KfK 3280

Februar 1982

Annual Report on
Nuclear Physics Activities
July' 1, 1980 - June 30,1981

Editors:
R. Beck, G. Biiche, G. Fliigge, N. Kernert

Institut fiir Kernphysik
Institut fiir Angewandte Kernphysik

Kernforschungszentrum Karlsruhe







KERNFORSCHUNGSZENTRUM KARLSRUHE

Institut flr Kernphysik
Institut fiir Angewandte Kernphysik

KfK 3280

ANNUAL REPORT
on

NUCLEAR PHYSICS ACTIVITIES

July 1, 1980 - June 30, 1981

Editors:

R. Beck, G. Biiche, G. Fliigge and N. Kernert

Kernforschungszentrum Karlsruhe GmbH, Karlsruhe




Als Manuskript vervielféitigt
Fir diesen Bericht behalten wir uns alle Rechte vor

Kernforschungszentrum Karlsruhe GmbH

ISSN 0303-4003




ABSTRACT

This report surveys the activities in fundamental research from
July 1, 1980 to June 30, 1981 at the three institutes of the KfK
which are concerned with nuclear physics. The research program
comprises laser spectroscopy, nuclear reactions with light ions

and physics at medium and higher energies.

ZUSAMMENFASSUNG

Der vorliegende Bericht gibt einen Uberblick iiber die Arbeiten
an den drei Kernphysikalischen Instituten des Kernforschungszentrums
Karlsruhe im Zeitraum vom 1. Juli 1980 bis zum 30,Juni 1981, Das
Forschungsprogramm umfaBt die Gebiete Laserspektroskopie, Kernreak-

tionen mit leichten Kernen, sowie Mittel- und Hochenergiephysik,




Die drei kernphysikalisch arbeitenden Teilinstitute des
Kernforschungszentrums Karlsruhe legen zum ersten Mal einen
gemeinsamen Bericht iiber die Arbeiten des vergangenen Jahres
vor. Dieser Bericht soll neben dem seit einiger Zeit durch-
geflihrten gemeinsamen Seminar die Zusammenarbeit der

Institute unterstreichen.

Ein Teil der Arbeiten macht Gebrauch von dem im Kernfor-
schungszentrum vorhandenen Zyklotron, andere sind auf Nutzung
auswidrtiger GroBforschungseinrichtungen orientiert, wobei

aber die technischen MSglichkeiten des Kernforschungszentrums,
insbesondere auch die leistungsfihige Grossrechenanlage,

eine wesentliche Voraussetzung darstellen.

Wir hoffen, daB durch diesen Bericht einem gr&Beren Inter-
essentenkreis ein Einblick in die kernphysikalischen Arbeiten

im Kernforschungzentrum Karlsruhe ermdglicht wird.

A Yf ¢ fht b 2,

(Prof.Dr.A.Citron) (Prof.Dr.G.Schatz) (Prof.Dr.B.Zeitnitz)
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Am Institut fir Kernphysik 1 wurden drei Arbeitsgruppen im Be-
reich der kernphysikalischen Grundlagenforschung eingerichtet:

1.

Physik schneiler Neutronen: Am polarisierten Neutronenstrahl
des Karlsruher Zyklotrons werden Streuexperimente an sehr
leichten Kernen durchgefiihrt. Ziele sind die prdzise Be-
stimmung von Nukleon-Nukleon-Phasen aus n-p-Streuexperimenten
mit polarisierten Teilchen sowie die Untersuchung der Struktur
des 4HeHum-Ker‘nes. Ahnlichen Zielen dienen hochaufldsende
Messungen von neutroneninduzierten Reaktionen am Flugzeitspek-
trometer des Zyklotrons.

Experimentierhallie und Kollimatoranlage sind fertiggestellt,
erste Messungen wurden bereits erfolgreich ausgefiihrt.

Elementarteilchenphysik: Die Gruppe hat in einer deutsch-
franzésischen Kollaboration mit Physikern aus sechs Labora-
torien das Detektorsystem CELLO erstellt und Anfang 1980 am
e+e" Speicherring PETRA in Betrieb genommen.'Der Detektor dient
Experimenten zur Untersuchung von eTe™ StéBen bei den hochsten
zur Zeit erreichbaren Energien. Mit seinem modernen Fllissig-
Argon-Kalorimeter ist CELLO besonders geeignet, die elektro-
magnetische Komponente in diesen Reaktionen zu untersuchen.
Damit werden z.B. genaue Studien der Quanten-Elektrodynamik,
detaillierte Untersuchungen von Quark- und Gluon-Jets und die
Suche nach neuen Quarks und ihren Eigenschaften moglich. Der
Detektor arbeijtet seit Mdrz 1980 in allen seinen Komponenten
zufriedenstellend. Die 1980/81 genommenen Daten werden gegen-
wartig analysiert. |

Experimentelle Methoden: Eine kombinierte kryotechnische Anlage
zur Erzeugung niedriger Temperaturen (<10 mK) und starker Mag-
netfelder (10 Tesla) befindet sich zur Zeit im Bau und wird

Ende des Jahres 1981 in Betrieb gehen. Mit dieser Polarisations-
anlage sollen grofe polarisierte Proben verschiedener Atomkerne
fir Streuexperimente mit schnellen polarisierten Neutronen er-
zeugt werden. Als Protonentarget wurde mit einer selbst ent-
wickelten Hydrieranlage eine groBe Titan-Hydridprobe erfolg-
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reich hergestellt.

AuBer diesen Arbeiten wurden Voruntersuchungen fiir kernphysika-
Tische Experimente an der geplanten deutschen Spallationsneutronen-
quelle, insbesondere auf dem Gebiet der Neutrinophysik, durchgefiihrt.




_IV_.

Im Institut fur Kernphysik II wird Mittelenergiephysik bei CERN und
am SIN betrieben.

Bei CERN hat sich unsere Gruppe in Fortsetzung einer langen Tradi-
tion auf dem Gebiet exotischer Atome auf das Projekt LEAR (Low
Energy Antiproton Ring) konzentriert. Dieses Projekt, flir dessen Zu-
standekommen sich Karlsruhe sehr stark eingesetzt hat, verspricht
einmalige Arbeitsmdglichkeiten mit langsamen Antiprotonen. Schon

flur die erste MeBperiode sind zwei Experimentiervorschldge angenom-
men worden, von denen der eine ganz von Karlsruher Physikern getra-
gen wird, wahrend sie beim anderen in einer Kollaboration mafBgeblich
mitwirken. Der Karlsruher Vorschlag nutzt die von Herrn Simons vorge-
schlagene Idee der Zyklotronfalle aus. Dieses Gerdt soll am SIN er-
probt und dann zum LEAR gebracht werden. Auch an den technischen Pro-
blemen der Erstellung von LEAR, insbesondere am Einsatz der Elektronen-
kithlung, ist Karlsruhe personell undfinanziell beteiligt.

