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PREFACE
This biennial report covers the years 19SS and 19S9 and is the first one to carry the
name of the Manne Siegbahn Institute of Physics, the official name of the institute since
1 July 19SS.
The CRYRING project, the new in-house accelerator storage ring for heavy, highly
charged ions, is well under way and the summer of 1989 saw the starting of the installation of the dipole magnets. In November 1989 a final construction grant was given by
the Wallenberg foundation. We expect that in the next biennial report the first physics
results from this unique machine will be given.
Material from the 50th anniversary of the institute, which was celebrated on 23 October
1987, has been put together in a book, Fysik i Frescati 1937-87, which came from the
printers in September 1989. The book contains talks from the one-day conference, a
reprint from 1937 on the institute by Manne Siegbahn and some 50 photographs from
the last 50 years at the institute.
Apart from the CRYRING machine construction and the planning of experiments
around it the reasearch programme of the institute is a very vital one, as can be seen
in this report.

Per Carlson
Director

THE CRYRING-PROJECT
The general outline of phase one of the CRYRING-project [1] is a combination of the
ion source CRYSIS, an RFQ used as preaccelerator, and an accelerator and storage ring
with electron cooling. In a second phase a 300 kV DC accelerator will be added to
be used as second injector and for producing ion beams for crossed and merged beam
experiments. A third order resonance extraction to give an external beam has also been
contemplated. To this scheme should be added MINIS, a copy of the INIS ion source
on a 50 kV DC platform. It will be used for initial tests of the RFQ and the ring.
Below the status of the project will be reported as of April 1, 1990. It should be added
that phase one as described below and shown in fig. 1 is founded and according to the
present schedule the first ring injection tests will be made in late 1990.
CRYSIP and INIS
The ion source has been moved to its position in the E-hall where it will serve as injector
to the ring. It will also be used as a stand alone machine for experiments using four
beamlines one of which is ready and two are operational out to the first experimental
position.
Table la shows a summary of achieved source parameters compared with design values
(before it was moved).
Table la. Source parameters

Achieved
12

Electron energy (KeV)
Electron current (A)
Electron density (A/cm2)
Magnetic field (T)
(during ion production)
Intensity (Charges/pulse)
Pulse length (ms)
Emittance (7r.mm.mrad)
Energy spread (q.eV)

0.1
100

Design value
50
3.5
1000-10000

1-3

5

3 x 109
.05-20

3 x 10 11

50
8

During 1987 and 1988 CRYSIS was used for low energy collision experiments using Xcbeams with charge states up to 35. Typical beam intensities obtained then were 5 • 108
charges per pulse with a repetition late of 3 Hz. After moving the source a number
of adjustments and improvements were made. The main components of CRYSIS have
been connected to the computer control system. Much work has ; lso been spent on the
cryogenic system which has caused delays mainly due to the marginal He production
capacity. Installation of a second Hr-compressor by the end of 1989 has in principle
solved these problems. The vacuum system is under reconstruction and will finally
result in a full separation of the cryostat and ion source vacuum spaces. Also, all non
metallic seals will be replaced by metallic seals. A first beam has recently been achieved
in the new ion source position.
G

The injection isotope separator (INIS) has been moved to the E-hall and connected
to CRYSIS. The pulsed injector system is under design. INIS is also used lor laser
experiments demonstrating a stable and reliable operation. It is fully connected to the
computer control system.
RFQ and MINIS
The RFQ accelerator has been built by the Institute of Applied Physics in Frankfurt
and successfully tested with H + - and H2 beams there. Is has been moved to MSI and
installed in its correct position in the A-hall. A vacuum of 50 nTorr is achieved with
one 200 1/s turbo pump and two 1000 1/s cryo pumps. With rf on the pressure raises
but remains within the 100 nTorr-region.
MINIS, the ion source mentioned above, has been put into operation and the beam
transport line to RFQ has been installed. A first beam has been transferred to and
passed through the RFQ.
The pulsed 100 kW RF amplifier has been built in cooperation with the Swedish telecommunication Administration and brought to MSI, installed and connected to the RFQ.
The transmitter is based on two Eimac 4CW12000 tubes working in parallel coupled
with a 3dB-coupler making it less sensitive to reflections. Tests with beam on the RFQ
will be done in beginning of April.
The Ring
All main magnets, 12 dipoles, 18 quadrupoles and 12 sextupoles have been delivered
and installed. The alignment is done with the use of calibrated invar wires giving an
accuracy of an individual measurent of a few hundreds of a millimeter and a total error
in magnet position of less then a tenth of a millimeter. This accuracy is already achieved
with the dipoles.
The cooling water and heavy electric cable installations have been completed.
The high voltage power installations comprising a new power hall, a 10 kV distribution
system, a 400 V transformer and distribution system, a double transformer for the
dipole supply, and a harmonic filter were finished on time (June, 1989) and is now fully
in operation.
Dipole and quadrupole power supplies (PS) were delivered and commissioned according
to time schedule. All specifications have been fullfilled regarding current accuracies and
ramp speeds. Tests with practically all relevant power consumption connected showed
that interference on the mains will be well within acceptable limits concerning both
harmonic content and nicker. The ring will be possible to operate in a fast mode with
a ramp time between 10% and 100% up or down within 150 ins. Minimum flatbottom
and flat top data are 50 ins and maximum cycle frc-quncy is 2 Hz. In a slow mode the
corresponding ramptime is 1 s. Switching between the modes can be done during the
cycle. The current is fully controlled during the whole cycle. When starting, the ring
will be operated with two qusulrupole families. One of the quadrupole PS as well as
cabling is, however, prepared for splitting in two supplies. With three families the ring
can also be operated with three superperiods.

CRYRING
1990-04-06

PHASE 1

Figure 1
Layout of CRYRING project, phase 1

The injection will be done by production of a local beam bump with four pairs of
electrostatic plates. The mechanical design is shown in figure 2. The electric control
of the injection field is produced with two ramped high voltage supplies. The ±30 kV
supplies will decay in 50 fis or longer close to linarly as needed to fill the ring with thr
full CRYSIS pulse. The power supply will be delivered in april 1990. The mechanical
design is practically completed and the production has started.
The acceleration system will be a driven drift tube. Using a reduced power, an almost
full scale model has been tested and the final system designed. The low levei electronics
and input stage are built and ready to be tested. Also, the main mechanical parts

septum foil

remotly adjustable
bumper plates
Figure 2
Injection section with adjacent ring dipole

are designed and construcion has started. The plate supply will be constructed using
surplus equipment to which electronics and safety parts have to be added.
The ultimate demands on the vacuum system are severe as we aim at low pTorr range.
The pumping will be done by ion pumps and NEG devices. The mechanical design is
in principle settled and the production has started. The most complicated pieces, the
dipole chambers, will be ready before summer 90.
The electron cooler magnet system has been designed, purchased and delivered. Field
mapping is going on. The magnet power supply can be ramped with the same speed as
the ring up to about .1 T. Maxium field of .3 T can be achieved in 1 s. The restraint was
set for power reasons, nevertheless the PS data are 600 V and 600 A. The correction of
the circulating beam orbit will be done with two correction magnets operating in series
with the cooler magnets and two backleg windings on adjacent ring dipole magnets.
Detailed design of the vacuum system and electron acceleration, guiding and decceleration system of the cooler is in progress. The cooler power supply was installed together
with the dipoie and quedrupole supplies and was also included in the full power test.
To detect the beam position in the ring, electrostatic pick up units have been designed
and manufactured. A number of preamplifier solutions has been tested. A final design
has been settled and production will start shortly. They will be mounted and calibrated
both mechanically and using the preamplifiers. The relative accuracy is expected to be
±0.1 mm, whereas the absolute accuracy is ±0.5 mm. The signals will be treated in
two ways: either fast allowing the position to he measured each turn for more than 100
turns, or slowly, folded with the rotational frequency, to give a eontinuos measure. A
system for Schottky noise detection will be placed in the straight section (S3), before

the cooler. It is under construction. A beam current transformer has been ordered, and
will be installed in the same section.

RING PARAMETERS
Circumference

AQy/(dp/p)

51.63
2.30
2.27
-1.3
-3.2

ex at inj.

200*r

cy at inj.
Ap/p at inj

IOOTT

Qx

Q»
AQ,/(dp/p)

Px,tnax
Py,max
*Jx,max
Ein>

for q/A < 0.25
'-'max

5-10"3
6.3
6.5
2.1
0.3
0.3q/A
96(q/A) 2

MAGNETS:
m

mm-mrad
mm-mrad
m
m
m

MeV/u
MeV/u
Mev/u

Dipoles
number
bending angle
bending radius
gap height
max field
beam aperture
Quadrupoles
number
aperture
eff. length
max field grad
beam aperture
Sextupoles
number
aperture
eff. length
max field par
beam aperture
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30°
1.2
80

m

mm
T
55 x 100mm2
1.2

18 (12QF,6QD)
125
mm
0.3

m

5.0
100

T/m

12
125
0.2
12
100

mm

mm
m

T/m 2
mm

References
1 C.J. Herrlander, K-G. Rensfelt, J. Starker, Proc. of EPAC 1988, Rome, p. 350.
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ATOMIC AND MOLECULAR PHYSICS

ELECTRON TRANSFER PROCESSES IN ENERGETIC ATOMIC
COLLISIONS
Currently, there is considerable interest in electron correlation effects which occur during
a collision, the so-called "scattering correlations". These effects are produced by the
mutual and localized Coulomb interaction between two electrons whose description leads
beyond the Hartree-Fock model. In an experiment at the 2 MV Van deGraaff accelerator
at our institute we have observed in the reaction H+ + Hc—*H + He2+ -f e~ a peak
at a certain angle in the measured emission angle and energy distribution of the free
electron. We interpret this result as a localized interaction between the two He electrons
during the scattering process and is therefore described by second order terms in the
Born expansion, where in the first interaction, the proton scatters at one of the two
electrons. In the second interaction, the electron scatters at the other electron and
emits it into the target continuum while the other electron is scattered to a bound H°
state. Our measured electron angular distributions agree well in position but not so
well in absolute value with a prediction of second order Born peaking approximation
for the correlated transfer process.
In another work we have searched for possible deviations from an independent particle
model (IPM) in double ionization in a heavy collision system (together with V. Zoran et
al, Institute of Physics, Bucharest and G. Wintermeyer et al, Universität Heidelberg).
To retain the relative simplicity of the two-electron two-nuclei problem, we have chosen
to study single and double ionization of a selected molecular orbital (3d<7) transiently
formed in such collisions by measuring single and double K and L x-ray probabilities
in 87 MeV 58Ni + 208 Pb collisions at small impact parameters, using an X ray-X rayscattered particle triple coincidence technique. An analysis reveals that the measured
double ionization probability is systematically larger than the squared single ionization
probability (given by IPM) by an enhancement factor which reaches values as high
as 3.2. Such a "discrepancy" is far beyond the experimental uncertainties and could
indicate a possible correlated process in the double ionization probability.
In Resonant Transfer and Excitation (RTE) and Dielectronic Recombination (DR) the
capture of an electron, that has in the ion frame of reference the kinetic energy of an
Auger electron from the recombined ion, occurs through the excitation of an electron
bound to the p r o j e c t i l e : ^ " 1 ^ ! * ) + e" - A^z-2)+(Nl,nl')
-» A<Z-V+(U2) + Ihv
The excitation function of the recombination cross section should therefore show strong
resonances when these doubly excited intermediate states are populated, which can then
be detected by K-x-ray K-x-ray coincidences. An experiment of this type with S 1 5 + ions
hitting hydrogen at energies between 80 and 250 MeV was performed (in collaboration
with S. Datz et al, Oak Ridge National Laboratory and E. Justiniano, East Carolina
University, Greenville). The resonance peaks for population of the doubly excited states
were clearly visible up to very highly excited states. A calculations by McLaughlin and
Hahn for DR cross sections folded with the target electron Compton profile agrees rather
well with the data at lower energy, but it, underestimates the cross section for the very
highly excited states by about a factor of 3.
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The structure of the resonances becomes better resolved with increasing Z due to the
fact that the Compton profile width increases less with Z than the subshells splitting.
An K-x-ray K-x-ray coincidence experiment with hydrogen-like Ge has therefore been
done at the UNILAC of GSI Darmstadt (in collaboration with P.H. Mokler et al, GSI,
Y. Awaya et al, RIKEN, Japan, A. Miiller, Universität. Giefien, FRG, Z. Stachura from
Inst. of Physics, Krakow, Poland). Here we observed the 2 El decay of the Is2s 1 5 o
state which is populated through a hypersatelite A"a transition from the 2s2p!Pi state.
So by observing the 2 El decay the resonant population of a single doubly-excited state,
the 1Pi state, was observed.
At the Test Storage Ring (TSR) in Heidelberg we performed first measurements of DR
with an electron cooler and observed for the first time seperated AAr > 1 resonaces (in
collaboration with G. Kilgus et al. and E. Jaeschke rt al., Universität and MPI fuer
Kernphysik, Heidelberg). The charge . lmnged ions were separated from the main beam
(0' *", C 4 + or C 5 + ) in the first bending magnet downstream of the cooler and detected
with a microchannel plate. Prominent structures up to the Rydberg series of doubly
excited states appeared in the charge changed count rate as function of electron-ion
relative energy, where the inner electron occupies the N = 2 shell and the outer electron
occupies the same or a higher n shell up to the series limit. A Hartree-Frock calculation,
which uses intermediate coupling and allows for configuration mixing, nicely reproduces
the energetic position as well as the absolute height of the spectrum, although there are
small deviations at the low lying Rydberg states (2,3...2,5).

