitive multi-
step avalanche chambers MSCs /5/ are checked, together with other parameters, within periodic
time intervals of about 5 min and corrected if nécessary. A long term stability of better
than 3»10™% can be obtained by this method.
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COMPUTATIONAL METHODS AND CODES

EVMESS - A PROGRAM FOR EXPERIMENT DATA COLLECTION ON SM3 COMPUTERS
E. WILL

Zentralinstitut fir Kernforschung Rossendorf, Bereich KF

The program has been developed for fast data collection at the double-arm time-of-flight
spectrometer DEMAS /1/ in Dubna (JINR). More than 10 parsmeters have to be measured in a coin-
cidence experiment depending on the experimental set-up. The dats will be taken with the help
of CAMAC ADC's (1024 or 4048 channels). The program is written in form of sssembler subrouti-
nes for control and interrupt handling. The control routines switch on the desired messure-
ment or display regime or execute immediately s function for example clear data memory, in-
put or cutput of the displayed spectra. They will be called with short commands on the tele-
type in an {nteractive manner without 8 specisl order. Up to now 65 command words have been
penerated. The control of the data path takes place with the help of control words or a di-
rect change of call and branch commands within the interrupt routines. The output to the ma-
gnetic disk, the different displsy and condition routines will be added in this way to the
basic interrupt routine, which reads out the coincidence ADC. With this method a high working
speed with only few tests in fast realtime work will be obtained. The computer waits for a
command if no interrupt handling will be done. If it has obtained the first charascter of a
command the interrupt from the coincidence unit and the monitor ADC will be blocked up. This
is necessary because otherwise the fast interrupt handling blocks up the operating system
(RT115)) at high data rates and a system crash happens in such ceses. The program hss a
length of 61 Kbytes and is linked in &4 overlay repions. The seldom used functions have been
linked in the same overlay region such as switching on of condition areas, sorting of input
data from disk and the following outputs: hardcopy, protokol head to data file, program sta-
tus and the help informations.

The program is able:

1. to read out up to 20 CAMAC ADC (parameters) for a coincidence evént and an aditional moni-
tor ADC. A coincidence unit has to give the LAM signal for reading out the ADC s if a co-
incidence event has been detected. ]

2. to collect the measured data event-by-event on a magnetic disk. The number of parameters,
condition information (if any), start and stop time and date and a comment will be written
in the first block of such a file.

3. to show up to 4 two-dimensional spectra or their projections on a color display. It is
possible to choose any of the input_patameters as x- Or y-axis and'to read/urite the dis-
played spectra from/to disk or to make 8 hardcopy.

4. to write the program status with all important working parameter to the terminmal.

5. to set lower und upper boundaries on each parsmeter or to choose condition figures with 8
moving mouse in the two-dimensional spectra to exclude events from displsy or disk output.

6. to sort the original meesurement data from the disk file with new assignments of x- or
y-axis and new conditions.

7. to identify x and y channel numbers and the contents in the displayed spectra with the
mouse. ,

8. to write the contents of the displeyed spectra to the lineprinter.

9. to show the input channels from an event on the terminal for checking the experiment.

10. to write 8an sutomatic messurement protocol to 8 special file.

11. to write a help informetion for all control words to the terminsal.
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A NEW PROGRAM PACKAGE FOR THE CALCULATION OF RELATIVISTIC X~-RAY EMISSION RATES

I. Reiche, G, Zechornack
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Mommeenstr, 13, Dresden, GOR-8027

A complete overview of relativistic X-ray emission rates for all elements was given by
Scofield /1/ in 1974 for & number of different transitions in neutral atoms. In the recent
time, corresponding values for the most ion ground states are not available in the lite-
reture,

Therefore, we develope a program for calculations of relativistic X=-ray emission rates,
running on the computer EC 1055, The program is based on the Multiconfigurational Dirac-~
Fock-Package of Grant, Mc Kenzie et al, /2,3/, which enables to supply corrections to the
Coulomb energy levels, that result from including the transverse Breit operator (descri-
bing magnetic interaction and retardation) in first order pertubation, the second order
vacuumpolarization and an approximate estimate of the self energy operator, The program
allowes to include up to 32 orbitals and up to 80 configurations. X-ray emission retes
are calculated in Scofields multipole approximation, either in the frozen core or in the
adiabatic approximation, In the frozen core approximation the program calculates the
total X-ray emission rates of sll orbitals and, additionelly, in the case of available
fluorescence yields energetic widths of the transitions,

To check the quality of results, there were performed calculations for three elements with
very different stomic numbers. Table 1 shows actual resulte of relative intensities in
comparison with values given by Scofield and with experimental ones,

Basing on the developed program, we pian to calculate a new set of X-ray transition proba-
bilities for all elements and the most intensive transitions up to Neptunium.

Table 1
Element our KoM a1 N our Kp3/¥g1
results Scofield 5& . 100% Experiment results Scofield %} . 100%
1) 2) 3) 4)
Fe 0,5061 00,5107 99,1 % 0,506+0,01 00,5120 00,5079 100,8 %
26 74/
0,507+0,01
/5/
0,5407 0,5428 99,6 % 0,533+0,011 00,5151 0,5160. 99,8 %
568‘ ) /5/
0,56240,022
/6/
00,5978 00,5950 100,5 % 0,589+0,012 0,5201 0,5165 100,7 &
82" /5/
. 0,596+0,03
/6/

/1/ Scofield J.H., Phys. Review, A9, 1974, p. 1041

/2/ Grant 1.P, ot al,, Comp. Phys, Commun,, 1980, 21, p. 207
/3/ Mc Kenzie 8,J. et al., Comp, Phys, Commun,, 1980, 21, p. 233
/4/ Salem S.I, and Wimmer R,J., Phys. Rev, A2 (1970), p. 1121
/5/ Mc Crary J.H, et al., Phys. Rev, A4 (1971), p. 1745 .
/6/ Nelson G.C, and Saunders 8.G., Phys., Rev. 188 (1969), p. 108
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Every measured spectrum ie 8 distorted representation of the original spectrum, whereby
distortion is caused by the spparatus function, A mathematical formulation of this fact can
be constructed by a matrix oqu;tion in the form L :a Rkj TJ with TJ - searched spectrum,
M- measured spectrum, Rkj = imaging matrix of the ndisuring spparatus.
Sometime the spectrum deformation caused by
R the measuring appsratus is so large, that
Q2 A
NA 01 /"\- : formations about the original spectrum cen
1000} / \ not be obtained., In such cases it is neces-
I 00 é’ 1b 1% ;E' sary to unfold the measured spectrum with
- respect to the imaging metrix of the mea-
NA suring apparatus. For this purpose Richard-
500+ SO0t " son /1/ gives a Bayes-based, iterative spec-
trum unfolding algorithm

+1
Tg" ).. Tg“?ii[nkj Mk/Zi' Rey Ty (“)] .

from the measured spectrum significent in-

R A - . . S The analysis of properties of the unfolding
% 5 10 15 K 00 5 10 15 K algorithm was done with a corresponding
Fig. 1: computer code, As weighting criterion for
the result of unfolding we calculate after

2 ABjogdsPidH —JH‘?B each step of iteration: :
FKan | % | - --logdSP - sum of absolute values of differences

l ——2.AB between the searched spectrum and the
result of unfolding (Z AB)

- difference between positions of the
centre of gravity ( J-SP)

- difference of FWHM ( O HWB),

For instance, Fig. 1 shows a measured

spectrum (II1) with the corresponding

searched spectrum (I) and the apparatus

function (II). The apparatus function

causes a broadening and a shift of the

centre of gravity of the measured spec-

- ) - . trum relative to the searched one.

GU 10 20 30 NTT Fig. 2 shows the course of weighting
values for the Bayes-unfolding as a func-
tion of the number of iterations, After @
small number of steps one can get a acceptable reproduction of the searched spectrum,
whereby exists a optimum number of itéerations, The statistics of the measured spectrum
strongly influences the result of unfolding. This influence may be reduced by smoothing
with spline-based functions.