Die Experimente beim SIN befassen sich schwerpunktsmdBig mit Fragen der
Pionwechselwirkung mit liberschaubaren Systemen aus wenigen Nukleonen.

Dies gilt flir die komplementdren Experimente mit Protonen bzw. Pionen

im Eingangskanal. Durch Heranziehung der zusatzlichen Informationen,

die man unter Ausnutzung von Polarisation erhalten kann, werden theoreti-
sche Annahmen, insbesondere iliber die Existenz von Dibaryonzustanden, liber-
prift.

Auch das von Karlsruhe entworfene Niederenergiespektrometer wird vor-
wiegend der Untersuchung sehr einfacher Systeme bei Energien nahe der
Pionenschwelle dienen.




Die Arbeiten des Institutes flir Angewandte Kernphysik II

auf dem Gebiete der kernphysikalischen Grundlagenforschung

betreffen im wesentlichen drei Arbeitsgebiete:

1.

Am Karlsruher Isochronzyklotron werden Kernreaktionen
untersucht, die durch o-Teilchen und 6Li-Ionen von

26 MeV/Nukleon induziert werden. Im Vordergrund stehen
dabei die Bestimmung der Neutronendichte von Kermen aus der
elastischen Streuung von o-Teilchen und die Untersuchung
des Aufbruchs von 6Li-Ionen im Kernfeld. In Zusammenarbeit
mit einer Gruppe von der Universitdt Krakau wurde beim Be-
schuB von 40Ca mit 6Li—Ionen ein spaltungsidhnlicher ProzeSf
entdeckt. Fiir Experimente mit schweren Ionen, die in naher
Zukunft am Zyklotron zur Verfiigung stehen werden, wird z.Z.

ein Magnetspektrometer aufgebaut.

Mit laserspektroskopischen Methoden werden an sehr geringen
Mengen (3 ng) radioaktiver Atome Isotopieverschiebungen
optischer Spektrallinien gemessen und daraus Kernradien be-
stimmt. Derartige Messungen gestatten es, die Abhdngigkeit
der Ladungsradien der Kerne von der Neutronenzahl iiber einen
groReren Bereich zu verfolgen und u.a. Aussagen liber die Kom-

pressibilitdt der Kernmaterie zu machen.

Am Van-de-Graaff-Beschleuniger des Institutes werden Neutronen-
einfangquerschnitte gemessen, die fiir das Verstidndnis der
Elementsynthese in Sternen von Bedeutung sind. Dabei liegt

das Schwergewicht darauf, durch kernphysikalische Messungen
Aussagen iiber die physikalischen Bedingungen zu gewinnen,

unter denen der sogenannte s-ProzeB der Elementsynthese ab-

gelaufen ist.
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1. LASER SPECTROSCOPY

1.1 Laser Spectroscopic Measurements of Isotope Shifts

in Calcium Isotopes

A. Andl. K. Bekk, S. Gbring, A. Hanser, G. Nowicki+,
H. Rebel, G. Schatz, and R.C. Thompson
Kernforschungszentrum Karlsruhe, IAK II

+
Present address: MBB, Schrobenhausen

There is considerable experimental and theoretical interest in charge

and matter distributions in the chain of calcium isotopes between the

48

doubly magic nuclei 4OCa and ' Ca, High resolution laser spectroscopy

is one experimental technique particularly well suited to the study of
charge distributions of the unstable as well as the stable isotopes of calcium.
We report measurements of rms charge radii obtained by this technique for

all the isotopes between 40Ca and 4803.

o o o

a5 9 .

w w w Fig. 1 Spectrum of
3 3 5 5 9 3 46’47’48Ca. For the
' ¢ A }

measurement of 47Ca

(t1/2 = 4,54 d) the

sample contained

only ~v170 pg. In order

to increase the observed
signal without introducing
optical pumping effects the
polarization of the incoming

laser beam was modulated

at 5 MHz using a Pockels

cell. This allowed for an

Fluorescence Intensity [arb. units)

increase in laser power

(and hence signal) by a
factor of at least 3, the

only disadvantage being a

small amount of broadening.

0 1050 1450 [MHz]
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The measurements are based on the observation of the resonance fluores-
cence induced in a well-collimated atomic beam by the light of high resolu-
tion tunable cw dye lasers. Typical uncertainties in the measured iso-
tope shifts were 1.5 MHz; the experimental line-width was about 42 MHz.

Fig., 2

Changes in rms charge

6«2
radii for calcium isotopes
[fm?] ' Pes;

® muonic derived from the present
03 - A opt.spectr. H work,., Also shown for

X laser spectr. HD comparison are the muonic

O this work data, recent conventional
optical spectroscopy re-
0.2 sults and the results of
the Heidelberg laser

* spectroscopy group.

The present results

01 - confirm the existence

of a considerable odd-
even staggering in this
region; the rms charge

41 40

0 ¥, radii of Ca and Ca

are equal whereas those of

47Ca and 48Ca differ

slightly.

40 42 L 46 48 A

As an explanation of the peculiar behaviour of the nuclear charge

40Ca - 48Ca isotopic series - the parabolic dependence on

radii in the
the number n of neutrons in the f7/2 shell and the odd-even staggering -

an admixture of excited states |Jc =2f) (J1) J = J_> to the shell

7/2
model states |JC =0 f7/g (Jo) J=J> is suggested (1). In fact with
only one parameter (the mixing matrix element) the experimental data

are fairly well described.

Reference

(1) J. Talmi, Private communication.




- 1-3 -

1.2 Attempt to Measure the Isotope Shift and

Hyperfine Structure of 49Ca (T1/2 = 8.7 min)

A. Andl, K. Bekk, A, Hanser, and R.C. Thompson

Kernforschungszentrum Karlsruhe, IAK II

An attempt was made to determine the isotope shift and hence the rms
radius of the charge distribution of 49Ca. This is an interesting quantity
41 ‘

because 49Ca, like ~'Ca, has one neutron outside a closed shell, in this

case the f7/2 shell. With a nuclear spin I = 3/2 there are three 49Ca
hyperfine components., The isotope shift in calcium consists mainly of the
mass effect; the field effect is negative. This means that for 49Ca
the expected large increase of G<r2> over the 48Ca value will lead to

significant overlap of the resonance lines from the two isotopes.

