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Chapter 1

Introduction
The present annual report for 1996 from the Section for Nuclear- and Energy
Physics at The University of Oslo covers various areas of research. However,
most activities are within basic experimental and theoretical nuclear physics.
In addition a growing proportion of the staff is engaged in research related
to the utilization of solar energy. Furthermore, the section continues its
long tradition of radiation physics research. Completed as well as ongoing
projects are presented.
The section is engaged within three main fields: Nuclei at high temperature
(the local cyclotron experiments), high spin nuclear structure (at NBI, Ris0),
and high and intermediate energy nuclear physics (at CERN, Geneva and
CELSIUS, Uppsala).
The CERN-related activity and the Energy projects are almost exclusively
financed from the National Research Council (NFR). For the remaining activities, the section gives, within the limits of funding, some resource priority
to the local accelerator facility. This is based on the philosophy that local
experimental equipment is an important asset in a university institute. The
SCANDITRONIX MC-35 cyclotron laboratory has been in operation since
1980. At present, the main auxiliary equipment consists of a multi-detector
system CACTUS, and presently with a unique locally designed silicon strip
detector array SIRI, funded by the Research Council and described in the
present report. The total coincidence efficiency of the combined CACTUS /
SIRI facility will increase by approximately a factor of 10 from the present
one with 6 conventional particle telescopes.
In 1996 the cyclotron beam was hardly used for nuclear research, the activity has been concentrated on the SIRI development and testing, and the
analysis of a huge amount of data from former experiments. In general, the
good performance of the cyclotron, computers and auxiliary equipment is
attributed to the highly competent and persistent efforts of E.A. Olsen and
J. Wikne.
The basic costs for the cyclotron laboratory are funded by the University
of Oslo. The experimental activities, however, are completely dependent on

the continued support from the Norwegian Research Council (NFR).
Some section members are also engaged in two major international collaborations, namely the NORDBALL collaboration on the study of high spin nuclear states, and the intermediate energy collaboration located at the CERN
facilities. The NORDBALL collaboration has been temporarily prolonged.
The participating groups will, however, merge into the coming EUROBALL
collaboration. It is our intention and hope to be able to participate in experiments on this facility in the future.
The high energy nuclear physics projects have a comparably high priority
in the Research Council (i.e. in the program for sub-atomic physics). The
main aim of this activity is the verification of the existence of quark-gluon
plasma. The Norwegian participation in this project is a close Bergen - Oslo
collaboration.
At the time of writing, the marginal financial support for the cyclotron
laboratory seems to improve. A joint Institute / Faculty /Research Council
agreement with the aim of securing reasonable finances for a three years
period has now been negotiated and initiated.
The efforts of Trine Tveter as a co-editor of the present report is highly
appreciated. Many thanks also to the section staff members who have eased
the editor's work by providing LATEX versions of their report contributions.
Blindern, May 1997
Finn Ingebretsen
Section leader.
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Chapter 3

The Cyclotron
3.1

Operation and Maintenance

E. A. Olsen, J. Wikne and S. Messelt
In 1996 the beam time used for astatine production for an external customer
was 53 hours. The beam time used by the nuclear chemistry group was 192
hours. For nuclear physics experiments the beam time was eight hours.
Approximately 11 weeks have been used for scheduled and two weeks for
unscheduled maintenance. The unscheduled stops were mainly due to RF
problems. A new gas jet target and a new mass spectrometer for leak testing
have been installed.
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Chapter 4

Data Acquisition and
Analysis
4.1

Introduction

Currently, the data acquisition system at the Oslo Cyclotron Laboratory
may be divided into two major components:

A front-end system responsible for data digitalization, read-out and
formatting. This system is based on a VMEbus with connections to
CAMAC and NIM devices.

• A rear-end system consisting of a Sun Sparcstation with a separate
hardware interface to the front-end VMEbus.

The acquisition system is shown in fig. 4.1.

5.2 Gb
exabyte

CAMAC
VME
MC68020
NIM

( BIT3
I interface

Sparcstation
10/512

= >

=>

Figure 4.1: Schematic view of the data acquisition system
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4.2

Configuration

Developments in 1996 on the computer / data-acquisition system were:
• Migration from the old MC68020-based VME front-end processor to
a more modern PowerPC VME module (CES RTPC 8067EA, bobcat.uio.no) was started. However, the old CPU was still in use at the
end of the year.
• A new rear-end computer (Sun UltraSparc 2 Creator, cheetah.uio.no)
was installed, not replacing but adding to the older one and working
in close coupling with it.
• User disk capacity was expanded by 9GB.
• Two more X-terminals were purchased.
• The Apollo DN4500 was obsoleted.
The basis configuration is given below:

a) Front-end
VMEbus system with:
1
CES FIC 8230 CPU, MC68020/68881, 2 MB DRAM,
VALET-Plus firmware
1
CES RTPC 8067EA, PowerPC 603 64MHz CPU,
128kB SRAM, 64 MB DRAM, 1 GB disk, LynxOS 2.3.1
1
CBD 8210, CAMAC Branch Driver
1
NIM Interface
1
TSVME 204, EPROM socket card
2
VBR 8212, VME-VME link, receiver
1
VBR 8213, VME-VME link, transmitter
3
TPUs, Trigger Pattern Units
1
Bit3 Model 467, VME-SBus link, 25MB/s
NIM ADC Interface System with:
16
Silena 7411/7420G ADCs
CAMAC system with:
4
Silena 4418/V ADCs
4
Silena 4418/T TDCs
1
Pile-Up Rejection Module (PUR) [1]
Apple Macintosh SE with:
VALET-Plus Bridge
1
20 MB disk drive
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b) Rear-end
Sun Sparcstation 10-512 with:
Solaris 2.5.1 operating system (UNIX System V Release 4.0),
OpenWindows, X-windows, Motif
Dual SuperSPARC TMS390Z55 50MHz CPU with 36kB cache,
128 MB memory
1
Bit3 Model 467, SBus-VME link card, 25MB/s
2
SCSI mass storage expansion box
1
2.0 GB disk drive
1
1.0 GB disk drive
2
9.0 GB disk drive
1
Colour monitor, 19", 1152 x 900 pixels
1
Ethernet controller, TCP/IP and NFS software
1
10 GB Exabyte cartridge tape unit
1
12 GB Exabyte cartridge tape unit
1
Panasonic SCSI CDROM unit
1
SparcPrinter QA-6 laserprinter
Sun UltraSparc 2 Creator with:
Solaris 2.5.1 operating system (UNIX System V Release 4.0),
OpenWindows, X-windows, Motif
Dual UltraSPARC 200MHz CPU, 448 MB memory
1
2.0 GB disk drive
1
Colour monitor, 20", 1280 X 1024 pixels
1
Ethernet controller, TCP/IP and NFS software
1
12 GB Exabyte cartridge tape unit
Our Suns share the following X-terminal resources:
7
NCD X-terminals, colour monitor, 19", 1280 X 1024 pixels
1
TDV X-terminal, colour monitor, 17", 1024 x 768 pixels
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4.3

Acquisition and Data Analysis Software

MAMA:
Program to manipulate large 2-dimensional matrices. It contains more than
80 commands. Some examples are: read, write, add, subtract, multiply,
smooth, compress, project, cut, etc. In addition, the package contains more
complex functions like
- unfolding of Nal 7-spectrum.
- folding spectra with Nal response function.
- extraction of first generation 7-spectra.
- extraction of nuclear temperature from 7-spectra.
MIMA:
MAMA without graphics, for use on "dumb" terminals.
CSMA:
Cranked shell model with asymmetric nuclear shape.
DECAY:
Calculates the 7-decay for a Fermi gas system. The lowest excitation region
is simulated using experimental data.
EMMA:
Calculates El, Ml, El, M'2 transition probabilities between single quasiparticle states from the RPC program (see below).
GAP:
Solves the BCS gap-equation.
HFBC:
Hartree-Fock-Bogoliobov Cranking model based on Nilsson orbitals from
the RPC program (see below).
KINEMATIC:
Calculates relativistic energy loss at a given scattering angle. Bethes formula. Straggeling. Also available on IBM-PC
PAW:
CERN-developed Physics Analysis Workstation running on the Apollo and
the Sun Sparcstation.
SIRIUS:
This is the new main data-acquisition and on-line analysis program at the
14

lab.
ZIGZAG:
Calculates the 7-decay as a function of evaporated neutrons.
RHOSIG:
Extracts the 7-strength function and level density from first generation 7spectra.
OFFLINE:
The off-line counterpart of SIRIUS.
World Wide Web:
Starting point URL: http://lynx.uio.no/

4.4

Progress of the SIRI Data-Acquisition System
Development

J. Wikne
The debugging / testing of hardware continued throughout the year. Multiple problems were encountered, some related to errors in the documentation
for the custom VLSI SIRI front-end chip. Generally, too many parameters
on this chip needed adjustment within small margins, and it proved very difficult to get them all correct simultaneously. At the end of the year things
started to work.
References:

1. Section for Nuclear and Energy Physics Annual Report 1995
Department of Physics, University of Oslo Report UiO PHYS 96-14
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Chapter 5

Nuclear Instrumentation
The main investment for 1996 was a new ULTRA Sparc computer and 8
Si(Li) detectors. Also an spectroscopic amplifier and power-supplies were
purchased.

5.1

The CACTUS detector

M. Guttormsen and S. Messelt
The CACTUS detector accommodates 28 Nal and 3 Ge detectors and is
mounted on the 90° beam line of the Oslo cyclotron. The Nal counters
are fixed to the detector frame and have a distance of 24 cm to the target.
The 5"x5" Nal(Tl) detectors (BICRON) are equipped with 5" PMT. The
detectors are shielded laterally with 2 mm lead and collimated with 10 cm
lead in front. The solid angle of each detector corresponds to 0.5% of Ait.
The front of the detectors are covered with a 2 mm Cu absorber. In addition
to the Nal counters there is space for Ge counters. At present we have three
Ge-detectors with efficiencies of 49, 60 and 72%.
The target chamber can be removed from the centre of the Nal ball through
the two remaining holes (32 holes in total). Beam focusing can be performed
with a piece of quartz at the target place, where the beam spot can be
monitored by a TV camera through a plexiglass window.
Inside the ball of 7-detectors the SIRI particle telescope system is planned
to be mounted in 1997.
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Figure 5.1: The target chamber with one SIRI detector ring seen perpendicularly to the beam axis. The detector ring covers a range of angles between
30° and 60° with respect to the beam direction. The distance from the
target to the active detector surface is 40 mm.

5.2

The SIRI Strip Detector Project

M. Guttormsen, S. Messelt, E. Olsen and J. Wikne
The SIRI (Silicon Ring) system will be used in the study of nuclear structure
and decay properties as a function of temperature. It consists of an array of
silicon particle telescopes for the detection of light particles. The telescopes
will be placed inside the CACTUS detector, and the CACTUS/SIRI combination represent a very powerful particle-7-coincidence set-up. The project
has been supported by the Norwegian Research Council (NFR) with totally
MNOK 2.3.
Fig. 5.1 shows the target chamber, which is placed inside the CACTUS
Nal array. Detector rings, target and chips are mounted on separate rings
that can be moved on rods connected with the flange to the right. It is
possible to switch between four targets inside the chamber without breaking
the vacuum. New oil free vacuum pumps are installed. The target chamber
is designed so that cooling of the chips and detectors can be performed. The
beam optics and focusing properties are tested in order to reduce halos and
scattering from slits along the beam line.
The detector and read-out chips are user specified, and represent high technology developments. The SINTEF group in Oslo has designed and delivered
the detectors and read-out chips for the system. The ASIC chips were processed by AMS in Austria. The mounting of the circuitry and detectors on
ceramic substrates was made by Microcomponent in Horten, Norway.
5.2.1

The Detectors

One SIRI element consists of one AE and one E detector mounted on a 1 mm
thick ceramic substrate, as shown in Fig. 5.2. The front and end detectors
have the same shape (almost trapezoidal in form) and are sandwich mounted
back-to-back. The detectors are glued on to the ceramic substrate, where
17
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Figure 5.2: In the upper part is shown the detector glued to the ceramic
substrate with circuitry and flat cables. In the lower part is shown the
arrangement of the 8 telescopes into a ring-structure.
bonding and cabling can be performed. Surface mounted circuitry is laid on
both sides of the left wing of the substrate, as indicated in Fig. 5.2. Flat
cables are connected to the chips from the wings.
Each detector element consists of 8 pads. A total system includes two rings
in the forward and two rings in the backward direction with respect to the
beam. This means that 256 telescopes, or 512 pads, can be read out.
The particle telescopes are 2000 /j,m thick and stops at least 60 MeV aparticles. It is also important to stop protons in the telescope for the purpose
of appropriate particle identification. The front detector is 135 ^m thick,
so that ct-particles of around 15 MeV can pass through the detector. Thus,
the thickness of one element is 3.2 mm. The arrangement of the elements
into one ring is shown in the lower part of Fig. 5.2.
The front detector was straightforward to develop, and a leakage current less
18

than 0.5 nA per pad is obtained. The silicon wafer for the 2 mm detectors
is made of very high resistivity substrate. A multi-guard ring of 2.5 mm is
designed around the detector to reduce the leakage current.
5.2.2

The Read-Out System

In the read-out part of the system, we use a custom designed, monolithic chip
(ASIC). Each chip is designed to handle 32 silicon strip detectors, including preamplifiers, discriminators, shapers, pattern, multiplicity and pile-up
rejection circuitry. The chip is implemented in AMS 1.2/xm BiCMOS, double poly, double metal process. The power consumption is 350 mW, which
gives about a 6°C increase in temperature when bonded to a CLCC84 chip
carrier.
At the first stage on the chip a fast preamplifier splits the signal into a time
and energy branch. The ready signal from the acquisition system resets the
latches and energy buffers, but not the multiplicity and pile-up detection.
This part of the circuit is always ready to take events.
The pileup inspection is performed both before and after the event of interest. If two signals arrive within 2 /xs, the corresponding latch will be reset
(signals less than 100 ns apart cannot be separated). Pile-up on/off has a
fixed level, which is set externally for the specific experiment. The function
set-latch identifies the channel fired. The latch for other channels cannot be
set (only reset) after the multiplicity signal for the event is back to 0.
The chip gives both good energy and timing signals. Generally, only one
or possibly two (or three) detectors per chip will fire. Therefore, the coincidence detected within the chip are handled using a summing technique
(multiplicity) of the logical timing signals. This multiplicity signal is a linear sum of the logical signals from all detectors. The signal can be used
to make multiplicity requirements or fast coincidences with other types of
detectors. In this way, reset for bad events can be performed (the computer
ready signal) at an early stage. The chip resets within 1 /is. In this way
energies can be read out even without the presence of set-latch.
The processing of the timing signals is a compromise in order to limit the
number of cables out of the target vacuum chamber and to reduce the pin
count of the chip. The chip do not include CFD for the time signal, time
walk effects will be compensated in the off-line analysis using the associated
energy pulse.
5.2.3

The Data Acquisition System

The chips will be connected to each other on a common bus within the
target chamber. Outside the chamber a read out controller (ROCO) is
under construction, containing ADCs and event buffers. The user can set
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SPARCStation512
128 Mb memory
11 Gb disk, Exabyte

NCD X-terminals

SIRI

Figure 5.3: Rear-end acquisition system.
certain thresholds by computer control, i.e. signal widths and logical signals
to the chips via the ROCO.
The data acquisition system is designed to handle the high data rate, which
is more that 10 times higher than earlier. The rear-end system, shown in
Fig. 5.3, is built around a SparcStation 10/512, with an interface (Bit3)
to the VME crate, where a single board computer takes care of the event
builder process. The data transfer system is designed to give a fast data
stream out to an Exabyte tape.
Further details on this project are given in ref. x) and in section 4.5 of this
report.
References:
1. M. Guttormsen
SIRI, A proposal for a multi-detector AE-E particle telescope
Department of Physics Report, UiO/PHYS/92-21 (1992)
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Chapter 6

