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Vorliegender Bericht, dar arata dlasar Art unsaraa
Institute», dient vor allem alnar zusammenfassenden Dar-
stellung dar Forschung*- und Entwicklungstätigkeit
während daa Jahraa 1981. Dia Beitrage tollten dla
während diaaaa Zeitraum! laufanden oder abgeachloaaenen
Projekte und Arbeiten beschreiben. Bewuflt wurde auf die
Wiedergabe von Kurzfassungen (Abatraeta) dar 1981 er-
schienenen Veröffentlichungen (vgl. Seiten 29-31), der
Diplomarbeiten und Dissertationen, aowie eine Liste der
(Über SO) in- und ausländischen Institute und Forschungs-
stellen, mit denen auf verschiedenen wissenschaftlichen
Gebieten zusammengearbeitet wird, verzichtet.

Die Redakteure danken allen Kolleginnen und Kolle-
gen, die trotz mancher Schwierigkeiten zum Entstehen des
'Progress Report 1981' beigetragen haben, insbesondere
wäre ohne die hilfreiche Kooparation mit Herrn G.
Fellner und Fr. Ch. Schwingenschlögl eine so schnelle
Fertigstellung unmöglich gewesen.
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N U C L E A « T H E O R Y

IrfEQ&Y CF FEH NUCLEON SYSTEMS
aaier. K. sent*. C. Ha •1. M. Schaden

v# investigate the effects of non-nuclear de-
grees of frndon in nuclear 2- and 3-body prob-
ier.*. Falativlstic correction* ar« included in
a systematic oannar. Between alia we calcula-
ted the influence of iscbaric excitations on

the structure of tha deuteron, on NN-scatte-
ring and on charge atyanatry in the 3N-ay*tena.
At the moment we study problems related to
the quark structure of NN-interaetions.

THEORETICAL ANALYSIS OF HUON-CAPTURE IN NUCLEI
::. Biier, w. Grimus *, E. Hammel, M. Schaden

Xe fcund thdt a consistent treatment of ex-
change effects leads to quite an interesting
but quantitatively saall contribution to tha
^-capture Hamiltonian. Hoat important however
is the fact that we can use our treatment
(based on a method of Fukuda - Sawada - Take-
tani) to include relatistlc effects in all
interesting two- and three-body problems in
quite a consistent manner.
For instance we treat the charge aaysmetry
question in that manner. Using «variant
versions of Fadeev's theory and applying sepa-
rable potential models we obtain a practical
theory of relativistlc effects in nuclear 2-
and 3-body systems. He conclude that tha in-
fluence of isobaric and masonic corrections
3hould be treated together with a consistent
relativistic framework. Total u-captura in 3-He
was calculated and it seems that relativistic
corrections to the wave functions largely can-
cel relativistic corrections for the Printakoff-
Hamltonian.
Further work should include the above mentioned
exchange effects more carefully than usually
accepted; there remains however the problem

"' Partly financed by Fonds zur Förderung der
wissenschaftlichen Forschung in Österreich

with the induced pseudoscalar interaction in
u-capture, a major obatacla to a generally
acceptable u-capture theory.

i. H. Crlmus, H. Baler, Relativistic correc-
tions to weak exchange currents and the
u-proton capture, Lett. al. Nuovo Cimento
25, 12 (1979) 353

ii. H. Baler, Exchange currents, isobaric ex-
citations and the deuteron, F. d. Physik
27, 5 (1979)

ill. H. Baler, E. Hanmel, A. Rinat, Relati-
vistic correctiona on three-nucleon ob-
servable* ,
Fhys. Lett. 85B (1979) 193

iv. H. Baier, E. Hammel, Covariant approach
to the three-nucleon bound states with
separable interaction, Lett. al. Nuovo
Cimento 53A (1979) 359

v. E. Hammel, Relativistic corrections of
three-nucleon wave functions and muon-
capture in 3-He, Phys. Rev. C22, 5 (1960)
2258

1 Institut für Theoretische Physik der Uni-
versität Wien

ISOBARIC EXCITATIONS AND RELATIVISTIC EFFECTS IN 3N-SYSTEHS
H. Baier, w. Bentz, E. Hammel, H. Schaden

It turns out that specially chosen relativistic
reductions of the Bethe-Salpeter-equations
might introduce hard cor* effects and the ef-
fects of the usually purely ad hoc introduced
o-particle starting from simple one boson ex-
change mocels of NN-interactions.As an example
Gross's reduction of Bethe-Salpeter equation
using specially constructed separable poten-
tials can be applied to the nuclear two and
three-body problem.
As a first result we obtained the S, D, P-parts
of the deuteron wave functions using as input
parameters 3-S-, 3-D.-NN-phase shifts, deuteron
binding energy and P-state admixture. Fairly

good agreement with meson-theoretical results
of more elaborate treatments were obtained.
The off mass shell deuteron wave functions
might easily by applied to future work on rela-
tivistic 3-body problem.
In this respect it turned out, that Gross's
approach can be generalized to reduce the 3N-
Bethe-Salpeter-equation in a fairly straight-
forward way.
To include isobaric excitations in the few-body
problem a system of coupled covariant equations
was deduced and used to derive the isobaric
parts of the deuteron state and to calculate
observables of the deuteron. Our simple model
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well with «or« elaborate treatments of
probiert, ft is possible to apply th«

approach to J-H, J-He.

U.

*l

C. K B M I , talativiatlc deuteron wave
function» with »parable potential«, Phys.
F«v. C23(S9 H M D 2324
C. Hamel, Mlatlvlttlv Thr««-Body Theory
for Scalar and Spin »articles Thre««Body
rorcas in Triton, lKJC-PUi-80-7

Partly financed by Foods zur Förderung dar
wissenschaftlichen Foraehung in Österreich

ill. E. m — e l , H. tchadan, A Thr«e-Di»ensio-
nal »eduction of tha 3-Partlcl« Batha Sal-
N t w equation Ganaratad Thraa-tody ror-
caa, IM-PUB-Io-I

iv. E. 1 Tl. N. Schadan, H. Baiar, 3N-Obaer-
vablaa and Xalativiatlc Haduetlon Foraa-
liaat, Foster contribution toi Int. conf.
Nigh Energy Physics and Nuclaar Struc-
tura, Versailles, Franc«, 1981

RELAT1V1ST1C PHYSICS OF FEW NUCLEON SYSTEMS °
, M. Schadan, H. »ant», w. riaaaaa ', L. Mathalltich >,H. baiar, H. Zingl >, E.

K. Schwan 1, H. Zankl l

We investigate systematically all tha obser-
rablaa of tha 2N- and 3N-systea> by uaing dif-
ferent reduction formalism of Bethe-Salpeter-
equation. In hla dlaaartatlon Hi Schadan triaa
to give a new explanation for th« awdluK rang«
attractive part of NN-interactions usually
ascribed to th« o-awson.Uaing a apecial da-
signed relativistic reduction scheue ha pro-
duces an attraction tar» in the interaction,
coming purely from in-exchange and to be added
to tha usual OBE-axchang« potentials. At

*' Partly financed by Fonda zur Förderung der
wissenschaftlichen Forschung In Osterreich

present numerical Probleme don't allow him
to decide whether auch an approach would be
aufflcient to simulate the effects of the o
aa sometimes guessed in literature.

H. Baler, M. Schaden, Pol-reduction of the
Bethe-Salpeter propagator including nega-
tive energy statea and application to the
NH-problen (in preparation, spring 1982)

1 Institut für Theoretische Physik der Uni-
versität Graz

CHARGE ASYPWETRY EFFECTS IN THE NUCLEAR THREE-BODY PROBLEM *>
H. Baiar, w. Bantz

Mechanisn of isospln violation in the nuclear
force due to the A-ieobar and masonic aa well
as photonic exchange process are studied.
Such effecta arise for instance from the
coupling of the nucleonic A-excitation to the
photon and from charge splitting of the A-
mass. As to the exchange proceasaa we concen-
trate on n°r-and 2n exchange. The contribution
of theaa effecta to the maaa splitting of tha
3-He, 3-H nuclidea is calculated, giving a
small but nevertheless countable result. The
main result is a rather detailed estimate of
the theoretical uncertainty in field theoretic
calculations of such effects. Work is done in

this direction In close collaboration with a
group at the T.U. Hannover (Prof. Sauer).

i. H. Baiar, W. Bentx, Ch. Hajduk,
P:u. Sauer,
A-lsobar Contributions to tha Charge Asym-
metry of tha 3N-Bound States (submitted to
Nucl. Phys.)

ii. H. Baier, w. Bantz, Ch. Hajduk,
P.U. Sauer,
Pionic contributions to the charge asym-
metry in 3N-bound states (to be submitted
for publication)

*) Partly financed by Fonda zur Förderung der
wissenschaftlichen Forschung in Österreich

INFLUENCE OF QUARK DEGREES OF FREEDOM
H. Baier, W. Bentz, H. Schaden

THE NUCLEAR TWO- AND THREE-BODY PROBLEM

We started an investigation on the short range
part of NN-interactlon( Together with a group
at the TU-Vienna seminaries on the subject
««re initiated and will be extended to Include
a group at the university of Graz.