For the production of 49Ca four samples (each containing 1.5 mg of
calcium enriched to 95 % 4SCa) were irradiated with neutrons in the
Karlsruhe Research Reactor FR2. After the electromagnetic mass—separation

49 48Ca:49Ca of

each sample contained ~80 fg “Ca, with a relative abundance

800 : 1.

Because of the very small quantities involved, the closeness of
the resonance lines of 48Ca and 490a and the short half life (8.7 m) a
"photon burst" method (1) was used for detection of the fluorescence,
This method takes advantage of the time-correlation of the fluorescence
quanta when an atom is excited many times in an intense laser beam.
A count is registered only when within a given time interval (in this case
3.5 us, the approximate time-of-flight of an atom through the laser
beam) a preset number of photons (in this case 4) are detected. As the
lifetime of the excited 1P1 level is V4.5 ns, many hundred excitations
are possible in this time interval. Optical pumping effects were avoided
by the use of a fast modulation of the laser beam polarization. With
this technique the background (which consisted mainly of scattered laser
light) could be nearly completely eliminated; also the Lorentzian wings

of neighbouring lines could be strongly suppressed.

The spectra were stored in a multi-channel analyzer (operating in
multiscaling mode) which was synchronized with the laser scan of 600 MHz.

From each sample spectra were recorded for approximately 10 minutes.




L i

Fluorescence intensity [arb. units]

.,
4000000000 0so

L/ fasasanss '
0 1512.39(220)MHz  ~— 60 MHz —
Fig, 1 Sample spectrum. The 49Ca lines cannot be seen.

Fig. 1 shows one of the resulting spectra: only the 48Ca line can

be seen, As the 4903 components would almost certainly have been seen

if they lay well away from the 48Ca line, they probably lie under the

48Ca profile., Symmetry tests of the

48Ca profile were carried out but due to

an

it

inherent asymmetry (probably arising from laser scan nonlinearity)

was not possible to detect the presence of the

49Ca lines.

If it

480& line we obtain a field effect

is taken that the lines lie under the

of =150 + 100 MHz and hence a notable 6<r2>48’4940f .8 + .5 fmz. However,
the possibility cannot be ruled out that the 90a lines are hidden in
the statistical noise in the wing of the 480& peak.

Reference
(1) G.W. Greenlees, D.L. Clark, S.L. Kaufman, D.A. Lewis, J.F. Tonn,

nd J.H. Broadhurst, Optics Comm.,23 (1977) 236,

1.3 Spectroscopy of the 283.3 nm Resonance Line of Lead

Using a Frequency Doubled Dye Laser

R.C. Thompson, K. Bekk, S. Gdring, A. Hanser,
H. Rebel, and G. Schatz

Kernforschungszentrum Karlsruhe, TAK II

Measurements of isotope shifts and hyperfine structure of the resonance

line in lead are in progress. Lead is of special interest because it

has a magic number of protons and 208Pb is doubly magic. A large number
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Fluorescence Intensity [arb. units |

.
.
¥ \ AR
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Fig. 1 Fluorescence spectrum after excitation of the Pb resonance
line (6s° 6p23PO-6826p7s3Po1) at A = 283.3 nm with a
204,206,208, 2

of isotopes are accessible to study without needing to resort to on-line
techniques, and extraction of nuclear information (mean square charge radii
and nuclear moments) from the measurements is a relatively straight-forward

process, due to the large mass of lead.

The method used is similar to that used for studies in barium and
calcium. One important difference is that the resonance line (at 283.3 nm)
is not accessible to tunable cw dye lasers, so a frequency doubling
crystal is used to generate this wave—length from intense radiation
at 566.6 nm from a ring dye laser. Using this technique we have been able
to generate up to 0.3 mW of tunable single-mode radiation at the resonance

wavelength. This is perfectly adequate for the performance of the experiment.
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A further difference in the experimental method is that as it is
not convenient to frequency-double two dye lasers, the optical reference
frequency is not provided by a second atomic beam of the element under
study, but rather by a stable Fabry-Perot etalon. This is placed in a
temperature—controlled mount and the spacing is electronically stabilized
with use of a stable single-mode He-Ne laser. A second dye laser, running
at 566.6 nm, is locked to a transmission mode of the etalon and

this provides the necessary optical reference frequency.

Preliminary data have been obtained (without use of the reference
laser) for the four stable isotopes. Fig. 1 shows a typical trace for the
even isotopes 204_208Pb. As a result of these. experiments further modifications
to the apparatus are in progress. The observed experimental line-width
of less than 50 MHz will enable us to reach a precision higher than
that of current classical spectroscopy experiments in lead (1). Preliminary
tests show that a string of at least ten stable and unstable isotopes

can be produced in sufficient quantities for study.

References
(1) F. Moscatelli, O. Redi, R.L. Wiggins and H.H. Stroke,

European Conference Abstracts, Vol. 5A, p. 225 and references therein.
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2, LOW ENERGY PHYSICS
2.1 NEUTRON PHYSICS
2.1.1 High Resolution Neutron Spectroscopy at the 190 m

Neutron Flight Path

H.O0. Klages, G. Schmalz, M.S. Abdel—Wahab+, D. Eversheim++,
B. Haesner, F,. Hinterberger++, L. Husson, J. Kecskemetij++

P. Schwarz, and J. Wilczynski

Kernforschungszentrum Karlsruhe, IK1

* Now at University of Kairo

++University of Bonn

**Acad. of Science, Budapest

The time-of-flight neutron facility at the Karlsruhe cyclotron (1)

contains 3 experimental areas which are connected by evacuated beam lines.

Fig. 1 shows a schematic view of the apparatus.

Cyclotron T . Fig. 1
@ arge 0 Schematic set-up
K1 { of the Karlsruhe
|
S neutron time-of-
\?'..j}.:; .v“:g.:_:.:":".".Ill;.‘.'.:}.;.' \S
! flight spectrometer,
' 112m
ﬁgﬁg?%ﬂg?”‘ed Aera 1 ' Neutron source and
experimental areas are
Beani connected by evacuated
eamline i
: beam tubes. Various col-
K2 : limators (K1 - K3) define
LLF the diameter of the
' neutron beam.
Scattering Aera 2 ! 160m
experiments: |
|
] !
| !
! |
' !
L] \
Beamline '
M
1
|
K3 |
\.I_'—
|
1
High res. Aera 3 : 7190m
Spectroscopy: .
(5ps/m) ..,{a,u“
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g Fig. 2
tot .
Ib] E, = 22133t 7 KeV The total cross section
Mot = 76%12KeV L of 4.He for neutrons near
+ .
091 M= 37f5KeV the 3/2 resonance in the

nucleus 5He. The solid
line shows the result of
a one-level Breit-Wigner-

fit to the data.