ELECTRON TRANSFER IN SLOW COLLISIONS BETWEEN HIGHLY
CHARGED IONS A N D ATOMS AT CRYSIS
We have performed two different experimental investigations of electron-transfer processes in slow collisions between projectiles of very high charge and neutral targets. In
the first experiment we measured absolute cross sections for single-electron capture (SC)

transfer ionization (TI)

and true-double-electron capture (DC)

by means of coincidence registration of the recoil ion and the charge-reduced projectiles
for incident charge states (</) ranging up to 31. In the second experiment we measured
the ratio, i?, between the TI and SC cross sections as a function of q for slow Xe7+-Xe
(<7<35) collisions by means of the energy-gain technique. A Aq keV Xcq+ beam was
furnished by the Storkolm CRYEBIS (Cryogenic Electron Beam Ion Source) for both
experiments.
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It is well known that the transfer ionization process proceeds through the formation of
an intermediate doubly excited state that autoionizes at large internuclear separations.
It has been argued that for sufficiently high q this state might also decay through photon
emission and the branching ratio for autoionization, F, will then deviate from unity.
The states formed after transfer of two electrons from the target are special, however,
in that both electrons are highly excited. This allows decay through emission of a lowenergy electron, which is known to boost the autoionisation probability. At high q we
thus would expect a decrease in F due to generally increasing radiative decay rates, but
at the same time the formation of nearly symmetric doubly excited states increases the
autoionisation rate and counteracts this decrease. In the experiments described here,
we have investigated the balance between these two effects through measurements of F
as functions of q for states formed in Xe9+-He q<3l and Xe ?+ -Xe g<35 collisions.
For the Xe' + -He (<7<31) we measure F = l . F can be related to R through the extended
classical over barrier model and we have derived upper limits for F which are significantly below unity in the case of the Xe9+-Xe (5>25) collisions. We have, tentatively,
interpreted this as due to radiative stabilization of the intermediate doubly excited state
formed after transfer of two electrons from the target. The difference between the results
with He and Xe targets are explained as due to the differences between the respective
states formed. We plan to investigate this point further by systematic measurements
of single capture, transfer ionization and double capture cross sections as functions of q
and the first two ionization potentials of the target.

CAPTURE-STATE RESOLVED MEASUREMENTS OF ANGULAR
DISTRIBUTIONS IN VERY SLOW COLLISIONS BETWEEN HIGHLY
CHARGED IONS AND ATOMS

In collaboration with the University of Tennessee, we have constructed, and performed
the first experiments with, a new facility for studies of charge exchange in very slow
collisions between highly charged ions and neutral atoms. State-selective angular differential cross sections for single-electron capture have been measured for laboratory
collision energies down to A.löq eV, where q is the charge state of the projectile. A
very slow beam, with an energy spread of ~0.2</ eV, is collimatcd to a maximum angular divergence of ±0.5° before it interacts with a gas-jet target. The post-collisional
energy-, charge-, and angular-distributions are then analysed by means of a cylindrical
energy analyzer and a two-dimensional position-sensitive detector. The relative energy
resolution is measured to be 1.6% and the angular acceptance is ±9°. In the first experiment, we determined the dominating electron transfer mechanisms for single-electron
capture, transfer ionization, and true double capture in 0.5-20 eV/amu Ar4+-Ar collisions by means of comparisons with multichannel Landau-Zener angular differential
cross sections.
13

STUDIES OF MULTIPLY EXCITED STATES
Since several years the atomic spectroscopy group has performed experimental studies of
multiply-excited states using beam-foil spectroscopy. During 1988 these in-house studies
came to an end, at least temporarily. The 400 kV accelerator was dismounted and the
laboratory connected to this machine was converted to control room for CRYRING.
This probably means that the 15 years long 'beam-foil era' at the Institute is over. The
final shut-down of the accelerator was done by Lennart Lundin in a special ceremony, in
which also Indrek Martinson said a few words about the activities e> the machine. Now
the atomic spectroscopy group is seeing forward to a new interesting era in laser-based
spectroscopy.
Some interesting investigations of multiply-excited states have during the past two years
been performed in other laboratories in cooperation with other groups. In Bochum an
investigation of triply-excited states in lithium was undertaken. Due to symmetry the
2p3 4 5° cannot autoionize though it lies about 150 eV above the ionization limit. Instead
the state decays to the doubly-excited state Is2p2 4P emitting a 145 Å photon. The
transition wavelength was measured accurately (A = 145.016 ± 0.006 A), as well as the
lifetime (r = 13.5 ± 1.5 ps). Both values are in very good agreement with very recent
calculations.
As reported in the previous Biennial Report a study of Mg II quartets was performed
in cooperation with the Aarhus group (Andersen and Gaardsted). This work has now
continued to the next member of the isoelectronic sequence Al III. This investigation
was performed in Aarhus using the 1 m vacuum monochromator from Stockholm. The
Al III quartet system has not been thoroughly explored earlier. The present work also
includes MCHF calculations (with relativistic corrections) by T. Brage and C. Froese
Fischer. Many levels of the low-lying quartets were determined and 11 transitions were
assigned within the quartet system.
Finally we have performed a detailed analysis of a complicated cascade situation occuring in the decay of a doubly-excited quartet state in lithium (Is2s3s 4 5).

LASER SPECTROSCOPY AT INIS
As the 400 kV accelerator was closed in May 1988 the laser spectroscopy group was
offered access to the INIS ion beam in order to continue the recently started laser experiments. In September 1989 the first ion beam was delivered to the beam line designed
for laser experiment. The new facility offered some good opportunities compared to the
old one as, for instance, better ion beam stability and better vacuum. The new beam
line is built for UHV. In particular for the photofragmentation experiment this gives
a drastic reduction of background from fragmentation by collision with the rest gas.
An experimental set-up for photofragmentation spectroscopy was installed during the
fall. Investigations of several molecular ions have already been performed. Another
14

development compared to the old set-up is that an electrostatic energy analyzer has
now been connected. This permits accurate measurements of the energy release in the
photofragment process. In order to let collinear laser light into the beam line, the ion
beam is first deflected by a set of parallel field plates and directed to the entrance slit of
the energy analyzer (Fig 1). For the atomic specroscopy experiments we have designed
a large multi-purpose chamber. This chamber is now being installed. For data-taking
and control of the experiment we have built a system which is based on an AT computer
and CAMAC.

ELECTROSTATIC
ENERGY ANALYSER
DEFLECTION
PLATES
ION BEAM-

APERTURE

APERTURE

ELECTRON
MULTIPLIER
ARGON ION PUMP LASER DYE LASER
CHOPPER

Figure 1
Schematic figure of the set-up for photofragment spectroscopy.

The first experiment for testing the new equipment was on Ar^. This singly-charged
dimer has been studied earlier by other groups and gave us good opportunities to test
our set-up and to check the resolution. After this test and development period we
started experiments on Ne^" which has, so far, never been studied spectroscopically.
We observed photofragmentation for this molecule and the process was studied over
a wide wavelength range. Calculations of the relevant potential curves have also been
performed. On the experimental side further investigations will be performed by varying
the polarization of the laser light.
The cluster ion ArNt has also been studied by photofragmentation .spectroscopy. In
earlier experiments photodissodation of this molecule has bron observed, but without determining fragment channels or fragment energies. In our experiment fragment
energies were measured. Both the decay channels ArN+ + \w —> Ar + + N2 and
15

ArNjj" + hi/ —> Ar + N^ were observed. We were also able study photofragmentation of ArN + , which has not been studied earlier.
We are also looking for photofragmentation of the doubly-charged molecule CO2"1". According to our calculations the excitation wavelength should be in the blue region,
provided that a considerable fraction of the molecules are in the metastable triplet
state. So far no observations have been made, but the investigations continue. No other
spectroscopic information is presently available.

THEORETICAL STUDIES OF ELECTRON TRANSFER IN SLOW
COLLISIONS BETWEEN HIGHLY CHARGED IONS AND ATOMS
The studies of angular scattering in charge exchange collisions between slow highly
charged ions and helium targets have been continued in collaboration with experimentalists at Århus University. The semi-classical model presented in the 1986-87 biennial
report (p.22) was used to interpret experimental energy-gain spectra of six times ionized
Ne, Ar, Kr and Xe capturing one electron from He at collision energies of 0.2-2 keV.
The characteristic shift and broadening of the energy-gain peaks could be explained in
terms of non-negligible scattering angles and the large projectile to target mass ratio.
A similar study of the systems O9+-He (q=2-5) in the energy-range 0.1-1.5 keV was
also carried out. These systems are more complicated in the sense that metastable
beam components cannot be completely ruled out. It was indeed found that a certain
fraction of metastable projectile ions had to be introduced to be able to reproduce the
experimental spectra.
For the case of Ne6+-He collisions a group of close lying core-excited capture states
of Ne 5+ had to be introduced in order to obtain agreement with experiments. This
point was further investigated theoretically in collaboration with J.P. Hansen at Bergen
University. A close-coupling calculation in the impact-parameter approximation, where
the core-excited states were represented by single-configuration Hartree-Fock orbitals,
showed that the core-excited channels are not likely to participate significantly in the
single-capture spectra. It was found that rotational coupling, which becomes important
at small internuclear distances, could account for the unexpected large shift of the
energy-gain peak belonging to the core-conserving 3d capture level of Nc 5+ . This type
of coupling mechanism was not included in the semi-classical model above.
In late 1988 a collaboration with theoreticians in Paris (R. McCarroll) and in Bordeaux
(M. Gargaud) was initiated. Their full quantal Perturbed Stationary States (PSS)
method for determining charge exchange cross sections was extended to calculation of
angular differential cross sections. At low energies the full quantal method has the
advantage over common trajectory methods in that the relative motion of the two
nuclei need not be prescribed. At energies above some 10 eV/amu the two approaches
are equally valid but the large number of partial waves makes the trajectory methods
more useful. The extended code was used to analyze the angular scattering in O5+-H
16

120-

10
Energy (eV/amu)
Figure 1
Total one-electron charge exchange cross section in O5+-H collisions. Open circles are exper
imental points measured by Havener et al at ORNL (Phys. Rev. A 39 1725), upper curve
previous calculations by Gargaud (Doctoral Thesis 1987), lower curves present calculations
taking into account the finite acceptance angles indicated to the left.