Fig. 2:

/1/ Richardeson, W.H.; Journel of the Optical Society of America, 62, 1572, p. 55
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Erhohte Rechenleistungen durch Vektorprozessing
2fK-594 (1986) 36

Bottger, H.
RATARI - A. Programm System of Rational Arithmetic

Proc. Int. Conference Computing Algebra and its Application in Theoretical Physics 1985
Dubna 1986, 160 .

Briickner, R., H. Guratzsch

Irradiation System for Target Materials with Low Heat Transmission
ZfK-594 (1986§ 16

Biittig, H.
Beam Profile Monitor System Based on Infrared Thermography
ZfK-594 (1986) 19

Dietrich, J., M., Friedrich
Experimentelle und theoretische Untersuchungen am Fokussiersystem einer Hf-Ionenquelle
Exp. Tech. Phys. 34 (1986) 263

Dietrich, J. H. Guratzsch, G. Kerber, W. Naumann, H. Odrich
Die Beschleunigung von 20Ne3+- und 20Ned+_Tonen mit dem Rossendorfer Zyklotron U-120
Kernenergie 29 (1986) 392

Dietrich, J., G. Kerber, W. Naumann, H. Odrich
Erzeugung und Beschleunigung von Li3+-Tonen am Rossendorfer Zyklotron U-120
Exp. Tech. Phys. 34 (1986) 191

Eichhorn, K., St. Preusche
Tonenstrahlablenkung mit Hilfe eines Statormagnetes
ZfK-594 (1986) 12

Eichhorn, K., €. Richter, H. Taubert
Anwendung der Diinnschichtaktivierung auf Kavitationsuntersuchungen
ZfK-594 (1986) 22

Friedrich, M.
Erhohung der Transmission des Tandembeschleunigers EGP-10-1
Pribory i Tekhnika Ehksperimenta & (1986) 33 (in russ.)

fFriedrich, M.

BROHR und SYSFIT - ein Programmsystem zur Berechnung der Strahlfiihrung an elektrostatischen
Beschleunigern

ZfK-577 (1986)

Friedrich, M.
Ionenoptische Untersuchungen am Rossendorfer Tandembeschleuniger EGP-10-1
ZfK-593 (1986)

Fromm, U., R. Hammer, H. Kirsch, M. Kunicke
JOBMIT - Ein Programmpaket zur gezielten Bearbeitung von T750-Stapeljobs
ZfK-594 (1986) 41

Hartmann, P.
Rekonstruierte Impulsspannungsquelle fir die Zyklotron-Ionenquelle
I£fK-594 (1986) 11

Hieronymus, W., B. Schneider, J. Gilinther, A. Findeisen, K. Franke

Der Rossendorfer Forschungsreaktor RFR - ein kerntechnisches Grofigerdt im Bereich Grofige-
Téte des Z2fK

ZfK-594 (1986) 48

Matthes, H., W. Pfestorf
ThegNegative Ion Sputter Source MI5S5-585
NIM A244 (1986) 155

Regel, K. )

Certain Pattern of DNA Double Strand Breaks in Membrane Attached Superstructure Units
Cause Cell Killing: A Radiation Action Model

ZfK-594 (1986) 25
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VORTRAGE, DIE AUSSERHALB DES EIGENEN KOLLEKTIVS GEHALTEN WURDEN

Friedrich, M.
Die elektrostatischen Beschleuniger des 7fK Rossendorf
Bereichsseminar IJF Novosibirsk, 11.11.1986

Hammer, P., Ch. Eifrig, K. Eichhorn
A Study of Wear in Refrigeration Compressors Using Deuteron Activation
Fachtagung INSYCONT Bé6, Krakow, Sept. 1986

PROMOTIONEN B (Dr. sc. nat.)

Dietrich, 3J.

Beitridge zur Strahlextraktion und -formierung bei Plasmaionenquellen und zum Transport
intensiver Ionenstrahlen

TU Dresden, 14.11.1986

Regel, K.

Zur Bedeutung der DNS-Superstrukturen fir das Verstidndnis des Strahlenwirkungsmechanismus
Akademie der Wissenschaften’der DOR, 4.4.1986

VERANSTALTUNGEN
XI11. Friihjahrsschule fir Beschleunigungstechnik, Hornitz 10.-14.3.1986
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TECHNISCHE UNIVERSITAT DRESDEN, SEKTION PHYSIK, wB THEORETISCHE PHYSIK

VERUFFENTLICHUNGEN

Minchow, L., R, Reif: Recent Developments in the Nuclear Many-Body Problem
Vol, 1 Strong Interactions and Nuclear Structure. Teubner-Texte zur Physik, Band 7,
888 8,6, Teubner Verlagsgesellschaft, Leipzig 1985

Biedermann, M,, P, Médler: A two-stage model for fast particle emission in heavy-ion
collisions, Z, Phys, A323 (1986) 315

Milek, B., R. Reif: Gamow states in s realistic two-center potential and nucleon emission
in heavy-ion collisions. Nucl. Phys, A458 (1986) 354

Schmidt, R,: Critical distance for fusion and fusion barriers of very-heavy-ion
collisions. Z, Phys, A325 (1986) 239 .

Gippner, P,, K.D, Schilling, W, Seidel, F, Stary, €. Will, H, Sodan, S.M. Lukyanov,
V.S, Salamatin, Yu.E. Penionzhkevich, G.G., Chubarian, R, Schmidt: Shell effects in the

evolution of the mess asymmetry in hesvy-ion collisions leading to composit
with Z = 108, Z, Phys, A325 (1986) 335 Y 9 posite systems

Knospe, O., R, Schmidt, H, Schulz: Site-percolation approach for mess and isotopic
distributions in fragmentation reactions. Phys, Lett, B182 (1986) 293

Médler, P,, B, Milek, R, Reif: On the possibility of post
emission in heavy-ion induced fusion-fission reactions,
VIK Dubna Report E7-86-558, Dubna 1986

-equilibrium polar particle

DIPLOMARBEITEN

Fandrich, J.,: Differentielle Emissionsspektren leichter Teilchen im Zwei-Zentren-Schalen-
modell fur Schwerionenreaktionen

PROMOTIONEN A (Dr, rer. nat.)

Milek, B,.: Adiabstische Basis im Zwei-Zentren-Potential endlicher Tiefe und Nukleonen-
emission in schwerioneninduzierten Kernreaktionen.

VORTRAGE, DIE AUSSERHALB DES EIGENEN KOLLEKTIVS GEHALTEN WURDEN

Madler, P.: Fragen des Mechanismus von Schwerionenresk:ionen bei mittleren Energien.
(in russ.) Internationale Arbeitstagung zum 4 v-Detektor "Phobos", Dubna, Januar 1986

Reif, R.: Schwerionenphysik - Grundlagenforschung und Anwendung.
Kolloquium der Sektion Physik der Bergakademie Freiberg, Februar 1986

Madler, P.: Two-stage model for HIC 8)
Milek, B.: Emission of polar particles in fission a)
Schmidt, R.: Dynamics of the mass asymmetry in HIC a)

Reif, R.: Semiclassical one-body dynamiés of heavy-ion collisions
International School-Seminar on Heavy-Ion Physics, Oubna, September 1986

Madler, P.: Description of fast nucleon emission within a phenomenological two-stage model
International School-Seminar on Heavy-Ion Physics, Dubna, September 1986

Schmidt, R.: Semiklassische Theorie dissiﬂetiver Schwerionenreaktionen
Seminar des Instituts fur Physikalische Chemie, AdW, Berlin-Adlershof, Oktober 1986

Biedermann, M,: Fast nucleon emission in HIC within the two-stage model b)
Knospe,0.:Site-percolation approach for isotopic distributions in fragmentation reactionsP)
Milek, B.: One-body dynamics in a semiclassical model of HIC and fission b)

Schmidt, R,.: Semiclassical treatment of dissipative HIC-Nucleonenexcitation and -transferb)
a) Internationale Frﬁhjahrsschulé des ZfK Rossendor,f, Holzhau, April 1986

b) XVI., International Symposium on Nuclear Physics, Gaussig, November 1986

VERANSTALTUNGEN

XVI. International Symposium on Nuclear Physice = Dynamics of Heavy-Ion Collisions -
Gaussig, 10. - 14, November 1986
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TECHNISCHE UNIVERSITAT DRESDEN, SEKTION PHYSIK, WB KERNPHYSIK