Experimental Nuclear
Physics
6.1

Introduction

The experimental work at the Cyclotron Laboratory is dedicated to the
study of nuclear structure at low spin and high excitation energy, by measuring charged particles from light-ion transfer reactions, mainly (3He,a) in
coincidence with 7-rays, using the 28 Nal 7-ray detector array CACTUS
combined with Si particle telescopes. In this way the 7-decay pattern can
be studied as a function of the initial excitation energy from the ground
state up to Ex ~ 40 MeV.
In order to increase the efficiency of the particle-7 coincidence setup further,
the design of the SIRI multidetector system has been initiated (see section
5.2). The combination of SIRI and CACTUS will be a very powerful instrument in the study of both nuclear properties and reaction mechanisms as
functions of temperature.
In heated nuclei (a few MeV or higher above the yrast line), statistical concepts must be used for describing the nuclear structure due to the near
exponentially increasing level density and the extensive configuration mixing. The nuclear properties in this highly excited regime may be divided
into two categories:
i) average properties, which vary slowly with Ex and are related to thermodynamic concepts
it) the fluctuation properties, which provide a statistical characterization of
the microscopic structure of the various eigenstates.
The study of the average properties of nuclear structure involves the determination of thermodynamic quantities as level density and temperature as
functions of excitation energy, and the search for thermodynamic phase transitions. A method has been developed for the simultaneous determination of
the level density and the 7-ray strength function. Phase transitions, like the
quenching of pair correlations, are expected to be revealed as irregularities
21

in the level density, as step structures or constant- T regions. Collective
excitations, which contain information about correlations between nucleons,
may appear as fine structure in the 7-ray strength function. Such signatures
have indeed been observed experimentally for the nuclides 162Dy and 172Yb.
Data on more cases will be collected during a series of experiments in the
spring of 1997.
In order to verify these discoveries and investigate the phenomena with
higher energy resolution, we plan to apply for the use of 6 70% Ge detectors
(Eurogam Phase 1) for three months in 1998. This project, named GRIS
after the geometry of the setup and described in more detail in subsection
6.2.4 involves a broad international collaboration.
We also aim at generalizing the particle-7 coincidence approach and the
associated methods of analysis to larger regions of nuclear phase space. In
particular, we plan to participate in heavy-ion collision experiments with
strong charged particle channels at GASP, Legnaro, in the spring of 1997,
and attempt to extract level densities and strength functions at higher spins.
The transition from ordered to chaotic nucleonic motion is expected to show
up in the fluctuation properties of the nuclear states. Level statistics indicates that the nucleus has a rather chaotic structure in the neutron resonance
region. In well-deformed nuclei the degree of K mixing may serve as a more
sensitive probe for remains of order in the nuclear structure. Studies of the
primary 7-decay after thermal neutron capture have revealed a clear correlation between the transition intensity and the final-state A'-value, more
pronounced after thermal than after average resonance capture, which might
signify remains of order. In the thermal case, the transition probability distributions for /C-allowed and A'-forbidden transitions also have shapes associated with different numbers n of degrees of freedom. Several physical
explanations for this puzzling observation have been discussed. In order to
look for possible doorway state effects, a study of possible correlations between probabilities for populating known low-lying states through (n,7) and
(d,p) reactions is planned.
The contributions during the year in the study of nuclear behaviour at moderate temperatures and low spin are presented in section 6.2.
Members of the group has also been involved in studies of hot rotating
nuclei produced through heavy-ion reactions, using the electric giant dipole
resonance (GDR) 7-radiation as a probe. These activities are presented in
section 6.3.
The study of discrete nuclear states close to the yrast region is continued.
These studies have been made with the NORDBALL collaboration at NBI,
Ris0, Denmark. This includes studies of nuclear level- and decay schemes,
nuclear moments, lifetimes and 7-ray angular correlations. These experiments given a comprehensive amount of data. Computer programs for the
analysis have been implemented on our local workstation, and the main part
of our data analysis is now performed locally. The reports are presented in
section 6.4.
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With the advent of ultra-relativistc heavy-ion collisions in the laboratory in
1986 (CERN and Brookhaven), a new interdisiplinary field emerged from
the traditional domains of nuclear and particle physics. What may make
this field particularly interesting is the prediction of QCD that matter is
predicted to undergo a phase transition to an entirely new state, the quarkgluon plasma (QGP) at high energy densities.
The nuclear physics group works within the CERN collaborations WA85/94
/97 and NA57. The work has focused on the measurement and study of the
strange particle production in the nuclear collisions. The enhancement of
such production is seen as a possible signature of the creation of the quark
gluon plasma (QGP). In 1996 the WA97 collaboration continued the 160
GeV per nucleon Pb+Pb experiments, and 120 million central events were
collected. In relativistic collisions between such truly heavy ions the larger
volumes, the higher energy density and the increased lifetime of the reaction
zone, will improve the possibility of making the phase transition to the QGP
considerably.
The building of the future Large Hadron Collider (LHC) in CERN was finally
decided in 1994. A dedicated heavy ion collider (ALICE) that will take
data in year 2005 has been accepted as an integral part of the experimental
program for LHC. With a center-of-mass energy of 6.1 TeV per nucleon, this
will bring us into the true high-energy heavy-ion regime with a qualitatively
improved environment for the study of strongly interacting matter. In 1996
the Norwegian activity within the ALICE detector development has been
concentrated on the PHOS detector to measure electromagnetic radiation
from the plasma and the data acquisition system (DAQ) to collect the very
large amounts of data that are going to be produced in the nucleus-nucleus
collisions in LHC.
During the years 2000-2005 the accelerators in CERN will be closed while
the new LHC facility is being installed. For this periode we have joined the
BRAHMS project that will execute nucleus-nucleus collision experiments in
the RICH collider (Brookhaven) at 100 GeV per nucleon per beam. This
experiment will in particular address proton and antiproton production both
in the central and in the fragmentation region. The semi-inclusive spectra
of charged pions and kaons over a wide range of rapidity and transverse
momentum will also be studied.
The reports from these studies are given in section 6.5.
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6.2

6.2.1

Nuclear Properties at Moderate Temperature
and Low Spin
Observation of Fine Structure in Nuclear Level Densities and 7-Ray Strength Functions

T. S. Tveter, L. Bergholt, M. Guttormsen, E. Mel by, A. Schiller, S. Siem
and J. Rekstad
A recent work 1) introduces a new method for extracting the nuclear level
density p(U) and the 7-ray strength function F{E1) from primary 7-ray
spectra.
The method has been applied to data from the reactions 163Dy(3He,a)162Dy
and m Yb( 3 He,a) 172 Yb at a beam energy £(3He) = 45 MeV, utilizing the
present CACTUS setup at the Oslo Cyclotron Laboratory. Results for the
nucleus 162Dy are shown in Fig. 6.1. Technical details of the method are
given in Ref.1).
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Figure 6.1: Left: Extracted average level density p(U) (top), the same divided by an exponential (bottom) for 162Dy. Right: Extracted average
7-energy dependent factor F{E1) (top), the same divided by a factor E1™
(bottom).
The spectra F(E^) exhibit prominent peaks at £ 7 « 2.4 MeV in 162Dy and
3.3 MeV in 172Yb. The most likely interpretation of these peaks is the decay
of low-energy dipole excitations, built on excited states.
For both nuclei, apparently significant steplike structures are evident in the
region U < 5 MeV. The centroid of the most pronounced of the level density
enhancements is located slightly above the excitation energy U = 2A, with
A being the pairing gap. The stepwise breakdown of the pair correlations
is suggested as a likely explanation for the observed effects.
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Our discoveries represent major deviations from the Fermi gas picture, which
describes the nuclear landscape in this energy region as essentially uniform
and featureless. It is important to perform extensive tests of the method in
order to confirm its reliability beyond possible doubt. A set of such tests
are being carried out using Monte-Carlo simulated data, as described in
subsection 6.2.3. Experiments planned in the spring of 1997 on 162Dy and
172
Yb targets will hopefully facilitate a comparison of p(U) and F{E^) for
the same nuclides populated through the (3He,a) and (3He,3He') reactions.
Similar investigations using Ge instead of Nal detectors are planned in the
summer of 1998 (see subsection 6.2.4).
Future data on nuclei from different mass and shape regions and with different odd/even properties are expected to give further evidence as to the
physical interpretation of the fine structure, and perhaps allow the discovery
of new phenomena as well.
References:
1. T. S. Tveter, L. Bergholt, M. Guttormsen, E. Melby and J. Rekstad,
Phys. Rev. Lett. 77 (1996) 2404
6.2.2

Iteration Properties in the Extraction of Level Density
and 7-Ray Strength Function

A. Bjerve, M. Guttormsen, E. Melby, J. Rekstad, A. Schiller, S. Siem and
T. S. Tveter
Recently, a new method to extract level density and 7-ray strength function
from experimental data has been reported1'2). The distribution T(EX, E^)
of the first generation 7-rays emitted from excited nucleus can be expressed
as:
(6.1)
where U = Ex — E^. Here, p(U) is the level density at the final state,
and F(E~f) is a strength function given by F(E^) = E™, with n «s 4.2. A
computer program, named RhoSig, has been developed to simultaneously
calculate p(U) and F(E^) from experimental first generation 7-ray matrices
2

)-

In this work we focus on the convergence properties of the algorithm implemented in the computer program. The ideal situation would be that after
some iterations, the results should not change any further with increasing
number of iterations.
The results of running RhoSig with different number of iterations on a first
generation matrix from 162Dy, are shown in Fig. 6.2. As the number of
iterations increases, the value of p{U) and F(E~f) decrease for energies higher
than 4 MeV, and increase for energies below 4 MeV. This type of sliding
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Figure 6.2: Above: Extracted level density for 4, 10, 20, 50 and 100 iterations
with RhoSig. Below: Similar for strength function. Both curves drift to the
left with increasing number of iterations.
effect does not change the fine structure of the extracted curves, but the
absolute values far from 4 MeV reveal a gradual change of the order of 10 100.
In conclusion, the procedure seems to work well as long as the number of
iterations is below 10. It would be interesting to find a way to compensate
for the sliding effect seen in the results obtained with higher number of
iteration.

References:
1. L. Henden, L. Bergholt, M. Guttormsen, J. Rekstad and T.S. Tveter,
Nud. Phys. A589 (1995) 249
2. T.S. Tveter, L. Bergholt, M. Guttormsen, E. Melby and J. Rekstad,
Phys. Rev. Lett. 77 (1996) 2404
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6.2.3

Using Simulated Data to Test the Method for Simultaneous Extraction of Level Density and 7-Ray Strength
Function

S. Siem, T.S. Tveter, L. Bergholt, M. Guttormsen, E. Melby, J. Rekstad
and A. Schiller
The energy distribution of primary 7-rays emitted from a well-defined initial excitation energy Ex provides information about both the nuclear level
density and the 7-ray strength function. An iterative procedure for simultaneous extraction of fine structure in the level density and the 7-ray strength
function from a set of primary 7-ray spectra has been developed1). The
method is being thoroughly tested using simulated data with known input
level densities and 7-ray strength functions.
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Figure 6.3: The level density and 7-ray strength function put into the Decay
program (middle row) and the same functions extracted by the method (top
row) and the ratio of the output and input functions (bottom row).
The Monte Carlo simulation program Decay (see subsection 6.2.5), simulates 7-decay for excitation energy from the ground state up to the neutron
binding energy. The program Decay gives primary 7-ray spectra which then
are used as input in the deconvolution method. With good statistics the
method reproduces the level density and 7-ray strength function very well.
The functions produced do not include any structure when the input level
density and 7-ray strength function were smooth, see Fig. 6.3. It does repro27
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Figure 6.4: The level density and 7-ray strength function put into the Decay
program (middle row) and the same functions extracted by the method (top
row) and the ratio of the output and input functions (bottom row).
duce big bumps when these are included in the input level density or 7-ray
strength function, or in both at the same time, see Fig. 6.4. The bumps
occur at the right energy and with the right magnitude. We have run the
simulations with different amounts of statistics and the method works well
even at poorer statistics than what the usual experiments at our laboratory
give.
There will be more tests of the method and we are looking forward to using
it on new experimental data. References:
1. T.S. Tveter, L. Bergholt, M. Guttormsen, E. Melby and J. Rekstad,
Phys. Rev. Lett. 77 (1996) 2404
6.2.4

A proposal to get Eurogam detectors to Oslo

S. Siem, T. S. Tveter, P. A. Butler1, T. L. Khoo2, L. Bergholt, M. Guttormsen, F. Ingebretsen, G. L0vh0iden, E. Melby, S. Messelt, E. A. Olsen,
J. Rekstad, A. Schiller, J. Wikne and S. W. 0degard
'Oliver Lodge Laboratory, University of Liverpool, Liverpool L69 3BX, U. K.
Physics Division, Argonne National Laboratory, Argonne, IL 60439, USA
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Figure 6.5: GRIS: Germanium Ring Setup.

Figure 6.6: Detector frame, preliminary sketch. The beam direction is perpendicular to the paper plane.
Significant fine structure in both the level density and the strength function
have recently been revealed in the rare earth nuclei 162Dy and 172Yb, produced by the (3He,a) reaction1). This might be signatures of the breakdown
in pairing correlations and of collective dipole modes built on excited states.
The measurements were made with the CACTUS detector array, which contains 28 Nal scintillation detectors. These results are quite unexpected and
amount to an important extension of our knowledge of nuclear structure.
During the Zakopane school (fall 1996) an international collaboration was
formed with the goal of exploring these hitherto undiscovered features in
more detail. Our plans are to perform high-resolution measurements at
the Oslo Cyclotron Laboratory, employing high-efficiency Ge detectors with
Compton suppression. We would therefore like to borrow six Eurogam Phase
I 70% Ge detectors with BGO shields, for three months in the spring of 1998.
The detectors will be placed perpendicular to the beam direction forming
a ring, thereby the name GRIS (norwegian for PIG), which stands for Ger29

Gamma
energy
1.17 MeV
1.33 MeV
8.0 MeV

CACTUS
28NaI
1
0.93
0.34

GRIS
6 Ge
0.39
0.36
0.12

Table 6.1: Comparison of the photo-efficiency of 6 Ge-detectors and the
CACTUS detector array.
manium Ring Setup (Fig. 6.5). Fig. 6.6 shows a preliminary sketch of the
detector frame we plan to build for the experiment. A proposal is almost
finished, and will be submitted to the Loan-Pool Management Committee
for ex-Euroball resources in the summer of 1997.
We have made some rough estimates on the efficiency of 6 Ge-detectors
compared to the CACTUS detector array (see table 6.1). We accumulated
spectra using a 60Co source and compared the photo efficiency of a 65%
Ge-detector and CACTUS. The efficiency at £ 7 = 8 MeV was found using the relative efficiency curve for Gammasphere detectors (obtained from
T. L. Khoo). The relative efficiency curve for CACTUS is well known. To
get as good statistics as previous experiments with CACTUS it is obvious
(see table 6.1) that we will need our new particle detector SIRI. By the spring
of 1998 we are confident that SIRI will be operating. This will increase the
efficiency by a factor of 10.

6.2.5

Simulation of Statistical 7-ray Spectra of Highly Excited Rare Earth Nuclei

A. Schiller, G. Mufioz, M. Guttormsen, E. Melby, J. Rekstad, S. Siem and
T.S. Tveter
A model to simulate statistical 7-spectra of highly excited nuclei has been
developed. The model has been implemented in a Fortran computer code
called Decay1). In addition, this model can also be used to validate the procedures for extraction of first generation spectra from continuous statistical
7-ray spectra2), and deconvolution of level density and strength function
from first generation spectra3), used at the Oslo Cyclotron Laboratory.
It is assumed that transition probability in the statistical region can be described simply as the product of level density at final energy Q(EJ) and a
7-energy dependent factor. Within the simulation, three different regimes
of nuclear level density are defined (see Fig. 6.7). In the excitation region
below 1.5 MeV, almost complete level schemes can be found in several compilations. These discrete levels are used in that energy region instead of a
continuous level density. About 500 keV around the pairing energy, a constant temperature model is taken into account. At even higher excitation
energies, a back-shifted Fermi-gas model is applied.
30

Level Density of

Figure 6.7: Typical spin-dependent level density scheme, including the regions of discrete levels, the constant temperature model and the Fermi-gas
model. The discrete levels are taken from 162Dy.
Another condition on the statistical 7 decay is the K selection rule. Since
the K quantum number is defined as the projection of the nuclear spin
on the nuclear symmetry axis, AK < AJ should hold. However, K is
only approximately a good quantum number, so K mixing might appear,
which results in a partial violation of the K selection rule. Nevertheless,
transitions with AK > A where A denotes the rnultipolarity of the transition,
are hindered relative to /•C-allowed transitions. This effect is taken into
account introducing a hindrance factor bAK~x for AK > A and 1 for AK <
A.
Unfortunately, the first implementation of the model in a computer code
suffered from several drawbacks. The calculation time was too long, and
the spin dependent level density could not be matched between the constant
temperature region and the Fermi-gas energy region. The model was threfore
altered slightly, and several parts of the computer code were rewritten. Still,
not all problems are solved. Due to the introduction of weighting factors,
the simulated 7-spectrum is not true statistical. Nor is the non-uniform
distribution of the initial excitation energy taken into account. However,
this might be changed in a future version of the program.
References:
1. G. Mufioz, cand. scient. thesis, 1996, unpublished
2. M. Guttormsen, T. Rams0y, and J. Rekstad, Nucl. Instr. Meth. A255
(1987) 518
3. T.S. Tveter, L. Bergholt, M. Guttormsen, E. Mel by and J. Rekstad,
Phys. Rev. Lett. 77 (1996) 2404
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6.2.6

Theoretical Description of Statistical 7-Ray Multiplicity Distributions

J. Holmen, L. Bergholt, M. Guttormsen, T.S. Tveter and J. Rekstad
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Figure 6.8: The 7-ray multiplicity (solid line) and width (dashed line). The
arrows indicate the neutron binding energies.
The average statistical 7-ray multiplicity and the width has been found and
plotted as a function of excitation energy for the 163Dy(3He,xna)162~xDy
reaction1). The result is shown in Fig. 6.8.
A computer program called ZigZag2) simulates the 7-ray multiplicity, based
on a model for neutron decay within a Fermi gas. The result is shown in
Fig. 6.9.
The ZigZag program has been extended to simulate the theoretical width.
The result is shown in Fig. 6.10.
The model has a number of parameters, such as various spin distribution,
different level densities, etc., which one can vary in order to make more
realistic simulations. The parameter <r0 is related to the spin distribution,
in the way that a wide distribution of the spin populated in the reaction
causes atot to increase, because
00

' sptn •

(6.2)

A new version of ZigZag calculates the spin distribution as a function of the
a-particle energy. This is an improvement in the way that it gives better
simulation of the 7-multiplicity when the excitation energy increases. The
simulation of the 7-multiplicity is shown in Fig. 6.11, and the following
simulated width in Fig. 6.12.
References:
32

3.S-

^
3.0

f

2 2.5
|
<"

A \

„•

V
;

1.5

1

\

1.0-

o.s—

i

—

t

—

i

—

Eksrcasjonseatrgi (MeV)

Figure 6.9: The simulated 7-multiplicity (solid line) vs. the experimental
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Figure 6.10: The experimental width (dashed line) compared to the theoretical width (solid line).
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Figure 6.12: The experimental width compared to the theoretical width.
The solid line shows the theoretical width, while the dashed line shows the
experimental width.
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6.2.7

The Back-Shifted Fermi Gas Model

K. Ingeberg, M. Guttormsen, E. Melby, J. Rekstad, A. Schiller, S. Siem and
T. S. Tveter
There has been some discussion on whether the back-shifted Fermi gas model
is justified. The level density of the model can be described by the formula

where A is the rotational parameter and a is taken as lO/Amass (in units of
MeV- 1 ). The nuclear temperature T is related to the intrinsic energy U by
U = aT2- T,

(6.4)

where the intrinsic energy is given by
U(I) = EX- Eyrast(I) - 5.