Partly financed by Fonda zur Förderung der
wissenschaftlichen Forschung in Österreich

Bag and potential models will be studied in de
tail. Problem» of the possible non existence
of hard core will be investigated as well as
a glucn exchange model of 3-body forces.
Fadeev'a approach will be applied.
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M O D E L C A L C U L A T I O N S

EVALUATION OF CROSS SECTIONS OF NUCLEAR REACTIONS BV MEANS OF REACTION MODEL CALCULATIONS
Ö. Siicr̂ -jit-r and K. Uhl

data siaultaneoualy as good as poaslbla. com-
parisons of calculated and axperlstental cross
sections are displayed in fig». 1-4.

i. crest »actions of nautron induced ratetion«

Cross «actiom for aost reactions of tha sost
abundant isotopes of tha «leaents Cr, Mn. Fa
and si werf, calculatad for incidant anemias
to 30 Mcv • and for Kb to 20 w v . All tha»«
saterials ar« of importance for tha technology
cf fusion »actors. For tha calculation», tha
sptical noäeli tha axciton nodal and th« co«-
paund nucleus nodal w«ra used. A consistent sat
o:~ zvodel paramatara was choien so as to repro-
duce ehe existing axparlnental cross section

Fig.
3 4 S S 7 I $ 10 II 12 13 '< $ IB

2 . Alpha-particla production spectrum from
60-Ni + n at 15 HeV incident neutron
energy

Fig.
S 6 7 1 9 to VI! O K IS K 17 D IS id

1. Activation cross sections for the
reaction on 56-Fe and 52-Cr

(n,p)

Fig. 3. Activation cross section for the reac-
tion 93-Nb(n,2n)

' Supported by the European Communities
tnrough EURATOM

Flg. 4. Gamma-ray production spectrum from
93-Nb + n at 14 MeV incident neutron
energy



2. Crosc sections of neutron induced fission of
~ !SlrÄ

Following eh« sane principles aa in section
the fission crass section was calculated

MEIWM»« ~tm*-#m •v**m»mm
• MNWir« «•

between threshold and 20 HeV. The calculation
of this cross section which is applicable for
neutron doslMtry purposes, simultaneously re-
presents a study of the applicability of the
statistical model under consideration of a
double humped fission barrier for the calcula-
tion of flaaion cross sections, rig. 5 shows a
comparison of the calculated cross section and
experimental data.

E, IMtVI
Fig. 5. Neutron Induced fission cross section

for 237-Np

A universal computer program for calculating
cross sections of nuclear reactions is being
developed. In the course of this work, recent-
ly the parts of the code for the calculation of
fission cross sections and level densities were
programed.

THE USE OF STATISTICAL-MODEL CODES FOR AN A-PRIORI CALCULATION OF ISOTOPE PRODUCTION YIELDS
R. .Nowotny

Both codes ALICE /I/ and STAPBE /2/ have been
used for the calculation of charged particle
induced excitation functions. Fron these the
isotope production yields can be calculated
under given presumptions for particle energy,
target material and purity.
A number of yield calculations ware done for
medically important radionuclides produced via
proton induced reactions /3/.
The comparison of data fron the literature
with calculated yields shows that both data
agree to within a factor of two (fig. 1). This
covers also all experimental uncertainties
which quite often are not given in the litera-
ture.
while calculated excitation functions for pro-
ton induced reaction fit well to experimental
data (fig. 2), calculated data for other

K>* «»/»*» 10*

V,,, , CI/0A

Fig. 1. Calculated radiosiotope production
yiels Vca^c vi literature data Y^^t>

Broken lines indicate a deviation by
a factor of 2

particles show less accuracy (fig. 3, /*/) and
further efforts are required to establish the
reliability of such data for an a-priori esti-
mation of yield figures.

/1/ H. Blann, Rep. COO-3494-29 (1976) and Rep.
COO-3494-34 (1977)

/2/ H. Uhl and B. Strohmaicr, Rep. IRK 76/01
(1976)

/3/ R. Nowotny, Int. J. Applied Radiat. Iso-
topes 32 (1981) 73

IM R. Nowotny, Rep. IRK 80/34, Paper presen-
ted at the IAEA Consultants' Meeting on
Nuclear Data for Medical Radioisotope
Production, Vienna, 1981

mb

101

"•tTI(p,«n)'0lPb

A U C E
° Qoim ., IJARI 30,05 (1979) -

Lagunos-S.«. IJARI 29,t59('78)
o Ltbowitz*. J.Nucl.M«d. Ifi, 151

(1975)

20 30 50

F i g . 2 .
Ep , M«V ~

Excitation function for the production
of 201-Pb (201-T1) with protons on
nat,Tl

I
I
1
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

f



- 7 -

I
I
I
I
I
I

Fig. 3. Excitation function! for natBr(d,xn)+.
<d,pxn) ructions. (Experl»cntal data
aca fron S.H. Qai» «t al., Int. J.
Appllad aadiat. Isotop«« 28 (1977)
»47)

E X P E R I M E N T A L N U C L E A R P H Y S I C S ,

N E U T R O N I N D U C E D R E A C T I O N S

PRECISE MEASUREMENT OF CROSS SECTIONS FOR THE REACTIONS 9OZR(N.2N)89ZR AND 58NI(N,2N)S7NI
FfiCH TriRESHOLD TO 20 HEV
A. Pavlik, G. Kinkier, H. Vonach, A. Paulsen ', H. Liskien '

The threshold-reactions above are of importance
for dosinetry of the high energy part« of
technically Important neutron spectra. The ex-
citation function« were measured in the energy
region 12.3 to 19.6 HeV in steps of 0.2 to
0.8 MeV using activation techniques. The reac-
tion T(d,n)4-He was employed as neutron source
reaction. Neutron fluences were determined by
means of a proton-recoil telescope at zero de-
gree and the differential neutron production
cross section«. Additionally in the energy
range 13.4 to 14.8 MeV measurements were per-
formed in smaller energy step« (0.02 to 0.15
MeV) relative to well known cross sections for
the reference reaction 27-A1(n,a)24-Na. Special
attention was paid to obtaining a reliable
energy scale throughout the whole energy re-
gion. The activity measurements were done with
a 12.7 cm x 12.7 cm Nal(Tl) well-type detector.
The new results provide a significant improve-
ment of the previous data base. Fig. 1 shows
the results of a new evaluation of the exci-
tation function for the reaction 9O-Zr(n,2n)
including the new results, compared with the
previously existing evaluation. Fission spec-
trum averaged cross sections were calculated
for 235-U and 252-Cf and compared with experi-
mental data. Obviously measurements of the
integral response with a series of high
threshold reactions, the differential cross

CLC-JRC Central Bureau for Nuclear Measure-
ments, Seel, Belgium

section data of which have been carefully de-
termined, nay serve to better define the high
energy part of the fission spectra of practi-
cal importance.

Einuntn tm
cuumim mis me

Fig. Results of the updated evaluation of
the 90-Zr(n,2n)89-Zr cross sections
using the new experimental results
as compared with the previous eva-
luation by Tagesen et al. (Physics
Data 13-1, Fachinformationszentrum
Karlsruhe, 1979)

-21-



OF *SCU(N.2N)"CU CROSS SECTIONS IN THE 14 MEV REGION
G. Mmklcr and B. Ryves J

Significant discrepancies exist between experi-
mental result« raportad by dlffarant author*
for this doaioatry raaction. Tharafora naw
r&easuresents utra carriad out whara tha induead
activities were determined by using different
techniques detecting tha 8- and/or vradlation.
Possibly tha existing discrapancias ara due to
the different aeasureaent aethoda used« which
are sensitive to tha knowledge of tha decay-

• ::atiunal Physical Laboratory, Teddington,

schema of tha reaction product 64-Cu. As
especially a recant evaluation of the decay-
scheaa (Nuclear Data Sheets 28 (1979) 179),
partly baaed on calculated transition rates,
givas significantly different results as com-
pared to previous evaluation, a naw study of
the decay-schene of 64-Cu in cooperation with
the NPLr Teddington, is planned.

KEASUREKERT OF THE AVERAGE ACTIVATION CROSS SECTION FOR THE REACTION 63ClKN.o06oC0 IN THE
252.

SPONTANEOUS FISSION NEUTRON FIELD OF "*CF
G. .vinkler, V. Spiegel J, CM. Elsenhauer ' and D.L. Smith 2

The threshold-reaction 63-Cu(n,a)60-Co ia of
special importance in reactor dosimetry
(pressure vessel surveillance) for long-term
fast-flux integration. Therefore a benchmark-
test of the excitation function was carried
out measuring the average cross section absolu-
tely in the 252-Cf neutron field by activation
in compensated flux geometry with an accuracy
of about 2.4% (la). A near-point source of
252-Cf and a light mass source-detector assem-
bly in a low-scattering environment waa used.
Activity measurement was done with a 4»ir-detec-
tor. There is very good agreement (within St)
between the experimental and the calculated
average cross section, if recent excitation
function data (G. Winkler et al., Nucl. Sei.
Eng. 76 (1730) 30 and NBS Special Publication
594 (19B0) 199) are used. The agreement is even
better 1-- 1%), if for the spectrum representa-
tion of the 252-Cf neutron spectrum a pure Max-
wellian distribution with the average energy
2.13 MeV (NBS reference Haxwellian) is chosen
instead of the NBS segments adjusted represen-
tation (J. Grundl and CM. Eisenhauer, Techni-
cal Document IAEA-208, 1 (1978) 53). Within
accuracies there is now no further integral-
differential discrepancy, and the reaction

1 National Bureau of Standards, Washington
D.C., USA

2 Argonne National Laboratory, USA

GO-Cu(n,a) fulfills «he conditions for a Cate-
gory I neutron-dosimetry reaction for fission
reactor applications.
Fig. 1 shows the response function of the
63-Cu(n,a)60-Co reaction in a 252-Cf spontane-
ous fission neutron field together with the
spectral distribution and the excitation func-
tion.

MwmnfimwIMiVI

Fig. 1. The spectral distribution function
for the 252-Cf spontaneous fission
neutron spectrum (dashed line), the
excitation function for the reaction
63-Cu(n,a)60-Co (squares), and the
resulting response function (solid
line). The solid bar indicates the 5
to 951 response range.

THE REACTION 63CU(N,a)60CO AND ITS USABILITY FOR REACTOR DOSIMETRY
S. winkler (Habilitationsschrift, University of Vienna, 1981)

Detailed energy-differential and integral data
for the reaction 63-Cu(n,a)6O-Co have been do-
cumented for the energy region from threshold
to 20 MeV. The requirements have been met
which make this reaction a useful monitor for
long term fast neutron flux Integration,
especially by conducting new measurements of
the excitation function, evaluating existing

integral data for the 235-U-fission spectrum,
and measuring the integral activation cross
section in a 252-Cf-fission neutron spectrum.
Due to the elimination of previously existing
differential-integral discrepancies this reac-
tion has been cancelled from the "Discrepancy-
File" at the 12th INDC-Meeting (5-9 Oct. 1981,
IAEA, Vienna).
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XEASUREKENT OF M ENERGY- AND ANGULAR DISTRIBUTION OF THE HIGH-ENERGY PART OF INELASTICALLY
SCATTERED 14 MEV NEUTRONS *J

a. Staffel, G. winkler and ». Vonach

Designing an improved experimental set-up is
ir. progress for treasuring double-differential
scattering cross sections using the time-of-
flight technique on a series of elements of
practical importance. A reduction and better
definition of the background is hoped to be
scnieved using an evacuated flight-path.
Sample and neutron-source will be arranged in
an evacuated tube 80 cm in diameter (to re-
duce the influence of neutrons scattered from
the tube wall). The variation of the scattering
angle (20° - 140°) is performed by moving the

scattering sample along the collimator axis of
the neutron detector« choortng a reaction angle
of 90° for the source reaction T(d,n)4-He
keeps the incident neutron energy constant.
The expected experimental data should allow a
noxe significant comparison with prccompound
model predictions.