VEROFFENTLICHUNGEN

Bottger, R., W.D. Fromm, H, Klein, H, Midrten, D. Richter, D, Seeliger: The Cf-252(sf)
Neutron Spectrum in the High-Energy Range, Radiation Rffects 36 (1986) 129

Eckstein, P., F, Gleisberg, U, Jahn, R. Krause, E. Paffrath, D. Schmidt, R. Schwierz,
D. Seeliger, A.I. Glotov, V.A. Romanov: Intense Neutron Generator Project at the TUD,
Proc, IV, Int, Symp. on Neutron Induced Reaction, Smolenice, -June 1985, p. 417

Elfruth, T., D. Hermsdorf, H, Kalka, D. Seeliger, K. Seidel, S. Unholzer: The Neutron
Emission from Lead Bombarded with 14 MeV Neutroms, Proc, IV, Int, Symp. on Neutron
Induced Reaction, Smolenice, June 1985, p. 68

Elfruth, T., D. Hermsdorf, d. Kalka, J, Pothig, D. Seeliger, K, Seidel, S. Unholzer:
Neutron emission from lead bombarded with 14 eV neutroms, ¥roc, of the Int, Conof. on
Fast Neutron Physics, Duorovmik, 26,5.-31,5.1986, p. 282, INDC(Yug)-010/G (1986)

rlorek, M., I. Szarka, J. Oravec, X, Holg B, Misiaunikova, H. Helfer, U, Jahn,
YU.P, Popov: The (n,a) reactions on the .o and 143Kd isotopes with 3 MeV umeutrons,
Proc. IV, Int. Symp. on Neutrom Induced Reaction, Smolenice, June 1985,p. 74

?erms%orf, D.: Description of File 8201 tor Lead ror the Library BrOND, INDC({GDK)-39/L
1980
Hermsdorf, D.: Description of ¥ile 1402 for Silicon for the Library BROND - Revision of

XAT 2015 and Integral Data Tests -, INDC(GDR)-38/L (1986)

Hermsdorf, D., H. Kalka, D, Seeliger, U. Steininger: Phenomenology of angular distribu-
tions of neutron-induced particle emission at 14 eV, Proc. of the Int, Conf, on Fast
Keutron Physics, Dubrovnik, 26,5.-31.5.1986, p. 87, INDC(Yug)-010/G (13986)

Ignatovich, V.X., A, Meister, S, Mittag, #, Pilz, D. Seeliger, K. Seidel: Temperature
Shift of Keutron Resonances, ZfK-592 (1233) 74 ‘

Iznatovich, V.K., A, Meister, S, Mittag, W. Pilz, D. 3eeliger, K. Seidel: Temperature
Saift of Neutron Resonances, Proc. IV, Int. Symp. ou Neutron induced Reaction,
Smolenice, June 1985, p. 304

Kalxa, H., D, Hermsdorf, D. Seeliger: Excitonmodel and Multistep-Compound Reactions,
Proc, IV, Int, Symp. on Neutron Induced Reaction, Smolenice, June 1985, p. 78

Marten, H,, D, Richter, D, Seeliger, W. Neubert, A, Lajtai: Enersy and Angular
Distribution of 252Cf Fission heutrons in the low Energy Range, Proc., Int. Nucl. Phys.
Conf., Harrogate, Aug. 1986, Vol., 1, B123, p. 149

Mérten, H., D, Seeliger: Description of the 252Cf(sf) neutron spectrum in the frame-
work of a generalized Madland-Nix model, Nucl, Sci. fng. 93 (1986) 370

M&rten, H,, D, richter, D, Seeliger, #. Neubert: On the Mechanism of Fission Neutron
Brission, ZfXK~-592 (1986) 1

.Mérten, H., D. Richter, D. Seeliger, W,D,, Fromm, W#. Neubert: Experimental Arrapgement
ggr the Measurement of Correlations Between Fission Products and Neutroms, ZfE-552 (1986)

Hérten, H., D. Seeliger: Investigation of the 252 Cf spontamsous fission neutron spectrum,
Proc. IV. Int. Symp. on Neutron Induced Reactions, Smolenice, June 1985, p. 322

Mirten, H., D. Richter, D. Seeliger, W.D. Fromm, D, Neubert: Differential Study of 29°Cf
gsf) ggggrogegmission, Proc. IV. Int, Symp. on Neutron Induced Reactions, Smolenice,
une ’

Marten, H., D. Seeliger, W, Neubert, D. Richter: Detailed Investigations of Fission
Neutroa Emission, Radiation Effects 93 (1986) 41

M&rten, H., D. Seeliger: Tneoretical Study of the Cf=252(sf) Neutron ectrum
Radiatlon Bffects 93 (1986) 99 ad ) ® ’

Meister, A., S. Mittag, L.W. Pikelner, #, Pilz, D, Seeliger, K. Seidel: Chemically
Shifts of Uranium Neutron Resonances, Proc, IV. Int., Symp. on Neutron Induced Reactions,
Smolenice, June 1985, p. 315

Meister, A., S. Mittag, L,B, Pikelner, W. Pilz, D, Seeliger, K. Seidel: Measurement of
zggsggag;Sauare Charge Radii of Neutron Resonance States in Uranium Nuclei, ZfK-592



- 176 -

Meister, 4., gasmittag, W, Pilz, D, Seeliger, K. Seidel, L,B. Pikelner: Mean~square
fgggé)ogothe U nucleus in excited states with different fission widths, ZfK-592

Pretzsch, G.,, B. Dorschel, H, Seifert, T, Streil, D. Seeliger: Measurement of Tritium
Activity Concentration in Air by Means of the Electret Ionisation Chambers, Radiation
Protection Dosimetry 42, Nr. 4 (1986) 345

Schmidt, D., D, Seeliger: Experimentelle Grundlagen fiir neutromenphysikalische Unter—
suchungen fur die EKernenergetik (Teil I: Einsatzvorbereitung des intensiven Neutronen-
generators INGE-1, Teil II: Beitrdge zur Tritiumtechnologie), A4-AbschluBbericht TU
Dresden, Sektion Physik (1986)

$ee1iger§ D., K, Seidel, H, Mirten: Proceedings of the XV-th International Symposium on
g;;lgsg hysics - Nuclear Fission - November 11 - 15 1985, GauBig, p. 1 - 194 (Editor),

Szarka, S., M. Florek, J, Oravec, K., Holy, H. Helfer, U. Jahn: Gas Proportional
Telescope used to Investigate Rare Reactions Induced by 3 MeV Neutrons, Nucl, Instr.
and Meth. B17 (1986) 472

DIPLOMARBEITEN

Almeroth, L,: Beitrdge zur Entwidklung einer elextronisch steuerbaren Hochspannungs-
versorgungseinheit 40 kV/25 mA

Blanco, L,E.,: MOCCA - ein Programm zur Siaiulation von iehrfachstreueffekten bei der
Streuung schneller Neutronen in endlichen Streugeometrien

Hildebrandt, B.: Entwicklung, Aufbau und Erprobung cines Honitor-Systems fiir den
Intensiven iNeutronengenerator INGE-1

Krimmling, P.: Analyse mehrfachdifferentieller Wanrscheinlichkeiten der Neutronen-
emission aus der Spontamspaltung von 252Cf im Rahmen des erweiterten Kaskadenverdampfungs-
modells

Steininger, U.: Beitrdge zur Entwicklung und Aufbau einer Impulsionenquelle

Topfer, M.: Herstellung von Gruppendaten und Berechnung vén NeutronenausfluBspektren fir
ein Bleikugelbenchmarkexperiment

PROMOTIONEN A (Dr.rer.nat.)