(6.5)

Here, 8 is called the back-shift parameter.
A preliminary test on the extracted experimental level density1) of the 162Dy
nucleus, indicates that the back shifted Fermi gas formula gives a poor description. The problem is that, in a logarithmic plot, the experimental level
density is almost a straight line going through 0 MeV of excitation energy,
while the model (with a back-shift of S = 2A) is a curved line starting
at 2 MeV. The difficulties may be solved by adjusting parameters of the
description (see above).
We will also look more closely at the temperature dependence of the model.
The model assumes that the temperature varies, but the experimental data
indicates that T is approximately constant. This is surprising since T~l =
d(lnp)/dEx. This may be related to the trial function po described in ref.1),
which is based on a constant temperature level density.
The model will be tested on the 162Dy, 161Dy, 148Sm and 166Er nuclei populated in the (3He,e*) reaction in previous and future experiments.
References:
1. T.S. Tveter, L. Bergholt, M. Guttormsen, E. Melby and J. Rekstad,
Phys. Rev. Lett. 77 (1996) 2404
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6.2.8

Gamma-Ray Angular Distribution of the
I63
Dy(3He,Q7)162Dy Reaction

S. Rezazadeh, M. Guttormsen, E. Melby, J. Rekstad, A. Schiller, S. Siem
and T.S. Tveter
Multipole transitions of nuclei are important parts of their dynamic properties. In order to determine the multipole order of 7-transitions the angular
distribution of the radiation with respect to certain symmetry axes may give
important information. To distinguish electric from magnetic radiation, it is
necessary to do additional measurements, such as measuring the polarisation
of the 7-rays.

Figure 6.13: Geometries for the angular distribution measurements. The
figure shows the angles between emitted 7-ray and beam axis (<p), vector
normal to reaction plane (CJ), the direction of the a-particles (^), and the
direction of the recoiling nucleus (0).
Our study is based on a7-coincidences of the reaction 163Dy(3He,a7)162Dy
with beam energy E = 45 MeV and Q = 14.3 MeV. The experiment was
carried out at the Cyclotron Laboratory at the University of Oslo using
the MC-35 cyclotron to produce the beam, and the CACTUS multidetector
system to measure try-coincidences1'2). The CACTUS multidetector system
has a spherical frame with a radius of 25 cm, and accommodates 30 7-ray
detectors.
28 Nal(Tl) detectors are fixed to the detector frame at a distance of 22 cm
from the target, in six different circles with 37°, 63°, 79°, 101°, 117° and
143° relative to the beam axis. The total solid angle corresponds to 18% of
47T. The detector frame is built up by 20 hexagons and 12 pentagons with
the same area and the angle between two neighbouring NaI(Tl)-detectors is
approximately 36°. In addition to the 28 Nal(Tl) detectors, there are also
two Ge-detectors placed at ±145° relative to the beam axis. The 8 Si (Li)
particle telescopes are fixed to a plastic ring inside the vacuum chamber at a
distance of 4 cm from the target, and at 45° relative to the beam direction.
The total solid angle corresponds to 1.5% of 47r, and the angle between
the Si(Li) particle telescopes is 45°. Subsequent to the pick-up reaction,
36
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Figure 6.15: The 7-ray angular distribution 163Dy(3He,cry) 162Dy with respect to the recoiling nucleus. Above: ground state band transitions with
E-y = 0.18 - 0.29 MeV. Below: transitions from vibrational bands to the
ground state band with E^ = 0.5 - 1.6 MeV. The solid curves are leastsquares fits to the data points.
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162

Dy is left in an excited state which decays by emitting 7-rays. Fig.
6.14 displays the total-generation 7-spectrum corresponding to excitation
energies between 0 and 8 MeV. Our initial assumption was that we could
have angular distribution on every axis (see Fig. 6.13). However, when we
measured angular distribution of emitted 7-rays with respect to four different
axes, we found an isotropic distribution for three axes but an anisotropic
distribution with respect to the recoiling nucleus.
The analysis was performed by least-squares fit to the theoretical expression:
Ao + A2P2{cosO) + AjP 4 (cos9)

(6.6)

The PL (COS 0) are Legendre polynomials with 0 being the angle between
emitted 7-ray and recoiling nucleus direction. The angular distribution in
the energy region 2?7 = 0.18 - 0.29 MeV, which are ground state band transitions 4 + -> 2 + and 6 + —> 4+ suggests stretched E2 radiation (see Fig. 6.15).
Furthermore the angular distribution in the energy region Ey = 0.5 - 1.6
MeV, which are transitions from vibrational bands to the ground state band,
suggests multipole mixing, dipole or unstretched quadrupole radiation. In
the energy region E-y > 1.6 MeV, which can be described by the Fermi gas
model, we find close to isotropic angular distribution with the angular distribution coefficients {A2/Ao) = 0.096(0.028) and (A4/A0) = 0.038(0.039).
This could be due to continuum radiation mixing of stretched and unstretched multipole transitions with anisotropies cancelling each other. Note
the low 7-ray intensities in this region which result in high statistical uncertainty (see Fig. 6.14).
The experimental results show the importance of studying polarisation, a
work which is in progress.
References:
1. L. Henden, L. Bergholt, M. Guttormsen, J. Rekstad and T. S. Tveter,
Nucl. Phys. A589 249 (1995)
2. M. Guttormsen, B. Bjerke, J. Kownacki, S. Messelt, E. A. Olsen,
T. Rams0y, J. Rekstad, T.S. Tveter and J. C. Wikne Report 89-14,
Department of Physics, University of Oslo, 1989

6.2.9

A'-Hindrance in Primary 7-Decay after Thermal and
ARC Neutron Capture

E. Melby, I. Huseby, T.S. Tveter, L. Bergholt, M. Guttormsen, J. Rekstad,
A. Schiller, S. Siem and R. K. Sheline3.
departments of Chemistry and Physics, Florida State University, Tallahassee, Florida
32306, USA
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Figure 6.16: Experimental distributions (filled histograms) of relative reduced transition probabilities x for o) allowed and b) forbidden transitions,
thermal energies, and c) allowed and d) forbidden transitions, ARC energies. The data are compared with theoretical x distributions for different
numbers n of resonances (open histograms). The inserts show the squared
deviation x 2 between calculated distributions and data for various n.
In a series of recent papers, evidence has been presented for an apparent Khindrance effect in the primary 7-decay of states populated through thermal
and average resonance neutron capture in deformed nuclei1). Details are
explained in Ref. 1). A striking observation is that the A'-hindrance seems
considerably more profound in thermal neutron capture than in ARC.
In order to search for possible differences in the statistical behaviour of allowed and forbidden transitions after ARC and thermal neutron capture,
the observed transition probability distributions were compared with theoretical model calculations2). The degrees of freedom of the theoretical
distribution, n is the number of resonances decaying. Comparison of the
theoretical and the experimental distributions of reduced relative transition
probabilities after thermal neutron capture shows an astonishing difference
between A'-allowed and A"-forbidden transitions after thermal neutron capture. In addition to displaying different centroids, the allowed and forbidden
39

distributions have shapes associated with different numbers n of degrees of
freedom. As shown in Fig. 6.16 the allowed transitions roughly follow a
distribution with five degrees of freedom, n = 5. On the other hand, the
distribution of forbidden transitions is well reproduced assuming n = 2. The
theoretical ARC distribution show a best fit to the experimental distribution
assuming a number of ~110 degrees of freedom for both the forbidden and
allowed transitions.
To demonstrate that the observed pattern is unlikely to be an accidental consequence of limited statistics, we have split the transitions into four subsets
according to their final-state spin, // = / tar5e j±3/2, and // = /f a r s e i ±l/2.
The former group of transitions originate from only one of the two initial spin
values possible, /j = Itarget±l/2 (assuming s-neutron capture only), while
the latter may start from both of them. The split-ensemble experimental
data, compared with theoretical calculations, are displayed in Fig. 6.17.
Best fits to the various sub ensembles are obtained with the following numbers n of resonances: // = /t ar5e «±3/2: n^ ~ 4, np ~ 1; // = /t a r 3 e t±l/2:
TLA ~ 6, np Rs 3. The allowed-forbidden difference is obvious in all the
individual subsets investigated. It is also interesting to note that the distributions associated with Ij = Itarget±l/2 correspond to approximately twice
as many initial states as the // = /<ar5e<±3/2 distributions, as expected.
This observation inspires confidence in the statistical quality of the data
and the possibility of extracting physically relevant information from the
distribution shapes.
The two groups of states populated in the different capture reactions are
separated in energy by only 2 keV, and are expected to be equivalent with
respect to quantum structure, having the same degree of configuration mixing. The observed difference remain a mystery so far, but a few simple
speculations are presented below.
One possible explanation could be A'-mixing for a subset of the neutron
resonances. In that case, the A"-allowed final states can be reached through
allowed transitions from all populated states, while the A'-forbidden ones
are only accessible from the A'-mixed initial states. This is not consistent
with the observation that UA ~ np for the ARC data.
Alternatively, the extra degrees of freedom might be associated with the
decay process. The additional exit components in the allowed decay, vanish
in the ARC case. This might be due to the different neutron width of the
resonances populated at the two energies. Since neutron emission mainly
occurs through the high-A' entrance component with an s-neutron located
in continuum, this configuration and related ones are expected to contribute
less to the 7-decay at En = 2 keV. The consequences of such an entrance-exit
correlation need to be more studied.
An intriguing question is whether there might be fundamental structural
differences between the states populated by thermal and ARC neutrons.
The ARC neutrons, which have an energy spread of several hundreds of eV,
will populate ~ 102 resonance states, and the resulting transition probability
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will mainly show the properties of the resonances themselves. At thermal
energies, the resonance states display an average width ~ 1 eV and spacing
~10 eV for a given spin value. The thermal neutrons enter the nuclei at
En ss Bn + 1/30 eV with a very small energy spread, and are likely to hit
between two resonances, populating a narrow interval of their tail regions.
The associated transition probability distributions will reflect the quantum
properties of the resonance tails and possibly additional background. One
may speculate whether the thermal cross section includes some kind of non
resonant states with less K mixing than the resonances dominating the ARC
cross section. One possible contribution to the nonresonant cross section
might be potential capture, where 7-decay takes place directly from the
entrance component3).
We plan an empirical study of correlations between transition probability
and final-state microscopic structure, for instance in terms of similarity
to the entrance configuration, as initiated by Soloviev4). More sophisti41

cated simulations, encompassing possible entrance-exit correlation effects
and single-particle selection rules, are needed. Experimental studies aimed
at understanding the capture, thermalization and decay processes and the
quantum structure of the narrow resonances and the continuum between
them, would be of great value. The fact that there is sometimes correlation
and sometimes anti-correlation between the probabilities for populating lowlying states after the (n, 7) and (d, p) reactions, is probably to be understood
in terms of the specific character of the capturing states 5 ). A comparison
between these two reaction types might therefore be a valuable tool for
studying the entrance configuration.
References:
1. R. K. Sheline et al., Phys. Rev. C51 (1995) 3078, and references
therein.
2. I. Huseby, T. S. Tveter, L. Bergholt, M. Guttormsen, E. Melby, J. Rekstad, S. Siem and R. K. Sheline, Phys. Rev. C55 (1997) 1805
3. A. M. Lane and J. E. Lynn, Nucl. Phys. 17 (1960) 563,586.
4. V. G. Soloviev, Phys. Lett. B317 (1993) 501.
5. R. K. Sheline et al., Phys. Rev. 143 (1966) 857,
H. T. Motz et al., Phys. Rev. 155 (1967) 1265.

6.3

Hot Rotating Nuclei Studied by means of the
Giant Dipole Resonance

6.3.1

Search for Entrance Channel Effects in Heavy Ion Reactions Leading to 170W

M. Kmiecik, A. Maj, B. Herskind, R. A. Bark, A. Bracco, F. Camera,
G. B. Hagemann, N. Hashimoto, A. Holm, S. Leoni, T. Saitoh and T. S. Tveter
Calculations based on the HICOL code predict differences between formation
times of the compound system created in heavy ion reactions with different
mass asymmetry parameters in the entrance channel l). In general the more
mass symmetric reactions may result in slower fusion time which affects the
decay of the compound system. It appears still an open question, since many
contradictory results exist.
We have investigated two reactions, differing in mass asymmetry, leading
to the 170 W compound nucleus: l l o Pd+ 6 O Ni (at bombarding energies of
255 and 260 MeV) and 122 Te+ 48 Ti (at 208 and 215 MeV). The bombarding energies were chosen such that the excitation energies in the compound
42
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Figure 6.18: Gamma-ray spectra collected in the 208 MeV 48Ti on
reaction: total (top) and gated by 1-a event in the Si-Ball (bottom).
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Te

nuclei and the maximal angular momentum were pairwise equal in both reactions, E*=56 and 61 MeV, corresponding to Lmax=52 and 60 7i, respectively.
The experiments were performed using a PEX-HECTOR setup at TAL. It
consisted of 4 Ge clusters (each composed of 7 Ge crystals) in BGO AntiCompton shields, the HELENA multiplicity filter (38 BaF2 crystals with a
total efficiency of 36 %), the Si-Ball and the 8 large volume BaF2 detectors
from HECTOR for detecting high energy 7-rays. The Si-Ball enabled us to
select weak charge particle channels. The quality of this selectivity can be
seen in Fig. 6.18, where the total spectrum of discrete transition is compared
to the one gated by l-ce event in the Si-Ball. Furthermore counts in at least
8 elements of the multiplicity filter, were required for both spectra. The
possible entrance channel effects could be manifested in the cross sections
for different evaporation processes. In Fig. 6.19 the measured cross-sections
of the main evaporation channels for the two reactions as a function of fold
(proportional to the multiplicity of low energy 7-rays) are shown. They were
obtained from the measured intensities of the 7-transitions in the residual
nuclei. The slopes of these distributions reflect the angular momentum of
the decaying systems: the smaller the slope is, the higher is the angular
momentum. It can be seen, as expected from the available phase space,
that the low particle multiplicity channels (2n or a - In) originate from
the highest angular momenta, while high particle multiplicity ones (4n or
a — 3n) - from the lowest angular momenta.
The experimental data are compared to statistical model calculations using
the Monte Carlo version of the CASCADE code. A realistic angular momen43
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tum input is important and was obtained from the recent grazing collision
model of Aa. Winther 2 ), where also the collective excitation modes in the
fusion process are taken into account. In these calculations the yrast line
(common for all evaporation channels) in the low spin region was taken
from the fit to the experimental data and extrapolated to high spins using
the liquid drop model formula. The conversion between calculated angular momentum and measured fold was performed using the known response
function of the multiplicity filter. Calculations (shown as smooth lines) were
normalized to the experimental data for the 3n channel at fold 5. No other
free parameters were used. It can be noticed that with an exception of the
An channel, quite good agreement is obtained between calculations and experiment for the 60Ni on 110Pd reaction in particular. The agreement for
the 48Ti on 122Te is less convincing, but still satisfactory for the higher folds
(which are expected to be more clean from impurities). The underestimation in both reaction of the An channel (which mostly populate relatively
low spins) is not yet understood. It may result, for example, from the oversimplified assumption that the yrast line is common for all residua in the
evaporation process.
The similarity for the two reactions and, moreover, the agreement with the
statistical model suggest a rather weak entrance channel effect, if any. Data
for the reactions at higher bombarding energy, as well as data concerning
the GDR decay are currently being analyzed.
References:
1. M. Thoennessen et al. Phys. Rev. C51 (1995) 3148
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2. Aa. Winther, Nucl. Phys. A594 (1995) 203

6.3.2

Collective motion in excited Hassium (Z=108) nuclei

T. S. Tveter, J. J. Gaardh0je, A. Maj, T. Rams0y, A. Atac, J. Bacelar, A. Bracco, A. Buda, F. Camera, B. Herskind, W. Korten, W. Krolas, A. Menthe, B. Million, H. Nifenecker, M. Pignanelli, J. A. Pinston,
H. v. d. Ploeg, F. Schussler and G. Sletten
In this work 1), we use the GDR radiation as a tool for investigating the very
heavy nucleus 272 Hs and its evaporation daughters at temperatures of the
order of 2.5 - 3.3 MeV and angular momenta up to ~ 200?*. The reaction
employed was 40 Ar + 232 Th ->• 272 Hs with beam energies of 10.5 and 15.0
MeV/A. The 7-ray spectra measured in coincidence with symmetric fission
confirm the existence of collective vibrations in very heavy nuclei at high
excitation energies.
The energy differential method described in Ref. 2) has been employed in
order to obtain information about the earliest decay steps. The difference
data indicate a lifetime for the composite system of the order of ~ 10~ 20 s.
The 7-ray-fission angular distribution is consistent with a collectively rotating prolate or a non-collectively rotating oblate system. The narrow width
of the Lorentzian components suggests that shape fluctuations are reduced
in the very heavy system, suggesting non-equilibration of the shape degrees
of freedom. The difference spectrum yield indicates high-T quenching of the
GDR strength, which represents the first observation of this phenomenon in
this mass region.
References:
1. T. S. Tveter et a/., Phys. Rev. Lett. 76 (1996) 1035
2. J. J. Gaardh0je et al., Phys. Lett. B139 (1984) 273

6.4
6.4.1

High Spin Properties of Nuclear States
Rotational Bands in 177Ir and 175Re

S. W. 0degard, R. A. Bark, P. O. TJ0m, R. Bengtsson, G. B. Hagemann,
H. Ryde, I. G. Bearden, B. Herskind, S. Leoni, K. Strahle, F. Ingebretsen,
T. Shizuma, J. Wrzesinski and M. Mattiuzzi
Partial results from two NORDBALL experiments concerning the behavior
of the 7n 13 / 2 bands have been published 1 ). These results were found to
support the predictions of a reduction of the deformation at the crossing
with the s-band 2 ).
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The full analysis of the nuclei 177Ir and 1/5 Re is finished and the results
are under preparation. The level schemes are extended and several new
band structures are observed. In 177Ir two bands with negative parity and
negative signature are connected to the favored signature of the 7r/ig/2[541
l/2~] configuration. The levels of spin 19/2" are found to be very close and
a transition from one band to the other is seen. However the bands are found
to be different in terms of the moments of inertia and rotational energies.
This situation is shown in Fig. 6.4.1. In the previous level scheme3) the

Figure 6.20: Partial level
scheme of 177Ir showing the
favored signature of the
7r/i9/2[541 1/2"] configuration together with the two
bands of negative parity and
negative signature.