collisions at energies 0.9-10 eV/amu. A qualitative understanding of the discrepancies
between experiment and earlier theoretical calculations was obtained, see figure 1.
The PSS method of McCarroll and coworkers employs a molecular structure calculation based on the model potential method. The stationary adiabatic states of the
quasi-molecule formed in the collision are calculated and subsequently transformed to
a non-adiabatic (usually termed diabatic) representation. The diabatic representation
has vanishing d/dR matrix elements. The motivation for this is numerical convenience.
Although formally correct this transformation may, due to finite basis size, result in
diabatic states that behave unphysically. An alternative approach to this procedure is
presently being developed. An expansion of the total wavefunction at large to intermediate internuclear distances in terms of polarized orbitals localized at each nucleus
will directly give a diabatic representation that is physically more sound than the one
described above. The localized orbitals are also more satisfactory because electronic
translational factors (ETF:s) for such orbitals are well defined in contrast to molecular type orbitals. At small distances a molecular representation is appropriate and
the electronic translational motion can here be accounted for by sufficiently large basis
sets. This mixed representation approach avoids the difficulties associated with molecular type representations at large distances and with atomic representations at small
distances while it benefits from the advantages of either representation. It is also the
approach that is most satisfying on theoretical grounds if only a limited number of
states are to be included in the expansion of the total wave function.
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RESONANT PROCESSES WITH AND WITHOUT LASER FIELDS IN
ATOMIC AND MOLECULAR PHYSICS

Several collision processes in atomic and molecular physics proceed through intermediate, shortlived, collision complexes. Most of the effects in atomic and molecular physics
are commonly described in terms of a many channel, close coupling formulation of the
time-independent Schrödinger equation or equivalently Shrödinger based the S-matrix
formulation.
The partial wave S-matrix, Si, is defined only along the real energy axis. In order to
rigorously include our complex energy poles we must transform the domains of definition.
We may accomplish this by a complex scaling of the radial coordinate. The most
practically useful version of this theory applies to problems where the potentials are
given as analytic functions only for large radial coordinates and numeric values for
smaller r. The real coordinate axis is thus deformed to a path r —• £(r) in the complex
coordinate plane. The scaling allows us to treat the continuum states just as ordinary
bound states. In order to obtain the poles of the S-matrix we solve the complex dilated
version of the radial Schrödinger equation for potential scattering with the boundary
conditions of a purely outgoing wave.
Most literature methods for calculating the partial wave cross section are based on
a direct numerical evalution of the S-matrix for a dense set of point? in the energy
intervall of interest. Employing the Cauchy integral theorem we can obtain the following
Mittag-Leffler type of series expansion of the S-matrix. This formulation is in practical
computational work about 25 times faster then the conversional, direct method. Another
advantage with this rearrangement into a sum is that we, as an intermediate result, get
the contribution from each pole separately, i.e. a quantization of the continuum. This
idea can also be reversed. The inverse problem, in which one derives the potential
from scattering information, which we studied earlier toghther with Erkki Brändas, is
presently adressed in a collaboration with Dr Pavel Kurasov from Leningrad University.
The above single channel theory may be generalized to a set of coupled differential
equations. Figure la illustrates a test of this method for the low-lying electronic 2 S +
symmetry potential energy curves for the CaH molecule. The detailed variation of
the width of the rotational level of the B/D' 2 S + state with the rotational quantum
number makes a comparison between theory and experiment attractive. This methos is
in particular applicable when interpreting the photofragment spectroscopy data.
The molecular close-coupling equations can be rewritten into the form of the following well known differential equations, whose solutions are the continuum Hartree-Fock
wavefunctions. Using wavefunctions and energies calculated with a complex dilated
distorted-wave method, we obtain starting values for the interaction potentials and
boundary conditions. In phase I we solve a complex dilated version of these equations. Employing the new wavefunctions we generate a new interaction potential from
a Poisson-like differential equation in phase II. Phases I and II are repeated until
self consistency is obtained. Each configuration is here represented by a diagonal potential while configuration interaction is described in terms of off-diagonal interaction
potentials.
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a) Low lying electronic 2 E + symmetry potential energy curves for the CaH molecule. The full
lines show the adiabatic representation whereas the dashed curves give the diabatic representation which is used in this calculation. About 1500 partial wave S-matrix poles associated with
the 4 x 4 potential energy curve matrix related to the diabatic representation of the low-lying
2 +
S states were calculated, b) The logarithm of the width versus the energy for rotational
levels within the v = 13 vibrational level of the BjB' 2 E + electronic state.

Laser-induced processes can be described by the same method by a synthesis with Floque
theory. The laserfield modifies the atomic potentials. Existing bound and resonant
states are shifted beyond the range which are treatble with perturbation theory, making
new bound or resonant states appear. This problem is currently bring adressed in a
collaboration with Prof. Bernard Piraux, Universite Catholic, Leuven, Belgium using
the theory of dressed state combined with complex scaling to treat resonances.
The single channel version of our theory is used to try describe radiation recombination
in an electron cooler. The recombining ions is here surrounded by a large number of
electrons. The potential seen by one of these electrons must thus not be described by a
pure Coulomb potential but rather a screened Coulomb- or Debye potential V(r) — — Zf
rexp(—\r). Recent results from the Test Storage Ring in Heidelberg on laser-induced
radiative recombination with protons indicate the proposed effect. Another possible
explanation for the observed effect is that the ions in the electron cooler see a static
Stark field. The responsible resonances close to the perturbed ionization are calculated
using two second differential equations.
The purpose of our complex rotated SCF work, is to enable a theoretical treatment the
electron configuration mixing effects which are important for accurate descriptions of
resonant many electron processes. In radiative recombination a free electron is captured
by an ion under emission of a photon. Recent experimental studies by Lars Anderssen
at Aarhus University indicate that levels imbedded in the continua just above the ionization threshold may give rise to structure in otherwise non-resonant processes for
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non-hydrogenic systems. Configuration mixing effects may play an important role here
An ion can also recombine and form an intermediate doubly excited state which then
decays via a photonemission. The theoretical modelling of this process, which is called
dielectronic recombination, may often need a consistent multiconfiguration SCF treatment to be successful.
Carlsund and collaborators have recently analysed how dielectronic recombination can
be enhanced by using a relatively weak laserfield. The idea is to depopulate a dielectronically capturing state, which has a low radiative decay probability, to a singly or
doubly excited state with a higher radiative decay probability. A simple model study in
which Ci+ ions captured an electron showed an enhancement of a factor of 12. Strong
laser fields are likely to produce even more drastic changes to DR.

MOLECULAR DYNAMICS STUDIES OF ORDERED STRUCTURES IN
STORAGE RINGS AND ION TRAPS
One of the more spectacular findings in manybody physics during the late 1980s concerns
the formation and destruction of ordered structures in radio frequency and penning
traps and possibly also in cooled heavy ion beam in storage rings. The high symmetry
of CRYRING makes it the best suited storage ring for studies of "crystalline ion beams".
A penning trap for storing and studying highly charged atomic ions is currently being
planned at MSI. Both these projects have initiated theoretical studies of ordered systems
using Molecular Dynamics methods.
The interionic forces are described by pure coulomb potentials. The quadrupole magnets
and the focusing edge fields of a bending magnet are represented by harmonic potentials.
The dipole magnets are described through a coordinate transformation that makes the
sides of the beam slice perpendicular to the motion direction of the beam.
Our first pilot study concerned Ai-iH+ in a model ring of about the same size as
CRYRING. Assuming about 106 particles in the ring we will have 1.6 x 105 particles in a super period. This is practically impossible to treat numerically. We have
chosen to study a 2mm slice of the beam which in this case would contain 20 particles.
For a "full" ring containing 10!) particles we will then have 20 000 particles in our slice
which is still manageable with good MD codes on a fast computer. To simulate the
forces of the neighbor ions that are close to the end or beginning of a slice we simply
make two exact copies of our slice and use them as boundaries. By cooling we mean
that we reduce this deviation within the moving frame. The goal of our first step was
to give us a method that would be able to describe ion beam crystallization.
In our next step we tried to create a detailed model of CRYRING. This means adjusting
the geometry and strength of the quadrupole and bending magnets until we obtained
ion beam optics characteristics of the ring as given in table on page G.
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One of the first possible experiment deals with laser cooling of 7 Zi + ions. Results from
recent tests are now available. For about 3 x 105 ions which correspond to about 10
ions per slice, we obtain a string of ions when they are cooled to 0.1 milliKelvin. The
hot beam was finally cooled down to 0.1 mK in a model where both the focusing and
bending properties of the dipoles were included. The maximum deviation from the
central beam coordinate of the ring in all three model calculations were less than a
fraction of a nanometer. This confirms the assumption that it should be possible to
cool and store a one dimensional beam in CRYRING.
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NUCLEAR PHYSICS

NUCLEAR SPECTROSCOPY
After the shut down of the 225 cyclotron at MSI in March 1986, the nuclear spectroscopy
experiments have been performed at other laboratories, mainly at Daresbury, Ris0 and
Uppsala, in collaboration with other groups. Results from the 225 cm cyclotron on
both spectroscopy and reaction mechanisms have, however, been published also during
1988-89 (see reference list). In Daresbury, England, experiments have been performed
utilizing both the recoil separator and the detector system TESSA3. During 1989
the detector system NORDBALL came in full operation with light heavy ions at the
Niels Bohr Institute at Ris0. From 1990 also heavier beams (up to 58Ni) are available
from the Tandem-Booster accelerator system at Ris0. The groups at MSI have had
responsibilities for the mainpart of the electronics for NORDBALL, including data
programs for the logics, for Ge- and BaF2-detectors and for an inner ball- HYSTRIXfor detection of charge particles. At the The Svedberg Laboratory at Uppsala (TSL)
the hyperfine interaction group of MSI has set up equipment for gamma spectroscopy
and nuclear moment measurements.
The experimental nuclear spectroscopy activities have mainly been concentrated to the
following mass regions:
1) The mass 80 region where we have a collaboration with the Rossendorf group. Experiments on nuclei in this region have been performed at MSI, Rossendorf and lately
at TSL and at Ris0 utilizing NORDBALL. The main interest here has been focussed
on shape effects and shape coexistence in odd Kr and Sr isotopes. In 79 Kr the neutron
<79/2-band exhibits, like reported earlier for the corresponding bands in 81 ' 83 Kr, a very
large signature splitting before the first band crossing which is caused by alignment
of <79/2 protons. After the band crossing the signature splitting almost disappears and
a strong increase of the B(Ml)-values is observed. This enhancement which was first
observed for 81 Kr was interpreted by Donau and Frauendorf as a coherent superposition of the magnetic moments of the strongly coupled neutron and the aligning protons.
Calculations of Total Routhian Surfaces (TRS) predict a deformed shape with 7 close
to —60° for the one qp band and about +15° for the three qp band. After alignment
of 59/2 neutrons (the BC- crossing) at a still higher frequency the shape is predicted
to return to an almost oblate shape again resulting in a large signature splitting. Such
a feature has indeed been observed in 83Sr in an experiment utilizing NORDBALL in
combination with the charge particle detector HYSTRIX. Another interesting structure
observed in 79 Kr is a sequence of levels connected by Ml-transitions that starts at a
17/2" state. This structure is interpreted as non-collective shell-model configurations
involving (79/21 P3/2®/s/2 protons and <79/2neutrons. In the TRS-calculations this configuration is predicted at /?2= 0.2 and 7= 60°. Experiments are planned at Ris0 to
study still higher lying states in 79Kr. At TSL experiments are in progress to measure
the the g-factor of the isomeric state at 3070 keV in 83 Br. A first attempt gave the
half-life with higher accuracy than before: Tj/ 2 = 867(12) ns. Simultaneously a more
accurate halMife was obtained for the'isomeric 8 + state in 84Kr: Ti/ 2 = 1.92(2) fis.
2) The tin region. The doubly magic nucleus
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132