Gleisberg, F.: Beitrdge zu sntwurf und Anwendung steuerbarer Stromversorgungseinheiten
auf Schaltreglerbasis in rechnergefiihrten physikalischen Experimentanordaungen,
TU Dresden, 30.5.1986

Jahn, U.: Dimensionierung, Aufbau und Erprobung des ionenoptischen Systems fiir den
intensiven veutronengenerator INGE-1, TU Dresden, 12.12.1936

Kdhler, M.: Beitrag zur Applikation des 1-Chip-Mikrorechners U 882 im wissenschaftlichen
Gerdtebau am Beispiel eines einfachen Vielkanalysator, TU Dresden, 1.8.1986

VORTRAGE, DIE AUSSERHALB DES EIGENEN KOLLEKTIVS GEHALTEN WURDEN

Eckstein, P,, U, Jahn, E, Paffrath, D. Schmidt, D. Seeliger: Intemse Neutron Generator
Development at the TU Dresden, IAEA Advisory Group Meeting on Neutron Source Properties,
Leniograd, 9. - 13.6.1986

Elfruth, T., D. Hermsdorf, H, Kalka, J, Pdthig, D. Seeliger, X. 3eidel, S. Unholzzar: N
Differential Neutron Emission Cross Section from Lead and Carbon Bombarded with 14 seV Neu=-
trons, IAEA Vienna, 1986

Mirten, H.: Theoretical Description of the Cf-252 Fission Neutron Spectrum, IAEA
Advisory Group Meeting on Neutron Source Properties, Leningrad, 9. - 13.6.1986

Mérten, H,, D, Richter, D, Seeliger, W, Neubert, A, Lajtai: knergy and Angular
Distribution of 252Cf Fission Neutrous in the Low Energy Range, IAEA Advisory Group
Meeting on Neutron Source Properties, Leningrad, 9. - 13.6.1986

Mérten, H., D. Richter, D, seeliger, W.,D. Fromm, W, neubert: New Experimental and
Theoretical Results of Cf Neutron kEmission, IARA Advisory Group Meeting on Neutronm
Source Properties, Leaningrad, 9.-13.6.1986
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Mdrten, H., A. Rubten, D. Séeliger: Calculation of Prompt Fission Neutron Spectra tor
Applied Pgrposes, IAEA Advisory Group Meeting on Neutron Source Properties, Leningrad,
9.-13,.6.1986

Seeliger, D,: Status of experimental and theoretical double~differeantial neutron data,
JAEA Advisory Group Meeting on Nuclear Data for Fusion Reactor Technology (in Coopera-
tion with the Technical University Dresden), GauBig, 1.12.-5.12.1986

Seidel, K.: Benchmark testing of unuclear data on Pb-spheres, IAEA Advisory Group Meeting
on Nuclear Data for Fusion Reactor Technology (in Cooperation with the Technical
University Dre:sden), GauBig, 1.12.~5.12.1986 .

Seidel, K., L.B. Pikelner: Messung der mittleren quadratischen Radien der Kerme von

Uraniumisotopen beim Einfang von Resonanzneutronen (im russ.), V. Int. Schule {iber
Neutronenphysik, Aluschta (Uds3R), Okt, 1986. -

VERANSTALTUNGEN

IAEA Advisory Group Meeting on Nuclear Data for Fusion Reactor Technology (in Cooperation
with the Technical University Dresden), GauBig, 1.12.-5.12.1986

BERUFUNGEN

Doz. Dr. sc., nat, K., Seidel wurde am 1.9.1986 zum auBerordentlichen Professor an die
TU Dresden, Sektion Physik, berufen.
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TECHNISCHE UNIVERSITAT DRESDEN, SEKTION PHYSIK, WB ANGEWANDTE KERNPHYSIK
VERUFFENTLICHUNGEN

Bischoff, L.; Mademann, D.: Trutzschler, K.: Zschornack, G.: Der Einsatz von Mikrostreifen-
detektoren in der winkeldispersiven Réntgenspektrometrie, TU-Preprint 05-05-86

Heinrich, B.; Irmer, K.; Pdtschke, R.: Fast analysis of carbon content by inelastic
scattering of neutrons, Third Working Meeting kadioiootope Application and Radiation
Processing in Industry Leipzig, 23-27. Sept. 1985, Vol, III, S, B41-847

Herbach, C.M,; Merla, K.; Mueiol, G.; Ortlepp, H.~G.: Pauech, G.; Alkhazov, I.D.:
Orapchinsky, L.V.; Ganza, E.A.: Kovalenko, S.S5.; Kostochkin, O.L.;: Solovjev, S.M.;
Shpakov,V.I.; Absolute fission cross-section measurement of Pu-239 at 4.8, 8.65 and 18.8
MeV and of U-235 at 4.45 and 18.8 MeV neutron, XV, Intern. Symp. on Nucl. Phys. "Nuclear
Fission" Gaussig, GDR, Nov. 1985, ZfK-592 (1986) 152-155

Irmer, K.; P8techke, R.: Die Untersuchung der Messung der Kohlenstoffkonzentration mit Hil-
fe der unelastischen Neutronenstreuung, Isotopenpraxis 22 (1986) 9, S. 316-320

Irmer, K,; Siebert, H,~U,; Theilig, B,: Bestimmung des zssu-Gehalteo in groBen Proben -
Messung und Monte-Carlo-Experiment, Isotopenpraxis 22 (1986) 7, S. 225-232

Kreisler, U.; Zschornack, G,: Temperaturregelung am Analysatorkristall eines Kristall-
diffraktionsspektrometers mit einem diskreten parameteroptimierten Regler, TU-Preprint
05-03-86

Ortlepp, H.=-G,; Herbach, C.M,; Merla, K.; Musiol, G.; Pausch, G. Identification of asso-
ciated particles in the TCAPM fission cross-section measursments at the tandem accelerator
of the CINR Rossendorf, XV. Intern. Symp. on Nucl, Phys, “Nuclear Fission" Gaussig, GDR,
Nov., 1985, ZfK-592 (1986) 156-159

Pausch, G.; Fromm, W,D,; Herbach, C.M,; Merla, K.: Musiol, G.; Ortlepp, H.-G.: CAMAC data
acquisition system and data analysis in TCAPM fission cross-section measurements at the
tandem accelerator of the CINR Rossendorf, XV, Intern. Symp, on Nucl. Phys., "Nuclear Fis-
sion” Gaussig, GOR, Nov. 1985, ZfK-592 (1986) 160-163

Musiol, G.; Gromow, K,J.; Chalkin, A,: Internationale Zusammenarbeit im Programm JASNAPP,
€Energoatomizdat Moskau 1986, S. 185-192

Schiekel, M,; Jugelt, P,: State and Trends in energy dispersive X-Ray analysis, Third
Working Meeting Radioisotope Application and Radiation Processing in Industry Leipzig,
23-27. Sept. 1985, Vol. II, S. 511-537

Zachornack, G.: Musiol, G.; Reichmann, A,; Karrasch, G.; Kreiseler, D,; Schulze, W.:
Tanzer, W,; Wagner, W,: A Computer-Aided Bragg Crystal Diffraction Spectrometer for X-Ray
Analysis, Third Working Meeting Radioisotope Application and Raediation Processing in
Industry Leipzig, 23.-27. Sept. 1985, Vol., II, S, 589-593

Zschornack, G.: A Systemization of X-Ray Energies and Electron Binding Energies in Free
Highly Charged Ions, TU-Preprint 05-06-86

Zschornack, G.: Eine Systematisierung von atomaren Eigenschaften hochgeladener Ionen,
7. Tagung "Energlereiche atomare St&Be~ in Oberstdorf/BRD vom 26.1.-1.2.1986, EAS-7,
S. 18-20

Zschornack, G.; Musiol, G.; Wagner, W.: Dirac-Fock-Slater X-Ray Energy Shifts and Electron
Binding Energy Changes for all Ion Ground States in Elements up to Uranium, Rossendorf,
ZfK=-574

Zeuner, A,; Henning, K.; KieBling, M.: Investigation of the Material transport Behaviour
of Tube- and Though-Vibration mills by radioactive indicators, Third Working Mesting
Radioisotope Application and Radiation Processing in Industry Leipzig, 23-27. Sept. 1985,

vol,. III, S. 1021-1027
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end materiel balance for fresh

tion
er,A.; Hartmann, F.: Residence time investiga
oo : Third Working Meeting Radio-