[5411/2-]

band to the left of the yrast band was known and assigned to the negative
signature partner of the [541 l/2~] configuration. The band to the right was
known up to spin 15/2", but no assignment was made. A similar situation
to the one in Fig. 6.4.1 was recently found in 179Ir, where one of the negative
signature bands was assigned to the 7r/7/2[530 l/2~] configuration4). The
negative signature bands in 177Ir are both believed to be heavily mixed with
large components of the 7r/7/2[530 l/2~] configuration, and it is questionable
whether one can put a definite Nilsson label on any of them.
In 175Re, the previously tentative excitation energy5) of the band assigned
to the 7r/in/2[514 9/2~] configuration has been confirmed with four linking
transitions to the [541 l/2~] configuration.
Bands associated with the [541 l/2~]- and [514 9/2~] configurations are
shown in Fig. 6.4.1. Based on a DCO analysis, the band to the left on the
figure is assigned to the unfavored signature of the [541 l/2~] band. The
938 keV transition from the [514 9/2"] band to the yrast band was observed
to be feeding the level 29/2" in the level scheme of5), but no link to the
[514 9/2~] band was established. The earlier fragments of the band to the
right of the yrast band are now connected to form a band assigned to the
extension of the [541 l/2~] configuration. Three transitions connect the [514
46
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[5411/21
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[514 9/2"]

Figure 6.21: Partial level
scheme of 175Re showing
bands assigned to the [541
1/2"]- and [514 9/2~] configuration together with the
linking transitions.

9/2 ] band to this band.
References:
1. R. A. Bark et al. Phys. Rev. C52 (1995) R450
2. R. A. Bark, R. Bengtsson and H. Carlsson, Phys. Lett. B339 (1994)
11
3. G. D. Dracoulis et al. Nucl. Phys. A534 (1991) 173
4. H.-Q. Jin et al. Phys. Rev. C53 (1996) 2106
5. T. Kibedi, et al. Nucl. Phys. A539 (1992) 137
6.4.2

High Spin States in the A = 166 Region

G. Campbell, R. Chapman, N. Keeley, R. A. Bark, H. Ryde, P. O. Tj0m,
G. B. Hagemann, J. Wrzesinski, S. J. Freeman, K. Strahle, S. Warburton,
N. Medina, C. Rossi-Alvarez, D. Bazzacco and F. Brandolini
The analysis of NordBall data, taken using the reaction 141Pr(30Si, xn) at
155 MeV and reported in the last year's annual report, continues. In excess
of thirty decay sequences have been identified in 167'168Ta and 166»167Hf. The
published level shemes have been extended to higher spin. DCO ratios and
branching ratios are currently being determined.
In order to extend the systematics of the high-spin spectroscopy of Ta isotopes to lower neutron number, decay sequences in 165Ta have been studied
47

using the GASP array of 40 escape-suppressed Ge spectrometers and 80element inner ball of BGO detectors. A beam of 155 MeV 28Si ions was
used to populate high-spin states of 165Ta in the fusion evaporation reaction
141
Pr(28Si, 4n)165Ta. The triples data are currently being analysed. The
evolving nature of the one quasiprotron 9/2~[514] decay sequence and the
three quasiparticle structure 9/2~[514] x (113/2)2, is one of the most interesting features of the data. With decreasing neutron number the signature
splitting in the Routhians and in the B(M1)/B(E2) values increases, reflecting the increasing importance of the 7 degree of freedom at low rotational
frequencies. The alignment of a pair of i13/2 neutrons stabilises the shape
and drives the nucleus towards axial symmetry, reflected by the absence of
significant splitting. In 165Ta the connecting transitions between the one
and three quasiparticle structures have yet to be identified in spite of the
strong population of the decay sequences and the good statistics.

6.4.3

Loss of Alignment Gain in the TT/I9/2[541 1/2 ] <g> (
Band in 167 Tm and Neighbouring N = 98 Nuclei

H. J. Jensen, R. A. Bark, R. Bengtsson, G. B. Hagemann, P. O. Tj0m,
S. Y. Araddad, C. W. Beausang, R. Chapman, J. Copnell, A. Fitzpatrick,
S. J. Freeman, S. Leoni, J. C. Lisle, J. Simpson, A. G. Smith, D. M. Thompson, S. J. Warburton and J. Wrzesinski
The 7r/i9/2[541 l/2~] band in 167Tm has been studied by the 124Sn(48Ca, p4n)

£-•-•--s

"
3

T

-

>»Re
<]«W

o»Ta
VTHf
.

D»LU

-

o»Tm

69

70

71

72

73

74 75

69

70

71

72

73

74 75

Figure 6.22: Experimental and calculated values of ku)c (left) and Aix (right)
for the N = 98 isotones of Tm through Re.
reaction at Ei>eam = 210 MeV at the Nuclear Structure Facility, Daresbury
Laboratory, using the EUROGAM array consisting of 45 large Compton
suppressed Ge detectors. The favoured signature of the 7r/i9/2[541 l/2~]
band is observed to spin 61/2/1. A remarkable small gain in aligned an48

gular momentum at the AB-band crossing has been found. The crossing
frequency, hujc, and the gain in aligned angular momentum, Aix, for 16 'Tm
are compared with data for the N = 98 isotones of Lu, Ta and Re, and
contrasted with Cranked Shell Model predictions, based on frequency diabatic configurations, in Fig. 6.22. Large deviations are found for the gain
in aligned angular momentum. For the intermediate even-even TV = 98 isotones the measured values of huc and Aix are reasonably well reproduced
by the new calculations.
For the corresponding quantities in neighbouring odd-Z nuclei with N ^ 98
these deviations are quite different. Compared to the even-even neighbours,
the observed values of %u>c are larger and cannot be explained, whereas the
alignment gain are closer and reasonably well reproduced by the calculations.
It is concluded that N = 98 represents a unique situation with respect to
the ^13/2 crossing in the 7r^9/<2[541 l/2~] orbital.

6.4.4

Intruder Bands in

m

Ir

R. A. Bark, W. Mueller, M. Bergstrom, F. Ingebretsen, A. Maj, M. Mattiuzzi, L. Riedinger, T. Saitoh, P. Tj0m and S. W. 0degard
The nuclear deformation associated with the 7ri13/2 bands in Re and Ir isotopes is predicted l) to stretch, increasing in prolate deformation, with increasing angular momentum. This can be interpreted as a crossing between
a less-deformed band (g) and a more deformed band (d). Such effects are
predicted and observed in the Os cores, where kinks in the alignment curves,
before the alignment of i 13 / 2 neutrons, have been interpreted as the crossing
between the g and d bands. In 172Os, measurements 2) of Qt values confirm
this scenario.
However, the alignment patterns of the 7ri13y2 bands, while consistent with
the shape stretching scenario, do not show indications of shape changes as
dramatic as observed in 172Os, and are therefore open to different interpretations, such as proton-neutron interactions. A bandcrossing can be most
easily observed if the moment-of-inertias of the crossing bands are sufficiently distinct. This is expected to occur for very neutron deficient nuclei,
in the neighbourhood of 172Os with N=96.
To observe a clear g-d crossing in a f^iiz/2 band, we attempted to study
the nucleus 171Ir (N=94) with PEX. On the basis of PACE calculations,
the U6Sn(58Ni,p2n)171Ir reaction at 260 MeV was expected to be the most
favourable, with a maximum cross-section of only 10mb close to the Coulomb
barrier. The dominant channel was expected to be fission. The PEX array
was equipped with 4 cluster detectors, a 31 element Si-ball charged particle
array, and Helena, a BaF2 multiplicity filter. Unfortunately, due to oxygen
contamination of the target, and lower than expected cross-section, the data
were insufficient to construct a secure level scheme, although gamma-rays
with energies of 276, 495, 483, 437 and 634 keV, mutually coincident and in
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coincidence with Ir x-rays, were observed. These most likely belong to m I r ,
as insufficient energy was available to form 170 Ir.
References:
1. R. A. Bark, R. Bengtsson, and H. Carlsson. Phys. Lett. B339 (1994)
11
2. A. Virtanen et al. Nucl. Phys. A591 (1995) 115
3. B. Cederwall et al. Phys. Rev. C 4 3 (1991) 2031

6.4.5

Signature Inversions in Semi-decoupled Bands

R. A. Bark, J. Espino, W. Reviol, H. Carlsson, I. Ragnarsson, H. Ryde,
P. Tj0m, P. Semmes, I. Bearden, G. B. Hagemann, H. J. Jensen and L. Riedinger
The Tth$i2®vi\z/2 bands are often termed semi-decoupled, as one of the par-
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Figure 6.23: The staggering function E(I) - l/2[E(I - 1) + E(I + 1)] which
compares the energy of a level E(I) at spin / with energy of levels above and
below it in spin for the 7r/i9/2 <8> ^13/2 bands in the three nuclei compared
with the results of the Particle-Rotor calculations.
tides is decoupled, (7^/19/2)1 and the other is Coriolis mixed (^"13/2) • In last
years annual report, we presented evidence that the signature splitting of
7r^9/2® ^13/2 band of 174 Ta is inverted. That is, the favoured signature has
a = 0 when a = 1 would normally be expected.
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Since then, further analysis of NORDBALL data on 1 6 2 l l 6 4 Tm has revealed
the 7r^9/2<8*J/h3/2 band in these nuclei. Firm spin assignments in 162 Tm also
show a signature inversion in this nucleus. A signature inversion can also be
inferred in 1 6 4 Tm, by comparison with 162 Tm. The signature splittings can
be seen on the sensitive energy staggering plots of Fig. 6.23. The Tm data
differ from the Ta data because eventually, at high spin, the usual signature
ordering is restored. On the left side the data are compared with particlerotor model calculations for various values of the triaxiality parameter 7.
These are clearly unable to reproduce the signature inversions. We conclude
that triaxiality is not responsible for the inversion, and therefore a residual
interaction of the form 10 Vpn oc 8 (r p — r n ) («o + ui<7p.crn) is included in
the calculations shown at right. This interaction has been used previously
in A=150 and A=130 mass regions, in connection with Tr/in/2 <g> fi 1 3 / 2 and
7r/i n / 2 ® ^11/2 bands. The spin-spin term, av.an, is responsible for the
Gallagher-Moszkowski splitting. The calculations nicely reproduce the phase
of the observed signature splitting throughout the mass region. A report is
now under preparation for publication.
References:
1. P. B. Semmes and I. Ragnarsson. AIP Conf. Proc. 259 (1992) 566

6.4.6

Single-Neutron States in

133

Sn

P. Hoff et al. ( G. L0vh0iden, T.F. Thorsteinsen, ) and the ISOLDE collaboration
The properties of the four valence single particle and single hole nuclides
at doubly closed shell are essential both for tests of the nuclear shell model
and as input in nuclear structure calculations. Strongly improved yields
at the ISOLDE PS-Booster mass-separator facilityl) at CERN offer new
possibilities for experiments in these regions, and a study2) of the N = 83
single-neutron states of 133 Sn populated in the decays of 133 In 134 In has been
performed.
Several single-neutron states in 133Sn have been identified. The p3/2, h9/2
and / 5 / 2 states were found at 853.7, 1560.9 and 2004.6 keV, respectively,
by measuring 7 rays in coincidence with delayed neutrons following the
decay of 134 In. A semiempirical adjusted Woods-Saxon calculation, based
on parameters from the Pb region and normalized on the mass data at 132 Sn
reproduces the new single particle energies with good precision as shown in
Fig. 6.24.
References:
1. H.L. Ravn et al.,to be published
2. Hoff et al., Phys.Rev.Lett. 77 (1996) 1020
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Figure 6.24: A comparison of the experimental results (left) with a semiempirical adjusted Woods-Saxon calculation of the 133Sn single particle states.
The inset shows the pulse-height spectrum of the delayed neutrons following
the decay of 133In. The peak at 1.26 MeV in the spectrum, is tentatively
associated with the transition from the neutron hole l/C-Z/o state to the
neutron threshold.
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2. HoflFet al., Phys.Rev.Lett. 77 (1996) 1020
6.4.7

Search for stable octupole deformation in

225

Fr

D.G. Burke et al. ( G. L0vh0iden, T.F. Thorsteinsen, K. Nyb0 ) and the
ISOLDE collaboration
Experimental and theoretical investigations have given evidence for stable
octupole deformations in nuclei in a region around A=225. Important signatures for the existence of reflection-asymmetric nuclear shapes are closelying states of equal spins and opposite parity which are connected by fast
El transitions, and "anomalous" decoupling parameters for K = l / 2 bands.
Such evidence has been found for nuclei around mass 225 1 ' 2 ' 3 ), and the
present collaboration are in the process of exploring the extent of this region of octupole deformation.
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Figure 6.25: Level scheme of 225 Fr with Nilsson assignments.
Levels in 225 Fr have been studied 4 ) by 7-ray and conversion-electron spectroscopy following the /?-decay of 225 Rn, and by the 2 2 6 Ra(t,a) 2 2 5 Fr singleproton-pickup reaction. Gamma-ray singles, including multiscaling measurements to check half-lives, and 7 - 7 coincidence measurements were
made with Ge detectors. A mini-orange electron spectrometer was used
to measure conversion-electron singles spectra, and with a Ge detector to
measure e-7 coincidences. The (t,a) reaction was studied using 18 MeV
tritons, and the reaction products were analyzed with a magnetic spectrograph. Multipolarities were obtained for ~50 7-transitions, and a level
scheme was established in which definite spin-parity values were determined
for over 20 of the 48 levels. The K* - | ~ ground state band and Kn = | +
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band at 142.58 keV could be unambiguously assigned to the 3/2 [532] and
3/2+[651] Nilsson orbitals, respectively, and calculations of Coriolis mixing
with K = £ bands above reproduce the irregular energy spacings very well.
Tentative assignments have been suggested for strongly-mixed bands in the
region of 200 to 300 keV excitation, including K = | bands of both parities
and a K* = | one. Although bands of both parities exist for K = | and
K = | (see Fig. 6.25), there is no experimental evidence to claim these are
parity doublets. El strengths for two transitions connecting the Kw = |
bands have been extracted from E1/E2 branching ratios, and the values
of ~ 8 X 10~4 and ~ 3 x 10~4 Weisskopf units are intermediate between
those for nuclides which are reflection symmetric and those claimed to be
octupole deformed. The (t,a) cross sections are in better agreement with
those predicted for the reflection-symmetric case than with those from an
octupole-deformed description, while the single-particle level ordering may
be more easily described with an octupole deformation included. These
observations may be confirming theoretical predictions that octupole correlations are important in 225Fr, but that there is no large stable octupole
deformation.
References:
1. M.J.G. Borge et al., Nucl. Phys. A464 (1987) 189
2. H. Mach et al., Nucl. Instr. Meth. A280 (1989) 49
3. P.A. Butler and W. Nazarewicz, Nucl. Phys. A533 (1991) 249
4. D.G. Burke et al., Nucl.Phys. A612 (1997) 91

6.5

High and Intermediate Energy Nuclear Physics

6.5.1

Gross and Fine Structure of Pion Production Excitation Functions in p-Nucleus and Nucleus-Nucleus Reactions

B. Jakobsson et al. (M. Guttormsen, G. L0vh0iden, T.F. Thorsteinsen) and
the CHIC collaboration
Pions can be produced in hadron-nucleus and nucleus collisions at energies well below the free nucleon-nucleon threshold through the collective
interaction between several nucleons or through the boost from the internal
nucleon momentum. The overall features of pion emisson are predicted by
many models, but the selection among these models is hampered by the
lack of systematic data. By combining the slow ramping operation of the
CELCIUS storage ring with range telescope technique, complete excitation
functions for n± over a wide range of beam energy have been measured as
shown in Fig. 6.26. No statistically significant peak indicate that narrow
resonances are observed.
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Figure 6.26: Differential 7r+ cross sections in p+Ar and in Ne+Ar collisions.
The points represent BUU calculations where the momenta of the test particle is taken from a Gaussian distribution (filled circles), a homogeneous
spherical distribution (open squares) or set to zero (open circles).

Fig. 6.26 also gives a comparison of experimental differential cross sections in
p+Ar and Ne+Ar collisions to Boltzmann-Uehling-Uhlenbeck (BUU) calculations with input parameters from ref.1'2). The pion production excitation
functions agree in energy dependence, but not in absolute yield with the
standard BUU calculations.