Sn was studied in collaboration with

the group of B.Fogelberg at the OSIRIS on-line isotope separator at the research reactor
at Studsvik. The j3 — 7 and 7 — 7 coincidence experiments completely confirmed the
levelscheme of 132Sn established by Björnstad et al. and provided a new high-lying
state at 5627 keV, which is feeding the 6 + isomer at 4715 keV. A somewhat longer
half-life was obtained for the 4 + state: Ti/ 2 = 5.6(4) ns compared to 4.0(3) ns. For the
other isomeric states we obtained T 1 / 2 (6 + ) = 21.5(5) ns and T 1 / 2 (8 + ) = 1.98(5) fis.
Attempts to reach nuclei close to 100Sn have been performed both at Ris0 and TSL.
At Ris0 95 MeV 19 F was used on a target of 92Mo. New high-spin states were found in
io6,io8Tio9jn j n t h e Uppsala experiments the reaction l06Cd(3He,pxn) was utilized to
reach light In nuclei. The analysis of data is in progress.
3) The mass 120-140 region (except tin). The experimental data in this region have been
obtained at Daresbury utilizing the detector systems TESSA3 and ESSA30 as well as the
recoil separator and at Ris0 utilizing NORDBALL. This work has mainly been done
in collaboration with Daresbury and Ris0. Results from Daresbury on 123La, 122Ba,
123
Ba and 124Ba have been published. New results on i».i20,i2iFi27,i29Cs a n d i20,i2iBa
es well as light Xe-isotopes have been obtained at NORDBALL utilizing both 19 F and
32
S induced reactions combined with detection of charged particles with HYSTRIX or a
Si-ball to separate different reaction channels. The analysis is still in progress.This work
mainly concerns systematic studies of h.u/2 proton and neutron configurations. Special
interest has been focussed on alignment patterns in the hu/ 2 proton bands, indications
on configuration dependent pairing, shape effects and terminating band structures. In
the mass 130 region we have taken part in experiments at NORDBALL to populate
highly deformed intruder bands (neutron i 13 / 2 bands) in 131il33 Ce and searched for
connecting transitions between these bands and the low lying structures. A search for
a strongly deformed band in 134Ce has also been performed without any positive result.
This nucleus is predicted to be one of the most 7-soft nuclei in this mass region and
shows a rich variety of rotational band structures.
The N=82 nucleus 139La was studied by 7 — 7 and 7 - RF-time measurements at
Rossendorf and Uppsala. A ^arge number of new levrls have been established. Among
these new isomeric states were found with half-lives of T]/ 2 = 1.5(3) ns, 0.7(1) fis and
0.8(2) ns for levels at 1712.1, 1801.1 and 318G.3 keV respectively. For the states at
1712.1 and 1801.1 keV spin and parity assignments of In- = (13/2+) and (17/2+) are
suggested. These may be understood as arising from three-proton excitations within
the nearly degenerated lg7/ 2 and 2d5/2 shells.
4) The mass 170-195 region. Here we have been involved in experiments both at Oak
Ridge and Daresbury. Results on 1 8 3 1 8 1 p t from Oak Ridge have been published. At
Daresbury states in 17r>Pt have been identified for the first time and the level scheme
of 176Pt has been extended. The level schemes of 173'174Os as well as that of the
odd proton nucleus 173Re have also been extended. Those nuclei are very soft and show
pronounced shape effects in the rotational band structure. In 175Ir, which was identified
for the first time by using the Daresbury recoil separator, the [541]l/2, [505]ll/2 and
[660]l/2 bands show remarkably different behaviours. As discussed below we have
performed extensive calculations of Total Routhian Surfaces (TRS) for a large number
of nuclei. With help of those calculations the brhaviour of the bands in 175 Ir have been
interpreted as follows: The [541] 1/2 band has a well drfino'd deformation and shows
an expected alignment of i 13/2 neutrons. The [505] 11/2 band is interpreted to have an
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increase in the /^-value from 0.17 to 0.25 before the neutron alignment. In the [660]l/
2 band no real alignment of 113/2 neutrons is observed in plots of the alignment i or
of the second moment of inertia.The calculations predict no stretching in the [660] 1/2
band. By, however, instead plotting E-kI(I+l) versus I a bandcrossing having a very
large interaction strength between the lqp and the 3qp bands becomes obvious. This
behaviour is not yet understood but similar deviations from standard model calculations
are also systematically observed in the mass 120 and 130 regions. One idea that will be
investigated is the influence of a residual n-p interaction.
5) The lead region. One of the last experiments at the 225 cm cyclotron was a study of
206
Pb by means of the 204 Hg(a,2n) 206 Pb reaction. Seven new levels above the isomeric
12+ state were found. P. Curuchet et al. have performed a multi step shell model calculation of core excited levels in 206 Pb and 210 Po (see reference list). A comparision with
the calculations give a reasonably good understanding of the experimentally discovered
levels. New experiments on nuclei in the lead region are in progress at TSL.
The nucleus 195 Pb has recently been studied at Daresbury with the main intention to
search for superdeformed bands. In the preliminary analysis superdeformation was not
found. However a large number of gamma-transitions were found and the level scheme
has to be revised also in the region close to the meta stable 13/2 level.

The interpretation of the experimental data has benefitted largely from collaborations
with theoreticians, especially R.Bengtsson, W.Nazarewicz, F.Donau, W.Satula and the
in house theoreticians (see Theoretical Nuclear Physics ). Systematic theoretical investigations based on the TRS-calculations of alignment, shape and pairing effects have
also been performed in several mass regions. Detailed predictions and explanations for
the structure of e g superdeformed bands in the mass 130, 150 and 190 regions have
been published.

NUCLEAR THEORY
The main projects carried out during the period covered by this report are as follows:
1.- Analysis of nuclei with a few nucleons outside the

208

Pb core.

This nuclear region have been essential to understand the behaviour of normal spherical
nuclei. Yet, very little is known about nuclei with a few neutron holes in the 208 Pb core.
Only recently did experimental searches provide some information about states in these
nuclei.
We analysed light lead isotopes by using a quasi-particle multistep shell model method
(QMSM). Within this method we solved in a first step the BCS equations using a
"realistic" two body interaction. In the next step we calculated the two quasi- particle
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states using the quasi-particle random-phase approximation. We thus decoupled the
spurious 0 + state which appears as a result of the non-conservation of the number of
particles. This state carries zero energy and therefore is easy to identify. In the last
step we calculated four quasi- particle states in terms of a basis which is the tensorial
product of the two quasi-particle states calculated previously. We found that for A 196
proton degrees of freedom, which induce deformations, strongly influence the excited
states.
We also studied proton deficient nuclei in this region by using the multi step shell model
method. We found that the level schemes in the three-hole nuclei are closely related to
the energy gap between low- and high-spin single-hole shells. This is a manifestation that
the two-hole interactions are not strong enough to destroy the weak-coupling description
of these nuclei. We also calculated first-forbidden weak transition rates from 2O5T1 to
205
Pb, where a high precision in the calculated nuclear wave function is required. The
weak interaction matrix elements also have to be accurately known. For these we have
tried to include renormalization effects associated with mesonic exchange as well as core
polarization. Our resulting logft for the transition from the first excited state l / 2 + in
205
Tl to the first excited state l/2~ in 205 Pb is logft =5.8. This is an important quantity
in the possible detection of very low energy solar neutrinos through the reaction 2O5T1
(l/2+;gs)(«/,e-) 205 Pb(l/2-;2keV).
The calculated yrast spectrum of 204Hg up to spin 6 + are contained in a small shellmodel subspace. Within this subspace the proton-neutron interaction is able to mix
configurations efficiently, forming a band sequence of correlated states connected by
large E2 matrix elements. This band thus looks as a quasi-rotational band.
2.- Giant resonances and the nuclear continuum.
Many observed nuclear properties have features which cannot be described without a
proper inclusion of excitations in the continuum. One so far open question strongly connected with processes occurring in the continuum concerns the formation and particle
decay of giant resonances. To treat this problem we introduced a representation consisting of bound single-particle states and resonances with outgoing boundary conditions
(Gamow resonances). Although Gamow resonances are perpendicular to any real state,
they have the peculiar property of having a large overlap with wave packets centered in
the resonances. Making use of this property and guided by the shell-model prescription
to select a physically meaningful representation, we established a criterion to choose a
set of Gamow resonances to describe observable quantities. Within this representation
we were able to developed a RPA formalism (called the "resonant RPA"). We aplied
the RRPA to a number of nuclei, where experimental data were available, and obtained
good agreement with those data. To probe the formalism further we developed a model
which could be solved exactly and compared the exact results with those obtained within
the RRPA. Also in this case the agreement turned out to be surprisingly good.
We are at present tring to calculate escape width of giant resonances, a quantity which is
not only difficult to treat theoretically, but also very difficult to measure experimentally.
We are also analysing the possibilities of using as a representation th? so-called MittagLefflrr expansion of the single-particlr Green function.
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3.- Alpha-decay and clustering correlations in spherical and deformed nuclei.
We studied the clustering features and corresponding decay of alpha particles in normal
and superfluid spherical nuclei. We found that including only the monopole (pairing)
interaction among identical particles and within a large single-particle representation
the two neutrons and the two protons which eventually become the alpha particle are
strongly clustered on the nuclear surface. The corresponding calculated decay width is
also strongly enhanced in such calculations but its value is still smaller than the corresponding experimental value by about one order of magnitude. It thus seemed natural
to assign that shortcoming to the inadequate treatment of the two body interaction. We
attempted to remedy this by including also the other components of the interaction, in
particular the neutron- proton part. The influence of the continuum upon the formation
of the alpha particle was considered by using a large (harmonic oscillator) basis. We
found that the strong clustering induced by the pairing interaction acting on identical
particles moving in the ground states (pairing vibrations) is not very impresive for the
multipole states. As a result, the calculated decay width does not differ much from the
one in which only the monopole interaction was considered. A possible reason of this
shortcoming is that our treatment of the continuum was not adequate. To this one may
add that we neglect (in the spirit of the shell model) the effect of the Pauling principle
acting upon the nucleons in the alpha particle and those in the frozen core. To investigate these points further we are at present analysing alpha decay within the framework
of the generator coordinate method. The use of generator coordinates corresponding
to large distances between the alpha particle and the daughter nucleus would properly
include the continuum part of the representation. We are also extending our formalism
to treat deformed nuclei with the hope of obtaining information about the deformation
properties of nuclei rotating at high spin.
4.- Restoration of rotational symmetry by using three dimensional cranking.
In the three-dimensional cranking approach the deformed nucleus is rotated about any
chosen axis, i.e. contrary to the ordinary cranking this axis does not necessarily coincide
with one of the principal axes of the nuclear deformation. The inclusion of the threedimensional cranking term u; • I = u>zlx+uyly + ujtlz into the Hartrec-Fock-Bogoliubov
theory enables one to built up quasiparticle states with non-standard "spin vectors" (I),
thus denoting for simplicity the corresponding cranking expectation value of the angular
momentum vector operator I , that may get also non-parallel to the principal axes of
deformation. This freedom in the orientation of the spin vector provides us in fact two
Eulcr angles necessary for transforming cranking states from the body-fixed into the
laboratory system.
The Generator Coordinate (GCM) method is applied in order to quantize the system
of cranked quasiparticles. As generator basis a particular family of cranking states is
constructed where all members have a common spin vector (I) , but each belonging to
a distinct orientation of the deformed mean field in space. Accordingly, the collective
variables characterizing the generator basis are two Euler angles and the phase angle of
the rotation about the spin vector. Eigen states of good angular momentum (a.m.) can
be found by solving the Hill-Wheeler equation. The physical meaning of this procedure
which is different from the usual a.m. projection, becomes transparent by applying
of the so-called horizontal expansion (HEX) onto the GCM Hamiltonian kernel. This
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expansion finally leads to a practical scheme for extending the cranked Strutinsky mean
field approach aiming to recover the broken rotational symmetry.
The resulting method allows us to take into account the collective modes analogous to
the classical precessional and wobbling motion and to treat the coupling of configurations
in the band crossing region. Furthermore, electromagnetic transition amplitudes can
be straightforwardly calculated, which is of great importance for interpreting high spin
experiments.
(This is the work of F. Donau during his sabbatical year at MSI from Zentralinstitut
fur Kernforschung, Rossendorf).
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PARTICLE PHYSICS

THE CPLEAR (PS195) EXPERIMENT
During the years 1988-89 the CPLEAR detector at the beam of the low energy antiproton facility LEAR has to a great extent, been completed. The CPLEAR experiment
aims, as is described in the last biennial report, at measuring the CP violation parameters in the neutral kaon system in a new and improved way. The neutral kaons A'0
and K° are produced in equal intensity, 0.2 % each in the pp annihilation, and thus the
systematic errors can be minimized.