"and waste water in s rayon by radioisotope application,
isotope Application and Radiation Processing in Industry Leipzig, 23-27. Sept. 1985,
Vol. IV., S. 1271-1278

VORTRAGE, DIF AUSSERHALB DES EZIGENEN KOLLEKTIVS GEHALTEN WURDEN

Jugelt, P,: Anwendung energiedispersiver Réntgenspektrometer in der Festkorperanalytik,
2fK Rossendorf, Anwenderkolloquium 20,.5.1986 ’

Musiol, G.: Pausch, G.: Absolut- und Prézisionsbestimmung von Spaltquerschnitten mit der
Methode der zeitlich korrelierten assozilerten Teilchen, TU Dresden, 24.4,1986

Musiol, G.: Irmer, K,: Zur CGntwicklung der Forschung auf dem Gebiet der Angewandten Kern-
physik, TU Dresden, 13.9,1986
Musiol, G.: Kernenergetik und Umwelt, GauBig, 27.11.86, Dresden, 3.12.86

Pausch, G., Herbach, C.M,: Absolutbestimmung von Spaltquerschnitten mit der Methode der
zeitlich korrelieren assoziierten Teilchen, 111, Interdisziplinédre Zentrale Wissenschaftl
Konferenz der Studenten und jungen \/issenschaftler, Zittau,. 20./21. Febr, 1986

Reiche, I,: Geometriefaktoren flir B-RiGckstreuanordnungen, XI. Zentrale Studentenkonferenz,
Dresden,

Schiekel, M,; Heckel, J.; Heinrich, 8.: Elementanalyse an historischem Glas, Wiss. Zeit-
schrift d. TU Dresden 35/4, S. 41-42

Schmidt-Bécking, H.; Zschornack, G.: Dangendorf, V.; Euler, 3,; Hagmann, S.; Ulrich, J.:
Schmidt, S.: "Search for Metastable Highly Charged Recoil Ions"”, Intern., Konferenz
“Physics of Multiply Charged Ions" in Groningen/Niederlande, 17.-19.9.86

Zeuner, A,: i:zinsatz von Radiotracern zur Prozebanalyse, Tagung “25 Jahre Radionuklidan~
wendung in der landtechnischen Forschung", Potsdam-B,, 11.9.1986

Zschornack, G.: A Systemization of X-Ray Cnergies and Zlectron Binding Energies in Free
Highly Charged Ions, Intern., Konferenz "Physics of Mukiply Charged lons” in Groningen/
Niederlande, 17.-19.9.86

Zschornack, G.: Linsatz eines rechnergesteuerten Kristall-Diffraktionsspektrometers zur
Untersuchung der Rontgenspektren hochionisierter Atome, Seminar am ZWG der AdW, Bereich
Schoneweide, 6.6.86

Zschornack, G.: Rontgenspektroskopie hochionisierter Schwerionen an den JIonenquellen des
VIK Dubna, Inst. f. Kernphysik d. Joh.Wolfg.Coethe-Universitst, Frankfurt/Main, 18.3.86

Zschornack, G.: VWellenlangendispersive Rontgenspektroskopie hochgeladener Schwerionen,
Institut f, Kernphysik der KFA Julich, 25,3.86

DIFLOMARBEITCN
Doéring, Uwe: Aufbau und ESrprobung einer spesziellen & ~Impulskammer

Klein, Jens-Peter: Methodische Untersuchungen zu einer hybriden Auswertemethode in der
quantitativen Rontgenfluoreszenzanalyse an geologischen Proben

KieBling, Andreas: Entwicklung und Untesuchung von Sensoren fir die FlachenmassemeBtechnik

Mademann, Dirk: Untersuchung von ortsauflésenden Halbleiterdetektoren aus der DDR-Produk-
tion *insichtlich ihrer Eignung zum Nachweis von charakteristischer Rdntgenstrahlung

Steininger, Angela: Berechnung der rdumlichen Verteilung und der Energie der Neutronen bei
Spaltquerschnittamessungen nach der Methode der zeitlich korrelierten assoziierten Teil-
chen

Todt, Ulrich: Weiterentwicklung des Experimentiersystems zur Absolut- und Prézisionsbe-
stimmung von Spaltquerschnitten auf der Grundlage eines neuen ADC-Typs
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PROMOTIONEN A (DR. RER. NAT,)

Pausch, G.: Absiutmessung des Spaltquerschnitts von.235U bei 4,45 MeV Neutronenenergie
unter Nutzung einer rechnergekoppelten MeBapparatur im CAMAC-Standard

Theilig, B.: Untersuchungen zur Bestimmung des 235U-Gehaltes in groBvolumigen Proben

P5tachke, R.: Die Untersuchung der radiometrischen Kohlenstoffgehaltsbestimaung in Roh-
braunkohle mit Hilfe eines Strahlungstransportmodells fir unelastiache Neutronenstreuung

Thiek, P.-A,: Die Berechnung der mittleren B8-Teilchen<Registrierwahrscheinlichkeit far
zylinderfdrmige Elektronen-Emissionsdetektoren mit einem statistischen Modell
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KARL MARX<UNIVERSITAT LEIPZIG, SEKTION PHYSIK, WB ANGEWANDTE KERNPHYSIK

VERUFFENTLICHUNGEN

Aecheron, C., G, Otto, R, Flngnoyir, il,=-E, Zechau, V.N, Bugrov, S.A, Karamyan: Demage
Profile on High Energy Ion Implanted GaP. phys. etat. sol. (s) 97, K 15 (1986)

Ascheron, C.‘ A, Schindler, R, Flagmeyer, G, Otto: Swelling, Strein, end Redistion
Damage of He™ Implanted GsP, phys, stat, sol, (8) 96, 555 (1986)

Aecheron, C,, H, Neumenn, G, Dlubek, R, Krause: Microhardno.é of Proton Bombarded GaP
Single Crystsls, D, Mat, Sci, Lett, 5, 691 (1986)

Aecheron, C., G. Otto, R. Flagmeyer, H.-E, Zschau, V.N, Bugrov, S.,A, Kerassyan: Damage
Profiling on High ..., . Preprint VIK, E 14~-86-448, Dubna (1986)

Flagmeyer, R,, B, Schumann: Rutherford Bockecattoring/channcling Analysis of Lattice-~
Matched Cag 43$r0 57F2 Films on GaAs, phys, stat, sol, (a) 93, K 117 (1986)

Frey, H., J, Vogt, G. Otto: Evaluation of Thick Target PIXE Analyesis with s Minicomputer,
J. Radiocenal, Nucl, Chem. 99, 193 (1986)

Stephan, D,, V, Geist: Theoretische Intensititsprofile von Kossel-Linien und Vergleich
ait experimentellen Linienprofilen., Exp. Techn., Phys. 34, 153 (1986)

DIPLOMARBEIT

Koch, Andreas: Ein Programmpaket fiir den EMG-666~ zur Aufnehme und Auswertung von
Rutherfordrickstreu-/Kenslisierunge-Spektren und seine Anwendung asuf die Analyse mehr-
komponentiger dinner Schichten, KMU Leipzig, Juli 1986

PROMOTION A (Dr, rer. nat,)

Frey, Herald: Spurenelementanalytik an vorwiegend biologischen Proben durch Spektroskopie
protoneninduzierter R8ntgenstrehlung (PIXE), KMU Leipzig, 29. 7. 1986

PROMOTION B (Dr, sc, nat,)

Ascheron, Clause: Verdnderungen physikalischer Eigenschaften von GaP=-Einkristallen .und
einkristalliner Vergleichsmaterislien durch ProtonenbeschuB, KMU Leipzig, 16. 12, 1986
BERUFUNG

Herr Dr, sc, nat, Volker Geist wurde mit Wirkung vom 1, 2. 1986 zum Dozenten an die
Sektion Chemie der Karl-Marx-Universit#ét Leipzig, WB Kristallografie, berufen.