215 220 225
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]
61 ' 20
o n+ ~Ne
R
: i
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¥ )
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O T L) T - T
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Fig. 3 The total cross section of 2ONe for fast neutrons in the energy

range from 1.5 to 40 MeV




- 2.3 -

Inside the accelerating chamber of the Isochronmous Cyclotron bunches
of deuterons with energies around 50 MeV are deflected onto a thick uranium

target. The high repetition rate of the cyclotron pulses of 33 Mc is

reduced to 30 - 100 Kc by means of a special internal suppression system (2).

Up to 50 micropulses can be bunched to form a macropulse. These techniques
lead to an average beam of 10 pA on the target. For this value we obtain
more than 1012 neutur:ons-ster_1 : sec—1 at zero degree. The single "neutron-
flash" has a pulse width of about 1 nsec. The energy spectrum of the

pulsed neutron source contains all energies up to 40 MeV.

The use of the collimated neutron beam for scattering experiments

and for the investigation of (n, charged particle)-reactions is described
in the contributions 2.1.4, 2.1.6 and 2.1.8 of this report.

For a high resolution measurement of total neutron cross sections
the detector is placed at a distance of 190 m from the uranium target.
The collimator K1 defines a neutron beam with a diameter of 20 mm at

the experimental area 1, where the material to be investigated is mounted

into the neutron beam. A sample in-sample out measurement of the

tot

[b]

Fig. 4

Enlarged part of the

n+  Ne cross sectiom;
% 20 the lowest T=3/2 reso-
801 H n+"Ne 21
gi nance in ~ Ne is indicated
f 1 by the arrows.
(!
k ; M
z oo
S
4,01 ; 1
b 1 \
% f % T=3n
. |
§o | g
S h g
2,04 "&s \ NE e
L 4 e

[MeV]
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energy dependent transmission gives direct access to the total cross

section.

Neutron time-of-flight spectra are taken using a TDC covering
65 536 channels, 250 psec width each. This is done by means of a
specially designed TDC in connection to an on-line computer. A new
development of an even faster TDC is described in contributiom 2.1.5

in detail.

In the framework of the investigation of light nuclei we measured
the total cross sections of the stable hydrogen and helium isotopes, respec-—
tively. The well-known resonance at 22.1 MeV in the 4He+n—system was
clearly resolved. Fig. 2 shows the cross section together with a single
level fit to the data. The associated resonance parameters (3) have been
improved by a factor of 4. No narrow structure has been found for the hy-

drogen isotopes and for 3He.

In a collaboration with a group from the University of Bonn the
neutron cross sections of 10B, "B and 2%e were measured to investigate
the systematic behaviour of isospin forbidden transitions with increasing
mass number (4). Fig. 3 shows the total cross sections of 2ONe for
neutrons from 1.5 to 40 MeV using a logarithmic energy scale for better

T L ] T T T T T
28l I . ]

20Ne +n - P Ne (T=32)
E, = 22046 £0,32 keV -
r 2,57 £ 044 keV

0,24 £ 003 keV 1
59245 °

"

16l AR |

— ' R R/
2190 2
Ep, (keV)
Fig. 5 One-level Breit-Wigner-fit to the lowest T=3/2 resonance

. 20 .
in the n+" "Ne cross section
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representation at low energies. In Fig. 4 a part of the spectrum is
enlarged to show the region of interest, where the lowest T=3/2 resonance
is located in the nucleus 21Ne. Fig. 5 shows a single-level Breit-Wigner-

fit to the data and the deduced parameters.

The full resolution of the Karlsruhe spectrometer, which is

better than 5 psec/m is necessary for this type of investigationms.

References

(1) s. Cierjacks et al., Rev. Sci. Instr. 39 (1968) 1249.

(2) S. Cierjacks in: Nuclear structure studies with neutrons,
eds. J. Erd, J. Sziics (Plenum Press, London, 1974) p. 229,

(3) F. Aijzenberg-Selove, Nucl. Phys. A320 (1979), 1.

(4) F. Hinterberger et al., Nucl. Phys. A253 (1975) 125.

2.1.2 POLKA, a Polarized Fast Neutron Beam Facility at the

Karlsruhe Cyclotron
H.0. Klages, P. Doll. H. Hucker, L. Husson,
P. Plischke, and G. Schmalz

Kernforschungszentrum Karlsruhe, IK}

In 1979 a new activity was started at the Karlsruhe Isochronous
Cyclotron. Adjacent to the existing experimental area a new hall has been

constructed for fast neutron scattering experiments.

Fig. 1 shows a schematic view of the central part of the experimental

arrangement, which was planned and installed in the meantime.

The external beam line of the cyclotron was extended into the new
experimental area. The deuteron beam from the cyclotron hits a neutron
producing target at a fixed energy of 52 MeV. A bending magnet behind
the target leads to a beam dump. The target is surrounded by concrete
walls 1 m to 1.5 m thick. At forward angles a special shielding composed
of iron, boron-loaded polyethylen and lead is part of this walls. At
five angles collimator-tubes are embedded in the shielding. Any open
tube allows the extraction of a well collimated beam of fast neutrons

into the scattering area outside the walls.




Beam dump

/‘Neutron lines

Iron shielding

_ Concrete walls

| Bending magnet

[~~~————Target chamber

~ Beam line

e _Quadrupo! lenses
/

Deuteron beam

Fig. 1 Schematic view of the neutron collimator facility POLKA for

the production of fast polarized neutron beams at the

Karlsruhe cyclotron

The main interest of the neutron collimator facility lies in

experiments with polarized neutrons at energies up to 70 MeV,

By far the best method to produce polarized neutron beams at

the Karlsruhe Cyclotron is to use the polarization transfer in the

reactions D(X,K) and T(g,g), respectively. For
polarized deuteron source (1) at the cyclotron
tion with a liquid deuterium target. At 0° the

energies up to 50 MeV. The main advantage lies

the first time, the
will be used in connec-—
emitted neutrons have

in the fact that the

1
polarization transfer coefficient KZ is nearly independent of energy

and has the same value for the high energy part of the breakup neutrons

at is has for the reaction peak (2).

In spite of the low intensity of the beam

out of the polarized

source (max. 50 nA) using a thick target (10 MeV energy loss) one can

obtain about 106 neutrons/sec, collimated to a

at a distance of 5 m from the target.

beam of 60 mm diameter
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An experimental set-up including a scintillating scatterer detector
as well as 16 detectors for the scattered neutrons is nearly completed.
The arrangement for the on-line measurement of the deuteron beam polarization
and the computer-based data acquisition system has been designed. The
test runs for the shielding and the measurements of neutroﬁ beam profiles
will be carried out in the near future. The first experiments planned
are the measurements of the elastic K—aHe—scattering and the K—p scattering

for the neutron energy range from 20 to 50 MeV.