References:

1. B. Li and W. Bauer, Phys.Rev. C44(1991)450

2. R. Shyam and J. Knoll, J.Nucl.Phys. A426(1984)606
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6.5.2

K+ Emission in Symmetric Heavy Ion Reactions at
Subthreshold Energies

R. Elmer et al., (M. Guttormsen, G. L0vh0iden, T.F. Thorsteinsen) and the
CHIC collaboration
Because of its long mean free path in nuclear matter the K+ meson is a
promising candidate for probing hot and dense nuclear matter in heavy ion
reactions at subthreshold energies. The suggestion that the two-step production channel {NN -> NA,AN -» NAK) dominates the cross section in the
subthreshold region makes the kaon also interesting as a possible signature
for resonance A matter. Subthreshold kaon production was measured1) in a
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Figure 6.27: Momentum distribution of K+ emission in symmetric nuclear
collisions at 1 AGeV. The calculated curves represent isotropic emission from
one single thermal source.
series of experiments at the heavy-ion synchrotron (SIS) at GSI, Darmstadt.
In Fig. 6.27 is presented the momentum distributions for various symmetric
nuclear collisions. The curves represent calculations with isotropic emission
from a single source. The inclusion of rescattering appears to improve the
description of the experimental data [1]. The cross section mass dependence
is strong and approximately proportional to A2.
References:
1. R. Elmer et al. Phys.Rev.Lett. 77 (1996)4884

6.5.3

Strangeness Production in Ultrarelativistic NucleusNucleus and Proton-Nucleus Collisions

J. Lien, G. L0vh0iden, P. Sennels, T.S. Tveter and the WA85,WA94,WA97,NA57
Collaborations
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A strong motivation for the increasing interest in ultra-relativistic heavy-ion
collisions is the possibility to observe a phase transition from hadronic matter to the quark-gluon plasma . One of the possible signatures for this phase
transition is an enhanced production of strange particles. The measurement
of strange particle production in heavy ion collisions is the main objective
of the WA85, WA94, WA97 and NA57 CERN collaborations.
In these experiments the strange particles A'0, A, A, E and E and recently
also 0. and Q are detected with a combination of tracking devices mounted
in strong magnetic fields.
The experiment WA97 collected 120 million Pb+Pb central collisions in 1996
with an improved telescope (Si- pixel and Si-microstrip detector elements)
installed in the OMEGA magnet with a field of 1.8 T. The silicon pixel
detectors developed in collaboration with the CERN RD19 effort1), form a
crucial part of the the WA97 and NA57 telescope. In Fig. 6.28 is shown a PbPb event with 153 tracks reconstructed in the pixel telescope, corresponding
to an occupancy of about 0.2% of the 72K channels provided by each pixel
plane. The pixel planes are built from 12 ladders, each providing 96 x 63
sensitive pixels with a pixel size of 500 x 75 /im2. Six read-out chips are
bump-bonded directly to the sensitive area of each ladder. To cover a 5
x 5 cm2 region, two arrays consisting of six ladders each are mounted in
a staggered fashion as outlined in Fig. 6.29. An overall detector efficiency
above 95 % have been obtained for the pixel planes.
Multistrange hyperons have been identified by their cascade decays (E —•
ATT, fi —>• AK ). A preliminary study of the Pb-Pb and p-Pb data are presented in Fig. 6.30. The relative normalization between the p-Pb and Pb-Pb
samples has not yet been determined. Therefore, only the observed f2/E ratio from p-Pb is compared with the corresponding one from Pb-Pb. In such a
comparison, geometrical acceptances are taken into account, and the same
reconstruction efficiency for Qs and Ss are assumed for the two samples,
as both these particles are identified by reconstructing three tracks in the
spectrometer. These correction factors can then be assumed to cancel when
ratios are calculated. Assuming the same Q/E production ratio in p-Pb as
in Pb-Pb, an Q signal is expected about five times stronger in the p-Pb
data than the one shown in Fig. 6.30. The fi/E ratio appears therfore to be
strongly enhanced comparing Pb-Pb collisions to p-Pb collisions.
An enhancement of A and A production, which is multiplicity dependent,
has already been reported in sulphur induced reactions2). Furthermore,
it has been shown that the rapidity distribution of A produced in central
S+Pb collisions is shifted toward mid- rapidity3), suggestive of a central
fireball. The crucial question is whether the observed trend in the data may
be explained by the onset of a QGP, or by interactions in a hot hadronic
gas (HG). In this respect, the production of multiply strange baryons and
especially anti-baryons may help to distinguish between the QGP and HG
scenarios by providing a much more sensitive probe of the (anti)strange
quark density achieved in the collision. In particular, the production of
multiply strange anti-baryons in a hadronic scenario would be suppressed
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Figure 6.28: A Pb-Pb event with 153 tracks reconstructed in the WA97 pixel
telescope.
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Figure 6.29: Layout of a silicon pixel plane consisting of two arrays containing six ladders each.
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due to high production thresholds and the long time scales required for multistep strangeness exchange reactions. Thus, a considerable enhancement of
multiply strange anti-baryons would be highly suggestive of a QGP rather
than a HG source.
The considerable enhancement of the multistrange f2(sss) baryon is not easily explained in the standard framework of hadronic interactions. Values
for these ratios compatible with the experimental results are, however, predicted by models based on partial equilibration of strange and non-strange
degrees of freedom4'5), as might be expected if a QGP had been formed in
the early stages of the interaction.
References:
1. G. Alexeev et al., Nucl. Phys. A590(1995) 139c
2. J. Bartke et al., Z. Phys. C48 (1990) 191 E. Andersen et al., Phys.
Lett. B316 (1993) 603
3. E. Andersen et al., Phys. Lett. B294 (1992) 127
4. J. Letessier et al., Phys. Lett. B321 (1994) 394; Phys. Lett. B323
(1994) 393
5. U.Heinz, Nucl. Phys. A566 (1994) 205c
6.5.4

A Large Ion Collider Experiment (ALICE) at the CERN
LHC

B. Kvamme, G. L0vh0iden, B. Skaali, D. Wormald, B. Wu, J.Yuan and the
ALICE Collaboration
The heavy-ion detector ALICE has emerged as a common design from the
heavy- ion community currently working at CERN and a number of groups
new to this field from both nuclear and high-energy physics. It is a generalpurpose heavy-ion experiment, sensitive to the majority of known observables (including hadrons, electrons, muons and photons), and it will be
operational at the start-up of the LHC.
With ALICE the flavour content and phase-space distribution, event-byevent will be measured for a large number of particles whose momenta are
of the order of the typical energy scale involved (temperatures « 200 MeV).
The experiment is designed to cope with the highest particle multiplicities
anticipated for Pb-Pb reactions (dNch/dy « 8000).
For ALICE, the Norwegian groups have taken responsibilities for the DAQ
system (Oslo) and the design of the read-out system of the PHOS detector
(Bergen). The AME company of Horten, Norway, is also participating in
this study.
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Figure 6.31: Longitudinal view of the ALICE detector.
In Fig. 6.31 is given a longitudinal view of the ALICE detector with the various detector elements identified. More detailed information on the ALICE
detector system may be found in ref.1)
References:
1. N. Ahmad et al.(ALICE collaboration) (...B.Kvamme, G.L0vh0iden,
B.Skaali, D.Wormald, B.Wu, J.Yuan...): Technical proposal for A
Large Ion Collider Experiment at the CERN LHC, Technical Report
CERN/LHCC/95-71,Dec.l995.
6.5.5

Strange particle production in p+S collisions at 200
GeV per nucleon

E. Andersen1, K. Fanebust1, H. Helstrup1, A. K. Holme1, G. L0vh0iden, P.
Sennels, T. F. Thorsteinsen1 and the WA94-collaboration
Department of Physics, University of Bergen

It is predicted from quantum chromodynamics that a formation of a quarkgluon plasma is possible if the baryon- and energy-densities are sufficiently
large. Such a plasma is not directly observable, and it is therefore of interest
to predict and, if possible, observe consequences of the production of a
quark-gluon plasma. One predicted consequence is an increased production
of particles containing strange quarks1).
The energy-threshold for strange particle production is lower in a quarkgluon plasma than in a hadron gas, which is another possible consequence
of large baryon- and energy-densities. The reason for the lower energythreshold in a plasma, is that ss-quarkpairs are produced directly in a
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plasma, at energy-levels of approximately 300 MeV, in reactions of the type;
9 + 9 —>s + s .
Such strange quarks can later combine with other quarks to produce baryons
and anti-baryons containing strange quarks.
In a hadron gas these baryons must be produced in the reaction
p + n —+ A + K+ + n
, a reaction that is only possible if the available energy exceeds 670 MeV.
This implies that the production of particles containing strange quarks, and
especially anti-strange quarks, should be enhanced in a plasma, compared
to the similar production in a hadron gas. As a consequence, it should be
possible to use the ratio of anti-particles to particles to discriminate between
the two models mentioned.
As strange particles decay by weak interaction, with a fairly long lifetime,
it is possible to detect these particles during hadronisation. At CER.N in
Switzerland, one has in several experiments, observed production-ratios for
different types of strange particles. Fig. 6.32 shows some data.
To get more precise information on strange particle production, it is necessary to normalise data from ion-ion collisions with data from proton-ion
collisions. Data from proton-sulphur collisions that was taken during the
WA94-experiment at CERN are now available. These data will make up
the reference for data from the sulphur-sulphur collisions from the same
experiment.
References:
1. J. Rafelski: Formation and Observation of the Qurk-Gluon Plasma.
Phys.Rep., 88, (1982), p. 331.
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2. AFS-kollaborasjonen, T. Akesson et. al.: Antibaryon production in
the central region of the ISR. Nucl.Phys.: B246, (1984) p. 1.
3. S. Abatzis et. al.: Results on the production of baryons with \S\ =
1, 2, 3 and strange mesons in S-W collisions at 200 Gev/c per nucleon.
Nucl.Phys. A590 (1995). p.307.
4. S. Abatzis et. al.: Strange particle production in sulphur-sulphur interactions at 200 Gev/c per nucleon. Nucl.Phys., A590, (1995) p.317.
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Chapter 7

Theoretical Nuclear Physics
The aim of our work in nuclear theory is to understand the many features
of nuclear structure revealed in nuclear reactions. Most of our efforts are
devoted to the calculation of nuclear properties from first principles. This
involves calculating the shell-model effective interaction, starting from the
free nucleon-nucleon interaction and using many-body perturbation methods. We have calculated effective interactions for a large variety of nuclear
systems. Most recently, we have constructed an effective interaction for the
5n-isotopes, starting from modern meson-exchange nucleon-nucleon potentials. To calculate the structure of such nuclei requires large scale shellmodel calculations based on the Lanczos algorithm. To our knowledge, this
is the first realistic shell-model calculation ever performed for this mass
region.
A popular testing ground for the nuclear many-body problem is represented
by infinite nuclear matter. Here, we have studied alternative methods for
defining the single-particle potential in nuclear matter. This has been extended to neutron matter, where we have derived a new equation of state
which will be applied to calculation of the basic properties of neutron stars.
With members of the Bergen group we are studying the collective properties of nuclear matter as they appear in relativistic heavy-ion collisions. In
particular, we have studied the thermal properties of excited dilute nuclear
matter with a momemtum-dependent effective interaction. The possibility
of obtaining a phase transition from hadronic matter to quark-gluon plasma
is examined in some detail.
Further applications of nuclear many-body theory include studies of subnucleonic degrees of freedom. An example is evaluation of the contribution
from the isobar degrees of freedom to the imaginary part of the opticalmodel potential for finite nuclei. Also, the modification of the isoscalar
axial current of the nucleon due to the nuclear medium has been studied.
Problems pertaining to the foundation of quantum mechanics is studied such
as the lack of consistency in the description of vacuum and questions about
local realism in quantum optics.
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7.1

7.1.1

The Nuclear Many-Body Problem and Nuclear Structure
Generalized seniority scheme in light Sn isotopes

N. Sandulescu l i 2 , J. Blomqvist 2 ,T. Engeland, M. Hjorth-Jensen, A. Holt,
R. J. Liotta 2 and E. Osnes
'Institute of Atomic Physics, P.O.Box MG-6, Bucharest, Romania
Royal Institute of Technology, Physics Department Frescati, S-10405, Stockholm,Sweden

2

The yrast generalized seniority states are compared with the corresponding
shell model states for the case of the Sn isotopes 104~112Sn. For most of
the cases the energies agree within 100 keV and the overlaps of the wave
functions are greater than 0.7
7.1.2

Extended Shell Model Calculation for even N = 82 Isotones with a Realistic Effective Interaction

A. Holt, T. Engeland, M. Hjorth-Jensen, E. Osnes and J. Suhonen1
'Department of Physics, University of Jyvaskyla, P.O.Box 35, FIN-40351 Jyvaskyla, Finland

The shell model within the 2sld0<77/20/in/2 shell is applied to calculate nuclear structure properties of the even Z = 52 — 62, N = 82 isotones. The
results are compared with experimental data and with the results of a quasiparticle random-phase approximation (QRPA) calculation. The interaction
used in these calculations is a realistic two-body G-matrix interaction derived from modern meson-exchange potential models for the nucleon-nucleon
interaction. For the shell model all the two-body matrix elements are renormalized by the Q-box method whereas for the QRPA the effective interaction
is defined by the G-matrix.
7.1.3

Study of odd-mass N = 82 isotones with realistic effective interactions

A. Holt, T. Engeland, M. Hjorth-Jensen, E. Osnes, J. Toivanen1 and J.
Suhonen1
'Department of Physics, University of Jyvaskyla, P.O.Box 35, FIN-40351 Jyvaskyla, Finland

The microscopic quasiparticle-phonon model, MQPM, is used to study the
energy spectra of the odd Z — 53 — 63, N = 82 isotones. The results are compared with experimental data, with the extreme quasiparticle-phonon limit
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and with the results of an unrestricted 2sld0g7^20h1xji shell-model (SM)
calculation. The interaction used in these calculations is a realistic twobody G-matrix interaction derived from modern meson-exchange potential
models for the nucleon-nucleon interaction. For the shell model all the twobody matrix elements are renormalized by the Q-box method whereas for
the MQPM the effective interaction is defined by the G-matrix.
7.1.4

Model-space approach to ^o neutron and proton pairing in neutron star matter with the Bonn meson-exchange
potentials

0. Elgar0y, L. Engvik, E. Osnes and M. Hjorth-Jensen
We calculate neutron and proton energy gaps in neutron star matter, using the Bonn meson-exchange interactions and a model-space approach to
the gap equation. This approach allows a consistent calculation of energy
gaps and single particle energies with the model-space Brueckner-HartreeFock (MBHF) method, without double counting of two-particle correlations.
Neutron energy gaps are calculated at zero and finite temperature. Proton
energy gaps are calculated at beta equilibrium, and it is shown that the
inclusion of muons has a significant effect. The results are compared with
those of other works, and the implications for neutron star physics are briefly
discussed.
7.1.5

Triplet pairing of neutrons in /3-stable neutron star
matter

0. Elgar0y, L. Engvik, E. Osnes and M. Hjorth-Jensen
Pairing in the 3F2 wave in neutron matter is investigated using the Bonn
potential models. We find pairing energy gaps in pure neutron matter comparable to the results of previous investigators when the attractive tensor
coupling is included. However, taking into account that in a neutron star
we have matter at (3 equilibrium, we find that the 3P2-3F2 energy gap is
reduced considerably.
7.1.6

Superfluidity in /3-stable neutron star matter

0. Elgar0y, L. Engvik, E. Osnes and M. Hjorth-Jensen
We present results for pairing gaps in ^-stable neutron star matter with
electrons and muons using a relativistic Dirac-Brueckner-Hartree-Fock approach, starting with modern meson-exchange models for the nucleon-nucleon
interaction. Results are given for superconducting ^'o protons and 3P2 and
l
Di neutron superfiuids. A comparison is made with recent non-relativistic
calculations and the implications for neutron star cooling are discussed.
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7.1.7

Emissivities of neutrinos in neutron star cores

0. Elgar0, L. Engvik, E. Osnes, M. Hjorth-Jensen, F. V. De Blasio1 and G.
Lazzari1
1

ECT*, European Centre for Theoretical Studies in Nuclear Physics and Related Areas,
Trento, Italy

The role of muons in various URCA processes relevant for neutrino emissions
in the core region of neutron stars is considered. The calculations are done
for /J-stable nuclear matter with and without muons. We find muons to
appear at densities p = 0.15 fm~3, slightly around the saturation density
for nuclear matter po = 0.16 fm~3. The direct URCA processes for nucleons
are forbidden for densities below p = 0.5 fm~3, however the modified URCA
processes with muons (n + N —t p+ N + fi + Z^,p + N-\-p,—>-n + N-{- v^),
where N is a nucleon, result in neutrino emissivities comparable to those
from (n-\-N —>• p-\-N+e+17e,p-\-N+e —>• n+N+ue).

This opens up for further

possibilities to explain the rapid cooling of neutrons stars. Superconducting
protons reduce however these emissivities at densities below 0.4 fm~3.
7.1.8

Superfluidity and neutron star crust matter

0. Elgar0y, L. Engvik, E. Osnes, M. Hjorth-Jensen, F. V. De Blasio1 and
G. Lazzari1
1

ECT*, European Centre for Theoretical Studies in Nuclear Physics and Related Areas,
Trento, Italy

We investigate the properties of neutron star crusts, where matter is expected to consist of nuclei surrounded by superfiuid neutrons and a homogeneous background of relativistic electrons. Using a modern meson-exchange
potential in the framework of a local-density approximation we calculate the
neutronic specific heat accounting for various nuclear shapes. We find that
a realistic nucleon-nucleon potential leads to an increase in the neutronic
specific heat with respect to what is obtained with more phenomenological effective forces. The increase is largest for the non-spherical phase of
the neutron star crust. The implications for the thermal history of young
neutron stars are discussed.
7.1.9

Asymmetric nuclear matter and neutron star properties

L. Engvik and E. Osnes
The total mass, radius, moment of inertia, and surface gravitational redshift
for neutron stars are calculated using various equations of state (EOS).
Modern meson-exchange potential models are used to evaluate the G'-matrix
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for asymmetric nuclear matter. We have calculated both a non-relativistic
and a relativistic EOS for different proton fractions. Of importance here is
the fact that relativistic Brueckner-Hartree-Fock calculations for symmetric
nuclear matter fit the empirical data, which are not reproduced by nonrelativistic calculations. Relativistic effects are known to be important at
high densities, giving an increased repulsion. This leads to a stiffer EOS
compared to the EOS derived with a non-relativistic approach. We also
calculate the EOS for ^-stable matter. Both the non-relativistic and the
relativistic EOS yield moments of inertia and redshifts in agreement with
the accepted values. The relativistic EOS yields, however, too large mass
and radius. The implications are discussed.