' supported by JubilSumsfonds der Österreichi-
schen Nationalbank

MEASUREMENT OF DIFFERENTIAL (N, CHARGED PARTICLE) CROSS SECTIONS BY MEANS OF A MULTITELESCOPE
SYSTEM *}

C. cer.iaorxer, R. Fischer, P. Hille, H. Vonach, G. Stengl 2,B. Strohmaier, G. Traxler and
P. >:aier-Komor '

A new method for the measurement of energy and
angular distributions of charged particles
from neutron induced reactions has been deve-
loped during the last years /I/.
A small cylindrical multiwire chamber in con-
nection with a. central CsKTl) scintillator
allows simultaneously the measurement of the
energy of charged particles at all reaction
angles, the particle identification via the
ds/dx-s detector system and via pulse shape
discrimination, and the measurement of the
background, thus reducing accelerator and
measuring time (fig. 1). Data acquisition is
made on-line via CAMAC to a POP 11 computer.

F i t I. The Viennj multi-ldeskvpc \*Mem lM.hcmulia U) Top
new. lb) ude vie» 20

Supported by Fonds zur Förderung der
wissenschaftlichen Forschung in Österreich

PhysiStdepartment der TU München, BSD
Now with Sacher-Technik, Wien

Fig. 2, Angle integrated oi-emission spectrum
from 93-Nb+n at En«14.1 MeV

. this work
__ statistical model calculations fol-

ded with 1.5 MeV rectangular reso-
lution function

L _
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Th* new miltitelescope cysts* was applied in
studies of the 50-OMn,») reaction 12/ and In
tha investigation of the «-particle ealssion
fro» the reaction of 93-Nb with 14 KeV
neutrons /3/. Fig«. 2 and 3 show the energy
ipectra compared with calculations based on
the statistical aodel of nuclear reactions In-
cluding pracoapound processes. Fig. 4 gives an
cxuple of angular distributions Measured with
the new systca, which is now being improved by
inserting a second ring of proportional coun-
ters.
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IM C. Dcrndorfer et al., Nucl. instx. t Heth.
187 (1961) 423

72/ C. Oerndorfer et al., Z. Phy*. A3Q1 (1981)
327

131 R. Fischer et al., (1981) in preparation

(a)

(b)

, 1 . I

(e)

T-* I N - i.*.!*

(a)

Fig. 4.
20 40 60 «0 XX 120 W KOdeg

Angular distributions for different
a-en*rgy bins
() -U ) Echa"10"12 M e V ' ( b ) Echo"'2-1 4 H *
(c) E-v, »14-16 MeV, (d) E„u «16-18 KWcna cna
The solid line Indicates the 4th order
Legendre f i t .

BESTIMMUNG DER ENERGIEDIFFERENTIELLEN NEUTRONENPRODUKTIONSQUERSCHNITTE UND UNTERSUCHUNG DES
KONKURRIERENDEN NEUTRON- BZW, GAMMAZERFALLS NACH INELASTISCHER NEUTRONENSTREUUNG AN ZINK
BEI 1<* MEV EIrtSCHUSSEMERGIE
H. Xratschmar, S. Tagesen und H. Vonach

I
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Das Ziel dieser Arbeit war:
a) Die Messung des beim Beschüß mit 14 HeV

Neutronen auftretenden Verdampfungsspektrunt
und Vergleich der Ergebnisse mit Berechnun-
gen im Rahmen des statistischen Modells.
Die Klärung der Voraussetzungen für die Er-
mittlung der für die Zerfallsart der Konti-

t ä d ß b l i c h e n Größe T/ r

b)
g

nuumszustände maßgeblichen Größe
t<Jt.

Das Neutronenproduktionsspektrum an Zink konnte
im Energiebereich zwischen 0,7 und 4,9 HeV in
guter Übereinstimmung mit anderen experimentel-
len Ergebnissen /1,2,3/ ermittelt werden. Die
Übereinstimmung mit Berechnungen im Rahmen des

statistischen Modells, die mit dem Computer-
code STAPRE /4/ durchgeführt wurden, kann als
gut bezeichnet werden.
Die Messung des Verdampfungsspektrums wurde in
einer für die Messung der Zerfallsart der Kon-
tinuumszustände optimierten Anordnung durchge-
führt, da zur Auswertung der Zerfallsartmessung
(n-Y Koinzidenzspektrum) auch die Kenntnis des
Verdampfungsspektrums bei identischer Meßan-
ordnung nötig ist.
Die Voraussetzungen für die Ermittlung von
r / r t o t im Rahmen einer n-v Ko.inzidenzmessung
wurden geklärt.
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Wirkuigsqiwrscftnirt für Maun
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Die HeBanordnung für obig« Untersuchungen b«-
stand aus einer gepulsten 14 MeV Neutronen-
quall«f ainar Halbkugel aus Zink alt 2 cm
Radius ala Proba, 2 Stuck 5 x 1" HE 213
Hautronandataktoran 15/ in 81 ca Enttarnung
und eine» 7* Ga(Ll> Gaastadetektor in 46 en
Enttarnung. Dia Detektorsignale wurden untar
Verwendung von NIM-Elektroni.lt und alnan POP 11
on Una Rechner /6,7/ analysiert.
Dlata Arbalt vnirda In itahaan ainar Dissartaticn
/8/ durehgafUhrt.

/I/ F. Hannlngar, Dliiartatlon, Univ. wian 1980
/2/ O.A. Salnikov, Anufrlanko, YK-15 (1974)129
til o. Saallgar, ZfK 277 U
HI M. Uhl, a. StrohMiar, STAPRE, A Conputar

Coda for Particla Inducad Activation Cross
Saetions and Ralatad Quantitias, IRK 76/01,
Vianna 1976

/5/ A. Chalupka at al., Proc. 2nd ISPPA Nucl.
Electronic» Synp., EUR 5370 a 797S, p. 179

161 S. Tagasan, HPEXP 6, PrograMMbibllothak d.
IRK-Rachnars

HI R. Fiachar, HPASW, Progranmbibllothal d.
IRK-Rachnera

/»/ H. Kratschnar, Dlasartation, Univ. Mian
1981

THE REACTION 12C<N.N')3«IN A NEUTRON TIHE-OF-FLIGHT EXPERIMENT AT EN - 14 MEV
R. Koch, w.ü. 3reunli.cn, P. Kantnal, N. Cargnalli ', J. Harton l, J. Znwskal l, W.H. Bartl :

A coincidence experiment of the 12-C(n,n')3o
reaction at En • 14.3 HeV has been performed,
using two liquid organic scintillators NE 213.
One of them was usad as an activa 12-C target,
while the scattered neutronsware detected with
the other scintlllator.
with the aid of pulse-shape discrimination in
both detector* and time of flight techniques
alpha-events were clearly separated from pro-
ton- and gamma-event».
The angular distributions from 30° to 150° and
integrated cross sections ware extracted from
the data for the following reaction channels:

12C(n,n')12C*<3O) for the axcited states
in 12-C with

Q - - 9.64 HeV(3~) (o <

Q • - 10.84 HeVd") (o

respectively.

i 166 - 14 mb) and

» 34 - 6 mb)

For low energy »cattercd neutron» a continuum
was observed. The possible mechanisnswhich can
contribute to the continuum were investigated.
The integrated cross section (o « 467 ; 98 mb)
as well as the double differential cross

sections

tinuum too.

were determined for tnis con-

Comparing our result with the quite controver-
sial literature we conclude, that the reaction
mechanism is not sufficiently well understood.
Another motivation for this Investigation is
the aasentlal contribution of this reaction to
the light output of organic scintillators at
higher neutron energies.

'*>

f •

f

4 •

J •

! •

1 •

NEU1R0N nMt'OF-FLKHT SKCTRUM ^
OF tit KCACTION °C<n,nkl3*

i. INCLAVX surrcfmj to ME >.« MCV
l£V£L OF 7*C 1 SUBSCQUCNTir
BCCAlim INK 3 AWHAS 1

i./ncusnc XAncttm mtm te.Uuev
Leva or "c tswseovemr
OECAYINO INTO 3 ALPHAS)

3. COHUNUUM, PROOUCED IT HtUlROHS

FROM DIFFERENT RUCTION CHtHNCLi

'—\

1
no HO no no n to « '„'"•'

ö s t e r r e i c h i s c h e Akademie der Wissenschaften
ETH Zürich
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DCTERMHATION OF THE NEUTRON ENERGY SPECTRUM FROM THE SPONTANEOUS FISSION OF 252CF IN THE
EftERCV RANGE OF 2 HEV * E N * M MEV
J». Boettyer ', H. Klein ', A. Chalupka

In order to mature th« energy spaetcu» of th*
fission nauerom fron 252-Cf a low M M , fast
tonization chanter / V for detection of th*
fission fragments ha* ba«n Installed at th«
F » tine-of-flight (TOD spectrometer 121.
Tha properties of th* flaalon chamber auch aa
th« time resolution and th* datactor afficiancy
for fisaion product* war* d*t*rMln*d In coin»
cldanc* with a shielded small aclntlllatlon
datactor.
With 10s fissions par second and a total
efficiency of about 97.5t tha chastbar was
finally usad in a TOF experiment with four
scintillation d*t*ctor« (S.07 CM X 25.4 cm #)
behind • «2 • long flight path. Th* TOF
spectra (fig- I) (total rang* 1 us) recorded
in a running tla* of about 320 h for detec-
tors with bias levels of about 500 kaV elec-
tron energy have to be corrected for randc«
background event* as wall aa for uncorrelated
stops .'3/ frc« the ionlzatlon chamber and in
addition for dead tiis* losses.
Th* results for the absolute efficiency of the
liquid scintillation detector* including air
attenuation and colliaator-inscatterlng are
compared with further Methods of detector
calibration. A best set of parameters v and E
with respect to th* energy range 2 H*V i E s
s 14 MeV will be extracted. Data analysis
is in progress.