References

(1) H. Briickmann et al., Z. Physik 224 (1969) 468.

(2) R.L. York et al., Proc. 5th Int. Symp. on Pol. Phen.
in Nucl. Phys., Santa Fé, (1980) 528.

2.1.3 Calibration of Neutron-Detectors Using Standard Neutron Beams

B. Haesner, H.O. Klages, P. Schwarz, H. Klein+, and
H. Schiilermann+
Kernforschungszentrum Karlsruhe, IK1

+ . . , ’
Physikalisch-Technische Bundesanstalt, Braunschweig

In the scattering experiments at the Karlsruhe cyclotron (2.1.4 and
2.1.8) we used two special neutron detectors, a liquid 3He—scintillation—
detector (2.1.4) and a large volume (130 1tr) NE 213-detector (2.1.9).

To get absolute cross sections it is necessary to know the efficiencies

of these detectors, To measure absolute efficiencies one must have a well
known neutron source. At the PTB in Braunschweig exists a neutron dosimetry
facility where detectors can be calibrated with monoenergetic neutron beams.
There the absolute neutron flux is known to better than 3 Z. At this

facility neutron energies from 2 to 20 MeV are available.

The two neutron detectors were calibrated at the facility of the
. . .. 3
PTB for neutron energies of 2.5 MeV and 20 MeV for the liquid “He-
scintillation detector and for 6 MeV, 9 MeV, 12 MeV and 20 MeV for the

large detector,

The detectors were mounted behind each other at a distance of 11.6
m for the 3He—detector and 12.3 m for the large detector from the neutron

target. The neutron beam was collimated down (1) to 60 mm diameter.
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Fig. 2 Pulse-height—spectrum of the 3He—detector bombarded with neutrons of

2.45 MeV. The small curve in this spectrum results from the background.
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The 3He detector could be moved out of the beam when the measurement

was done with the NE 213 detector.

For every neutron energy three individual runs have been taken,
one to determine the absolute neutron flux, another one to determine the
background and finally a run with the neutron detector which had to be

calibrated,

A small shielded scintillation detector was used to monitore all
individual measurements. This detector was set up all the time at an

angle of 145° and a distance of 6.45 m from the neutron target.

The neutron flux was measured with a proton telescope. The energy of
the neutrons was determined by time-of-flight techniques. Fig. 1 shows
a TOF-spectrum for the 3He—detector. The strong peak in this spectrum results
from neutrons of the T(p,n)3He reaction, and the smaller peak from prompt
gamma—quanta. This picture shows also that the peak to background ratio is
nearly 103. For the determination of the efficiency € of the neutron detec-

tor the pulse—height spectrum of this detector was measured in coincidence
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Fig. 3 Pulse-height-spectrum of the NE 213-detector bombarded with

neutrons of 12 MeV.
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with events of the neutron peak. Fig. 2 and 3 show the pulse-height
spectra of the two detectors. The neutron energy for the liquid 3He
detector was 2.45 MeV (Fig. 2) and for the NE 213-detector 12 MeV
(Fig. 3). In both spectra the random background is very small due
to the good shielding. For the liquid 3He-detector the calibration
ought to be done with the reaction n+3He+p+t. The reaction peak can

be easily identified in the pulse-height-spectrum.
The results of a first evaluation are:
. .43
1. Liquid "He

e = 0.042, En
e = 0.002, E
n

2.45 MeV
20 MeV

I

2. NE 213-detector (2.1.9)

e =0.29, En = 6 MeV

e = 0.42, En = 9 MeV

e = 0,58, En = 12 MeV

e = 0.55, En = 20 MeV.
Reference

(1) D. Schlegel-Bickmann et al., NIM 169 (1980) 517-526.

2.1.4 Differential Cross Sections for the Elastic Scattering

of Neutrons from 3He

B. Haesner, P, Doll, L. Husson, J. Kecskemeti, H.O. Klages,
G. Schmalz, P. Schwarz, and J. Wilczynski

Kernforschungszentrum Karlsruhe, IK1

In connection with the investigation of the A=4~-system with neutron
and 3He in the entrance channel differential cross sections for the
elastic n-SHe—scattering were measured. The experiment was carried out
at the experimental area 2 of the Karlsruhe neutron time-of-flight spectrometer.
The experimental set-up and the detectors for the scattered neutrons are

described in chapter 2.1.8.
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Fig. 1 Liquid 3He—scintil1ation—detect0r

A liquid 3Helium—scintillation detector (Fig. 1) served as a
scatterer. Its active volume (70 mm ¢ x 75 mm high) was chosen to
match the collimated "white" neutron beam of the Karlsruhe éyclotron.
The data acquisition was performed measuring 5 parameters, see chapter
2.1.8. Angular distributions for 13 different scattering angles from 25°
to nearly 180° in the lab. system areevaluated for 20 energy bins from
2 to 30 MeV. Fig. 2 shows an isometric representation of the elastic scattering

of neutrons from 3He for a neutron energy of 10 MeV and a scattering angle




Fig. 2 Isometric representation of the scattering for neutrons with
an energy of 10 MeV from 3He at an angle of 160° (lab). T is
the time-of-flight between scatterer and side detector and I
represents the energy which is deposited in the scatterer. The
events in the peak are due to neutrons elastically scattered
from 3He while the background in the matrix results from inelastic

process or multiscattering events or random coincidences.

of 160° in the lab. system. It makes evident that the multiparameter
data analysis allows a clean separation of the true elastic events
from the background. The complete analysiéiof the measured data has

not been finished. Preliminary results are shown in Fig. 3.

The liquid 3He—detector was used simultaneously as a scatterer
and as a monitor. Using the reaction n+3He+p+t one has a unique control
of the flux of the neutrons and of the density of the nuclei in the
scatterer. Another advantage of this detector for monitoring is its
unsensitivity to an electronical threshold because the peak of the reaction
n + 3He - p + t can be separated in the impulse height spectra for

all neutron energies due to the positive Q-value of 0.77 MeV,

The knowledge of the reaction cross section allows an absolute

measurement of the neutron flux if the density of the liquid is known.
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2.1.5 A Time-to-Digital—-Converter (TDC) with Subnanosecond Resolution

at High Repetition Rates by Dual Digital Interpolation
G. Schmalz and H.O. Klages

Kernforschungszentrum Karlsruhe, IK1

The neutron-time-of-flight spectrometer at the Karlsruhe Isochronous
Cyclotron is a very efficient device. Its energy resolution for fast
neutrons is unexcelled. An essential part of this is the highly precise
measurement of the time-of-flight of gamma quanta and fast neutrons
over a flight-path length of about 190 m. Therefore, it is necessary to
measure time~intervals of some microseconds absolutely with a resolution
distinctively better than a nanosecond. Moreover, the system must not have

any nonlinearity. Commercial TDC's do not meet these specificationms.