Drift Chamber»
Streamer Tubes

Cherenkov Counters
Calorimeter

Figure 1
Cross section of the CPLEA.R detector with one of the first "golden" events

The detector consists of concentrical subdetectors each having a specific task. The PID,
the particle identifying subdetector, the major hardware responsibility of MSI in the
collaboration, aims at giving a fast information on the nature of the charged particle
emitted in the annihilation or in the neutral kaon decay. One has to distinguish between
a charged pion and a charged kaon. Thus, the PID makes a fast strangeness separation
of the registred particles. The 32 PID elements - manufactured and assembled at CERN
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Figure 2
Contourplot of dE/dx without (left) and with (right) the Chcrenkov veto condition

- form a cylinder with a mean radius of 65 cm and a length of 3 meters. Each element
consists of a liquid Cherenkov detector between two scintillator slabs.
The system of CPLEAR subdetectors (except the calorimeter) is completed and has
been tested during several runs in 1989. One of the first "golden" events (a charged
pion, a charged kaon and a neutral kaon decaying into two pions) detected by CPLEAR
is shown in fig 1. In figs 2 the performance of the PID is shown. It is a contourplot with
lines indicating the expectation values for different charged particles. Fig. 2a contains
all charged particles, whereas fig. 2b contains only those which do not give light in the
Chcrenkov, i.e. the kaon candidates. One can sec that the Cherenkov is excellent for K
- TT separation above a momentum value of 330 MeV/c. Finally, figs. 3 and 4 show the
reconstructed values of the mass and lifetime of the decaying K° particle, respectively.
The mass value and the slope of the lifetime distribution agree well with the accepted
values.
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NaF-RICH : SOLID RADIATOR RICH-COUNTER FOR PARTICLE
IDENTIFICATION
A fast and compact Ring Imaging Cherenkov (RICH) counter using a solid radiator (a
monocrystal of NaF) has been constructed and tested for the first time. This detector is
less than 5 cm thick and represents 10% of a radiation length, so 7-rays barely interact
with the detector.
The Cherenkov photons produced in the NaF-radiator enter a photosensitive multiwire
proportional chamber (MWPC) through a thin quartz-window, as shown in figure 1.
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Figure 1
Setup of the NaF-RICH pad chamber. The total thickness is less than 5 cm including electronics
and support.

The photons are converted into photoelectrons by the photosensitive compound tetrakis(dimethylamine)ethylene (TMAE). These photoelectrons are drifted towards the anode
wires where they are amplified and the induced pulses in the anode-wires and in the
square pads, in the lower cathode-plane, are read out.
By measuring the radius of the ring produced (see figure 2), the velocity of the traversing
particle can be calculated. In this way particle separation with good efficiency is possible
up to 6 GeV/c between protons and pions, and up to 3 GeV/c between kaons and pions.
An estimation of the ring-radius can be obtained in approximately 100 ns from the
anode-wires, and this information can be used as a fast trigger.
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Single /3=0.86 proton event. The central hit is due to ionization by the primary particle. A
ring of approx. 15 photoelectrons firing 30 pads identifies the particle. The arrows on the left
indicate the anode-wires fired.
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SURFACE PHYSICS

MATERIALS MODIFICATION BY ION IMPLANTATION
The collaborative project between MSI and STUDSVIK, concerned with ion implantation in different materials, has been continued successfully. Fundamental physical
processes, leading to the observed surface modifications, as well as more applicatively
oriented problems have been studied. Collaborative projects have also been established
with some Swedish industrial companies such as: AB Tetra Pak, Uddeholm Tooling AB,
Asea Brown Boveri Cables AB and Tixon AB. Furthermore, a joint EURAM research
program with TNO in Holland and Tampere University in Finland, concerned with high
temperature corrosion problems for ODS alloys, is continued.
The ion implantations are performed with a new dedicated ion implanter, situated at the
MSI and equipped with a high current ion source (CHORDIS). The influence of nitrogen
ion implantation with energies around 80 keV on the modification of surface characterizations such as tribology, cladding, thin film adhesion and corrosion has currently been
studied. Some of these results are summarized below.
Fundamental physical processes, leading to the observed surface modifications, as well
as more application-oriented problems are studied. The materials investigated so far
have been different kinds of carbon steels and some polymer materials (polymethyl
methacrylate, polypropylene, polyethylene). Ion energies between 10 keV and 1.8 MeV
have been studied. For metals, mostly energies of 70 keV N + ions have been utilized,
but ion irradiations have also been performed with He"*", C"*~, O~*~ and Ar~*" ions. Surface
modifications due to the ion bombardment has been investigated by different kinds
of surface analyses (AES, RBS, SEM, IRS, ERS etc.) and characterization of surface
properties such as corrosion, friction, hardness, changes of erosion and chemical activity,
formation of carbonyl bands and free radicals have also been carried out. In some cases
drastic changes of surface properties have been observed. Many authors in the field have
reported on the profitable influence of surface contamination from diffusion pump oil on
tribological properties. In our work we have initiated systematic and controlled studies
on the influence of vacuum carbonization during ion implantation of metals. Possible
models for the mechanisms responsible for the observed surface modifications have been
developed.
Ion irradiation of polymers has recently received increasing attention. The possibility
of making microelectronic components by ion-beam lithography is documented in the
literature. Fundamental studies have been published dealing with the effect of ion irradiation on polymethyl methacrylate (PMMA), which is the commonly used resist material.
The creation of a hydrophilic surface on hydrophobic polymers such as polypropylene
is another potentially interesting area.
When polymers are subjected to electrical discharges, ions are formed which are responsible, at least to some extent, for the degradation of the polymer which precedes
the final breakdown. Hrncr, knowledge of the mechanisms for the interaction between
ions and polymer and the succeeding reactions within the polymer is required for an
understanding of the process involved in electrical breakdown of polymers.
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The dominating mechanism for energy transfer from ions to polymer is inelastic collisions, referred to as electronic stopping, which affect the energy level of the electrons.
The electron excitations lead to the formation of free radicals and subsequent chemical
reactions in the polymer. Data obtained by infrared spectroscopy, ESCA and scanning
electron microscopy on isotactic polypropylene which has been subjected to varying
irradiation doses of helium and argon ions have been studied. These data have been
compared with results from a computer simulation of the penetration of ions in the
polymer. The mechanisms involved in the degradation of the polymer have been discussed.
Single crystal (100) silicon wafers were implanted at room temperature with 70 keV
carbon ions to a dose of 2.75-1021 ions/m2. The as-implanted samples were characterized
by transmission electron microscopy (TEM) to obtain the microstructure. Thin planar
sections and cross-sections were prepared with the techniques of chemical etching and
sputtering, respectively. Composition depth profiles were obtained with Auger electron
spectroscopy (AES) and by theoretical Monte-Carlo calculations using the program
TRIM87. The results show that two sublayers are formed: an amorphous carbon-rich
contamination layer at the surface and an amorphous Si-C layer.
Composition, hardness, friction and wear of nitrogen implanted AISI 52100 steel have
been investigated. Auger electron spectroscopy revealed superficial layers of iron oxide
or carbon on top of the nitrogen enriched layer.
Microhardness tests showed a considerable increase in hardness of the surface layer and
measurement of friction force during sliding of a steel ball across the implanted surface
showed a reduction in friction of, in some samples, as much as a factor or four relative
to the untreated steel surface. In addition, the recorded friction force curves of the
implanted steel were much smoother.
It was shown by partial removal of the irradiated layer by argon ion etching that the
predominant factor for the improvement in frictional performance was the presence of
a superficial layer, which acts as a solid lubricant. This layer forms as a secondary
reaction between residual gas constituents and the irradiated surface.
Some samples were also tested by mild abrasive wear but no influence from ion implantation on wear resistance could be detected.
Drastic improvements of corrosion properties of a highly corrosive carbon steel material
has been observed after N + ion bombardment and simultaneous vacuum vaporization
of silicon oil. The combined effect of ion irradiation and controlled deposition results in
a compact carbon-silicon layer, which due to the dynamic ion beam mixing process is
firmly attached to the substrate surface.
Aqueous corrosion studies were done in both acetic and acid and NaCl solutions. Improved corrosion properties were found by measuring the incubation time, i.e. the time
of exposure in the liquid necessary to induce the first signs of corrosion attack. The
improved corrosion characteristics are explained by the creation of the nonporous and
highly adhesive carbon-silicon film acting as a protecting layer against chemical attack.
Nitrogen ions with energies of 70 keV have been implanted in a ball bearing steel material. During implantation, controlled vacuum carburization could be carried out to
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create up to 2000 Å thick carbon film layers, containing about 10% of silicon. The so obtained carburized films were tested for improved friction characteristics. Pronounced reduction of the friction coefficient was found for substrates which were vacuum-carburized
during ion implantation, whereas no effect could be observed for ion-implanted samples
only. The reduced friction performances are due to the deposited carbon-silicon film,
which acts as a solid lubricant under the wear conditions studied here. The resistance
against sliding wear was found to depend on the carburized film thickness.
Monocrystalline silicon substrates have been implanted with 70 keV N + and C + ions.
During implantation, thin layers of carbon films, containing about 10% of silicon, have
been deposited by controlled vacuum carburization. RBS and AES techniques were
used for surface analyses. Friction studies were carried out by a ball on disc tribomoter.
Drastic reduction of the friction coefficient was observed for the surface treated samples.
It was found that the vacuum carburized layer acts as a solid lubricant. Diamond scratch
tests also showed a reduced tendency for crack formation on the implanted/vacuum
carburized surfaces.
Ball-on-disc wear and friction measurements have been carried out on different materials
implanted with nitrogen ions at an acceleration voltage of 80 KV. The investigated
materials were aluminum, titanium, AISI 52100 steel, hardened AISI 420 steel, AISI
304 steel, molybdenum, steel coated titanium nitride (PVD) and steel coated titanium
carbide (CVD). The sliding ball material consisted of AISI 52100, hardened AISI 420
or aluminum.
Most of the presented studies were done under dry sliding conditions, but a few wear
measurements were carried out with lubricated (silicon oil) samples. In cases where
aluminum was used as the sliding ball material, the effect of cladding of aluminum on the
rotating targets could be observed. — For most of the samples, surface microhardnesses
were measured by indentation techniques.
The results indicate pronounced reductions of wear and cladding performances for all
materials studied at nitrogen ion doses between 2 - 3 xlO 17 atoms/cm2. Furthermore,
enhanced surface microhardness values and somewhat lower friction coefficients for wear
under dry sliding conditions could be observed at these ion implantation doses. The
improved wear characteristics, induced by the nitrogen ion implantation, are explained
by the combined effect of i) increased surface hardness, ii) inhibition of surface oxidation
and iii) friction reduction.