CH*HHEl NUttK*

Fig. 1. TiMe-of-flight spectrum of a one day
run recorded with datactor no 2

' Physikalisch-Technische Bundesanstalt,
Braunschweig» BRD

/ V A. Chalupka, Nucl. Inatr. t Hath. 164
(197») 105 and
A. Chalupka, B. Strohnaler, 'The IRK gold-
en fission chamber', this report

m H. Klein et al., Nucl. Instr. t Hath. 169
(1980) 359

/3/ A. Chalupka, Nucl. Inatr. t Hath. 165
(1979) 103

DETEKMINATION OF (J-VALUES AT THE MUNICH 03D SPECTROGRAPH
h. vonach, A. Chalupka> E. Huanges ', H.J. scheerer '

Precision measurements of nuclear masses were
performed with the Q30-spectrograph and the
precision time of flight system /^/ for measu-
ring of the beam energy of th* Munich tandem
accelerator. For these measurements the new
28 cm lonq multiwlre proportional counter /2/
which allows particle Identification, was used.
The 56-Fe-57-Fe mass difference and the masses
of 10-B and 14-0 were determined, respectively.
The latter is of Interest for the theory of

"' Supported by Fonds zur Förderung der

wissenschaftlichen Forschung in Österreich
1 Department o£ Physic»,TI) Munich

superallowed R-dscay. Data analysis is in pro-
grass and data will be published after re-
messuring the length of_the flight path to an
accuracy of \L/L & 2.10 *.

IM B. Huenges, l). Vonach, J. Labedzkl, Nucl.
Inatr. ( Math. 121 (1974) 307

121 A, Chalupka et al., A New Multiwlre Propor-
tional Counter for the Munich Q3D Spactro-
graph, this report
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CF W I C MESOMQLECULES IN LIQUID V H MIXTURES *}

i.j. Kafcl« ', w.ü. sreunlich, P. K
„.A. Schauer 5. L. Schellenberg 5

F'-sior. processes, subsequent to th« fOfsatlon
of pid nolccuies, war« th« first experlmental-
ly sfcs<?rvable exanpl« of th« exotic process
:i cols sxoncatalyzed fusion (sec L.W. Alvarez,
:;cfcel Lecture. 1968). The complexity of aeao-
ruslecular processes, taking place in such iso-
tpje hydrogen nixtures, is Illustrated in thi
figure. Today high precision experiments in-
vestigate these reactions to test theoretical
3 toJv scattering and boundstate calculations
ind to otfJin lndispenslble information for
*.:-.c- analysis of weak interaction capture «x-

1. W. Reiter, H.H. Mrtl 1. C. Petltjean ', w.j. Kossler

Concerning th« absolut« fusion gaawa yields in
contrast to previously used value» our new
results for th« hyperfine transition rates
(see also« First Observation of Hyperfine
Transitions in Huonie Deuterium Atoms via Re-
sonant dud Formation at 34 K, P. Kanmel et al.,
this report) indicate perfect agreement bet-
ween experiments and theory.

ir. our experinent using a liquid hydrogen tar-
get with dauteriun admixtures between 0.1 -
-Zl tine spectra and yields of fusion gajmaa
after suonstop w«re ncasured with a large NaJ
detector. The fusion rate >f detemined in

this work is in excellent agreement with pre-
vious experiments. Moreover, our data provide
new Information about th« hyperfin« population
of ud atoms in 1-H/2-H Mixtures.
An increased accuracy of th« absolut« gaaaa
yield determination coabinad with a refined
analysis allows the extraction of preliminary
results for the hyperfine transition ratest

>p • (4 - 2.5).1O
6/s

(process ud(F-3/2)+ p * ud(F«1/2) + p)

» • {35 - 2O).1O6/s

(process ud(F>3/2)+ d * ud(F-1/2) + d)

Above all the new result for A is interesting»

because it strongly differs from the theoreti-
cal predictions and the assumptions used in
the analysis of existing experiments on ration
capture in deuterium.

Supported by Österreichische Akademie der
Wissenschaften, Fonds zur Förderung der
wissenschaftlichen Forschung in Osterreich
and schweizerisches Institut für Nuklear- rii. i.
Forschung

'• österreichische Akademie der Wissenschaften
2 ETH Zürich
3 senweizerisches Institut für Nuklearforschung
* College of William and Mary, USA
' üniversiti de Fribourg

<T\ I I . -̂v

Illmtcitlcn o( tm ctKtlon cliiiit tiklnf plict
In a Blxtura oC llquM hydrafwi and dautarlu*.
<11M raaetloA ratts, nonulltad to liquid dwislty
• , an Indlcatadi > ia fraa «on daoay tata.)
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KESCK1ECULAR F0RKAT1W IN PURE. LIQUID DEUTERIUM *}

We discovered a resonant formation process of
the dud mesoroolecule from the upper F » 3/2
hyperfine state of th« ud atom, while detecting
neutrons from the muoncatalyzed fusion (dud -
3-He + n + u) in cold deuterium gas. Sine« the
molecular formation rates from the two hyper-
fine states (F • 3/2 and 1/2) arc found to
differ by nearly two orders of magnitude, the
first direct observation of the lifetime of
the ud ;F « 3/2) hyperfine state was possible.

, M. tiiut, H.H. B*rU 2, C. Petitjesn >, M.J. Kosslar *, I
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K.G. Kahler ». H.H. Bräunlich. P.
L.A. Schaller s. L. Schellenberg '

Th« rcleculer formation process
du * d - dud with th« rat« »^

deserves special interest, because • resonant
dependence cf th« formation rat« as a function
of tenperature was observed tn 1977. Mill«
systematic studies cover th« teaperatur« rang«
above 120 X, low tewperatur« data ar« scarce.
In this first counter experiment in pur«, li-
quid dcutcriuNf solecular dud formation was
nonitored by detecting neutrons froa th« fast
fusion process (dud • 3-He + n • u)>
In addition a new technique was successfully
esplcyed. By detecting electrons froa th« de-
layed ituon decay with a large NaJ d«t«ctor,
fusion neutrons war« identified by their
characteristic neutron-electron tlae correla-
tion. Using this method of delayed coinciden-
ces the total yield of fusion neutrons was de-
termined, including contribution froa th«
prenpt tin« region aftar auonstop, which 1*
concealed by strong background In conventional
ccur.tcr experiments. To our surprise th« nua-
bcr of neutrons extrapolated froa th« delayed
region onlv aaountad about «7% of th« total
yield.
This effect is a first Indication of a hyper-
fine resonance in th« molecular formation rat«.
(For a detailed explanation we refer toi'First
Observation of Hyperflne Transition« in Huonlc
Deuterium Moms via Resonant dud Formation at
34 X', P. Kaaael, this report). Th« enhanced
fusion yield in the proapt tin» reqlon is du«
to th« high molecular formation rate froa th«
F • 3/2 ud atomic state. Thar«for« a new ana-
lysis of th« two existing bubble chamber re-
sults was performed, which correctly distin-
guishes between the molecular formation from
the two hyperfine states.

"' supported by österreichische Akademie dar
Wissenschaften, Fonds zur Förderung der
wissenschaftlichen Forschung in Österreich
and Schweizerisches Institut fur Nuklear-
forschung.

1 Österreichische Akademie der Wissenschaften
2 ETH Zürich
1 Schweizarisches Institut für Nuklearforschung
* Collage of William and Mary, USA
5 Universite de Fribourg, Schweiz

FIRST OBSERVATION OF HYPERFINE TRANSITIONS IN MUONIC DEUTERIUM ATOMS VIA RESONANT DuD FORMATION
AT 31 K *T

p. Kammel, w.H. Breunlich, H. Cargnelli.1, H.G. Mahler ', J. Marton >, j. Zmeskal >, W.H. Berti 2,
C. Petitjean 3

rif. i. MMtlM dul» Of HIWlMllU IIMHM la
llfuM 4«t«rli« M pcMletxl ky thMiy dlirafar-
4U| tlw kyrwdM ititM of clw »i tue . Mw
nwlt* IM« to * »iiMtlwv of thij etaln (M*
•MMMilt roiHtlon of tlw Muonio Dl-HolicuU-
ftaiy of ümotflM tffootl U tko nafontun
•Mfi fron K.« to 110 «•, till« rafort, flf. I).
I» «MW »0» of tha fusion proouMO tka in* 1>
Ht (rM » i o » IMooo tka typical ruction ehalm
oao« Büro. Ika dlaappaaraaoo rato of wiona la
oovof«*i ky fro« auoa. oaeay. Ihn». fralM Mutcona
ar« KOMOaalao ky aw« 4aoiy «lasttens la da-
luft oolnoliane«, oharutKlart ky tlw wm Ufa
tlao.

This yields an accurate value for the hyperfine
transition rate:

\d ' (42.6 - 1.7) «106/s.

Thus we succeeded to experimentally answer the
question of hyperfine population of the ud
atoms, a problem which remained unsolved for
more than twenty years and has important conse-
quences on the capture rates in deuterium.

\
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Fig. 1.
Tin« distribution of fusion neutrons
•f tar 11 - steps in cold deuterium gas
•t 4 percent of liquid density. The
dashed lines represent the contribu-
tion of the ud hyperfine state F»i/2
•nd r-1/2, respectively.

Supported by Österreichische Akideale der
Wissenschaften. Fonds zur Förderung der
wissenschaftlichen Forschung in Österreich
and Schweizerisches Institut für Nuklear-
forschung.

1 Österreichische Akadeaie der Wissenschaften
2 ETH Zürich
1 Schweizerisches Institut für Nuklearforschung

RESONANT FORWTION OF THE MÜONIC Dj-KOLECULE - STUDY OF HYPERFINE EFFECTS IN THE TEMPERATURE RANGE
FROH 25.6 TO 150 K *>
J. zneskal, H.H. Breunllch, P. KanMl, H. cargnelll l, J. Harton >, w.ü. Berti 2, C. Petitjean >

With the aid of a cryogenic gas target we in-
vestigated the tin* and energy spectra of
neutrons produced in the muon catalyzed fusion
process

dud - n + 3He + u

in pure deuterium. Data were taken for diffe-
rent gas densities (2 and 4 percent liquid den-
sity) in the temperature range 25.6 to ISO K.