For this reason a TDC was developed which is directly connectable

to an on-line data acquisition system.
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Specifications of the TDC

Repetition rate 100 Kc max.
Resolution 20 ps
Measuring~time preset 99 ps max.

Output 24 bit TTL parallel

Principle of measurement

To measure the time-interval between a start-pulse and a stop-pulse
the periods of an extremely stable clock are counted. The quantization
error of + 1 period is avoided by using a dual interpolation, i.e.,
an interpolation for the start—pulse and an interpolation for the stop-
pulse. By this method the resolution is improved to a small fraction
of the period length of the time base.

Fig. 1 shows the block diagram of the TDC, the interpolator, the 200 Mc

time base and the necessary logic circuit.

The oscillators of the two separate interpolators are phase
coherently triggered by the start— and the stop—pulses, respectively.
Their oscillator-period is precisely 5 x257/256 = 5.02 ns by locking the
VCO's to the 200 Mc time base in a PLL circuit and are fed into a
counting chain. The outputs of the oscillators are mixed with the 200 Mc
clock and the phase-crossover points (coincidences) are detected and
stop the counting. The number of counts between start-pulse and start-
coincidence is N1, that of the stop-interpolator N,. The first coincidenc
signal starts a counter for the periods of the time—base-clock, the
second coincidence stops this counter. The result is N¢. These three
values N1, NZ’ N¢ are fed into a parallel-working computer and have as
a result a time equivalent address. So the time—interval-measurement
is reduced to a digital counting and computing. The results of a first
test-setup show that after Some corrections of the printed boards (200 Mc
multiplier and computing board) the TDC will fulfill the given specifica-

tions.

Fig. 2 shows the time-diagram of a measurement and the equation

for the computing of the time interval between start— and stop-pulse.
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2.1.6 A New Evaluation of n+3He Reaction Cross Section Data

J. Recskemeti? B. Haesner, and H.0. Klages
Kernforschungszentrum Karlsruhe, IK1
*Acad. of Science, Budapest
The reaction n+3He was investigated in the energy range En=1-30 MeV
with the aim to determine the absolute cross sections for the reactions
n+3He+p+t and n+3He+d+d, respectively. The experiments were carried out
making use of the white neutron beam of the Karlsruhe time-of-flight

facility.

The target, consisting of a large volume liquid 3He cryostat, served
simultaneously as a 47 scintillation detector with 100 % efficiency
for the charged reaction products. Because of their total energy deposit
the p+t and d+d channels give well defined peaks in the spectra,
as shown in Fig. 1. The continuous distribution is due mainly to the
recoiled 3He nuclei from elastic scattering and partly to the break—up proces-

ses with much lower cross sections.
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Fig. 1 Isometric display of the neutron—BHe—interaction using a pulsed
white neutron beam, T is the time-of-flight for the incoming
neutrons whereas I denotes the pulse height in the liquid scintil-
lator. The outermost ridge is due to the p+t-channel, the second
maximum shows the d+d-events. The continuum at low pulse heights

stems from elastic scattering and break-up processes.
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During the experiments the neutron flux was monitored with
a very large volume "black neutron detector'. A first evaluation of
the data was done using the calculated efficiency of this detector.
Because of normalization problems only relative cross sections could

be obtained.

In order to overcome this shortage and also to avoid systematic
errors from possible uncertainties of the efficiency calculations a
new evaluation was made which is independent of the neutron flux and
of the target properties. The main idea was to use the fact that in
each possible final state of the n+3He reaction at least one charged
particle is contained so that the total detected event number is propor-
tional to the well known total n+3He cross section. Consequently, one
has to determine the relative contributions of the p+t and d+d peaks in
the measured spectra and then to multiply these ratios by the total

cross sections to get the absolute reaction cross sections.
The problem to be solved in this evaluation method was tc determine

the continuation of the measured spectra below the detection threshold

to zero energy.

1000} 0[mb] n+3He .
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Fig. 2 The evaluated reaction cross section data compared to detailed
balance calculations based on an inverse reaction cross section

evaluation by Drosg (1).
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As already mentioned the distribution in this region is determined
by the elastic scattering and because of the good linearity of the 3He
light response it has the shape of the c.m. angular distribution. It
seems, therefore, to be reliable to get the continuation from the extra-
polation of a smooth fit to the continuous distribution above the

threshold.

In the present preliminary evaluation fourth and sixth order polynomial
x2 fits were performed. In order to avoid the effect of the finite amplitude
resolution no fit was made in regions where the d+d or the backward elastic
peak dominate. The total n+3He cross sections were taken from a previous
Karlsruhe measurement. The results for the reaction cross sections are shown
in Fig. 2 together with those from a detailed balance calculation using
the inverse cross section data of a compilation by Drosg (1). The statistical
errors are generally less than 3 %, except for the low energy d+d data
(= 10 7). The systematic error of the above procedure was estimated as

follows:

We performed the calculations with continuing the measured spectra
with a constant distribution. Since this corresponds to the physically
true assumption that the elastic angular distribution does not drop
at small angles, the results give an upper limit for the cross sections.
At small energies (4 MeV) these were about 20 7 higher than those from
the polynomial fit. The deviation becomes smaller at higher energies,

and is less than 10 Z for En > 15 MeV.

A more complete analysis of the data, taking into account the finite
amplitude resolution and the neutron energy resolution is in progress.
It is hoped that this way we get decomposed the d+d and backward elastic
peaks in the range E = 7-13 MeV with a simultaneous description of the

angular distribution of the elastic scattering.

Reference

(1) M. Drosg, Nucl. Science and Engineering 67 (1978) 190.
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2.1.7 Calibration of Neutron-Detectors by Means of a 25ZCf—Source

P. Doll, A. Chalupkal B. Haesner, J. Kecskemeti, H.O. Klages,
P. Schwarz, and J. Wilczynski

Kernforschungszentrum Karlsruhe, IK 1

+Universit:it Wien
Due to the dependence of the efficiency of neutron-detectors on the
geometry of the detector and the energy of the neutrons it is highly
desirable to understand the response of a given neutron detector to a
well-known neutron field. It is convenient to use a 2520f—fission
source for the production of such a field with reasonable neutron

252

intensities below 8 MeV. The Cf-source was embedded in a low mass ioniza-

tion chamber (1). This device gives a signal when spontaneous fission

of 2520f occurs thus allowing a time-of-flight measurement for the

neutrons emitted in the fission process. The energy spectrum of the fission
neutrons is well represented by a Maxwell distribution (2,3). Our aim

was to calibrate two detectors: a liquid 3He-scintillation detector (2.1.4)
and a liquid NE 213 scintillator (17.8 cm @, 6.4 cm long). The 3He-—detec—

tor had to be calibrated for the 3He (n,p) T reaction channel only. Knowing
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the cross section for this reaction we obtain a monitor absolutely

calibrated for neutron fluxes up to about 8 MeV.