FUSION RESEARCH AND SURFACE PHYSICS
The increasing concern with plasma surface interaction phenomena in controlled fusion
devices is connected to problems as absorption and reemission of plasma particles at
the vessel walls, at, limiters or divertor plates, and the impurity production. Different wall conditioning techniques are studied and their offect on plasma performance is
investigated.
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An improved understanding of surface processes, and of transport in the plasma edge
region detemined by material surfaces, is essential to reduce impurity production, to
prevent impurities from reaching the plasma and to achieve acceptable recycling conditions.
Other interesting aspects of plasma surface interaction are the engineering problems
associated with high heat load, surface erosion and radiation damage to the wall material
and with the possible build-up of a high tritium inventory in the walls.
Recently, experiments have been devoted to evaluating the new conditioning techniques
which have been introduced in the tokamaks TEXTOR and JET.
At TEXTOR experiments with boronized walls have been successful. Interior surfaces
are covered by an amorphous hydrogenated layer containing carbon and boron by in-situ
plasma deposition. This is now a technique which is routinely applied. It is a further
development and improvement of the carbonization technique, which was also developed
at TEXTOR. The properties of boronization layers have been investigated at MSI. The
Stockholm-TEXTOR collector probe system has been used to study redistribution of
carbon and boron in the scrape-off layer of TEXTOR following boronization. Experiments have been performed to study the erosion of carbonization and boronization layers
on graphite surfaces, which are exposed to the plasma. The first experiments have been
performed to measure the flux and energy of neutral deuterium and the radial flux of
neutral impurities in TEXTOR, using surface probes. The wall pumping processes and
impurity deposition have been studied during change-over from deuterium to helium.
The importance of the physical sputtering and chemical erosion of the boronized layers
with different boron concentration was was investigated.
A new instrumented probe head has been designed and is taken into operation early
1990. It will allow simultaneous impurity collection and Langmuir probe operation and
is expected to be a powerful tool to study both scape-off plasma conditions and the
problem of erosion and deposition.
At JET MSI has joined operation of the collector probe diagnositcs in the all-carbon
machine, in the phase when beryllium was evaporated on to limiters and walls, and in
the phase with beryllium limiters. The redistribution of carbon and beryllium in the
scrape-off layer has been studied throughout the different phases, with special emphasis
on the implications for particle recycling and tritium inventory. The MSI association has
contributed to the planning and carrying out of experiments, and with ion beam analysis
expertise on site at JET. Surface analysis of JET probes has also been performed at
MSI. Additionally, there is a continous effort to improve the interpretation of collector
probe data. To this end the MSI association has contributed with improved numerical
calculations of the transmission probability of gyrating ions through slit apertures and
of the thermal response of probes which are inserted in the plasma.
Experimental work during the period 1988 and 1989 related to the interpretation of
collector probe data has included experimental investigation of the slit transmission
problem, investigation of the oxidation of deposited material in air and measurements
of the sticking probability of low energy atoms incident on different surfaces. A separate
study was devoted to the collection efficiency of a number of different materials which
were exposed to the scrape-off plasma in TEXTOR.
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The interaction of ions with the hard hydrogenated carbon layers, was investigated by
means of the ion beam technique in a cooperation wiht the IPP group at Max-Planck
institute, Garching bei Muenchen. The laboratory experiments with surfaces which are
intended to be facing a fusion plasma, are helpful to obtain a better understanding of
helium and hydrogen recycling at walls, as well as to give important information on ash
removal problems.
The planning and design work for surface probes and instrumented probes at EXTRAPTl-U and EXTRAP-T2 has started, and the MSI group has been involved in studies of
conditioning techniques, which could be developed at T2.
Attempts have been made to study the anomalous penetration of hydrogen in graphite
materials, by depth profiling of graphite and carbon-fibre speciments, which have been
exposed to high flux and fluence in the PISCES plasma simulator.
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INSTRUMENTATION. METHODS AND APPLICATIONS

DETECTOR SYSTEMS
We have completed the work with a system of 15 BaF 2 detectors for Nordball. The
crystals are diam. 48 x 75 mm coupled to the XP2020Q PM tubes. The system
includes also Constant Fraction discriminators and a Multiplicity Logic Unit designed
at INS-Swierk, Poland. These all together are under daily operation at Nordball at
NBI, Ris0, Denmark.
During the past period we have performed a number of very detailed tests of different
PM tubes for the BaF2 innerball of the Nordball. The special shape of the innerball
crystal together with the photomultipliers which have to be of small size because of the
limited space in the ball results in a nonperfect light collection and gives pulses with
low ratio fast to slow component. Such a pulses were found to cause a mult triggering of
the Constant Fraction discriminator, an effect which can badly influence the measured
multiplicity.
Future plans in the field of detector research involves the development of a LXe detector (a hadron calorimeter) in cooperation with the elementary particle group at our
institute, the Department of Physics, University of Stockholm and Imperial College in
London, UK. The goal is to develop a 40 litres module within the next 2 - 2.5 years and
using both the ionization- and the scintillation mode of LXe.
DATA ACQUISITION SYSTEM
We have previously used a VME-based data acquisition system connected to a VAX
computer by a serial interface. The software was then developed on the VAX using
cross-compilers/-assemblers and then downloaded in the Motorola S-format to the target
(VME-) system. In order to develope a small, portable and inexpensive system, we have
replaced the graphics module and the connection to the VAX by a VME-based PC/AT.
The basic system now consists of the PC/AT (10 MHz, 1 MByte dual ported memory),
a Force CPU, 4 MByte VME-memory and a slightly modified ADC interface JYADC1B for up to 7 external ADCs. The acquisition and histogramming part of the code
is developed on the AT using a 680X0 cross-assembler and then transferred to the
VME-memory for execution by the 68Q00 VME-cpu. At this moment the user can start
a display and manipulation code on the AT. Spectra can be saved and a code have
been developed for fitting background and peaks while the VME-cpu is still collecting
data and updating histograms. A nice feature of the display code is that it shows the
last buffer on top of the total histogram. This is very useful when monitoring long
experiments with respect to gain shifts, etc (Cf. fig. 1).
The system is to be equipped with a SCSI module and an Exabyte tape station in order
to record coincidence experiments sequentially on tape. A second, revised version is
also planned. The main feature of this system is that there will be both memory and
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Figure 1
Captured screen output of the present data aquisition system. The top part shows the spectrum
collected during the latest buffer, while the lower part shows the total spectrum

a CPU on the interface card in order to ease the bus-load. An advanced version may
include an interface to the VXIbus.

ANALYSING METHODS FOR SPECTROSCOPIC DATA
A complete package of sorting and analysing programs for sequentially recorded data
from multiparameter coincidence experiments have now been developped and installed
at MSI. The programs have been designed to handle data from high resolution nuclear
7-ray experiments as for example those performed at NBI, Ris0 or CRN, Strasbourg.
Sorting and analysing data (we use almost exclusively the Video-8 tape format holding
2.3 MByte of data) in both two and three dimensions have been considered with a
dispersion of 4k in each dimension in order to take advantage of the high resolution
of Ge detectors. The programs have been developped in collaboration with G. Szekely,
ATOMKI, Debrecen, W. Urban, KVI, Groningen J. Gascon, NBI, Ris0 and K. Mossberg
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and P.-O. Forsgren, KTH, Stockholm. Most of the programs have initially been installed
at a microVAXII-GPX graphic work station but can also be used on any /»VAX graphic
work station.
Data from the coincidence experiments are normally sorted into two dimensional 7 —
7 matrices which are used to extract the nuclear level structures. We use the code
TRI trom Chalk River and Ris0 to sort the data that has been sequencially written
on EXABYTE tapes. The resulting "raw" matrix contains the information on the
discrete transitions superimposed on a continuus background and on events containing
at least one Compton scattered 7-ray. This background can be subtracted using a twodimensional subtraction technique which leaves the discrete photo peak - photo peak
coincidences unchanged. Such a background subtracted matrix can then for example be
displayed on the graphics screen as a topographical picture showing the coincidences as
peaks over the zero level. In this way the high resolution power of the two dimensional
data is fully used. It is especially usefull when two 7-ray transitions have similar energies
(within 1.0 keV).
The matrix may also be presented as a landscape showing the coincidence peaks as in
Fig. 1. The picture shows the e + e~ annihilation peaks at 511 keV. The gains of the
detectors have been matched to correct for the Doppler shifts of the recoiling nuclei
but the annihilation takes place in the laboratory rest frame. The 7 rays detected in a
forward detector will thus be corrected by using a smaller gain and thus shifted down in
the energy spectrum. The 7 ray emitted in the opposite direction will be detected in a
backward placed detector and corrected in the opposite way, leaving E^\ + JEJ72 = 1022
keV. The detectors were placed at two different angels in forward position and two in
backward which explains the double peak structure on each side of the symmetrical
point.
In order to save computer storage space the matrices may be compressed. This can
be done without deteriorating the good resolution at low energies by using o non-linear
compression technique. The compression factor is increased with increasing 7-ray energy
in such a way that the peak FWHM expressed in channels is constant. Besides saving
storage space it makes peak fitting simpler since the peak shape is constant.
Another compression technique is based on the Lempel-Ziv algorithm. This format
is extremly portable and has also been implemented under X-window on an Apollo
DN4000.A reduction of an ordinary matrix may be in the range 3 - 10. This is of course
very valuable when transferring images over the Ethernet network. (X-windows means
that the program may be run on one computer and the graphics on another one.)
Gate setting in matrices are easily accomplished both in compressed and uncompressed
matrices. The positions and areas of the peaks in the coincidence spectra are found
from an automatic fitting routine and tabulated for later use in data base programs.
In addition, up to ten coincidence gates may be displayed simultaneously on the screen
which permits a quick comparison of different gates.
The codes on the j/VAX-GPX have the feature of generating outputs which can be used
on PC/AT based systems. Firstly, the gates spectra can be saved and transfered to
PC/AT computers and used together with the same analysing programs as employed
in the aquisition system discussed above. Secondly, the output with information on the
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Figure 2
The 511 keV - 511 keV annihilation peak in a Doppler corrected 7 - 7coincidence matrix

peak positions, areas, etc can be used with data base codes on the PC/AT computer.
In this way the often lengthy outputs of 2D matrix gating can be collected on a floppy
and sent to coworkers for information and futher analysis. The de facto standard, as
well as "easy-to-use", of data base programs like dBASE III+, FOXBase, etc make it
very easy to get started with this v .# of treating the data.
As an alternative to treating the coincidence data by using conventional data base codes,
we have started a small project on neural network technique (NNT) and its application
to data reduction. NNT is very good at pattern recognition and could be used in various
ways. In a first attempt, a neural network was trained to recognize rotational sequences.
During the past two years the group has also continued its work with three-fold coincidence data. The high resolution power of three fold coincidence events has been
explored in a collaboration with K. Mossberg and P.O. Forsgren, KTH. A total improvement of the peak-to-background ratio of a. factor G was found as compared to a
dimentional matrix. An example of a cut in the so called rotational plane in the 3D
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Figure 3
a) A cut in the rotational plane in a 3D cube, b) A cut in the 2D correlation matrix at the
same rotational frequencies.

cube is shown in Fig. 2 together with a corresponding cut in the 2D matrix.
The three fold 7-ray events can also be used for gating on two 7-ray transitions in order
to obtain very clean coincidence spectra. In collaboration with W. Urban, KVI, we
installed programs that are now able to sort the three fold data in a "tree" structure.
This allows a fast gating on the two first transitions to create a coincidence spectrum.
References
1 W. Urban et al, IKP KFA Jiilich Ann. Rep. 19P6, Jiil-spec 403.
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A. Wolf,, V. Balykin, W. Baumann, J. Berger, P. Blatt, A. Faulstich, P. Krause, G. Kilgus, M. Music, R. Neumann, G. Neureither, W. Petrich, D. Schwalm, P. Sigray, R. Stockstad, E. Szmola, B. Wanner, K. Welti, E. Jaeschke, D. Kramer, G. Bisoffi, M. Blum,
A. Friedrich, M. Grieser, H.W. Heyng, B. Holzer, K. Matl, W. Ott, B. Povh, R. Repnow, M. Steck, E. Steffens, R. Schuch, A. Miiller, M. Wagner, G. Huber, S. Schroder,
R. Klein, M. Gerhard, R. Grieser, M. Krieg, A. Karafillidis, T. Kiihl,
"First Atomic Physics Experiments with Cooled Stored Ion Beams at the Heidelberg
Heavy-Ion Ring TSR"
invited talk in "Physics of Electronic and Atomic Collisions".