The aln of this experiment is to search for
the temperature dependence of the resonant
molecular formation rates U d d ) starting from

the two hyperfine states'{F • 3/2 and F - 1/21
of the ud atom. Moreover, the full complexity
of the magnetic effects to be revealed must in-
clude the magnetic splitting of the molecular
states.

FIG. I
Reaction chain of molecular processes in pure
deuterium, taking into account the hyperfine
splitting of the ground state of the ud atom.
3/2 1/2

Ad£ and \V± represent the molecular formation

rates from these data. The hyperfine transition
rats is given by \,.

ns. 2
Possibilities of resonant formation of the dud
molecule from the two hyperfine states of the
ud atom. The dud molecule in the J > 1 state
under consideration splits into two hf-compo-
nenti also.
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Ifc should ba emphasized that tha dud is tha
cloMtt ««logon to tha dut aolecule, tha
•yitaa which it cuccantly discussed for
poislbl« applications in energy production.
In addition these results alao provlda valu -
able insight to tha thraa body Couloafc problaa.
It »• possible to determine tha energy of tha
participate? highly axcittd Mioaolecular
stata with a unique experiiwntal praciaion
(< 1 naV), corresponding to a praclilon of
l«s* than 1 ppn of tha auonlc Kydberg.

Supportad by österreichische Akadeitie dar
Wissenschaften, Fonda zur Forderung dar
wiaaanschaftlichan Forschung in Österreich
ar.d Schweizerisches Institut für Huklear-
forschung.

1 österreichische Akadaaia dar Wissenschaften
: ETH Zürich
3 Schweizerisches Institut für Huklaarforschung •I.' ; ' A »

Taaytrature dapandanca of tha ratio i^2/*dd
2>

Tha striking hf-effect of thaaa rataa found in
tha axpariaant raportad abova ("Flrat obaerva-
tion of Hyparfina Transition In Huonlc Deuterin*
Atoas via Resonant dud Formation at 34 K")
shows a pronouncad tasiparatura dapandanca which
is dua' to the raaonanca »echanls*!.

MULTIPLE CATALYSIS OF DD-FUSIÖN BY MUONS*}

W.U. Braunlich, P. Xaasial, M. Cargnalli
J. ucrnar ', J. Znaskal ', H.H. Bartl 2

', H. Fuhrmann '
C. Patitjaan '

J. Karton >, P. Pawlak ', T. strahl ',

Succasslva dd-Cusion procassas, which ara cata-
lyzed by tha same rauon, ware studied in a
counter experiment for the flrat time» While in
tha pioneering bubble-chuiber experiments at
Berkeley (sea L.W. Alvarez, Hobal-Priza Lec-
ture 68) about 25 years ago only two axaaples
of twofold catalysis were found, we recorded
around thousand delayed coincidencea of con-
secutive fusion neutrons using two neutron de-
tectors (see "Performance and Efficiency of a
Large Liquid Scintillation Counter for the De-
tection of Fast Neutrons",H. Harton et «1.,
this report)•
This type of experiment provides a promising
tool for studying the kinetics of mesomolecu-
lar processes, especially in tha short time
range of the order of several tan nanoseconds.
This time range is usually vary difficult to
investigate with standard techniques when stop-
ping muons in hydrogen. Thus, we succeeded in
the first direct observation of hyperfin«
affects in liquid deuterium, where the life-
time of the upper hf-state of tha ud-atom is
only 23 ni, i.e. only tit of the rauon life-
time.

' supported by österreichische Akademie der
Wissenschaften, Fonds zur Förderung der
wissenschaftlichen Forschung in ästerreich
and Schweizerisches Institut far Nuklear-
forschung

1 österreichische Akademie der Wissenschaften
2 ETH Zürich
3 Schweizerisches Institut für Nuklearforschung

Neutron-neutron correlation time of successive
fusion processes catalyzed by the same muon in
pure liquid deuterium. The two time components
show the depopulation (? « 23 ns) of the F - 3/2
hyperfine state and tha life time (x - 2.2 s)
of the F - 1/2 hyparfine state of tha d-atom,
respectively.
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WOSI CAPTURE IN DEUTERllW *>
K . cwgnelli >. H. Fuhrmann >, j. Marton », P. rawlek l, T. strahl >, J. Karnar >. J. Zmeskal >.
w.u. Brcunlich. ?. Kammel, H.H. Bartl *, C. Petitjean '

Tfce capture of moons by dautariua nudal

is of considerable theoretical Interest and
vas thus investigsted experimentally for many
year*.
Since th« rat« for nuon capture In deuterium
depends strongly on th« hyperfine stat« of th«
*i atcn (F • 1/2 or 3/21, in which the process
cccurs. it is necessary to use tha correct
.i.perfine populations in the analysis.
The ratio of the hf-populations was investiga-
ted experimentally cnly recently by our group.
Thus, the assumptions entering Into tha analy-
sis of the old experiments could be checked
and were found to be in contradiction to the
r.ev experimental result.
Cur r*an*lysation of the old experiments using
the r.e» information about the population of the
ni-states leads to a striking discrepancy bet-

ween tha two experimental valuaa.
This eaphaalzes tha necessity to rmeaaure the
capture rate using the latest experimental
techniques. Tha «»in experimental problem
arise« from th« fact that neutrons originating
from a rather rar« procaaa with a continuous
energy distribution peaked at about 1.3 HeV
have to be detected in the presence of compara-
tively high background components.
After careful study of atomic and molecular
processes of muonic atoms in hydrogen it was
decided to perform a capture experiment in
pure deuterium for the first time tthe old ex-
periments war« performed in hydrogen with snail
deuterium admixture). An essential tool for se-
parating capture neutrons from neutrons emitted
in muon induced nuclear fueion is the method
of delayed coincidences between fuaion neutrons
and u-decay electrons, which is also used for
calibration purposes. The experimental program
is in progress.
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1 Supported by Österreichische Akademie der
Wissenschaften, Fonds zur Förderung der
wissenschaftlichen Forschung in Österreich
and Schweizerisches Institut für Nuklear-
forschung •

1 österreichisch« Akademie der Wissenschaften
2 ETH Zürich
3 Schweizerisches Institut für Nuklearforschung
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PERFORHMJCE AND EFFICIENCY OF A LARGE LIQUID SCINTILLATION COUNTER FOR THE DETECTION OF FAST
«UTROKS ' '
J. Harten >, K. ruhnwuw ', P. Pawlek >. n. Cargnelll ', N.H. Berti *, H.H. Bräunlich, P. KHMMI,
V.L. »eiter

This neutron detector of high efficiency con-
sists of « larg« call (2< 14 • 10 CM) ti l led
with liquid adntlllator HE 213. Two pnott-
nultipliers <XP 2041) viewing th« VOIUM fro»
both enda allow a compensation for geometrical
effects on tha time resolution. Vni.totmi.ty,
energy resolution and n-Y pulsa ahapa discri-

fig1

gamma

»InatIon (PSD) hava bean taatad using the sun
of the anode signal! of the photomultlpllera.
The applied PSD Method la based upon the com-
parison of two weighted tlMe Integrale of the
detector signal. Ita performance In the low
energy range (i 0.06 HeV In equivalent electron
energy) Is represented by the figure of Merit
and alternative definitions. The energy- and
pulse height-dependent efficiency (response
Matrix) has been calibrated In a time of flight
arrangement with a 252-cf-flsslon chamber.

NCvraoN iPriiNC

toe or null MUHT

1.41

PSD

Supported by österreichische Akademie der
Wissenschaften! Fonds zur Forderung der
wissenschaftlichen Forschung in Osterreich
and Schweizerisches Institut fdr Nuklear-
forschung.

2. Proton mpenia ritrlM • • <I«ttriRln«d In a
tliM-or-fll9ht «Mptrlrtnt uiln9 • 252-Cf
prompt fl islon IOUCC«.

1 Österreichische Akademie der Wissenschaften
2 ETH Zürich

ÜEVELOPHENT OF A SILICON-DIODE POCKET RADIATION CHIRPER
8. Nowotny

Small sized pocket radiation chirpars have
bean shown to be useful as a personal warning
device. Usually GM-tubes or CdTl diodes are
used for the detection of X- or gamma radia-
tion. In previous papers /I,2,3/ it was shown
that small Silicon-PIN-photodiodes are capable
of energy-dispersive photon detection. Hence a
pocket radiation chlrper was designed in which
such diodes are employed.
Fig. 1 shows the intrinsic full energy peak
efficiency for a BPW 34 and an ion implanted
diode /*/.

Three BPW 34 were operating in parallel to
give a sensitivity similar to GM-tubes. Pulses
are fed through a charge sensitive amplifier
into a trigger with a threshold set to 40 keV.
Trigger output pulses are integrated to give
approximately one chirp per 10 uR. The sensi-
tivity was tasted with several calibrated
radioactive sources (table 1). The device
works up to 48° C with 40 keV threshold setting
and sustains dose rates of greater 15 kR/h.
A detailed description will be published /S/.
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1.

IwV
Intrinsic full-energy peak efficiency
«t -for a BPH 34 diode (&) and an lon-

iaplantad dlod« /</(•)

Radlo-
nuelide

" c o

137C,

«°CO

Sanaltivlty,

3 it i n 14

i.»

1.7

1.»

3.0

5.3

5.1

chlrp»/«tin
•Wh

lUoda no.
59-13-«

2.1

2.0

1.«

3.2

S.C

5.2

Table It Sanaitlvlty of tha chlrper for several
radioactive aourcaa

/I/ R. Nowotny, v.h. Reiter, Nucl. inatr. •
Hath. 147 (1977) 47?

Ill R. Nowotny', V.L. Raitar, Nucl. Inatr. t
Hath. 1S3 (1978) 597

/3/ x. Nowotny, Haalth Phyaica 39 (1980) 310
I*/ J. KaMwr, Nucl. inatr. t Hath. 169 (1980)

499
15/ R. Nowotny« Haalth Phyaica (accaptad for

publication)

A NEW HULTIW1RE PROPORTIONAL COUNTER (HHPC) FOR THE MUNICH 03D SPECTROGRAPH
A. Chaluple», H. Vonach, K.U. Bahnaan *, J.Labadiki «, H.J. Schaarar >, G. Ziaglar >

Eipacially for Q-valua nwaauraaianta /I/ at tha
Munich 030 apactrograph a ca. 28 en Ion? MWPC
waa built. Tha poaitlon sanaltiva part of th*
d«t«ctor conslata of 576 wir«» of 8 um dia»a-
tar at wir« dlatancaa of 0,5 m in eonnactlon
with 576 praaapllflara and diacrialnatora. A
main faatur« ia tha poaaibility of partial«
identification for light partlclaa aa p. A, t,
3-H«, a...