We used an open geometry for the experimental set-up. A tungsten
collimator of 44 cm thickness defined a neutron beam of 6 cm @ at
220 cm distance from the source. We were able to close the collimator
while conserving his outer geometry, allowing a comparatively precise
determination of background neutrons scattered from the environment.
However, it turned out that this method is not adequate for the low-
energy part of the neutron spectrum (£ 1.5 MeV), due to contributions
of neutrons having a long time-of-flight after scattering from the walls.
With a fission rate of 71000 per second the source emits 3.7 times more
neutrons into the full solid angle and about 12 neutrons per second into
the detector. For both detectors time-—of-flight and pulse-height spectra
were measured. For the NE 213 scintillator neutron—gamma discrimination
techniques were applied, in addition. The pulse~height spectra for individual
neutron—energy intervals exhibited for the 3He-scintillator a clear
separation of elastic scattering events from p plus t events in the
reaction channel. The stability of the NE 213 detector was checked by means
of a 22Na source in subsequent runs. By integrating the pulse-height spectra
for subsequent neutron-energy intervals and dividing by the amount of
neutrons emitted by the Cf-source in the corresponding energy interval,
we obtained the absolute efficiency of the detector. In case of the 3He—

detector we only concentrate on the p plus t reaction peak in the pulse-

height spectra.

Fig. 1b shows the efficiency for the 3He (n,p)t reaction as a
function of the neutron energy. Correspondingly, Fig. l1a shows the efficiency

curve for the NE 213 detector.

However, there still exists a discrepancy between the cross sections
determined in the present experiments and those evaluated by reciprocity
considerations (4) from the inverse reaction. Once we have solved
this problem we will be able to normalize other neutron scattering experi-
ments, which overlap with the present experiment from 5-10 MeV of neutron

energies, by using the 3He-scintillator as monitor.
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2.1.8 Elastic Scattering of Neutrons From Deuterium in the

Energy Range 2 MeV - 30 Mev

P. Schwarz, P. Doll, B. Haesner, L. Husson, J. Kecskemeti,
H.O0. Klages, G. Schmalz, and J. Wilczynski

Kernforschungszentrum Karlsruhe, IK1

In the framework of the investigation of light nuclear systems two

measurements of the elastic neutron—deuteron scattering were performed.

The collimated "white" neutron beam of the Karlsruhe cyclotron enabled

the measurement of differential cross sections in the energy range from

2 MeV to 30 MeV simultaneously.

Fig.
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1 Experimental set-up at the 60 m flight path of the

Karlsruhe cyclotron.
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Fig. 1 shows the experimental set-up. In the first measurement a
partial deuterated NE 213 scintillating scatterer was used for normalizing
the neutron-deuteron cross section to the neutron-proton cross section.
Two side detectors, one commercial ¢ 7" x 3" NE 213 scintillator and one
so called "black neutron detector" with a scintillation volume of 130 1
(see 2.1.9), were used to detect the scattered neutrons. In the second
experiment a totally deuterated NE 213 scatterer was used with the same
side detectors positioned at 14 different angles successively and an
additional ring detector for the cross section near to 180°. The
absolute calibration of the incident neutron flux was done by a 3He—

cryostat (see 2.1.4).

The measured data were sampled in a multiparameter—analyzer. The
obtained coincident informations for each event were:
1. Time-of~-flight of the incident neutron

2. recoil-energy in the scatterer detector

tn,d}-Peak

(n,p} - Peak

d -Break -Up

TOF scat.-side det.

Fig., 2 Kinematical matrix for 14 MeV neutrons. The recoil energy in
the scatterer is plotted against the TOF of the scattered neutrons

for a scattering angle of 45°.
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3. pulse-shape-discrimination of the scatterer—detector
4.,  time-of-flight between scatterer and side-detector

5. recoil-energy in the side-detector

Data reduction was done in the following way: firstly 24 cuts
were laid into the time-of-flight of the incident neutron to obtain
24 cross sections for well defined energy bins. In the second step
the pulse-shape-discrimination was used to get rid of the gamma-background.
Fig. 2 shows the third step of data reduction for the first measurement
at the energy bin 13-15 MeV. The well defined kinematical situation
delivered one peak for the n-d scattering and one peak for the n-p scattering
in the matrix displayed. By applying narrow windows on both axes a separa-
tion of true events against random concidences, multiple scattering,
and d-break-up was possible. In the last step one increment pulse height
spectrum for each incident energy bin and each angle was built by gating
the data lists with all informations and projecting the true events on the
recoil axis of the side-detector. The integrais of these spectra are

proportional to the differential cross section.

In the first measurement the absolute determination of the cross
section depends on the normalization to the n-p scattering and the relative
efficiency of the two side-detectors. In the second measurement the
knowledge of the absolute detector—efficiencies, of the absolute neutron-—
flux, and of the target—thickness is necessary. The final results are

expected to be accurate within 3 % and will be obtained still in 1981.

2.1.9 Features of Large Volume Neutron Detectors

P. Schwarz, B. Haesner, and H.O. Klages

Kernforschungszentrum Karlsruhe, IK1

For the absolute calibration of fast neutron fluxes two so-called
"black neutron detectors" (1,2) were built. Fig. 1 shows a side view of
these two neutron—calorimeters. The first one (Fig. 1a) is 600 mm long
and has a diameter of 500 mm. At its front it has an entrance channel
of 100 mm length and 80 mm diameter. Five Valvo XP 2041 photomultiplier
tubes are collecting the light output of the NE 213 scintillator.

The second detector (Fig. 1b) has the following dimensions: length 900 mm,

diameter 700 mm, entrance-channel length 200 mm, and channel diameter 80 mm.
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Six Valvo XP 2041 tubes are sampling the light out of the NE 224

scintillator.

The size and shape of the first black detector was fitted to the
energy range (En < 30 MeV) of the white neutron beam of the Karlsruhe
cyclotron by a Monte-Carlo-simulation, in which seven reaction-channels
of neutrons with the scintillation material are included. Multiple
scattering, light-attenuation in the scintillator and electronical proces-

sing of the scintillation-signals are included, too.