VORTRAGE

Ascheron, C., G, Otto, R, Flagmeyer, H,-E, Zschau, V.N, Bugrov, S,A, Keramjan: Damage
Profiling on High Energy Ion Implanted GaP, XVI, Allunionstagung "Phyesik der Wechsel-
wirkung geladener Teilchen mit Einkristellen”, Moskeu, 27, 5., 1986

Fechner, R,, A. Schindler, R, Flagmeyer, F, Bigl: Untersuchung von Strahlenschéden nech
lonenstrahlétzprozessen im GaAs mittels Cn-64-Adsorption und Autoradiografie sowie RBS-
Channeling. 4, Symposium "Phystikalische Grundlagen der Bauelementetechnologien der
Mikroelektronik”, Frankfurt/O., September 1986

Flagmeyer, R,: Analyse von MBE-Schichtstrukturen mittels RBS/Channeling-Technik, Be~
reichsseminar, ZIE Berlin der AdW, Berlin, 6, 3, 1986

Flagmeyer, R,: M3glichkeiten der Rickstreuspektrometrie zur Stoffenalyse an organischenm
Materisl, 3, Frihjahreschule +), April 1986

Flagmeyer, R,.: Rutherford-Rickstreuspektrometrie, Bereichsseminar, Sektion Physik der
MLU, Halle, 2, 4, 1986

Flagmeyer, R.: RBS/Chenneling sn Supergitterstrukturen. 1. Frihjahreschule "Nukleare
Analytik an Beschleunigern® des ZfK Rossendorf der Adw, Holzhau, 7, - 12, 4, 1986

Flegmeyer, R.: Charakterisierung von Heteroepitaxieschichten suf GaAs-Substraten mittels
RBS/Channeling, 1. Fachtagung "Schichtsysteme fir zukiinftige Beuelemente der Mikro-,
Opto~ und Molekularelektronik", TU Ksrl-Marx-Stadt, 11, - 13, 11, 1986
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Flagmeyer, R.: Rutherford-RiGcketreuung (RBS)., "Tage der Wissenschaft™ der KMU, Leipzig,
4, - 6, 11, 1986

Flagmeyer, R,: Gitterplatzlokaslisierung in III-V~Hslbleitereinkristallen mittels Channe-
ling, Bereichsseminar, Sektion Chemie der KMU, Leipzig, 11. 12, 1986

Fray, H,U,, H.-E, Zschau, J, Vogt, G, Otto: PIGE and PIXE analyses of elemental distribu-
tions in biological semples. Int, Conf, IX., CANAS, Neubrandenburg, 15, - 19, 9. 1986

Frey, H.U.: Erfahrungen mit dem EDR 184 bei PIXE-Messungen, Anwenderseminar VKA/EDR des
ZWG Berlin der Adw, Wernadorf, 8, 10, 1986 .
Lehmann, D,: Einsatzvorbereitung fir externen Strahl am 2-Mev-Beschleuniger der Sektion

Phyeik, 3, Frihjshreschule +), April 1986 )

Lehnann, D,., C. Ascheron, C, Bauer-Neelmeijer: Nondestructive Determination of the Hydro-
gen Depth Distribution in Semiconductor Material Using Ion B8eam Methods, Int, Conf.
IX, CANAS, Neubrandenburg, 15, - 19, 9, 1986

Lehmenn, D,: Zu Ursachen und Auswirkungen der Havarie von Tschernobyl. Kolloquius,
DHfK Leipzig, 15. 10, 1986

Otto, G.: Stoffanalytik mit kernphysikalischen Methoden an bioclogischen Substanzen,
Sektion Stomatologie der KMU, Leipzig, 3. 2. 1986

Otto, G,: Specifics of IBA of biological semples, 1, Frihjahreschule "Nukleare Analytik
an Beschleunigern” des ZfK Rossendorf der AdW, Holzhau, 7, - 12, 4, 1986

Otto, G.: Ionenstrahlverfahren (PIXE, PIGE, RBS) zur Stoffanalytik, Bereichsseminar,
Sektion Chemie der KMU, Leipzig, 12, S. 1986

Otto, G.: Stoffanalyse an biologischen Proben mittels kernphysikalischer Verfahren
(in russisch). XVI, Allunionstagung Physik der "Wechselwirkung geladener Teilchen mit
Einkriatallen”, Moskau, 28, 5. 1986

Rentsch, H,, H,-E, Zschau, J, Vogt, H, Zeuner, S, Herrmann, H, Dettmar: Quantitative Be-
stimmung demineralisationsbedingter Mineralgehaltsverinderungen der &uBeren Schmelzober-
fliche, Symposium, Gesellschaft fir konservierende Stomatologie der DOR, Reinhardsbrunn,
3., - 7, 11, 1986

vogt, J.: Charakterisierung von Kohle, -produkten und -rickstianden mittels Spektrometrie
ioneninduzierter Réntgen- und Gammastrahlung. Seminar, VEB Kombinat Chemieanlagenbsu
Leipzig-Grimme, Leipzig, 9. 6. 1986

Vogt, J., H.U. Frey: Analyse biologischer Proben mittels PIXE., 3, Frihjshrsschule +),
April 1986

Zschau, H,-E,: Eigenschaften und Dosimetrie ionisierender Strahlung., Lehrgang, KMU Leipzig,
24, 2, 1986

Zschau, H,-E,: PIGE~ und RBS-Untersuchungen zur Konzentrationsverteilung der Elemente
F, Na und P in Z&hnen, 3, Friuhjahrsschule +), April 1986

Zschau, H,-E,: Die Reaktorsicherheit bei der friedlichen Nutzung der Kernenargie. Wurzen,
12, 6., 1986

Zschau, H,-E,: PIGE-, PIXE-~ und RBS-Untersuchungen an Zahnen zur Bestimmung der Tiefen-
profile von F, Na, P und Ca. Seminar, Technische Universitdt Prag, 2, 7, 1986,
VERANSTALTUNG +)

3, Frahjehrsschule "Stoffanalyse mit dem Ionenstrahl an bioclogischem Material®”, Klingen-
thal (vVogtland), 10, - 14, 3, 1986
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BUMBOLDT-UNIVERSITAT ZU BERLIN, SEKTIORN PHYSIK, BEREICH 06 - ATOHSTOSSPROZESSE DER
PESTKURPERPHYSIK

VERUFPENTLICHUNGEN

M. Pried, T, Lohner, E. J&roli, G, Vizkeletky, E, Kotei, J, Gyulai, A. Biro, J. Adam,
M. Somogyi, and H. Kerkow: Optical Properties of Thermally Stabilized Ion Implantation
Amorphized Silicon, Proc. Int, Conf, on Ion Beam Modification, Cetania 1986

N. M. Kabachnik, H, Kerkow, V, P, Petuchov, E, A, Romanowski, and R, Wedell: Ion-Induced
Cherecteristic X-Ray Emiesion in solids (b), phys. stat. sol. (b) 139, 1, (1987),
Review Article

K. Holldack, H. Kerkow, and W, Frentrup: Anomslous Diffusion of Boron in Silicon due to
Heavy Ion Bombardment, phys. stat. sol. (a) 94, 357 (1986)

Je. Bollmann, H, Klose, and A. Mertens: Formation of Schottky-junctions in eilicon by ion
implentation, phys. stet. sol. (a) 97, K95 (1986)

R. Wedell: Multiple Scattering Effects of Light Relativistic Particles Under Channeling
Conditions, Konferenzmaterialien der Arbeltstagung "Relativistic Channeling", Acquafredda
di Maratea/Italien, 31,3.86-4.4.86

R. Wedell: Some aspects of relstivistic particle collision processes in solids, Proc. of
the XVI International Symposium on Nuclear Physics, Gaussig 1986

J. Bollmenn, H. Klose, end A, Mertens: Big channeling effects at low-energy ion implenta-
tion in silicon, phye. stat. sol. (a) 97, K135 (1986)

A, Schepnk, XK. Irmscher, D. Suisky, R. Enderlein, F. Bechstedt, and H. Klose: Field depen-
dence of the emission rate et deep centres in Si snd GaAs, Acte Phys, Pol. 62, 73 (1985)