Plot of At varaua light output of tha
acintillator ahowing a small but
clearly ««paratad peak of tritom and
Urg« amounts of background due to p,
d, i

Thla la achitvad by procaaaing tha elgnala de-
rived front tha cathode (iE) and fron the light
output when the partiolea are atopped in a
NE 110 acintlllator viewed by a photontulti-
pliar.
rig. 1 illuatrataa tha particle separation
power of the instrument in an X(3-H«,t)Y ex-
par lawnt.
A similar detector of approximately 2 m length
i« being conatructed. Recently promising teats
with electronics inatalled for 1600 wire» were
performed.

IM H. Vonach, A. Chalupk«, E. Huenges, H.J.
Schaerer, Determination of 0-valuea at the
Munich Q30 spectrograph, thla report

1 Physik-Department, TU München
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S * IS* &SU30I FISSION CH/W6E«
A. Cfcaiuf«», i. Stroteaier

The development of a detector for fragments of
the spontaneous fission of 252-Cf finally rc-
mlted ir. the construction of a low M S S fast
:onixstion chaaber mad« fron *»7-Au taking ad-
vantage of its 1001 natural occurrence, high
chenlcal resistance ar.4 absence of resonances
in u,

tot above 10 kav.

.05'

.04

.03

.01

0
10

Nautron Energy (KaV)

ttered flux 0* (S

252-cf nautron flux

Fig. 1. Scattered flux 0* <rn> relative to

This instrument is intended to ba uaad as a
start datactor for tlM of flight Beasureaents
of tha 2S2-Cf fiaaion neutron spectrum /I/. De-
tailad studies of tha alteration of this spec-
trum due to interactions of the neutrons with
the source backing and the chamber were carried

out with the cede COCOLD (Fig. ! ) • Improved
electronics using cascaded fast preamplifier*
allow pile up free processing of high fission
rates with excellent timing and a-discri»inf
tlon (fig. 2).

Fig. 2. Output signals recorded by a sampling
oscilloscope (vertical:50 mV/div,
horizontal: 5 nsec/div). a and fission
events correspond to the smaller and
larger amplitudes/ respectively.

/ V R. Boettger, H. Klein, A. Chalupka, Deter-
mination of the Neutron Energy Spectrum
from the Spontaneous Fission of 252-cf in
the Energy Range of 2 MeV ä E s H MeV,
this report n

E V A L U A T I O N O F N U C L E A R D A T A A N D
N U M E R I C A L D A T A P R O C E S S I N G

I
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SPASM, A PROGRAM FOR INTERACTIVE ANALYSIS OF LINE-SPECTRA, MEASURED BY NUCLEAR RADIATION
DETECTORS
S. Tagesen

One of the most frequent problems in nuclear
data analysis is tackled in a very simple yet
reliable way. The problem ia, to calculate a
"peak-area" in a reproducible manner with re-
liable error estimates. Many automatic spectra
analysis codes make use of more or less com-
plex peak-fitting methods. Common disadvan-
tage of such algorithms is, that they require
either detailed a priori information on line
shape or numerous data point* with good sta-
tistics to enable a multiparameter fit with
sufficient quality.

In SPASH the experimentalist has a high reso-
lution graphics display and a plotter for do-
cumentation at his disposal (PDP 11/34 A with
W i l t light pen). He directs the program via
background "regions of interest" (fig. 1, mar-
ker 1-2 and 5-6) to calculate a "background"
polynomial (dotted line), which is used to
calculate the background below the peak (mar-
kers 3-4). The display itself and the indi-
cation of x2 serves to judge the quality of
the background fit. The error is calculated
from the actual number of counts in the



I
I
I
I
I

-21-

ccntcs&utia? channels. Th« *<;ausslan"-fit to
tin peak serves solely for determination of
the peak-position and num. which gives an
indication oC a reasonably wall isolated
•single» peak.
If window settings are kept constant in the
analysis ot calibration peak* and successive
spectra, rast 'systematic* errors cancel in
first enter, thus within one series of spectra
peak area ratio errors are In fact determined
oy counting statistics»
Ever, in "absolute" peak area determinations
fro« a sinqt« spectrum the inherent subjecti-
vity has proven to be equally or more reliable
ami sensitive than uaual fit quality criteria.

I
A MEW UNFOLDING METHOD APPLIED TO PROTON RECOIL SPECTRA FRON A LIQUID SC1NTILLATOR *}

A. Cargr.elii >

A numerical procedure for the reconstruc-
tion of the neutron energy spectra (by unfol-
ding the proton-recoils) was developed recent-
ly and tested using a measured response
function from a large liquid scintillator ME
213 and various experimental and simulated re-
coil spectra.
The basic problem in unfolding resolution
smsared spectra is the instability of the back-
ward transformation, which leads to useless
pseudo-solutions unless special care Is taken.
The essential improved performance of the new
method is due to the suppression of the pseudo-
components by two measures« The energy distri-
bution Is approximated by a sum of either har-
monic- or Legendre-polynomlal basis functions
(thus preventing high frequency spurious oscil-
lations) under the constraint that the solution
be greater than zero. These basis functions are
folded with the response function and then used
as components for a constrained least-square
fit to the pulse-height data. So the essence
of the procedure is a sequence of multi-para-
meter minimizations subject to a set of un-
equal ity constraints.

' Supported by Österreichische Akademie der
Wissenschaften, Fonds zur Förderung der
Wissenschaftlichelt Forschung in Österreich
and Schweizerisches Institut für Nuklear-
forschung.

österreichische Akademie der Wissenschaften
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EVAUSATION GF EXCITATION FUHCTIONS FOR SOME IMPORTANT NEUTR0N-D0SIMETR7-REACT10NS
ClnREShCU TO 20 HEV> #)
ü. vonsch. S. T»s«itn, >. Strohnaier

Suringi the last years 111 «xtandad research
progran has ba«n «xacutad to avaluata {»eva-
luate) important dosistetry reaction cross
sections, r.ot y«t contained in tha CNOr/1-fila
/»/• The fsrst «tap has bean to develop a
nathed for an as accurata as posslbla treat-
ment of existing data, taking into account tha
often vary poor uncertainty information /2/
«• wall as racant changes of rafaranca data.
A rorp\jter program tit has baan designed ;o
create th« necessary data filai and parform
the calculations for generation of excitation
functions and covarianca matrices. In casaa>
where in some energy region no experiaen-

/V ENDr/B-IV ooslaatry Flla, ad. 1.\. Magurno,
BNL-NCS-5C446 (1975)

IZ! H. vor.ach and s. Tagasan. "E/aluatlon
Methods and Procedures with emphasis on
handling experimental data", Ptoc. Int.
Conf. on Evaluation Mathods and Procedural,
Brookhavan, Sapt. 19BO

fit S. Tagasen» "EVA, ain Prograsasystan zur
Evaluation von Anragungafunktionan und Ko-
varianzBatrlzan for Nautronandosixatria-
Baaktionan*. Anz. Ostarr. Akad. Wisa., Jg.
1979, Nr. 7, 166

tal data wera «xisting, tha experimental data
sat has baan complanented by theoretical data,
derived by nodal-calculations with tha cod«
STAPRE IM. Results have been published on
the following reactions:
24-Mg(n,p)24-Na, 64-Zn(n,p)64-Cu, 63-Cu(n,2n)
62-Cu, 9O-Zr(n.2n)89-Zr /S/j 19-F<n,2n)1B-F,
31-P(n,p»31-Si, 93-Nb(n,n')93m-Hb, 1O3-Rh
(n,n')1O3n-lth /6/i 27-Al(n,a)24-Na 111.
Tha Most recent data on 27-Al(n,o) reveal a
considarabla change of tha cross section
against previous evaluations in some energy
regions and in addition a remarkable decrease
of uncertainty.

1*1 B. Strohmaier, M. uhl, Proc. Winter Course
on Nuclear Theory for Applications, Trieste.
1978, IAEA-SHR-43 (1980) 313

tit S. Tageaen, H. Vonach and B. strohmaier,
Physik Datan/Phyaics Data Nr. 13-1 (1979)

161 B. Strohnaier, s. Tagesen and H. Vonach,
Physik Daten/Physica Data Nr. 13-2 (1981)

PI S. Tagesen and H. Vonach, Physik Daten/
Physics Data Nr. 13-3 (1981)

*) Partly supported by both the IAEA, Vienna
and the Bundesministerium für Wissenschaft
und Forschung

SOME ASPECTS OF ACTIVITY HEASUREHENTS WITH N A K T L ) HELL-TYPE DETECTORS
a. tinkler and A. Pavlik

A FORTRAN computer program has been developed
to calculate the total efficiency of high-effi-
ciency gamu-datectors for radionuclidas with
complex decay schenes. It includes a. chick of
the physical consistency of the assumed decay
scheme and an error analysis which also takes
into account correlations using tha genera-
lized error propagation law. in line with a
description of the essential featurea of this
procedure for efficiency determinations some
special problems are discussed which are en-
countered on measuring the activity of thick
samples for several applied purposes, or when
low energy coincident gamma-radiation or X-
rays ara present. Fig. 1 shows the increase of
tha total detector efficiency for 60-Co
distributed in a copper matrix with the sample
thickness due to Compton scattering of the
emitted gamma-radiation by tha sample.