Several electronical set—ups were tested with calibrated monoenergetic
neutron beams at the PTB in Braunschweig (see 2.1.3). For an
energy equivalent signal the dynode outputs of all five multipliers
were added during 400 ns. To get a timing signal for time—of-flight
measurements two different set-ups were used. At first the anode-signals

of the tubes 1,2,3 and 4 (Fig. 1a) were time-averaged in coincidence.

The obtained pulse height spectrum for 12 MeV neutrons is displayed
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Fig. 3 Light output spectrum for 12 MeV neutrons, measured with a
twofold coincidence. The dashed line indicates the normalized

spectrum measured with the fourfold coincidence condition.
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in Fig. 2. The good calorimetric property of this detector is indicated

by the deep valley at small amplitudes. The efficiency of the detector

in the described set-up is 587%. A second timing method with the multipliers
1 and 2 in coincidence delivered the energy—speétrum shown in Fig. 3.

The efficiency for this method is 78 7. The dashed line in Fig. 3 indicates
the normalized spectrum shape of the four fold coincidence timing shown

in Fig. 2. The above mentioned Monte-Carlo-Simulation identified the region
left of the dashed line as multiple scattered neutrons from the carbon
nuclei in the scintillator. Since carbon has a largely smaller light

output than hydrogen, those neutrons do not fulfill the sharper four fold
coincidence condition. In all further measurements the decrease in effi-
ciency was permitted in order to get the good calorimetrical property

of the detector for neutron flux calibration. The time resolution obtained

by this method was 2.5 ns.

For the measurement of neutrons with higher energies up to 50 MeV
the second detector type (Fig. 1b) was built. To reach the same or even
higher efficiency the scintillation volume was increased from 130 1
(first detector) to 350 1. Caused by the larger volume, the light paths
to the multiplier tubes were increased. Therefore, the scintillator NE
224 was chosen, which has a light attenuation length of 2.5 m, whereas
NE 213 has a light attenuation length of 1.5 m only. A comparison of
both detectors at the white neutron beam revealed an efficiency increase

of about 15 Z over the energy range 5 MeV to 30 MeV.

Tests of the new detector at monoenergetic neutron beams will

be performed.
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2.1.10 Neutron-Neutron Scattering using the Neutron-—

Spallation Source (SNQ)

R. Maschuw

Kernforschungszentrum Karlsruhe, IK1

In connection with the discussion about nuclear physics experiments
at the SNQ the possibility of a free neutron-neutron scattering experiment
has been investigated. The high flux of thermal neutrons in the pulse peak
supplies very high neutron density inside the moderator. This allows to
observe free neutron-neutron scattering from an evacuated scattering volume
in the moderator outside the biological shield through collimating neutron
pipes. With the proposed features of the SNQ (1) providing a mean flux
of 1014 neutrons/sec cm2 in a scattering volume of 7000 cm3 a counting
rate of about 5 scattered neutrons per second outside the biological shield
may be expected. The peak flux should be as high as possible as it enters

directly into the counting rate.

The quadratically flux dependent nn scattering effect will be separable

from the linearly dependent background by flux variation.

For absolute calibration of the nn-cross section flux measurements
inside the scattering volume and np reference measurements have to be

performed,

Reference

(1) XfK-Report 3175

2.1.11 The Isomeric Ratio in Thermal and Fast Neutron

Capture of 241Am*

. . +
K. Wisshak, J. Wickenhauser, F. Kdippeler, G. Reffo ,
and F. Fabbri'

Kernforschungszentrum Karlsruhe, IAK IT
tCentro Nazionale Energia Nucleare, Bologna, Italy
xsubmitted for publication to Nucl. Sci.Eng.

A new experimental method has been used to determine the isomeric

. . 2 . . . .
ratio IR in neutron capture of 41Am in a differential experiment.

Thin 241Am samples have been activated with monoenergetic neutrons of
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14.75 meV and quasi monoenergetic neutrons of 30 keV. The decay of
the 2428Am nuclei produced has been determined by observing the emitted beta
spectrum in a mini orange-spectrometer. The measurements have been performed
relative to gold. The ratio R, = oy (241Am - 242gAm)/oY(Au) was found to be
R, =5.79 + 0.33 at 14.75 meV and R, = 2.73 + 0.16 at ™ 30 keV. The

1
corresponding isomeric ratios IR = ¢ (241Am - 242gAm)/cY (241Am) are

v
IR = 0.92 + 0.06 at 14.75 meV and IR = 0.65 + 0.05 at ~ 30 keV,

Detailed theoretical calculations of the total capture cross
section, the isomeric ratio and the capture gamma-ray spectra were

performed in the energy range from 1 to 1000 keV taking advantage of
recently available information on the discrete level scheme of 242Am.

With the present knowledge on the level scheme of 242Am it seems to be
difficult to reproduce the strong energy dependence of IR as indicated by

the experimental results.

2.1.12 Fast Neutron Capture Cross Sections and Related

Gamma-Ray Spectra of 93Nb, 103Rh, and 181Ta*

+ .+ . o
G. Reffo , F, Fabbri , K. Wisshak, and F. Kidppeler
Kernforschungszentrum Karlsruhe, IAK TI
+ . . .
Comitato Nazionale Energia Nucleare, Bologna, Italy

*submitted for publication to Nucl. Sci. Eng.

The capture cross sections of 93Nb, 103Rh and 181Ta were measured

in the neutron energy range between 10 and 70 keV, using Au as a
standard. Most of the data points were obtained with a total uncertainty

of ~4 7. This was possible because of a detailed discussion of the systema-
tic uncertainties involved. Extensive Hauser-Feshbach calculations were
performed which yielded not only the neutron cross sections of the

isotopes considered up to 4 MeV neutron energy but also partial capture
cross sections and capture gamma-ray spectra. For these calculations a

consistent set of input parameters was determined from available experi-
mental information or from empirical systematics. The effect of these

parameters on the results is discussed.
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2.1.13 Determination of the Capture Widths of Neutron Resonances

<, 56,58,

e in the Energy Range from 10 to 100 keV

F. Kdppeler, L.D. Hong, and K. Wisshak

Kernforschungszentrum Karlsruhe, IAK II

The capture widths of resonances in 56Fe and 58Fe have been
determined using a pulsed 3 MV Van de Graaff-accelerator and the 7Li(p,n)
reaction. The samples were positioned at a flight path of 60 cm,
capture events were detected by two q6D6 detectors and gold was used as
a standard cross section. In spite of the short flight path an energy
resolution of 1.7 ns/m was obtained 