7.2
7.2.1

The Foundation of Quantum Physics
The Vacuum in Quantum Mechanics

J. Bergli, K. GJ0tterud and A. Haug
The relationship between the decription of a charged particle interacting
with the vacuum field in quantum electrodynamics (QED) and stochastic
electrodynamics (SED) has been investigated. Specificially, the derivations
of the blackbody radiation law and the secular acceleration effect have been
compared. Some results of Boyer along these lines have been confirmed, and
to a degree extended. This has shown that the relationship is more complex
than previously assumed, and that the assumption made by Boyer that all
quantum mechanical operator products should be completely symmetrizised
is not acceptable. In this connection questions about the independence of a
stochastic electric field and its space derivative was raised, but no conclusion
was reached.
When studying SED some peculiarities with the classical equation of motion
for acarged particle, the Lorentz-Dirac equation, where examined, and their
relationship with quantum mechanics discusssed. This concerns the violation of causality and the possibility of multiple solutions of the equation of
motion.
7.2.2

An investigation of the limits for local realism

Lars M. Johansen
The present project is an investigation of the limits for local realism in discrete as well as continuous systems. In particular an experiment where an
arbitrary two-modus state is mixed with two spatially separated local oscillators are studied. Bell's inequality is formulated as a condition for the
coherence of the entrance state, and an equivalence between Bell's inequality
and a particular condition on classical field theories is found. The experiment is formulated as a test of hypothesis, and this is then used to optimize
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the experimental parameters1).
Reference:
1. Lars M. Johansen: Bell's inequality for the Mach-Zehnder interferometer, Phys. Lett. A219 (1996), 15-18.
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Chapter 8

Other Fields of Research
8.1
8.1.1

Radiation Physics and Radiation Protection
Continuous Measurements of Radon and Thoron Concentrations in Indoor Air

J. Soln0rdal, R. Svendsen, F. Ingebretsen and T. Strand
The instrument development for the continuous and simultaneous measurement of thoron (220Rn) and radon (222Rn) is now being tested and calibrated.
The instrumentation has been described in our 1995 annual report. So far
no actual experiments have been performed.
The instrument consists of a data logger that preprocess and stores data
from two ionization chambers of 30 1 volume through two LASCs (Linear
Amplifier for very Small DC- Currents) ^ . The data logger, built around
a Z181 CPU, can be battery operated. Each event stored consists of the
time, the ambient temperature value and the data from the two chambers.
The memory capacity covers 26.000 events, corresponding two at least 7
days of operation in a typical radiative environment. The logger can then
be transportet and the memory read into a PC for further analysis. A PC
program for communication PC - logger and offline data analysis has been
developed.
The ongoing calibrations and tests are run on geological samples collected
from a thorium-rich area at Ulefoss in Norway.
The project is still in progress.
References:
1. S. Str0m and A. Storruste, Department of Physics Report 89-24. University of Oslo (1989).
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8.1.2

Physical characteristics of radon progeny in indoor air

T. Strand and C. Lunder Jensen1
Radon in indoor air is the main source of exposure to ionizing Norwegian
population. Based on results of extensive nation-wide surveys it is estimated
that the radon concentration exceeds the action level of 200 Bq/m 3 in approximately 7% of the 1996 housing stock1). The average radon concentration in Norwegian dwellings is estimated to 75 Bq/m3. So far, approximately
30.000 measurements have been made in Norway. The results of these measurements show that there are considerable geographical variations in the
distribution of indoor radon concentrations. In some of the typical "low
risk" areas less than 1% of the dwellings exceeds the action level compared
to more than 50% in some of the most affected areas.
In one housing estate located in the municipality Ullensvang in Hordaland,
measurements of radon were made in 137 houses in the summer, autumn and
winter of 1996/97. Most of the houses were built between 1980 and 1990.
The measurements were made by etched track detectors (two measurements
in each house) and the integration time in the measurements was between
one and two months. The radon concentration exceeded the action level
in 122 of the houses (89%), and in 30 of the houses (22%) the annual mean
level was higher than 5000 Bq/m 3 . The maximum value (annual mean concentration) was 50,000 Bq/m 3 and this measurement was made in a bedroom
used by a fourteen year old girl. According to the International Commission on Radiologica Protection (ICRP) this level of radon corresponds to an
annual effective dose of nearly 1 Sv; and that is approximately 250 times
the mean annual effective dose to a Norwegian citizen from all natural and
antropogenic sources of ionizing radiation.
Owing to variation of meteorological factors, ventilation conditions, heating
conditions and human factors, the radon concentration in indoor air may
vary by an order of magnitude over a few days period. Earlier studies have
shown that the short-term variations in most cases are closely correlated
to changes of outdoor temperature and the temperature difference between
indoor and outdoor air 2 ). Results of continuous measurements of radon and
radon progeny in some of the dwellings where the radon levels is very high
(> 10,000 Bq/m3) show severe short-term variations (two orders of magnitude from one day to another). However, the variation patterns were very
complicated and it it was not possible to relate these variations to variations
of meteorological or other physical factors.
References:
1. A. Birovljev and T. Strand: Radon concentrations in new dwellings in
Norway
Paper presented at the meeting of the Nordic Society for Radiation
Protection, Iceland, August, (1996)
'Norwegian Radiation Protection Authority
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2. T. Strand: Time variation of indoor radon concentration in Norwegian
homes.
Paper presented at the 6th Int. Symp. on the Natural Radiat. Environm., Montreal, Canada. June 5-9, (1995).
8.1.3

Natural Radioactivity in Household Water

Terje Strand and BJ0rn Lind2
The soil and bedrock beneath houses are the most important sources of
indoor radon in Norwegian dwellings. Building materials and household water are of less importance. However, high concentrations of radon have been
obtained in water from deep drilles wells in granitic areas of Norway, and
radon in household water has been identified as a significant source of indoor
radon. Approximately 13% of the Norwegian population use groundwater
for household water supply and of these 1/3 are connected to 35 of the major
ground water works. The majority of larger groundwater works are based
on Quaternary glaciofluvial and fluvial aquifers. A survey of radon in water
abstracted from 33 of the major groundwater works1) returned Rn values
of between 0.4 and 88 Bq/1; and that is well below the action level of 500
Bq/1. Results of an survey of radon in groundwater from 145 drilles wells in
environs of Oslo and Bergen, on the other hand, show that 13% and 40% of
the values, respectively, were above the action level2). The maximum value
was 6,800 Bq/1. An extensive survey program was started in 1996, and so
far approximately 3,000 samples have been analysed. Preliminary analysis
of the results show that 12-14% of the samples exceeds the action level of
500 Bq/1. The highest single measurement war 19,000 Bq/1.
Referanser:
1. G. Morland, T. Strand, L. Furuhaug, H. Skarphagen and D. Banks:
Radon concentrations in groundwater abstracted from Quaternary deposits at major Norwegian waterworks. Accepted for publication in
Groundwater, (1996).
2. C. Reimann, G.E.M. Hall, U. Siewers, K. Bjorvatn, G. Morland, H.
Skarphagen and T. Strand: Radon, fluoride and 62 elements as determined by ICP-MS in 145 Norwegian hard rock groundwater samples.
Sci Total Environm 192 (1996) 1 - 19

8.1.4

LSA Scale in Oil Production

T. Strand, I. Lysebo and A. Birovljev3
2

Norwegian Radiation Protection Authority
Norwegian Radiation Protection Authority

3
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Radioactive deposits, often referred to as LSA (Low Specific Activity) scale,
can under certain circumstances be formed inside production equipment in
oil and gas production. These deposits contain elevated levels of radioactivity, mainly 226Ra, 228Ra and their daughter products, and represent a
waste problem for the oil industry. Thin layers with enhanced activity of
long-lived daughters of radon, mainly 210 Pb and 210 Po, can be formed inside
equipment in gas production.
A project was started in 1994 with the following main goals (1) obtain an
overview of activity concentrations in deposits, i.e. scale, sand and sludge,
and in production water, (2) measure doses to workers involved in handling
and cleaning of contaminated equipment on and off shore, (3) obtain an
overview of methods for monitoring, including methods for classification
of equipment, occupational hygiene measurements, and measurements in
connection with control of waste and environmental supervision and (4)
discuss alternatives for final disposal of low radioactive waste from the oil
and gas industry.
Analysis of deposits from several North Sea installations1'2) show a mean
activity concentration of 226 Ra between 20 and 25 Bq/g, which is above the
exemption level of 10 Bq/g 2 ). This is two three orders of magnitude higher
than the average level of radium in rocks and soils. Samples of production
water, taken from 11 Norwegian production units1), show a mean activity
concentration of 4.1 and 2.1 Bq/1 for 226 Ra and 228Ra, respectively, and
this is approximately three orders of magnitude higher than the natural
concentration of these nuclides in sea water. Due to the rapid mixing with
sea water, it was not impossible to measure any kind of increase in the
natural level of radioactivity in sea water within close proximity to the
installations. The amounts of production water released on Norwegian side
of the North Sea is smaller than on British side, but this situation will most
probably change as the Norwegian fields enter late production phases.
External doses to workers were measured during different operations both
off shore and on shore involving handling and cleaning of contaminated
equipment. However, the estimated annual doses (0.1 - 0.7 mSv/yr) were
very low - far below the dose limit for workers (20 mSv/yr). Release of
dust from contaminated items is not found to be significant during normal
operations and provided that the correct protective measures are taken,
doses to workers will be an order of magnitude lower than doses to most
other groups of radiation workers.
Referanser:
1. I. Lysebo, A. Birovljev and T. Strand: NORM in Oil Production - Occupational Doses and Environmental Aspects.Proc. of the meeting of
the Nordic Radiation Protection Society, Island, August 26-30, (1996)
2. T. Strand, I. Lysebo, D. Kristensen and A. Birovljev: Deposits of
naturally occurring radioactivity in production of oil and natural Gas.
Norwegian Radiation Protection Authority, Report 1997:1.
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8.2
8.2.1

Energy Physics
Data acquisition system for a building integrated solar
heat system

M. Hansen and B. Bjerke
The purpose of this integrated solar heat system1) is to actively transfer
solar energy to the interior of a building for hot water supply and for space
heating. The solar heat system consists of an open flat plate solar collector2),
a heat storage, a water pump and an electronic controller.
The electronic controller reads the temperature values, the consumed electrical power and the incident solar radiation. These data are used to control
the solar heat system so that the system efficiency is optimized.
The present work is an attempt to design a data acquisition system integrated with the electronic controller. The data acquisition system will be
able to calculate the energy flow on the basis of the measured parameters.
This will also give the the solar heat system efficiency in real-time. This requires an algorithm with few parameters. With these real time calculations,
the performance of the solar heat system can be found almost immediately.
Finally, the data acquisition system and its functionality will be tested.
References:
1. B. Bjerke et.al.: Soltun, Dept. of Physics Report 90-07. University
ofOslo(1990)
2. J. Rekstad et.al.: New Plastic Solar Collector, Dept. of Physics
Report 95-12. University of Oslo(1995)
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Figure 8.1: The solar collector. The enlarged insert shows the channels in
the absorber, filled with ceramic particles.
8.2.2

The description of a new Solar Collector and its Thermal Performance.

L. Henden, M. Meir and J. Rekstad
During the last year a new solar collector has been developed. The solar
collector consists of two twin-wall sheets in a sandwich configuration. The
design is shown in figure 8.1. The cover sheet is made of translucent polycarbonate, transparent to solar radiation (0.3—3.0 ^m), while thermal radiation
(3-30 /mi) is obstructed1'2).
The second sheet, called the absorber, is made of modified black polyphenylene ether and polystyrene3). The absorber contains the water transport
system for the heat removal from the collector. The material is stable up to
temperatures about 150 °C (see ref.1)).
The collector frame is made of aluminium profiles. The profiles enclose the
channel sheets, and provides an insulating airgap of 12 mm between the
absorber and the cover sheet.
The absorber twin-wall sheet has a large number of channels filled with
ceramic particles of 2—4 mm diameter in order to obtain good thermal
conduction between the energy absorbing side of the sheet and the water
that trickles through the channel structure. The temperature difference
between the absorber surface and the water is measured to be about 2—4
°C under normal operating conditions. Without the particles a temperature
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difference in the order of 250 ° C would be required to obtain the same heat
transfer to the water.
distribution channel

absorber sheet

collecting channel

Figure 8.2: The arrows desrcibe the waterflow through the collector. The
water is lifted to a distribution channel at the top of the collector through the
tube placed in the midle of the absorber. The flow back is driven by gravity,
and the water is collected in the channel at the bottom of the collector.
The water flow through the solar collector is shown in figure 8.2. The system
operates at pressure below the atmospheric pressure since the air occupying
the volume between the particles is effectively transported out of the collector as soon as the water circulation starts. When the circulation pump
stops, the water will gradually drain out of the collector.
Thermal perfomance tests have been carried out both at Institut fur Thermodynamik und Warmetechnik (ITW), University of Stuttgart, and at Department of Physics, University of Oslo (UiO).
The experiment at UiO was carried out with a collector array of 3 collectors.
Each collector had a gross area of 1.2 m 2 . The collectors were oriented
toward south and the tilting angle was 45°. A 36 litres calorimeter filled
with water was used for the energy measurements. The total flow rate
through the collector was maintained constant at 2.5 1/min. The efficiency
of the solar collector is shown in figure 8.3, together with the efficiency data
from ITW 5 ). In a linear approximation the efficiency can be written:

V = Fav(ra) - FavUL
V.=

AT
Vo-fayUL-^-,
FU

AT

(8.1)
(8.2)

where AT=T au —T a . The parameter 770 is the efficiency when AT=O, and
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Figure 8.3: The efficiency of the solar collector.
is dependent on the transmission and the absorption in the cover and the
absorber. The coefficient Fot,U£ is the heat loss coefficient, Tav is the average
of the temperatures in the calorimeter and Ta is the ambient temperature.
The measured coefficients are:

Tfo =
FavUL =

0.74
7.8W/m2K,

The 770 value is in good agreement with the transmission through the cover
sheet and the absorbtivity of the black absorber sheet. The heat-loss coefficient reflects a poorly insulated collector, allthough the dominating heat
loss process is heat radiation through the cover sheet.
References:
1. GE Plastics, Lexan/Thermoclear Sheet-Technical Manual, Bergen op
Zoom, The Netherlands (1992)
2. J. Zeegers, L. G. Bakker. P. Kratz and H. P. Oversloot
Report no. B-92-0488, TNO Building and Construction Research,
Delft, The Netherlands (1992).
3. GE Plastics, NorylPX507-Product Information, Bergen op Zoom, The
Netherlands (1994)
4. W. A. Beckman and J. A. Duffie,
Solar Engineering of Thermal Processes, [Wiley, New York, 1991)
5. S. Fischer, and M. Peter
Report no. 96COL46, Institut fur Thermodynamik und Warmetechnik
(ITW), University of Stuttgart (1996).
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8.2.3

A combined Thermal and Photovoltaic Solar Energy
Collector

B. Sandnes
Solar energy is primarily utilized in two different forms; either as low temperature heat derived from thermal collectors or electricity generated by
photovoltaic converters (solar cells) .Thermal collectors can achieve high efficiencies (> 60%) while the solar cells, although good absorbers of sunlight,
only reach efficiencies of about 10-15%. Thus, the remaining 85% or more
of the solar energy absorbed by the cell is dissipated as heat, giving rise to
elevated temperatures during operation.This further reduces the power output from the solar cell since the photovoltaic efficiency decreases by about
0.05 % K"1 as the temperature rises.
By integrating the two systems into one single unit, heat can be removed
from the cell, thus maintaining cell efficiency at a relatively high and stable
level. This heat is transported away from the collector and utilized either as
space heating or pre-heating of domestic hot water. A combined system also
offers economic advantages by reducing both installation costs and required
space.
The work currently in progress is aimed at developing a combined system
prototype, using the SolarNor flat-plate thermal collector as a basis. Polycrystalline silicon cells will be pasted directly over the absorber by means of
a heat conducting, elastic adhesive. The unit will be tested experimentally
under natural conditions to establish it's running performance. A theoretical model previously developed for combined systems1) will be adapted to
the prototype and comparisons made to the experimental data.
References:
1. T. Bergene and O. M. L0vvik, Solar Energy 55 (1995) 453
8.2.4

Cooling by thermal radiation

H. Storas, J. Rekstad, B. Bjerke and Yogendra Sivapra
The possibility of using a modified solar collector for cooling in buildings
is being evaluated. Cooling is achieved by using the nocturnal sky dome
as a heat sink. By using the concept of a solar flat plate collector with
water as the heat storage medium, cooling is accomplished through the heat
dissipation from the collector plate due to thermal radiation and convection.
(Convection cover is not used.)
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There will be a net cooling contribution from the radiation even at plate
temperatures below ambient. This is due to the atmosphere's high degree of
transparency for infrared radiation, particularly in the 8-13 ftm band. The
energy radiated from a opaque surface depends only on the emissivity and
temperature of the surface. The radiative energy absorbed by the surface is
given by the absorbtivity and the incoming radiation, (irradiation). Kirchhoffs law for electromagnetic radiation states that for every wavelength, A, a
surface's emissivity equals it's absorbtivity. The atmosphere's high degree of
transparency at certain wavelengths implies a low absorbtivity and thereby
an equally low emissivity. Irradiance from the sky dome is therefore low for
the 8-13 fim band2) (see Fig. 8.4).
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Figure 8.4: Spectral distribution for solar radiation and sky radiation at
288.IK. Gray area represents the radiative imbalance between a black body
radiator at ambient temperature and the sky. (Source: T. Nilsson et.al,
19912))
An opaque surface at ambient temperature, radiating towards the sky dome
is thus experiencing a net energy loss due to it's thermal radiation. For a
blackbody surface the net heat loss at ambient temperature can easily exceed
100 W/m 2 if atmospheric conditions are good. Radiative equilibrium under
such conditions may typically occur at a temperature 20°K below ambient.
But, as for solar collectors, convection and heat conduction limits the actual
plate temperature in a cooling device.
For "black" or "gray" surfaces it is convenient to use an equivalent sky
emissivity to estimate the received radiation. The most commonly used
expression is given by Berdahl and Martin1):
ecs = 0.711 + 0.00562^ + 0.0000737^ + 0.13 COS(2TT—) (8.3)
where ecs is the "hemispherical clear sky emissivity", Tdp is the dewpoint
temperature in °C, and t is the number of hours from midnight. The sky
radiation incident on a surface is then given as a function of ambient temperature.
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The net radiative effect for a horizontal gray surface at a absolute temperature, Tpi is then given by:
P=

-

(8.4)

ZcsT*a)

where A is the surface area, spi is the hemispherical emissivity for the radiating surface, Ta is the ambient temperature. Corrections may be made
for clouded sky and the tilt of the surface, (which gives a larger radiation
contribution from the surroundings).
To study the cooling effect attainable by the solar system in question a small
test setup has been used. Heat was dissipated by a polycarbonate (lexan)
plate of approximately 0.5 m2 with an hemispherical emissivity of about 0.8.
The plate is of the same construction as a solar collector, but the heat flow
is "reversed". Cooling potential was accumulated in a water storage tank
by letting the water circulate through the plate during night time.