(This work is to be published in Proc. ICRH-
Seminar on Gamma- and X-Ray Spectrometer
Techniques and Applications,Int. J. Applied
Radiation and Isotopes)
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Fig. 1.
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The increase of the total detector
efficiency for 60-Co in a. copper
matrix with the sample thickness
(sample diameter i 13 nun):
i) calculated on the basis of Compton
scattering (data represented by cros-
ses) and ii) experimental results
(data with error bars)
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I ft K RADIOCARBON DATING LABORATORY
H. Fclber

The Vienna Radium Institute Radiocarbon Dating
Laboratory is concerned with interdisciplinary
cooperation in the fields as archaeology, pre-
history, palynology, geography, glaciology,
limnology, climatology, geology, mineralogy,
hydrology, oceanography, botany, for««try.

soil science,Mining, preferably with Austrian
Universities, museums and other scientific
institutions.
Dating up to 40 000 years B.P. is done by a
methane proportional counter low level system
with internal screening counter arrangement.

ABSOLUTE DATIERUNG FOSSILER KNOCHEN IN ALTERSBEREICH 10 000 - 300 000 JAHRE *}

P. Hill«, £. Wild und H. Vonach

Seit einigen Jahren wird am Institut für
Radiumforschung und Kernphysik versucht, fos-
sile Knochen mit physikalischen Methoden ab-
solut zu datieren. Diese Bemühungen sind Teil
interdisziplinärer Zusammenarbeit, die vom
Fonds zur Förderung der wissenschaftlichen
Forschung in Osterreich gefördert wird.

AU l: Ltnhtxt irr itfniHn f<mia^tn

DA: i
HH: HawMieim (Kivockjnip.ll')
KW: KöMcma«iöMi
IM: Ultc»m.y«ki>klc
MH: McMmnaliöMc
Mu: Müuun(DiKlMnhöhlc)
Seh: Sdunloch

Sd: Suinnndorf
SDH:
ST: Stittfmd
SlM; Sinkt Muiimhfn
TL: TeuMtlvcfcr
Wi: Winden (BinnhöMt)

B : Rueich

Das jdngste Projekt (Mr. 4370) lauft unter
obigem Titel seit Mai 19B1 und wird von Prof.
Ft. Pittioni (Institut für Ur- und Frühge-
schichte der Universität Wien), Prof. J.
Korkisch und Dr. I. Stcffan (Institut für Ana-
lytische Chemie der Universität Wien), Doz. G.
Rabeder und Doz. N. Vavra (Institut für Paläon-
tologie der Universität Wien), Dr. K. Mais
(Naturhistorisches Museum, Wien) und Prof. F.
Hillc getragen.
Im Rahmen des Projekts wird der Fragenkreis
der Geschichte des Neanderthalers int alpinen
Bereich in engen Zusammenhang mit dem paläon-
tologischen Fragenkomplex der Datierung von
Höhlenfaunen, besonders des Höhlenbären, be-
handelt. Das Projekt baut auf den Erfahrungen

l o l -

111 um1 2 t «ID' 2 1 II«1 i 4 (•«' 2 1 ti»'

Kmtm. DH*itt$miim Cwit mUfritH mm ft, in ik nUUm FtUtr minmtlmtrl

und Erbegnissen früherer Projekte auf ' ) . Es
geht u.a. darum, Steinartefakte, die als Zeug-
nisse menschlicher Anwesenheit in hochalpinen
österreichischen Höhlen gefunden wurden, zu
datieren. Diese Datierung wird über verschiede-
ne physikalisch-chemische Methoden versucht,
die sich auf Knochen, die aus dem gleichen
Fundhorizont geborgen wurden, anwenden lassen.
Es wird vermutet, das es sich bei den Her-
stellern der gefundenen Steinwerkzeuge um
Neanderthal-Jäger handelt, denen es möglich
war, in einer Periode warmen Klima* dem Höhlen-
bären ins Gebirge zu folgen, um ihn zu jagen.
Da der zu datierende Zeitbereich wahrschein-
lich außerhalb der Reichweite der 14-C-Methode
liegt, müssen andere Methoden angewendet werden.
(Ein Überblick über alle bewährten Methoden
wird in /1/ gegeben.)
Die Uran-Serien-Methodc, der Stickstoff/Fluor-
Test, und die Analyse des Abbaus von Amino-
säuren bzw. deren Razemisierung wurden bisher,
teilweise nach Adaptierung auf eine größere
Anzahl von Knochenproben angewendet (siehe
/2-4/). Die methodischen Vorarbeiten konnten
1981 zu einem vorläufigen Abschluß gebracht
werden. Abb. 1 zeigt eine Lageskizze beprob-
ter Fundstellen. In Abb. 2 sind die bisherigen
Ergebnisse bezüglich der Zeitabhängigkeit der
Fluoraufnahm« von fossilen Knochen aus öster-
reichischen Höhlen dargestellt. Abb. 3 zeigt
das Gaschromatogramm eines Aminosäuregemisches
aus einem Bärenknochen.
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Uti e*r tran-Serian-Hethoo« wtrdtn V und Th
aus d«r rnocheiutatrix chesriseh abgetrennt HI,
ur.B tile Xaotoptnverhaltnisse 2JO-Th/2J4-U und
I27-TW235-1' aber Messung dar «-Strahlung be-
•tiflpt. Abb. 4 zeigt da* «-Spaktru«! dar V-
fraktior. aus ainar Knochenproba. Datall* dar
ptthodiscnar. voroansrtwaiia werden und wurdan
an anderer Steil« veröffentlicht /2 .3 .4/ .

m H. Falber und P. Hill«. Anwandung dar
Radloisotopandatlarung In dar Arehlologla
(in Vorbereitung far Sitzbar. d. Ostarr.
Akad. Mas.)

Ill t. Mil«, K. Hal», G. Rabeder, H. Vavia
und B. Mild, über Aminosäuren- und Stlck-
stoff/Fluor-Datlarung fossiler Median
aua österreichischen Höhlan, Ola Höhl« 32,
3 (1981) 74-91

131 E. Wild, p. Hill« und C. Rabadar, Xaprova-
•ents and some raaulta of tha H/F-aetiva-
tlon «wthod for dating fossil bona, J.
Radloanal. Cham, (in Druck)

IM a. Xorklsch, I. Staffan, P. Hill«, H.
Vonach und E. wild, UraniuB-aarias-Mthod
appliad to foasll bon«, 3. Radioanal. Ch««.
(In Druck)

vCJ IIMI

Abb. 4. a-Spektrun dar U-Fraktlon aus einer
Xnochenprobe (232-U wurd« als Radio-
indikator zur Feststellung dar
chamischen Trennausbeuten zugesetzt)

Projekt 3019t "Altersbestlnwung von Fossi-
lien alt neuen physikalischen und chemi-
schen Methoden* (Projektleiter: G.
Rabadar) und
Projekt 3671: "Altersbestimmung von Fossi-
lien nach der Uran-Thorium und Uran-
Protactlnium Methode" (Projektleiten
K. Vonach)

Unterstützt vom Fonds zur Förderung der
wissenschaftlichen Forschung in Österreich

SCHWEFELIS070PENUNTERSUCHUNGEN
£. Pak

Das Arbaitsgabiat dar Isotopangaochaala (HVufig-
kaitsbastlmung stabiler Isotope) leitet sich
in Institut einerseits her von der traditionel-
len Beschäftigung mit Altersbestimmungen, ande-
rerseits aus dem Vorhandansein eines für diesen
Zweck ausgezeichnet geeigneten Hassenspektro-
Mters. Sie Möglichkeit der Altersbeatinnung
von «vaporitischen Sulfatg«st«in«n aufgrund
ihrer Schwefellsotopanzusainmnsatzung (34-S/
32-S) besteht deshalb, well sich di«s« in Sul-
fat dar H«ere in Laufe der Erdgeschichte ver-
ändert hat (dieser Method« liegt also nicht et-
wa eine "radioaktive Uhr" zugrunde, sondern die
Einordnung anhand dar für die geologischen
Epochen jeweils charakteristischen Werte).
Auf diese Wels« sind in d«n latztan Jahren um-
fangreich« Untersuchung«] mit Hauptgewicht auf
den österreichischen Salzlagerstätten und all-
gemein der Perm-Triai-Abgranzung durchgeführt
und größtenteils zu einem vorläufigen AbschluB
gebracht worden. Im Berichtszeitraum wurde
dlcsar Bereich nur noch mit vereinzelten Proben
weiter verfolgt. Hingegen hat sich der Schwer-
punkt der Schwef«llsotop«nunt«rsuchung«n auf
das sowohl rein wissenschaftlich als auch wirt-
schaftlich bedeutungsvolle Gebiet der sulfi-
dischen Erzlagerstätten verlegt.

Die Isotopenzusanmensetzung der Buntmetallsul-
fide UBt auf die Art der Entstehung der Lagcr-
stKttan schlieSen. In erster Linie gelingt di«
auf anderem Wege oft unmögliche oder unsichere
Unterscheidung zwischen magmatogen-hydrother-
maler und bakteriogen-ssdinanta'rer Bildung fast
stets, da bei bakterieller Mitwirkung stärke-
re Anreicherung des laichten Schwefelisotops
und gröfiere Streuung der Werte beobachtet
werden,während die aus Hydrothermen abgeschie-
denen Erze einheitlichere Isotopenzusammen-
setzung aufweisen und die Mineralparagencsen
im Falle bestehender Isotopcnfraktionierungs-
gleichgewiehte eine Abschätzung der Bildungs-
tenperatur zulassen. Hinweise auf die Mit-
wirkung des Meerwassers ergeben sich durch
gleichzeitige Isotopenuntersuchungen beim
Schwefel der Schwerspüte.

Im Berichtszeitraum wurde in erster Linie eine
mehrjIhrige, umfangreiche Bearbeitung der Pb-
Zn-LagcrstHtte Bleiberg (KSrnten) abgeschlossen
und publiziert ' ) . Diese Lagerstatte ist wegen
des Auftretens von mindestens 6 Vererzungshori-
zonten und wegen mannigfachen Sckundürprozes-
sen (Diagenese, Metamorphose) sehr komplex. Die
Schwefelisotopenmessungen ergaben, das die Erze
bakteriell, also sedimentär entstanden sind,

I
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wotwi *t«r »indattwia svmi. aufeinanderfolgende
MiBaMlieationiphasen (Generationen) «in«
•hataMtlM Anrfficnerjn? von laichten Schvafel
zur Fol«a h

Ctne»n*aN nit Prof. Schroll
Ki«ri «nd Prof. Schule «UuvarüUt

k

Verschieden unfengreicha Unterauchungeo *) von
lafarstlttenberalchen in Osterreich wurden in
»arichtaieitraun begonnen (IWrdliche KaUaipen).
veitertefOhrt (Karawanken, Karwwtdal, Tauvrn)
odar «bfaachloaaan (Xrautsckjruppa, fchlainlnf1.