SEMINARS

1988
20-JAN-88

Dr. Patricia Curutchet, AFI-CONICET (Buenos Aires)
RESONANT RANDOM PHASE APPROXIMATION

27-JAN-88

Prof. Arne Johansson, University of Uppsala
THE CELSIUS RING AND ITS RESEARCH
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03-FEB-88

G. Dodig-Crnkovic, Inst. Ruder Boskovic, Zagreb - AFI
ALPHA DECAY AND ALPHA-CLUSTERING

10-FEB-88

Dr. Lars Adiels, AFI
CP EXPERIMENTS IN THE PAST AND IN THE FUTURE

17-FEB-88

Prof. Björn Johnson, CTH, Göteborg
RADII OF EXTREMELY NEUTRON RICH NUCLEI

24-FEB-88

Frantisek Janouch, AFI
LEV LANDAU - A PORTRAIT OF A THEORETICAL PHYSICIST
(1908-1988)

02-MAR-88

Prof. I. Martinson, University of Lund
FORBIDDEN TRANSITIONS IN HIGHLY IONIZED ATOMS

03-MAR-88

Prof. D.N. Schramm, Univ. of Chicago, MPI Garching
THE PARTICLE COSMOLOGY CONNECTION:
THEORY AND EXPERIMENT
(Joint Stockholm Seminar on Astrophysics and Cosmology)

09-MAR-88

Prof. Nico Nibbering, Laboratory of Organic Chemistry,
University of Amsterdam
FOURIER TRANSFORM ION CYCLOTRON RESONANCE
METHOD APPLIED TO STUDIES OF ORGANIC ION
MOLECULE REACTIONS

16-MAR-88

Prof. Joseph Nordgren, University of Uppsala
STUDIES OF ELECTRON STRUCTURE AND EXCITATION
DYNAMICS IN SOFT X-RAY EMISSION

23-MAR-88

Prof. Sune Svanberg, University of Lund
LASER SPECTROSCOPY: BASIC AND APPLIED RESEARCH

06-APR-88

Doc. Östen Rapp, KTH
HIGH TEMPERATURE SUPERCONDUCTIVITY
(BACKGROUND-SURVEY-PROSPECTS)

13-APR-88

Doc. Stig Flodmark, University of Stockholm
SOURCES OF THE GEOMAGNETIC FIELD

20-APR-88

Prof. Bo Lehnert, KTH, Stockholm
PRESENT STATE OF RESEARCH WITH AN ALTERNATIVE LINE
OF MAGNETIC PLASMA CONFINEMENT (EXTRAP)

27-APR-88

Doc. Hans Siegbahn, University of Uppsala
ESCA FOR LIQUIDS
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09-MAY-88

Prof. V.M. Strutinski, Inst. of Theor. Phys. Kiew
MACROSCOPIC MODES IN NUCLEI

10-MAY-88

Dr. Alfred Mueller, University of Giessen
ELECTRON IMPACT IONIZATION - A TOOL TO STUDY
INELASTIC ION-ELECTRON INTERACTIONS

18-MAY-88

Dr. Göran Wendin, CTH - Göteborg and UIC - Chicago
EXPERIMENTAL AND THEORETICAL DEVELOPMENT
IN THE FIELD OF ATOM-LASER INTERACTION

19-MAY-88

Prof. Carlos Frenk, University of Durham
LARGE SCALE STRUCTURE OF THE UNIVERSE
AND PARTICLE PHYSICS
(Joint Stockholm Seminar on Astrophysics and Cosmology)

26-MAY-SS

Prof. Karl Erik Larsson, KTH
GLIMTAR ÖVER KÄRNKRAFTENS HISTORIA OCH
NÅGRA FRAMTIDSPERSPEKTIV
(Stockholm Physical Society Seminar)

01-JUN-88

Prof. Robert D. Cowan, Los Alamos
AUTOIONIZATION IN POSITIVE IONS AND AUTODETACHMENT
IN NEGATIVE IONS

02-JUN-88

Prof. T. Ericsson, CERN
THE DEUTERON: A TEST OF NUCLEAR PION PHYSICS

08-JUN-88

Prof. W. Knight, NORDITA
MAGIC NUMBERS AND GIANT RESONANCES
IN METALIC CLUSTERS

15-JUN-88

Dr. M. Rittby, University of Florida, Gainsville
OPEN-SHELL COUPLED CLUSTER THEORIES WITH
MOLECULAR APPLICATIONS

ll-AUG-88

Francesco Bortignon, University of Milano
NUCLEAR STRUCTURE AT FINITE TEMPERATURE

31-AUG-88

Toshi Tajima, University of Texas/Austin
CRYSTAL X-RAY ACCELERATOR

14-SEP-88

H.J. Lipkin, The Weizmann Institute, Rehovoth
A SIMPLE DESCRIPTION OF Do - Bo MIXING
AND CP VIOLATION IN B DECAYS

01

21-SEP-88

Dr. Masaaki Kobayashi, KEK, Japan
RESEARCH PROGRAMME AT THE NATIONAL
LABORATORY, KEK, JAPAN

22-SEP-8S

Prof. J. Wambach
THE NUCLEAR GAMOW TELLER RESPONSE FUNCTION
Physics Department, University of Illinois at Urbana

05-OCT-88

Dr. I.N. Semenjushkin, Dubna, USSR
STATUS OF THE LABORATORY FOR HIGH ENERGY
ACCELERATOR FACILITIES AT DUBNA

13-OCT-88

Prof. B. Berezinsky, Inst. for Nuclear Research, Moscow
ACCELERATION AND PRODUCTION OF HIGH ENERGY
RADIATION IN YOUNG SUPERNOVA SHELLS
(Joint Stockholm Seminar on Astrophysics and Cosmology)

02-NOV-88

Docent Sigward Nilsson, University of Stockholm
QUARK MATTER - 88 - Rapport från tungjonkonferensen
i Lenox, Massachusetts, September 1988.

17-NOV-88

Prof. V. Rittenberg, University of Bonn
TWO-DIMENSIONAL CRITICAL PHENOMENA AND
CONFORMAL INVARIANCE
(An Elementary Introduction to the Virasoro algebra
and its applications)

24-NOV-88

Prof.G.G.Dussel, Univ. of Buenos Aires
TRANSITION FROM A SUPERCONDUCTIVE CONDENSATE
TO AN ALPHA-LIKE CONDENSATE

30-NOV-88

Prof. Chung Wu
Max-Planck-Institut fiir Plasmaphysik, Garching
THE NEXT-STEP DEVICES — NET, ITER — AND RELATED
MATERIAL RESEARCH

07-DEC-88

Prof. Van Giai, Orsay, Frankrike

RELATIVISTIC APPROACH TO NUCLEAR STRUCTURE
15-DEC-88

Prof. Sven Bjornholm, Niels Bohr Institute
CLUSTERS OF ATOMS, MOLECULES AND NUCLEONS
IN THEORY AND PRAXIS
(Stockholm Physical Society Seminar)
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21-DEC-88

1989
18-JAN-89

Prof. R. Rivarola
University of Rosario, Argentina
RELATIVISTIC AND NON-RELATIVISTIC MODELS
FOR ATOMIC COLLISIONS

Dr. Leif Liljeby, MSI, Stockholm
CRYSIS: PRESENT STATUS AND PLANS FOR FURTHER
DEVELOPMENTS

25-JAN-89

Doc. M. Braun, MSI and Studsvik
ION IMPLANTATION

08-FEB-89

Doc. Lars Bergström, University of Stockholm
SOME RARE DECAYS OF LIGHT MESONS

09-FEB-89

Prof. H.-J. Kluge, J. Gutenberg Univers., Mainz
PRECISION MEASUREMENTS OF ATOMIC MASSES USING
THE ION TRAPS
(Stockholm Physical Society Seminar)

15-FEB-89

Prof. A. Rosén, Chalmers Institute of Technology, Gothenburg
AN EXPERIMENTAL AND THEORETICAL STUDY OF THE
SIMULTANEOUS OH AND H2O FORMATION ON Pt

16-FEB-89

Prof. Börje Larsson, University of Uppsala
ACCELERATED IONS IN MEDICAL THERAPY
(Stockholm Physical Society Seminar)

17-FEB-89

Sven Grassman, Institute of International Economy
SVENSK OCH INTERNATIONELL EKONOMI
(SWEDISH AND INTERNATIONAL ECONOMY, in Swedish)

22-FEB-89

Prof. I. Martinsson, University of Lund
PRODUCTION OF Ni AND Ne-LIKE IONS AND THEIR USE WITH
X-RAY LASERS

08-MAR-89

Dr. Christoph Bargholtz, University of Stockholm
POSITRON SCATTERING ON THORIUM - IN SEARCH OF AN
ANOMALY

15-MAR-89

Prof. C. Jarlskog, University of Stockholm
INFLATION THEORY IN COSMOLOGY
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22-MAR-89

Prof. L. Weaver, Kansas State University
A SIMPLE THEORY FOR ELECTRON CAPTURE

06-APR-89

Magnus Jändel, MSI
COLD FUSION IN SOLIDS
AN INTRODUCTION TO EXPERIMENTAL RESULTS AND
THEORETICAL MODELS

12-APR-89

Anders Båråny, MSI
THEORETICAL COLLISION PHYSICS OF
HIGHLY CHARGED IONS — A REVIEW

17-APR-89

Prof. Jan Rafelski, University of Arizona
NEW RESULTS IN COLD FUSION

19-APR-89

Prof. Karl Erik Bergkvist, MSI
SOME CURRENT ISSUES IN NEUTRINO PHYSICS
— IMPRESSIONS FROM NEUTRINO-S8

26-APR-89

Docent Sven Mannervik, MSI
OPTICAL STUDIES OF MULTIPLY EXCITED STATES

ll-MAY-89

Prof. R. Rigler, Department of Medical Physics
Karolinska Institutet
PHYSICAL ASPECTS OF MOLECULAR MOTION IN BIOLOGY
(Stockholm Physical Society Seminar)

12-MAY-89

Hans Ove Larsson, Skansen
VARGAR! (WOLVES!, in Swedish)

17-MAY-89

Hans Hansson, Stockholms Universitet
WHAT YOU ALL WANT TO KNOW ABOUT THE QUARK-GLUON
PLASMA

24-MAY-89

Dr. John Fry, University of Liverpool
METHODS OF ESTIMATING THE SHORT LIFETIMES FOR CHARM
AND BEAUTY PARTICLES

02-JUN-89

REPORTS ON COLD FUSION:
A) New Results from the Santa Fe Workshop on
Cold Fusion Phenomena, 9.30-10.30
Magnus Jändel, MSI
B) Report from Euratom Meeting at Harwell, 10.30-11.0
Birger Emmoth, MSI
C) Results from Cold Fusion Experiments at MSI, 11.00
W. Gudowski and I. Gudowska. MSI
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09-JUN-89

Prof. E. Jaeschke, Max Planck Institutet i Heidelberg
COOLING OF HEAVY IONS IN THE HEIDELBERG STORAGE RING
TSR

12-JUN-89

Prof. I.S. Shapiro, Lebedev Inst. of Physics, Moscow
TRIPLET COOPER PAIRING IN NUCLEI

14-JUN-89

Prof. R. Olson, University of Arhus
MATTER-ANTIMATTER ATOMIC COLLISIONS

14-JUN-89

Prof. I.S. Shapiro, Lebedev Inst. of Physics, Moscow
LOW ENERGY ANTIPROTON PHYSICS

14-SEP-89

Prof. V.L. Ginzburg, Lebedev Physical Inst., Moscow
HIGH TEMPERATURE SUPERCONDUCTIVITY
(History and Present State of the Art)
(Stockholm Physical Society Seminar)

20-SEP-89

Dr. J. Palinkas, MSI-ATOMKI (Debrecen)
SCATTERING CORRELATIONS IN ELECTRON CAPTURE

21-SEP-89

Prof. V.L. Ginzburg, Lebedev Physical Inst., Moscow
COSMIC RAYS ASTROPHYSICS
(General Review)
(Joint Stockholm Seminar on Astrophysics and Cosmology)

27-SEP-89

Dr. Lali Chatterjee, University of Calcutta
COLD FUSION - MUONIC AND AMUONIC

04-OCT-89

Dr. J.-L. Calais, University of Uppsala
METALLIC HYDROGEN

ll-OCT-89

Prof. V. Zelevinsky, Inst. Nuclear Phys., Novosibirsk
QUANTUM CHAOS IN OPEN SYSTEMS
(AN EXAMPLE OF THE THEORY OF COMPOUND NUCLEUS)

18-OCT-89

Prof. Hector Rubinstein, University of Uppsala
AN INTRODUCTION TO THE FINITE TEMPERATURE FIELD
THEORY (THE QUARK-GLUON PLASMA AND ALL THAT)

19-OCT-89

COMMENTS TO THE 1989 NOBEL PRIZE FOR PHYSICS
I. Bergström: Introduction
T. Olsson: Ramsey and related works
M. Larsson: On a future superprecision "clock"
J. Blomquist: Consequences for the law of nature
(Stockholm Physical Society Seminar)

G5

25-OCT-89

Dr. Tamas Vertse, Atomki, Debrecen
APPLICATIONS OF GAMOV RESONANCES IN NUCLEAR
PROBLEMS

01-NOV-89

Lars Rydström, ELLEMTEL, Telecommunication syst. lab.
PREDICTION OF SOFTWARE RELIABILITY

10-NOV-89

Prof. Vitaly I. Goldanskij, Inst. Chem. Phys., Moscow
COMPREHENSIVE NUCLEAR WEAPON TEST BAN
(A SOVIET SCIENTIST'S POINT OF VIEW)
(Stockholm Physical Society Seminar)

22-NOV-89

Dr. F. Donau, Institut fiir Kernphysik, Rossendorf
SPIN ORIENTATION IN ROTATING QUANTUM SYSTEMS

29-NOV-89

Doc. Tord Johansson, Uppsala University
ANTIPROTON PHYSICS AT LEAR

08-DEC-89

Prof. H. Walther, Max-Planck Inst. f. Quantenphysik
CHAOS AND ORDER OF LASER COOLED IONS IN A PAULI TRAP

20-DEC-89

Prof. Michael Albrow, University of Stockholm
THE LARGE HADRON COLLIDER

EDUCATIONAL PROGRAMMES
Courses for graduate students
"Experimental Nuclear Physics", held at MSI 1988-89 by L.-O. Norlin.
"Atomic Collision Theory", held spring 1988 by Anders Båräny.