20.00

22.00

24.00

02.00
04.00
Time of day

06.00

08.00

10.00

Figure 8.5: Plot of ambient and water temperature for one night. The water
amount used is here 10.7 liters. Dewpoint temperature is found to be 3.8°C
at 19.00, and 3.7°C at 07.00 hours, the next morning. The sky was clear all
night.
With a 10 liter water amount the water reached temperatures about 4°K
below ambient, under clear sky conditions (see. Fig. 8.5). (A 25 liter
amount was also used.)
The water temperature development was also simulated based on the cooling
effect predicted by formulas 8.3 and 8.4. The simulations was in good agreement with experimental results as long as weather conditions were stable,
and no rainfall, fog or mist occurred. (These factors were not encountered
for in the simulations.)
Thus, the cooling achieved by using this solar panel "in reverse" seems to be
adequately described by the "equivalent sky emissivity", given by Berdahl
and Martin, (eq.8.3). Consequently the performance of the system may
be correlated to results from other research based on this commonly used
formula.
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Further investigations are in progress.
References:
1. P.Berdahl and M.Martin, Emissivity of clear skies, (1984), Solar Energy 32, 5 (1984) 663 - 664.
2. T.M.J. Nilsson and G.A. Niklasson, Optimization of optical proporties of pigmented foils for radiative cooling applications:Model calculations, SPIE- The International Society for Optical Engeneering 1536
(1991)169 - 182.
8.2.5

Potential energy surface for the H 2 /Pd(lll) system.

R. A. Olsen, 0 . M. L0vvik, P. N. T. Philipsen, E. J. Baerends, and G. J. Kroes
Hydrogen adsorption on Pd surfaces has been extensively studied during
the last two decades for a number of reasons. Palladium has the ability to
absorb large amounts of hydrogen in the bulk, and is thus interesting as a
model system for understanding a good hydrogen storage1'2). The interaction between hydrogen and transition metal surfaces is further important
for the understanding of various catalytic reactions and for metal embrittlement. Hydrogen adsorption on metal surfaces also has interest in itself, due
to the quantum behaviour of the light H atoms.
The Pd(lll) surface is interesting because both experimental and theoretical
studies show the existence of a hydrogen absorption site located between the
first and second metal layer. This so-called subsurface site is energetically
more favorable than the bulk site and almost as favorable as the chemisorption site on the surface. Further, Gdowski, Stulen and Felter3) claim to
have found experimental evidence for hydrogen absorbed directly into the
bulk, without equilibrating in the chemisorption well. Our goal is to study
this process theoretically by obtaining an accurate potential energy surface
(PES) for the H2/Pd(lll) system and deciding which degrees of freedom
should be included in the PES, and then perform quantum mechanical wave
packet calculations on the obtained PES4).
We have recently completed a two-dimensional study introducing a new
PES for the H2/Pd(lll) system based on density functional theory and
used this PES in quantum mechanical wave packet calculations5) We have
also completed a PES which includes two molecular degrees of freedom and
one palladium surface degree of freedom. The quantum mechanical wave
packet calculations on this PES are now in the final stages. Further we have
started to work on a PES describing three molecular degrees of freedom.
References:
1. G. Alefeld and J. Volkl (d.): Hydrogen in metals. (Springer Verlag,
Berlin, 1978).
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2. K. Christmann, Surf. Sci. Rep. 9, 1 (1988).
3. G. E. Gdowski, T. E. Felter, and R. H. Stulen, Surf. Sci. 181, L147
(1987)
4. O. M. L0vvik and R. A. Olsen, J. Chem. Phys. 104 (1996) 4330.
5. R. A. Olsen, P. H. T. Philipsen, E. J. Baerends, G. J. Kroes, and 0 . M.
L0vvik, to appear in J. Chem. Phys. (June 1997).
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Chapter 9

Seminars

Date:
5.01

P. Magierski:
Warsaw University
13.09 E. Melby:
UiO

30.11 J. Gomez:
Univ. of Madrid

Structure of the heaviest elements in the
mean-field approach
/f-hindring i 7-henfallet etter innfanging
av ARC og termiske n0ytroner
Chaos in semi-magical nuclei
(Ca and Sn isotopes)
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Chapter 10

Committees, Conferences
and Visits
10.1

Committees and Various Activities

External committees and activities only are listed.
B. Bjerke:

Member of Hydrosol - cooperation between UiO, IFE and
NIVA in hydrogen-research.

K. Gj0tterud:

Referee for Institute of Physics Publishing.
Member of the committee for The Lisl and Leo Eitinger
price.
Member of The Norwegian Physical Society's Human Rights
Committee.

M. Guttorm- Member of the Board of the Nuclear Physics Committee of
the Norwegian Physical Society.
sen:
Referee for Nuclear Physics and Zeitschrift fiir Physik.
T. Holtebekk:

Chairman of The Norwegian Standardization Organization
Sub-Committee for Technical and Physical Units.

F. Ingebretsen: Deputy Member of the University Board (Det akademiske
kollegium).
Editor of the periodical "Fra Fysikkens Verden".
Member of the advisory committee for the "SOLIS" project:
Solar energy in the school.
Board Member of SOLARNOR A/S.
G. L0vh0iden:

Member of the LHC ALICE Collaboration Board.
Referee for Nuclear Physics and Physica Scripta.
Member of the Norwegian Academy of Science and Letters.

O. M. L0vvik:

Secretary of Hydrosol Oslo - Kjeller.

84

E. Osnes:

Member of the Council of the European Physical Society.
Member (vice-treasurer) of the Executive Committee of
EPS.
Member of the EPS Action Committee on Publications.
Member of the Nuclear Physics European Collaboration
Committee (NuPECC) under the European Science Foundation.
Member (vice-chairman) of the Executive Board of
NORDITA (until March 1.)
Member of the Program Board for Nuclear and Particle
Physics under the Research Council of Norway (NFR).
Co-editor (with T. T. S. Kuo) of International Review of Nuclear Physics, published by World Scientific Publ. Comp..
Referee for Nuclear Physics, Physics Letters B, Physica
Scripta and Physical Review C.
Member of the Norwegian Academy of Science and Letters,
and of the Royal Norwegian Society of Sciences and Letters.

J Rekstad:

Chairman of the Board of Directors of SOLNOR A/S. Managing director of SOLARNOR A/S.
Member of the Board of Directors of IFE.
Member of the Norwegian Reference Committee for the EEC
framework program "Joule".
Member of Research Council Program Committee for fundamental Energy Research.
Referee for Nuclear Physics, Physical Review, Physical Review Letters and Physics Letters.

T. Strand:

Member of Nordic Radiation Protection Society.
Member of Int. Working Group on Naturally Occurring Radiation Material in Oil Production.
Referee for Radiation Protection Dosimetry.

R. Tangen:

Member of the Norwegian Academy of Science and Letters.

P. O. Tj0m:

Member of the NORDBALL Committee.
Referee for Nuclear Physics.

10.2

Conferences

The Section of Nuclear Physics and Energy Physics participated in the Annual Meeting of the Norwegian Physical Society, Trondheim, June 1996, and
the student conference Macrophysics for Micro physicists, Bergen, April 2426, 1996.
K. Gj0tterud participated in the Second Sakharov Conference on Physics,
Lebedev Physical Institute, Moscow, May 20-24, 1996, and the 3. International Noel Baker - Pauling - Peccei Conference Bosnia and Herzegovina 85

Democracy, Reconstruction and Integrety Sarajevo, Bosnia and Herzegovina. Aug. 20-24, 1996.
M. Guttormsen and S. Odegard participated in Int. School of Nucl. Phys.,
Erice, Sicily, September 16-24, 1996.
A. Holt and T. Engeland participated in North-West Europe Nuclear
Physics Conference, Vrije Universiteit, Amsterdam, April 16-19, 1996.
L. Engvik and 0 . Elgar0y participated in Workshop on Strangeness and
Dense Matter, Nordita, Copenhagen, April 17-18, 1996, and International
Workshop on the Physics of Supernovae and Neutron Stars, ECT*, Trento,
June 3-14, 1996.
A. Holt, T. Engeland and M. Hjorth-Jensen participated in Midsummer
Workshop on Nuclear Physics, Jyvaskyla, June 26-29, 1996.
L. Henden, M. Meir and J. Rekstad participated in World Renewable
Energy Congress, Denver, Colerado, U.S.A., June 15-21, 1996.
G. L0vh0iden participated in the conferences Quark Matter-96, Heidelberg,
May 20-24 and Phase Transistions in Nuclear Collisions, Copenhagen, Nov.
27-30, 1966.
G. L0vh0iden and E. Osnes participated in the conference EPS 10 Trends
in Physics, Sevilla, September 9-13, 1996.
E. Melby participated in NORDITA Study Weekend on EUROBALL Physics,
Copenhaven, May 9-11, 1996, and Research Conference on Chaotic Phenomena in Nuclear Physics, Aghia Pelaghia, Crete, Greece, Sept. 28-Oct. 3,
1996.
S. Messelt and E. A. Olsen participated in the Scanditronix User's Meeting, Copenhagen, Denmark, May 9-10, 1966.
S. Siem and T. S. Tveter participated in the Zakopane school of Physics,
Trends in Nuclear Physics, Sept. 5-11, 1966.
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Chapter 11

Theses, Publications and
Talks
11.1

Theses

11.1.1

Cand. Scient. Theses

Sunniva Siem: Et studium av de sfaeriske neodynumisotopene med (3[He], a)
- reaksjonen.
Jason Charles Browne: High Speed Image Information Extraction using
Semiconductor Based Neural Networks.
Gabriel Munoz: The 1 MeV gamma-ray structure described by a Monte
Carlo simulation model.
Camilla Lunder: Fysiske karakteristikker av radond0tre i inneluft.
Jorgen Andre Lien: Om sammenhengen mellom saerpartikkelproduksjon og
multiplisitet i ultrarelativistiske tungionekollisjoner.

11.2

Scientific Publications

11.2.1

Nuclear Physics and Instrumentation

0. Elgaroy, L. Engvik, E. Osnes, F.V. De BJasio, M. Hjorth-Jensen and G.
Lazzari
Emissivities of neutrinos in neutron star cores
Phys. Rev. Letters vol. 76 (1996) p. 1994
0. Elgaroy. L. Engvik, E. Osnes, F. V. De Blasio, M. Hjorth-Jensen and
G. Lazzari
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Superfluidity and neutron star crust matter
Physical Review D vol. 54 (1996) p. 1848
0. Elgaroy, L. Engvik, M. Hjorth-Jensen and E. Osnes
Model-space approach to J5o neutron and proton pairing in neutron star
matter with the Bonn meson-exchange potentials
Nuclear Physics A604 (1996) p. 466
M. Hjorth-Jensen, H. Miither, E. Osnes and A. Polls
Comparison of the Effective Interaction to Carious Orders in Different Mass
Regions.
Journal of Physics G22 (1996) 321 - 329.
0. Elgar0y, L. Engvik, M. Hjorth-Jensen and E. Osnes
Triplet pairing of neutrons in /3-stable neutron star matter
Nuclear Physics A607 (1996) p. 425
0. Elgar0y, L. Engvik, M. Hjorth-Jensen and E. Osnes
Superfluidity in /3-stable neutron star matter
Phys. Rev. Letters vol 77 (1996) p. 1428
E. Osnes, M. Hjorth-Jensen, G. Bao og E. 0stgaard
Assymetric Nuclear Matter and neutron Star Properties
Astrophysical Journal, Vol. 469 (1996) p. 794
M. Guttormsen, T.S. Tveter, L. Bergholt, F. Ingebretsen and J. Rekstad
The unfolding of continuum 7-ray spectra. Nuclear Instruments and
methods A 374 (1996) 371-376
R. Elmer, M. Berg, L. Carlen, B. Jakobsson, B. Noren, A. Oskarsson, G.
Ericsson, J. Julien, T.F. Thorsteinsen, M. Guttormsen, G. L0vh0iden, V.
Bellini, E. Grosse and P. Senger
K+-Emission in Symmetric Heavy Ion Reactions at Subthreshold Energies
Phys. Rev. Lett. 77 (1996) 4884
M. Berg et al. (CHIC Collaboration)(M. Guttormsen, G. L0vh0iden,
K. Nybo, T.F. Thorsteinsen)
A compact range telescope for K+ measurements
Nucl. Instr. Meth. A381 (1996)267
E. Andersen et al. (VVA97 Collaboration) (K. Fanebust, J.A. Lien, H.
Helstrup, A.K. Holme, G. Lohoiden, P. Sennels

VVA97 results on strangeness production in lead-lead collisions at 160 A
GeV/c
Nucl. Phys. A610 (1996)165
S. Abatzis et al.
(WA85 Collaboration) (H. Helstrup, A.K. Holme,
J.A. Lien)
Study of kaon, lambda and anti-lambda production in S-W collisions at 200
GeV/c per nucleon
Phys. Lett. B376 (1996) 251
P. Hoff et al. (G. L0vh0iden, T.F. Thorsteinsen)
Single-neutron states in 133Sn
Phys. Rev. Lett. 77 (1996) 1020
S. Abatzis et al. (WA94 Collaboration) (E. Andersen, K. Fanebust, H.
Helstrup, A.K. Holme, G. L0vh0iden, P. Sennels, T.F. Thorsteinsen)
Study of charged particle production using OMEGA RICH in WA94
experiment
Nucl. Instr. Meth. A371 (1996) 22
T. S. Tveter, L. Bergholt, M. Guttormsen, E. Melby and J. Rekstad
Observation of Fine Structure in Nuclear Level Densities and 7-Ray
Strength Functions
Phys. Rev. Lett. 77 (1996) 2404
T. S. Tveter, J. J. Gaardh0je, A. Maj, T. Rams0y, A. Atac., J. Bacelar,
A. Bracco, A. Buda, F. Camera, B. Herskind, W. Korten, W. Krolas,
A. Menthe, B. Million, H. Nifenecker, M. Pignanelli, J. A. Pinston,
H. v. d. Ploeg, F. Schussler and G. Sletten
Collective Dipole Motion in Highly Excited 272 Hs (Z=108) Nuclei
Phys. Rev. Lett. 76 (1996) 1035
A. Bracco, F. Camera, M. Mattiuzzi, D. Gnaccolini, B. Million, J. J. Gaardh0je, A. Maj and T. S. Tveter
Thermal Fluctuation and Collisional Damping effects in the hot Giant
Dipole Resonance
Nucl. Phys. A599 (1996) 83c
T. S. Tveter, J. J. Gaardli0je, A. Maj, T. Rams0y, A. Atac,, J. Bacelar,
A. Bracco, A. Buda, F. Camera, B. Herskind, W. Korten, W. Krolas,
A. Menthe, B. Million, H. Nifenecker, M. Pignanelli, J. A. Pinston,
H. v. d. Ploeg, F. Schussler and G. Sletten
Collective Motion in Hot Superheavy Nuclei
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Nucl. Phys. A599 (1996) 123c
A. Maj, M. Kmiecik, F. Camera, B. Herskind, J. J. Gaardh0je, A. Bracco,
A. Atac,, R. A. Bark, I. G. Bearden, P. Bosetti, S. Leoni, M. Mattiuzzi,
T. S. Tveter and Z. Zelazny
Array of Anti-Compton Spectrometers as a Trigger in GDR Studies
Acta Physica Polonica B27 (1996) 541

11.2.2

Energy Physics

O. M. Lovvik and R. A. Olsen
Direct subsurface absorption of hydrogen on Pd(lll)
J. Chem. Phys. 104, (1996) p. 4330

11.3

Scientific and Technical Reports

0. Elgar0y, L. Engvik, E. Osnes and M. Hjorth-Jensen
Model-space approach to ^ o neutron and proton pairing with the Bonn
meson-exchange potentials
Department of Physics Report UiO/PHYS/96-05 (1996)
M. Guttormsen, T.S. Tveter, L. Bergholt, F. Ingebretsen and J. Rekstad
The Unfolding of Continuum 7-ray Spectra
Department of Physics Report UiO/PHYS/96-02 (1996)
1. Huseby, T. S. Tveter, L. Bergholt, M. Guttormsen, E. Melby, J. Rekstad,
S. Siem and R. K. Sheline
/i'-hindrance in Primary 7-Decay after Thermal and ARC Neutron Capture
Department of Physics Report, UiO/PHYS/96-11, (1996)
F. Ingebretsen and T.S. Tveter (ed.)
Section for Nuclear Physics and Energy Physics: Annual Report
Department of Physics Report UiO/PHYS/96-14 (1996)
T. S. Tveter, L. Bergholt, M. Guttormsen, E. Melby and J. Rekstad
Observation of Fine Structure in Nuclear Level Densities and 7-Ray
Strength Functions
Department of Physics Report, UiO/PHYS/96-09, (1996)
B. Jakobsson et al.(CHIC Collaboration)(M. Guttormsen, G. Lovhoiden,
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T.F. Thorsteinsen)
Gross and fine structure of pion production excitation functions in p-nucleus
and nucleus-nucleus reactions
COSMIC AND SUBATOMIC PHYSICS REPORT LUIP 9601 1996 ISRN
LUND6/NFFK-7153-SE+11P ISSN 0348-9329
S. Abatzis et al. (WA94 Collaboration) (E. Andersen, K. Fanebust,
H. Helstrup, A.K. Holme, G. L0vh0iden, P. Sennels, T.F. Thorsteinsen)
Hyperon production in proton-sulphur collisions at 200 GeV/c
CERN-PPE/96-165
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Scientific Talks and Conference Reports