K. Irmecher, A. Schenk, R. Enderlein, H, Klose, and D, Suisky: Electric Field enhanced
thermel Emission from charged deep Levels in Si, Proc. 18th Int, Conf. Sem. Phys.,
Stockholm 1986

F, G, Riidensuer, M, Riedel, H, E, Beske, H, Diisterhoft et al,: Cross Calibration for SIMS
Quentificetion, Springer Series in “Chemicel Physics", Bd. 44, SINS V

J. Bollmann, H. Klose, and A, Mertens: Kanalleitungseffekte bei niederenergetischer Ag-
Implantation in Si, Proc, "Physik der HL-UOberflidche" 17, 55 (1986)

S. Mechahougui, G. Lehmann, end U, Miller-Jahreis: The Use of secondary lon Mass Spectro-
metry for Steel Anelysis, ZFK-Bericht 584, 77 (1986)

B. Lukasch: Depth Resolution in Differential Hall-Effekt Measurements for Shallow Implen-
tation Profils, ZFK-Bericht 584, 76 (1986)

J. Bollmann, H. Klose, and A, Mertens: Deep Levels in n-Si ceused by Low Energy lon Im-
plantation, ZfK-Bericht 584, 79 (1986)

H. Diusterh5ft and A. Liiders: A Method of Quantification of Mess Spectra in Secondary Ion
Kass Spectrometry (SIMS), 2fK-Bericht 584, 78 (1986)
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DIPLOMARBEITEN

U. Krauge: Statische Modellrechnungen zum VakanzkomplexbildungsprozeB.

A. Liiders: Untersuchungen von Energieverteilungen und quantitative Analysen bei der posi-
tiven Sekundérionenemission aus ssuerstoffbedeckten Metallen und isolierenden Proben beim
BeschuB mit 10 keV Ar*-lonen.

M. Schade: Verfahren zur berithrungslosen Drahtdickenmessung.

DISSERTATIONEN A

P, Gehrmenn: Untersuchungen zur Richtungsabhingigkeit des Energieverlustes und anderer
Effekte bel der Bewegung leichter Ionen in Einkristallen. Juni 1986

VORTRAGE

H. Kerkow: Nutzung von Kleinbeschleunigern fur Pestk8rperuntersuchungen mit kernphysika-
lischen Methoden, Int. Arbeitstagung ZfK Rossendorf, Holzau, 1986

P. Gehrmann, K., Lenkeit, R. Stolle und R. Wedell: Theoretische und experimentelle Unter-
suchungen der Energieverluste von Protonen in Silizium unter Kanalleitungsbedingungen,
XVI., Allunionskonfernez iber Physik der Wechselwirkung geladener Teilchen mit Kristallen,
Moskau, Mai 1986

P. Gehrmann, K. Lenkeit, R, Stolle und R, Wedell: Bestimmung des Durchbruchsewinkels unter
den Bedingungen des Axial-Flécheniliberganges, XVI. Allunionskonferenz iiber Physik der
Viechselwirkung geladener Teilchen mit Kristallen, Moskau, Mai 1986

G. Perenczi, C. A. Londos, T. Pavelka, M. Somogyi, and A. Mertens: Identification of the
carbon associated radiation demage levels in silicon, ICDS - 14, Paris, August 1966

R, Wedell: Multiple Scattering Effects of Light Relativistic Particles Under Channeling
Conditions, Hauptvortrag auf der Arbeitstagung "Relativistic Channeling", Acqafredda
di Maratea/Italien, April 1986

B. Gruska, W, Frentrup und J. Gerlach: Kurzzeittemperung an Be-implantierten GsAas-Epitaxie-
schichten, Arbeitstagung 2fK Roesendorf "Ionenstrahltechnologie '86", Papstdorf, April 1986

B, Gruske, W, Frentrup und J. Gerlach: Kurzzeittemperung implantierter ABBS-Epitsxie-
achichten, Fachtagung "Schichtsysteme fiir zuklinftige Bauelemente der Mikro-, Opto- und
Molekularelektronik", TH Karl-Marx-Stadt, Oktober 1986

U. Schade, Ch, Rosinska und W, Frentrup: Untersuchungen zur Langzeitausheilung durch
Ionenimplantation amorphisierter Siliziumschichten, 9. Zentrale Leistungsschau der Stu-
denten und jungen Wissenschaftler, leipzig, 1985

H., Klose, J. Bollmenn und A. Mertens: Elektronische Eigenschaften oberflichennaher Implan-
tationsdefekte in Si, Problemseminar "Tiefe Stdrstellen", TH Karl-Marx-Stadt, Dezember
1985

H. Klose und K, Irmacher: Zur Peldabhiéngigkeit der Einflihrungs~- und Emissionsprozesse
tiefer Zentren - experimentelle Ergebnisse, Problemseminar "Tiefe Si¥rstellen”,
TH Karl-Marx-Stadt, Dezember 1985

M. Griepentrog: lIonenstrahlgestlitzte Untersuchungen an Katodenmaterialien, Herbstschule
des ZIE, Bad Stuer, Dezember 1986

H. DUsterhSft und M. Griepentrog: Einsatz der SIMS flr Anslytik von Metalloberfléchen,
BARVA-Herbstschule, Berlin, September 1986
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U. Miller-Jehreis: Mé&thodes snslytiques & 1'aide des faiscesux d'ions, Universitst
s8tif (Algerien), Juni 1986

M, 2bbes, H, Kerkow, M. Klein und R. Wedell: Experimentelle und theoretische Untersu-
chungen der Znergie- und Temperaturabhingigkeit der Amorphisierungedosis in Silizium,
Belorussische Stastliche Leninuniversitdt Minek, Juni 1986

H. Xlose, A, Mertens, and J. Bollmann: Channeling of heavy ions st low energies in Si,
TU Prag, Miérz 1986

H. Klose: Electronical properties of implsntation defects in Si, TU Prag, Mirz 1986

U, Krause: Statistische Modellrechnungen zum VakanzkomplexbildungsprozeB, Belorussische
Staatliche Leninuniveraitét, Minsk, September 1986

H. Klope: O raspredeienije radiezionnych defektov v poluprovdnikach, IFP der SCAN,
Fovogibirsk, November 1986

H. Klose: Vorlesungen an der MGU zum Thema "Elektritscheskije i ionometiritscheskije metody
v igsledo vanijach svoistv implantivo vannych poluprovodnikov, Kovember 1986

K. Holldaeck: Diffusionsanomslien in Silizium infolge Ionenbeschusses, 11, Nationale Stu-
dentenkonferenz, Dresden, 1986

K. Holldack: Diffusionsanomalien von B in Si infolge Ionenbeschusses, Studententage
WPU Rostock, Pebrusr 1986

¥, Griepentrog: Internationale Trends der Geriteentwicklung fiir die Festkbrperenalytik,
SIMS-Kolloquium, Dresden, November 1986

H. Diisterhtft und W. Schneider: Oberfléchenanelytik in der Festkorperphysik, Vortrag auf
dem E-Kolloquium im Kombinat NARVA (BGW), November 1936

H. Kerkow: Nukleare Analytik an Kleinbeschleunigern, 1. Frithjahrsschule des ZfK, April 6

P. Gebrmznn: Untersuchungen zur Richtungsabhidngigkeit des LCnergieverlustes und anderer
Effekte, Kollogquium ZfK Rossendorf, Juni 1936

BERUFURGEN

Doz. Dr. sc. U. Killler-Jshreis zum s.0. Professor fiir ‘xperimentalphysik an der
Hunboldt-Universitdt zu Berlin, Februar 1986

Dr. sc. R, Vedell zum 8.0, Dozenten fiir Theorelische Physik an der Humboldt-Universitst
2u Berlin, Februar 1986
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FRIEDRICH-SCHILLER-UNIVERSITAT JENA, SEKTION PHYSIK, WISSENSCHAPTSBERRICH IONOMETRIE

VERUFFENTLICHUNGEN

Bartschk, H., G. Andr¥, E. Glaser;
TEM- cross-sectional imaging of laser-induced crystallization after ion implantation;
phys. stat. sol. (a) 94 (1986) 772-779 ’