1W H E D 1 C I N E

• CT-LLS FOR WALITY ASSURANCE IN DIAGNOSTIC RADIOLOGY *}

R. »owctr.y, W. Rachtbargar

A prcqtjj«;» is undar way to aatabliah and «va-
luata standard siathoda for tha anasuraaant of
physical and tachnical paramtara for apparatua
in diagnostic radiology.
•««Idas, naw Mthodi *ra davalopad in which
nuclaar awasuravant tachniqoaa ara usad. Tha
paak voltaga of fluoroscopy aquipaant can ba
dataminad via anargy dlsparaiva X-ray spactro-
•atry. Tha tuba output la awaautad with a FXN-
dloda as a photon datactor /V. Tha paak vol-
taaa u than datarminad fro* tha high-anargy
and point of tha pulsa haight distribution
(fig. 1).

Fig. 1. Pulsa-haight apactra for various kV
sattinga obtalnad with a conatant
potantial X-ray ganarator

In anothar tachnlqua PIN-diodas could ba aai-
ployad to datarmlna tha dosa output of x-ray
tubas with a racording bandwidth of up to
10 kHz HI. High volttga rippla, timing and
various artifacta can ba saan on such racor-
dinga (fig. 2).
It is the intantion to incraasa tha number of
method* where electronic racording of data is
used instead of photographic films. A retake
analysis programme will serve to control tha
efface of the various measures taken.

»n*r(y IkfVl

Fig. 2. Dosa rata with time for a 6-pulae X-
ray generator (tine interval 0.4 ns
par channel)

/ V R. Nowotny, Health Fhyaica 39 (1980) 310
11/ R. Nowotny, H. Jantach, Proc. 12. Jahres-

tagung dar DGHP, München, 1981

*) Partly supported by L. Boltzmann Institut
für radiologisch-phvsikallache Tumor-
diagnostik (Prof. Or. H. Pokiaaer)
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M USE OF HERiNOftN ADHESIVE MTEftlAL WITH TENDONS

t. SC*cft o, 8. Herts • . r . Untner » and X. Nowotny

«w availability of fibrinoven adheslva wa-
«rsai (FAM» renders faatibla varloua int«res-
tjn<? applications. Previous atudles /» ,? / have
bv«n **3a to detamina tha phyaical characta«
riatics of rAH.Awcfl« others It bacaa« lapor-
tanit te laacn If tha application of r«H speeds
up tha haalijif pracaaaaa. In particular tbla
proelaa waa atudlad for tha haallnf of acblllaa
casdona»
FAM of INMMO AC. VlaMia waa uaad tofathtr
with a autura oC haal tandona of Ct rabbit«.
it» achtllaa-eandoo cut throuoji waa anaato-
nciad in a typical way. Maldaa homlogaoua
f:äjrlnoqt!i-cryopr«eipit»te was appliad in ona

*••

i ^ l and bionachanical avaluation of
the ar.aate*oaia waa carriad out af tar ona. two
and four vaaka. Tha «achanlcal atrangth of tha
tandon waa datamlnad ln-vltro in a atraaa-
atrain axparlaant (fi?. 1). Daaulta Indlcata
that tha application of FAM doaa not accalarata
tr.a hvaling prccaia of tandona / 3 / .

fij lt. Nowotny. A. Chalupka. Ch. Nowotny, p.
Böach. BloMtariala 2 O981) 55

,'Zf B. Nowotny. A. Chalupka, Ch. Nowotny, P.
Bosch, BloMtariala i«80 (CO. wlntar, D.F.
Gibbons, H. Plank, ads.) p. S77, wilay t
Sona, 19(2

ni P. Mach, H. Hartz, F. Llntnar, P.. Nowotny,
Arch. Orthop. Trauaat. Sur?. *a (1911) 305

I Abr«»

Fl«. 1. Typical curva for atrasa (P) va.
atraln (41) of a tandon until ruptura
of tha anaatoanala (FAM-group, 2
waaka)

1 Orthopädisch« UnivaraltKtakllnlk
2 1. Klinik far Unfallchirurgla
1 1. Chirurgisch« Univaraitatakllnik,
für Expariaantalla Chlrurgla

Abteilung

D O S I M E T R Y A N D E N V I R O N M E N T A L S T U D I E S

RADIOACTIVITY MEASUREMENT OF AIR AND WATER SAMPLES
ii. Friadmann, F. Harnaggar, E. Pak

Rout in« naaauraatanta wara mada on tha 226-Ra
and 222-fti contant of watar lasiplas, as wall
as total «-activities wara datarminad. This
was dona for radiation protection purposes in
drinking watar and in tha watar of spas.
Measurements wara also done to determine 222-fti
and 220-Rn concentration in air sanples.
Additionally the 228-Ra concentration in

Industrial waste watar waa surveyed, whereby
Dr. Hernegger developed a method to remove
228-Ra from a solution which is used by a
special type of industry. This was necessary
to keep the 22B-Ra concentration in the waste
water balow the values which were required by
local authorities.
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BüSIICTRV UITH SOLID STATE NUCLEAR TRUK DETECTORS (SSNTD)
ittmxit. «.

Matfcoda for n*utro» doalmatry uaiaf *IWTt>-tach-
itiiroaa «r« swdtr davalopaant. So far, tha UM
of Makrofol KG (layer Ml and LR MS (Kodak)
for auca an application waa Inveatlfated.
An integrate«; doaiaatar for ana monitoring
Mud on tba datactlon ot t t o n t l aautrona with
ssvic in the eantra of a moderating poly than«
cpfcwr* waa deaignad. Tha reeponae ot auch
aptwraa i s Malt known / ! / .

Fig. 1. Area Monitoring ayate»
(1) polythana sphere,
(2) polythana box,
(3) radiator* and
(4) SSNTD folia

A diameter of 25 em waa choian to obtain «i
aceaptabla aanaltlvlty at 14 MaV nautron tncrgy.
Tho dtttctor conalata of aandwlchaa of both ma»
tallic uranlua folia and ananalad earanle dlaki
aa radiatora and Katcrofol KG dataetor folia
poaltlonad at tha eantra of tha aphara (fig. 1).
Tha plaatle folia ara flxad in comwrclal »lid«
friMi to faellltata handling and pxoeaaaing.
Aftar atching (2(1 KOH, «0° C, 2 h) tha trick
nunbar la datamlnad by apark counting /2/ (aaa
fig. 2). Up to track danaitlaa of 3000 par cm2

eh« apark number variaa linaarly. At high«r
danaitiaa tha curva lavala off du« to tha forma-
tion of iaolatad lalanda on tha alumlnlzad
alacttoda. Hanca, a radiator with U-anamal
giving raducad aanaitivity la lncludad to
covar a largar doaa rang«.

roc calibration of tha a**aabn«f aavaral Ir-
radiationa at varioua n-anargiaa (tharsal, 3
HaV, 14 Jtav, Ct'Zit. A«-*a> hava tea« itada
which fava an avaraga aanattivity of 2.20
tracka/araa for a radiator aurfaca of 4 caz.
Spontanaoua fiaalon of u-231 (1.4 tracka/Ccn1.
day)) llaita tha aanaitivity thraahold to 3*
«can <3t ot background) for • Maauraawnt
pariod of on« aonth. with both radiator typaa
thli doaiaatar ayata* covara a ranga up to 500
raa which could ba further axtandad by tha uaa

of otbar counting aathoda.
Furthar afforta ara aada In tha davalopaent of
a paraonal nautron doalaatar alao baaad on

"""fab rn l
——j m I lmim>n.

liumi/
UM«

P"
Fig. 2. tpark counting circuit

(1) alunlnlzad polyaatar foil,
(2) parforatad datactor foil, and
(3) braaa alactroda

If
s
Q

/

/

f ti) (2)

i t
IMADIATION Tine Ct>3 •

Fig. 3. Track danalty va Irradiation tin»
(1) linaar raglon,
(2) formation of alactrically iao-

latad ialanda

/1/ Nachtigall, D., Burgar, G., in: Topic» in
Radiation Ooaimatry (Attix, F., «d.J, Suppl.
p. 385, Acad. Praaa, N.Y., 1972

/2/ Croaa, W.G., Tommaaino, !>., Rad. Effacta 5
(1970) 85
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wm FOR EMTNOUAXE MEOICTION *J

Different ssweatwationa In china« DUD, Japan
ami the vs* shoved significant Jtadon anomalies
prior to «artti quakt a. ror this, reason we
developed an apparatus for a continuoue
aeasure»e*t of tha ftadon content In vatar.
Supported by tha 'rends »ut rOrderune dar «la»
seescsaftllchen rorschuna in Osterreich" (Pro-
jekt ao. « 9 5 a 4JOS) thla project shall laad
to a batter understanding of aarthquaka pra-
ewraar phanawawa and in futura to poaalbia
•artlwuak« pradiction.
In i»?f wa obaarwad a significant anoaaly in a
spring «*ich wa survey ainea 19??. This anoma-
ly could ba attributed to tha strong aarth-
quakas in Vuvoalavla (15.4.1»7» and 24.5.197»
aa wall as to an aarthquaka In Italy (19.9.

19791. in i»ai than was another Mdon anoma-
ly, Mhere tha baflnnin« of tha anowaly waa
clearly ralatad to an earthquake in Austria
(Obdach) Ml«, tl. Nevertheless, tha laat ano-
aaly la atill existing which perhapa Indicate*
an abnormal stress in this area.
rurther Investigations tiara earned out to
determine tha distance from the point where the
anomaly waa detected to the future epicentre
of the earthquake. A double logarithmic corre-
lation between the ahapa of the radon anomaly
and the distance could be discovered for
•pringe far outside tha epicentre area (t «o
km) (fig. 2).

rig. i. Radon concentration in a apring
during the time period Nov. 1977 to
Nov. 1981. The peak In tha anomaly in
1979 coincidences with the strong
earthquake in Montenegro.

' supported by Fonda xur Förderung der
wissenschaftlichen Forschung in Österreich
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rig. 2. X parameter deduced from the shape of
Radon anomalies detected in China,
USSR, USA and Austria plotted vs. the
distance to the epicentre
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