R.K. Sheline, L. Bergholt, M. Guttormsen, J. Rekstad and T.S. Tveter
K Quantum Numbers and the Primary Dipole Gamma Decay of Neutron
Capture Resonances
Proc. Int. Conf. on Exotic Nuclei and Atomic Masses, June 19 - 23, 1995,
Aries, France, Les Editions Frontieres, (1996)
S. Abatzis et al. (WA 85 Collaboration) (H. Helstrup, A.K. Holme,
J.A. Lien)
Strangement enhancement in S+W interactions at 200 GeV/c per nucleon
Proc. Strangeness '96,Budapest,May 1996. Heavy Ion Physics 4(1996)79.
E. Andersen et al. (WA97 Collaboration) (K. Fanebust, J.A. Lien, H. Helstrup, A.K. Holme, G. L0vh0iden, P. Sennels, T.F. Thorsteinsen)
Hyperon production in Pb+Pb collisions at 160 A GeV/c
Proc. Strangeness '96, Budapest, May 1996. Heavy Ion Physics 4(1996) 97
E. Andersen et al. (WA97 Collaboration) (K. Fanebust, J.A. Lien, H. Helstrup, A.K. Holme, G. L0vh0iden, P. Sennels, T.F. Thorsteinsen)
Hyperon and antihyperon production in Pb+Pb collisions at 158 A GeV/c
Proc. XXVIII Int. Conf. on High Energy Physics, Warzaw, July (1996)
E. Andersen et al. (WA97 Collaboration) (K. Fanebust, J.A. Lien, H. Helstrup, A.K. Holme, G. L0vli0iden, P. Sennels, T.F. Thorsteinsen)
Multistrange Baryon Production in Pb+Pb and p+Pb Collisions
Proc. XXVI Int. Symp. on Multiparticle Dynamics, Faro, Portugal,
September (1996)
E. Andersen et al. (VVA97 Collaboration) (K. Fanebust, J.A. Lien, H. Helstrup, A.K. Holme, G. L0vh0iden, P. Sennels, T.F. Thorsteinsen)
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Preliminary results in strange baryon production in Pb-Pb interactions at
160 GeV/c per nucleon
Proc. 31th Rencontres de Moriond-QCD and high energy hadronic interactions,Les Arcs 1800, France 1996.
S. Abatzis et al. (WA94 Collaboration) (E. Andersen, K. Fanebust,
H. Helstrup, A.K. Holme, G. L0vh0iden, P. Sennels, T.F. Thorsteinsen)
Hyperon production in p+S interactions at 200 GeV/c
Proc. Strangeness '96, Budapest, May 1996. Heavy Ion Physics 4(1996) 91
M. Guttormsen, G. Munoz, L. Bergholt, J. Rekstad and T.S. Tveter
K-Dependence in the 7-Decay of Hot Nuclei
Proc. Int. School of Nucl. Phys. Erice, Sicily, September 16 - 24, (1996)
K. Gjotterud
Remarks on Consistincy and Completeness and a Possible New Foundation
of Quantum Theory
Contribution Second International Sakharov Conference on Physics Lebedev Physical Institute Moscow May 20 - 24 1996
I. Huseby, T.S. Tveter, M. Guttormsen, E. Melby and J. Rekstad
K-Hindrance in Primary 7-Decay after Thermal and ARC Neutron Capture
European Research Conf. on Chaotic Phenomena in Nuclear Physics,
Crete, Greece, Sept. 28 - Oct. 3, (1996) Book of Abstracts p.31
E. Melby, I. Huseby, T. S. Tveter, M. Guttormsen and J. Rekstad
A'-hindrance in Primary 7-Decay after Thermal and ARC Neutron Capture
Research Conference on Chaotic Phenomena in Nuclear Physics. Aghia
Palaghia, Crete, Sept. 28- Oct. 3 (1996)
R.A. Olsen, P. H. T. Philipsen, E. J. Baerends, G. J. Kroes, and O.M.
L0vvik
Direct subsurface absorption of hydrogen on Pd(lll): Quantum mechanical
calculations on a new two-dimensional potential energy surface
Poster presented at Molec XI, Nyborg, Denmark Sept. 1 - 6 (1996)
L. Bergholt
Er A-kvantetallet bevart ved noytronbindingsenergien?
Studentkonferansen "Makrofysikk for mikrofysikere" Bergen 24-26. april
(1996)
J. Bergli
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Runaway bsninger og preakselerasjon i Abraham-Lorentz-Dirac likningen
Studentkonferansen "Makrofysikk for mikrofysikere" Bergen 24-26. april
(1996)
0. Elgar0y
Dense matter in the relativistic Brueckner-Hartree-Fock approach
Talk at Workshop on Strangeness and Dense Matter, Nordita, Copenhagen,
Denmark, April 17-18 (1996)
0. Elgar0y
Pairing in /3-stable matter
Talk at Workshop on the Physics of Supernovae and Neutron Stars, ECT,
Trento, Italy, June 3-14 (1996)
0. Elgar0y
Superfluidity in neutron stars
Studentkonferansen "Makrofysikk for mikrofysikere" Bergen 24-26. april
(1996)
L. Engvik
Neutron star Properties and Brueckner-Hartree-Fock Theory
Talk at Workshop on Strangeness and dense matter, Nordita, Copenhagen
April 17-18 (1996)
L. Engvik
Nuclear matter equations of state and neutron star properties
Talk at International Workshop on the Physics of Supernovae and neutron
stars, ECT, Trento, Italy, June 3-14 (1996)
A. Holt
Dobbel beta-decay
Studentkonferansen "Makrofysikk for mikrofysikere" Bergen 24-26. april
(1996)
I. Huseby, T. S. Tveter, L. Bergholt, M. Guttormsen, J. Rekstad, R. K. Sheline
A-hindrance in Primary 7-Decay after Thermal and ARC Neutron Capture
Studentkonferansen "Makrofysikk for mikrofysikere" Bergen 24-26. april
(1996)
J.A. Lien
Ultra-relativistiske tungione-kollisjoner
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Studentkonferanse i kjerneforskning, Bergen, 24-26 april, 1996.

A. Lien, H. Helstrup, A.K. Holme, G. Lovhoiden, T. Storas og YVA85kollaborasjonen
Ultra-relativistiske tungione-kollisjoner
Studentkonferansen "Makrofysikk for mikrofysikere" Bergen 24-26. april
(1996)
G. L0vh0iden
Kvark-gluon Plasma og Big Bang
Foredrag, Norske Fysikkstudenters Konferanse, NFK-96, Bergen, 16 mars,
(1996)
Foredrag, Faglig Pedagogisk dag, UiO, 3. januar (1996)
G. L0vh0iden
Heavy Ions
R-ECFA M0te, Universitetet i Oslo, 6. September, 1996.
M. L0vvik
Hydrogen pa, metalloverflater - potensiell energi-overflater og dynamikk
Poster ved Fysikermotet i Trondhjem, 24 - 26 juni 1996.
O.M. L0vvik and R.A. Olsen
Direct subsurface adsorption of hydrogen on P d ( l l l )
Poster presentert under et seminar i Lunteren, Nederland 29. og 30. januar
1996

C. Lunder
Fysiske karakteristikker av datterproduktene til radon og toron i inneluft
Studentkonferansen "Makrofysikk for mikrofysikere" Bergen 24-26. april
(1996)

E. Melby
Samtidig bestemmelse av nivatettheten og 7-styrkefunksjonen
Studentkonferanse i kjerneforskning:
Makrofysikk for mikrofysikere.
Bergen, 24 - 26 april (1996)

G. Munoz
The 1 MeV 7-ray structure described by a Monte-Carlo simulation model
Studentkonferansen "Makrofysikk for mikrofysikere'' Bergen 24-26. april
(1996)

94

S. 0degard
Intruderorbitaler i 177 Ir og 175 Re
Studentkonferansen "Makrofysikk for mikrofysikere" Bergen 24-26. april
(1996)
R.A. Olsen and O.M. L0vvik
Direct subsurface absorption of hydrogen on P d ( l l l )
Poster at the Molec XI conferense, Nyborg, Denmark Sept. 1-6 (1996) and
at the Charles Coulson Summerschool, Oxford, England Sept. 8-18 (1996)
P. Sennels
Saerpartikkelproduksjon i p+S kollisjoner ved 200 GeV/c
Studentkonferanse i kjerneforskning, Bergen, 24-26 april, 1996.
P. Sennels, E. Andersen, K. Fanebust, H. Helstrup, A.K. Holme,
G. Lovhoiden, T.F. Thorsteinsen og WA85-kollaborasjonen
Saerpartikkelproduksjon i p +S kollisjoner ved 200 GeV/c
Studentkonferansen "Makrofysikk for mikrofysikere" Bergen 24-26. april
(1996)
S. Siem, T.S. Tveter, L. Bergholt, M. Guttormsen, E. Melby and J. Rekstad
Level Densities in Rare Earth Nuclei
Talk, The XXXIth Zakopane School, Zakopane, Poland, (1996)
S. Siem
Kryssnakk i CACTUS
Studentkonferansen "Makrofysikk for mikrofysikere" Bergen 24-26. april
(1996)
T.S. Tveter, I. Huseby, L. Bergholt, M. Guttormsen, E. Melby, J. Rekstad,
S. Siem and R.K. Sheline
Number of Degrees of Freedom in Primary 7-Ray Decay after Neutron
Capture
Talk, The XXXIth Zakopane School, Zakopane, Poland, (1996)
T. S. Tveter, L. Bergholt, M. Guttormsen, E. Melby and J. Rekstad
Level Densities and 7-Ray Strength Functions in Deformed Rare Earth
Nuclei
Invited talk, NORDITA Study Weekend on EUROBALL Physics, Copenhagen, Denmark, May (1996)
0 . Elgaroy
Kjernefysikk og noytronstjerner
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Foredrag holdt pa Institutt for teoretisk astrofysikk, Universitetet i Oslo, 9.
februar (1996)
0. EIgar0y
Noytronstjerner
Foredrag holdt pa. seminar i teoretisk fysikk, Universitetet i Oslo, 20. mars
(1996)
K. Gjotterud
Oppgj0ret med Aristoteles
Forelesning Det Norske Studentersamfund UPOP-aften: Hermetica og den
vitenskapelige revolusjon 14.02 (1996)
G.L0vh0iden
Strange particle production in relativistic heavy ion collisions
Gjesteforelesning, Universitetet i Lund, 7 november, 1996.

11.4.1

Energy Physics

M. L0vvik
Metal surfaces and hydrogen storage
Talk at Vrije Universiteit, Amsterdam, 25.3.1996
R.A. Olsen, P. H. T. Philipsen, E. J. Baerends, G. J. Kroes, and O.M.
L0vvik
Direct subsurface absorption of hydrogen on Pd(lll): Quantum mechanical
calculations on a new two-dimensional potential energy surface
Poster presented at the Charles Coulson Summerschool, Oxford, England
Sept. 8 - 18 (1996)

11.5

Popular Science

K. Gjotterud
A Footnote Remark on Quantum Theory
IPhO Newsletter 27th International Physics Olympiad July 1, (1996)
M. Guttormsen
Fagartikler i leksikon
Aschehoug og Gyldendals Store Norske leksikon (1996)
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T. Holtebekk
Diverse artikler til leksikon
Aschehoug - Gyldendal Store Norske Leksikon, (1996)
T. Holtebekk
100 ar med Becquerel
Fra Fysikkens Verden nr.2 58 (1996) 37-43
K. Gjotterud
Kvanter, komplementaritet og uskarphet
Forelesning Faglig-pedagogisk dag UiO 03.01. (1996)
K. Gjb'tterud, 0yvind Gr0n, Orvar Braaten
Kan tro og vitenskap forenes? - Var tids fysikk og gudsbegrepet
Debatt Human-Etisk Forbund Humanismens hus Oslo 16.10. (1996)
K. Gjotterud, Per L,0nning, Nils Christian Stenseth
Gud og det vitenskapelige verdensbildet
Debatt i Studentersamfunnet i Bergen 07.11. (1996)
S. Siem og O. M. L0vvik
Energifysikk i Norge - mer enn olje og vannkraft
Foredrag ved Videregaende skolers dag, Universitetet i Oslo, 29.11.1996
F. Ingebretsen
Om "Tsjernobyl 10 ar etter"
Bokanmeldelse, Fra Fysikkens Verden 2 58 (1996)
K. Gjotterud
Fakta og legender. Vi er ofre for var forsiktige forstand
Fagerborg menighetsblad Nr.4 desember 1996
K. Gjotterud
Tre lys for vismennene
Intervju ved Vera Kvaal i Adventsprogram fra Sofiemyr kirke NRK TV1
15.12. (1996)
K. Gjotterud
Forst kommer menneskene - fysikken er etterpaklokskap
Portrettintervju ved Ashild Skadberg og Gerd Youmans PENSUM Nr. 3
Januar 1996 2. Akademika semesteravis
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K. Gjotterud
Gud og naturvitenskapen
Intervjuet i Schrdinger spesial, populasrvitenskapelig magasin, NRK TV
S0r-Tr0ndelag 01.04. (1996) reprise 11.04. (1996)

K. Gjotterud
Hva er et menneske? Fysikkens grenser.
Intervju ved Kjersti Torbjornsrud UNIVERSITAS 23.10. (1996)

F. Ingebretsen
"Med Bard pa tur pa. Tusenfryd". Medvirket i TV-programmet Newtons
Huge, NRK pi 25 august (1996)
O. M. L0vvik
Lyder jeg er glad i
Innslag i Snerk, NRK P2, 6.10.1996

O. M. L0vvik
Lyder jeg er enda mer glad i
Innslag i NRQ, NRK P3, 11.10.1996

G.L0vh0iden
Relativitetsteori, kvantemekanikk og astrofysikk
FYSIKKFORUM 1996, F0rde, 23 oktober, 1996.

E. Osnes
Kjerne og stjerne
Foredrag ved UiOs Faglig-pedagogisk dag 23 februar (1996)

E. Osnes
Kristian O.B. Birkeland - mennesket og forskeren
Foredrag ved Birkelandseminaret 19 - 20 September (1996)

E. Osnes
Akademiets forskerprofiler. Kristian O.B. Birkeland (1867- 1917)
Det Norske Vitenskapsakademis Arbok 1995, Oslo (1996) 48-55

E. Osnes
Kristian Birkeland (1867- 1917): Grunnleggeren av moderne romforskning?
Forelesning ved Aker Eldreuniversitet 26 mars (1996)
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Pedagogical and Didactics

G.L0vh0iden
Kompendium FYS338 (UiB) og FYS374 (UiO)
University of Oslo, Department of Physics, Report Series ISSN-0332-5571
(1996)
K. Gjotterud
Eksempler pa hvordan kvantefysikken bryter med vare hverdagsforestillinger
Etterutdanningskurs for fysikklaerere, Fysisk institutt UiO 25.11 - 29.11
1996, 28.11. (1996)
F. Ingebretsen
Termofysikk, - konsekvenser av 2. Lov.
Forelesning og kompendium til etterutdanning for lektorer, Fysisk Institutt,
UiO, 25. nov. (1966)

11.7

Science Policy

K. Gjotterud
J0der i dagens Russland i skyggen av den r0d-brune allianse
HJH-avisens kronikk, Hjelp J0dene Hjem. mars (1996)
K. Gjotterud and A. Holt
Wei Jingsheng og det farlige ordet
Kronikk Aftenposten 08.05. (1996)
R. Percuku and K. Gjotterud
Fromt om Kosova
Artikkel i debattspalten i Dagbladet 10.05. (1996)
K. Gjotterud
J0dene blir gjort til syndebukker - igjen
Intervju ved Knut Bergheim Dagen 21.11. (1996)
K. Gjotterud
Ytringsfrihet
Kvinner, makt og menneskelige rettigheter ISBN 82-90617-15-1 SvenskhemmetVoksenasen September 96
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K. Gjotterud, J. Baarli
Gustav Marthinsen
Minneartikkel Aftenposten 09.12. (1996)
0. Holter og F. Ingebretsen
Fra Redakt0rene
Fra Fysikkens Verden nr. 1,2,3,4, vol. 58 (1996)
K. Gjotterud
The new teaching program on Christianity and Religion in Norway from
primary school to tenth grade
Intervention at OSCE Human Dimension Seminar on Constitutional, Legal
andAdministrative Aspects of the Freedom of Religion Warsaw 16 April 19 April, 1996 18.04. (1996)
K. Gjotterud
Antisemittiske uttrykk og handlinger i Norge og i Russland
Foredrag MIFF (Med Israel for Fred) Arendal 23.04. (1996)
K. Gjotterud
War Crimes and the Importance of Their Legal Prosecution
3. International Noel Baker - Pauling - Peccei Conference, Bosnia &
Herzegovina - Democracy, Reconstruction and Integrity, Sarajevo Aug.
20-22, 1996, Round-table discussions Session l:Law and Human Rights,
Aug. 21 (1996)
K. Gjotterud, O. Starrfelt, P. Thorsdalen, B. Sandvig
Kristendomsundervisning med religions- og livssynsorientering
Apent m0te paneldiskusjon Human-Etisk Forbund Stavanger 28.10. (1996)
K. Gotterud og K.A. Nilsen
Menneskerettighetssituasjonen i Russland, Aleksander Nikitin og norske
myndigheter
Intervju i forbinnelse med tildelingen av Sakharovs Frihetspris til Sergei
Kovaljov i Oslo NRK P2 Dagsnytt 18 - 19.02. (1996)
K. Gjb'tterud
Jddene truet av den r0d - brune allianse i Russland
Intervju Radio Sentrum Trondheim 21.03. (1996)
K. Gjotterud
Rod-brun allianse mot joder i Russland
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Intervju ved Vidar Norberg DAGEN 21.03. (1996)
K. Gjotterud
Kristendomsfaget til OSSE
Intervju ved Tove Lie Ny Tid Nr. 14, 12. april (1996)
K. Gjotterud
Vitenskap, etikk og samfunn, intervju ved Kristin Throndsen
NRK TO Puck 22.09.(1996)

101

FYSISK INSTITUTT
FORSKNINGSGRUPPER

DEPARTMENT OF
PHYSICS
RESEARCH SECTIONS

Biofysikk
Elektronikk
Elementaerpartikkelfysikk

Biophysics
Electronics
Experimental Elementary
Particle Physics
Condensed Matter Physics
Nuclear and Energy Physics
Plasma and Space Physics
Structural Physics
Theoretical Physics

Faste stoffers fysikk
Kjerne- og energifysikk
Plasma- og romfysikk
Strukturfysikk
Teoretisk fysikk

ISSN - 0332 - 5571