Fuschini, E., A. Uguzgoni, XK. GXrtner, K. Hekl; _
Axial blcecking in a master equation approach; Nucl. Instr. & Meth. in Physics Research
B 12 (1985) 334-342

GXrtner, K., E. Glaser, G. G¥tz, K. Hekl;
Defect analysis by dechanneling; Nucl. Instr. & Meth. in Physics Research B 15 (1986)
317-321

Geiler, H.-D., B. Glaser, G. G&tz, M. Wagner;
Explcsive crystallization in silicon; Journal of Appl. Physics 59 (1986) 3091-3099

Glaser, E., G. Andri, H. Bartscﬁ, K. Drenda, G. Gttz;
Formation c¢f monccrystalline layers by explosive crystallization cf ion implanted
amorpheus Silicen; phys. stat. 2ol. (a) 94 (1986) 781-786

G¥tz, G.;
Explosive crystallizaticn processes in Siliccn; Appl. Phys. A 40 (1986) 29-36

Cetz, G.;
Radiaticn effects in cptoelectronic materials; Radiaticn effects 98 (1986) 189-210

Gttz, G., K. GArtner, E. Glaser, B. Weber, W. Wesch, A. Witzmann, A. Dittmar;
High energy icn beam analysis of sclids; Lekhrmaterial zur CIBAS-Scmmerschule, S. 1-405

Heinig, K.-H., H.-D. Geiler;
Prencmenclcgical trecry of explesive crystallizaticen of amcrpheus Silieccn; Part I:
Stationary Soluticns; phys. stat. scl. (a) 92 (1985) 421-430

Heinig, K.-H., H.-D. Geiler;
Prenomenoclegical theory of explecsive crystallizaticn ¢f amorphcus Silicon; Part II:
Dynamical Sclutions; phys. stat. sol. (a) 93 (1986) 99-104

Kaschner, C., A. Witzmann, K. G&rtner, G. G&¢tz;
Laser annealing of ion implanted NiSi layers; phys. stat. sol. (a) 94 (1986) 787-791

Uguzzeni, A., E. Fuschini. K. Gadrtner, K. Hehl;
Axial blocking dips frcm the master equation fct the transverse energy distribution;
Nucl. Instr. & Meth. in Prysics Researck B 13 (1986, 32-37

Wagner, M., H.-D. Geiler, G. GEtz;
Time-resclved investigation of large - area explosive crystallization ¢f amorphcus silicon
layers; phys. stat. sol. (a) 92 (1985) 413-420

Wendler, E., W. Wesch, G. G&tz;

Near edge ¢ptical absorption behaviour in weakly damaged icrn implanted GaAs; phys. stat.
scl. (a) 93 (1986) 207-212

Wesch, W., G. GEttz;
Rapid annealing of icn implanted GaAs;phys. stat. sol. (a) 94 (1986) 745-766

Wesch, W., K. GErtner, E. Wendler, G. Gttz;
RBS and optical investigations of defects in weakly damaged GaAs; Nucl. Instr. & Meth.
Phys. Research B 15 (1986) 431-434

Wesch, W., K. GHirtner, E. Wendler, G. G&tz;
Investigation cf defects in weakly damaged GaAs layers; Rad. eff. 97 (1986) 313-320

Witzmann, A., A. Dittmar, K. Girtner, G. Gbttz; )
Formation of Ni silicides on As-doped silicon; phys. stat. sol. (a) 91 (4985) 439-445
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DIPLOMARBEITEN

Heidber, U.: Ionenimplantation magnetischer Werkstoffe.

Machalett, P.: Einsatr eutektischer Systeme als Quellenmaterial in PlUssigmetallionen-
quellen.

Miller, B.: Untersuckung der nichtionischen Komponente des von Fliissigmetallionen-
Quellen emittierten Strahles in Abh¥ngigkeit von den Betriebasparametern der Quelle.

Stiedbrite, I.: Untersuchungen an Fliissigmetallionenquellen filir Gallium und Goldsiligium.

PROMOTIONEN A (DR. RER. NAT.)

Dittmar, A.; Nickelsilizidbildung bei Kurgzeittemperprozessen; 418. 3. 1986.

Stock, D.: Phinomenclogische Beschreibung laserinduzierter Phaseniiberginge 1. Art
aus metaetabilen Zustdnden ; 18. 3. 1986.

VORTRAGE

Andrs} G.: Einfluf dotandeninduzieter Keimbildung auf den Prozef und das Ergebnis
der PlUussigphasenexplosivkristallisation in amorphem Silizium auf 5102. Arbeitstagung
“Ionenstrahltecknclogie"”, Papstdorf, April 1986.

Andr¥, G., H.-D. Geiler, E. Glaser, G. GEtz: Explosive crystallization of ion implanted
silicen layers. IBMM '86, Catania, June 1986.

Andr¥, W., G. G¢tz, U. Pusa, W. Eindbrodt: Eigenschaften icnenimplantierter pn-Ubergiinge
mit kleinen Eindringtiefen. IV. Symposium Physik. Grundlagen zu Bauelemente-Techknclogien
der Mikroelektronik, Prankfurt/Oder, Sept. 1986.

Backmann, T., P. Ressel, W. Wesch; EinfluB von Restdefekten auf die elektrischen Eigen-
schaften von ionenimplantierten GaAs-Schickten nachk ns-Impulslaserausheilung.
Arbeitstagung "IOnenstrahkltechnclegie”, Papstdorf, April 1986.

Dittmar, A., K. Gidrtner, G. Gttz.:Bildung von Ni-Si14i2id durch ms-Laserbestrahlung.
BGU Minsk, Juni 1986.
GHdrtner, K.: Information about crystall defecis from the energy dependence and

temperature dependence of dechanneling. KFKI Budapest, Ncvember 1986.

G¥rtner, K.: lckalisierung von Defekten mit Hilfe der Dekanalisierung. BGU Minsk, Juni
1986,

Girtner, K.: Dekanalisierung an Kristalldefekten. Frikjahrsschule "Nukleare Analytik
an Beschleunigern", Holzhau , April 1986.

Geiler, H.-D.: Explosivkristallisation amorpher Si-Schichten auf kristallinen und
amcrphen Trégern. TU Berlin (West), Opt. ¥nst., Pebr. 1985,

Geiler, H.-D.: Rapid solidification phenomena 1ir undercooled molten siliecn. Univ.
Sofia, November 1986,

Geiler, H.-D.: Lagerprozesse zur Herstelung von S0I-Strukturen. 3. Nationale Tagung
"Lasertechnologie”, Karl-Marx-Stadt, November 1986.

Geiler, H.-D., G. Andr¥, E. Glaser, G. GZtz: Study of the ignition behaviour of
explosive crystallization in ion implanted silicon. IBKM '86, Catania, June 1986,

Geiler, H.-D., Stock, D., G. G¥tz: Modelling of ultrafast melting and solidification of
implanted amcrphous silicon. IBMM '86, Catania, June, 1986.

Geiler, H.-D.,, D. Stock, G. G&tz, K. Hennig: Modelling of ultrafast solidification in
highly undercooled molten silicon. Int. Conf. E-MRS Meeting, Strasbourg, June 1986.

Glaser, E.: Explosivkristallisation in ionenimplantierten amorpken Siliziumschichten.
Arbeitstagung "Ionenstrakltechnologie", Papstdcrf, April 1986.
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Glaser, E., Andr&, G., H.-D. Geiler, G. GE&tz, M. Wagner: Explosive crystallization
in icn implanted silicon layers on crystalline substrates. IBMM ’'86, Catania, June 1986.

GEtz, G.: Generation of crystalline layers by laser induced processes. KFKI Budapest,
Mai 1986,

GEétz, G.: Defects in icn implanted and laser annealed GaAs. Univ. Aarhus, Sept. 1986.
Getz, G.: Laser assisted formation of epitaxial silicides. Univ. Aarrus, Sept. 1986.
Gttz, G.: Explusive crystallization in silicon. Univ. Aartus, Sept. 1986.

Gttz, G.: Ionenimplantation und Ausheilung von Strahlenschiden. Bergakademie F:.eidberg,
Okt. 1986.
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