Dissertations
H. Andersson
"Electron Capture in Slow Collisions Between Highly Charged Ions and Atoms"
KTH and MSI, Stockholm 1989.
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H. Bergsåker
"Studies of Plasma Surface Interactions in Carbonized Tokamaks Using Ion Beam Analysis Techniques"
KTH and MSI, Stockholm 1988.
Elfström, Sven
"Studies of High-spin States and Rotational Structures in Nuclei by Means of 7-ray
Spectroscopy methods"
SU and MSI, Stockholm 1988.
Gustavsson, Ove
"Lifetime Measurements on Diatomic Hydrides Including the Development of Experimental Techniques"
SU and MSI, Stockholm 1988.
P. Krylstedt
"Resonant Collision Phenomena — Application of Complex Dilation Techniques to
Atomic Scattering Processes"
KTH and MSI, Stockholm 1988.
Olsson, Bengt J.
"Dynamics of Free Molecules Probed by Time Resolved and Synchrotron Based Techniques"
KTH and MSI, Stockholm 1989.
U. Rosengård
"Precision Tests of the Shell Model by Means of g-factor Measurements"
KTH and MSI, Stockholm 1988.
P. Sigray
"Time Resolved and Ion Photofragmentation Spectroscopy"
KTH and MSI, Stockholm 1989.

ON PEOPLE
Anders Barany was appointed secretary of the Nobel Committee for physics in October
1989, an appointmnet that he shares with the work as associate editor of Physica Scripta.
Mats Larsson was appointed as member of the physics board of the Swedish Natural
Science Research Council for the period 1 July 1989 - 30 June 1992.
Per Carlson was elected as member of the Royal Swedish Academy of Sciences in November 1988.
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MEMBERS OF THE BOARD
P. Carlson, Professor, Director of the institute
N. Eländer, Docent, MSI, representative of the personnel from October, 1988
M. Eriksson, Professor, University of Lund
T.R. Gerholm, Professor, University of Stockholm
G. Grimvall, Professor, Royal Institute of Technology, Stockholm
M. Larsson, Docent, MSI, representative of the personnel
Th. Lindblad, Docent, MSI, representative of the personnel up to October, 1988
R. Lindquist, Director of the University of Stockholm
T. Lindström, Chairman of the board of the institute
O. Skeppstedt, Docent, Chalmers University of Technology
Appointed deputies:
A. Kerek, Docent, MSI (for N. Eländer)
K.-G. Rensfelt, Docent, MSI (for M. Larsson)
Secretary of the board:
J. Blomqvist, Professor, MSI

PERSONNEL
During 1988-1989 or part of the period the following persons have held positions at the
institute or have been graduate students at either the University of Stockholm or the
Royal Institute of Technology with the main part of their research for their theses being
pursued at the institute.
(AM) = Atomic and Molecular Physics
(EP) = Elementary Particle Physics
(NP) = Nuclear Physics
(SP) = Surface Physics
(EL) = Electronics
(MI) = Measuring and Information Systems
(TD) = Technical Department
(AD) = Administrative Department
Abrahamsson, Karl (TD)
Adiels, Lars (EP)
Agehed, Kenneth (MI)
G8

Andler, Guiilermo (TD)
Astner, Gunnar (AM)
Bagge, Lars (TD)
Båråny, Anders (AM)
Bergkvist, Karl Erik (NP,EP) personal chair
Bergström, Ingmar, emeritus professor
Bergsåker, Henric (SP)
Bjon, Johan (TD)
Björkhage, Mikael (TD)
Blomqvist, Arne (TD)
Blomqvist, Jan (NP)
Borg, Sten (TD)
Braun, Manuel (SP)
Bäck, Torbjörn (TD)
Carlé, Peter (TD)
Carlson, Per (EP), Director
Cederquist, Henrik (AM)
Dahl, Bo (TD)
Dahl, Per (TD)
Danared, Håkan (TD)
Dulski, Sandra (EL)
Egnell, Seved (TD)
Ehrnstén, Kjell (EL)
Eländer, Nils (AM)
Eldarb, Slawomir (AD)
Engström, Mats (EL)
Engström Åke (TD)
Emmoth, Birger (SP)
Eriksson, Margaretha (TD)
Filevich, Alberto (TD)
Forsling, Wilhelm, emeritus professor
Främling, Staffan (TD)
Funéus, Gunilla (AD)
Grönvik, Kalle (EP)
Gustavsson, Ove (AM)
Herrlander, Carl Johan (TD)
Herzog, Marek (TD)
Hildingsson, Lars (Ml)
Hilke, Johnny (TD)
Hjorth, Anders (TD)
Holmberg, Birgitta (AD)
Holmström, Per-Arne (TD)
Hultberg, Solve (SP)
lova, lon (EL)
Janouch, Frantisek (NP)
Jansson, Birgit (AD)
Jeansson, Johan (TD)
Johnson, Arne (NP)

Jon-And, Kerstin (EP)
Jandel, Magnus (SP)
Kamlin, Tua (TD and AD)
Kerek, Andras (EP)
Klamra, Wlodzimierz (Ml)
Kvarngren, Mats (TD)
Källberg, Anders (TD)
Lapczynski, Stanislaw (AD)
Larsson, Mats (AM)
Leontein, Sven (EL)
Levén, Sten (Ml)
Lewin, Fredrik (TD)
Liljeby, Leif (TD)
Lindblad, Thomas (Ml)
Linden, Carl Gunnar (EL)
Lindqvist, Britt-Inger (AD)
Liotta, Roberto (NP)
Lund-Jensen, Bengt (EP)
Liickander, Peter (EL)
Magnius, Per (TD)
Malm, Bo (TD)
Mannervik, Sven (AM)
Michaelson, Jan (TD)
Michelson, Jan (EL)
Muller, Kurt (TD)
Nagrelius, Åke (AD)
Nilsson, Arne (NP)
Nordström, Anna (AD)
Norlin, Lars-Olov (NP)
Norlin, Oscar (TD)
Nyberg, Mats (TD)
Olsson, Thomas (TD)
Oppenheimer, Elisabet (AD)
Persson, Bo (AD)
Quanz, Gregory (TD)
Rensfelt, Karl-Gunnar (TD)
Richards, Bola (TD)
Rosengård, Ulf (TD)
Rouhani-Kalleh, Ali (TD)
Schuch, Reinhold (AM)
Sjöblom, Lennart (AD)
Soltan, Adam (TD)
Starker, Josef (EL)
Trangius, Britta (AD)
Ugglas af, Magnus (SP and TD)
Weimer, Jan (SP)
Weiss, Ansgar (TD)
Zaleski, Roza (AD)
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Östergren, Kjell (AD)
Graduate students
Andersson, Håkan (AM)
Andersson, Lars (AM)
Bergsaker, Henric (SP)
Broström, Lars (AM)
Carlsund, Christina (AM)
Cederwall, Bo (NP)
Elfström, Sven (NP)
Francke, Tom (EP)
Grönvik, Kalle (EP)
Gudowska, Irena (SP)
Gustavsson, Ove (AM)
Jansson, Kåre (EP)
Jeansson, Johan (TD)
Krylstedt, Peter (AM)
Liden, Fredrik (NP)
Olsson, Bengt (AM)
Rosengård, Ulf (NP)
Rydström, Lars (NP)
Sigray, Peter (AM)
Simonsson, Ansgar (TD)
Sonnek, David (AM)
Tranströmer, Göran (EP)
Wyss, Ramon (NP)
Postdoc
Curutchet, Patricia (NP)
Francis, David (EP)
Gonzalez, Alejandro (AM)
Rubel, Marec (SP)
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VISITORS
(AM) = Atomic and Molecular Physics
(EP) = Elementary Particle Physics
(NP) = Nuclear Physics
(SP) = Surface Physics
(AP) = Accelerator Physics
(EL) = Electronics
(MI) = Measurement and Information Systems
J. Arianer, Inst. de Physique Nucléaire, Orsay, France (AP)
R. Bengtsson, University of Lund, Sweden (NP)
J. Bialkowski, Institute for Nuclear Studies, Swierk, Poland (MI, NP)
C. Biedermann, University of Tennessee, USA (AM)
C.B. Bigham, Atomic Energy of Canada Ltd, Chalk River, Canada (AP)
S. Bliman, University of Grenoble, France (AM)
S. Borsuk, INS, Swierk, Poland (MI)
H. Biittig, Zentralinstitut fur Kernforschung, Rossendorf, Germany (AP)
R.J.S. Crossby, University of York, United Kingdom (AM)
P. Curutchet, CNEA, Buenos Aires, Argentine (NP)
S. Datz, Oak Ridge National Laboratory, USA (AM)
E.D. Donets, Joint Institute for Nuclear Research, Dubna, U.S.S.R. (AP)
G.G. Dussel, University of Buenos Aires, Argentina (NP)
F. Donau, Zentralinstitut fur Kernforschung, Rossendorf, Germany (NP)
J. Döring, Zentralinstitut fur Kernforschung, Rossendorf, Germany (NP)
B. Fant, University of Helsinki, Finland (NP)
A. Filevich, Consejo Nacinal de Energia Atomica, Buenos Aires, Argentina (AP)
A. Forycki, INS, Swierk, Poland (MI)
J. Fry, University of Liverpool, England (EP)
L. Funke, Zentralinstitut fiir Kernforschung, Rossendorf, Germany (AP, NP)
J. Gascon, NBI, Ris0, Denmark (MI)
C. Geich-Gimbel, University of Bonn, Bonn, Germany (EP)
J. Gizon, ISN, Grenoble, France (MI)
A. Granderath, University of Cologne, Germany (NP)
J.P. Hansen, University of Bergen, Norway (AM)
J.M. Hansteen, University of Bergen, Norway (AM)
R. Hippler, Universität Bielefeld, Germany (AM)
P. Hvelplunu, Århus University, Denmark (AM)
A. Insolia, Universitå di Catania, Italy (NP)
H. Jain, Tata Institute of Fundamental Research, Bombay, India (NP)
E. Jaeschke, Max-Planck-Institut fiir Kernphysik, Heidelberg, Germany (AP)
E. Justiniano, East Carolina University, USA (AM)
P. Kleinheinz, KFA Julich, Germany (NP)
M. Kobayashi, KEK, Japan (EP)
L. Kocbach, University of Bergen, Norway (AM)
Z. Komor, Institute for Nuclear Studies, Swierk, Poland (NP)
J. Kownacki, University of Warsaw, Poland (NP)
M. Kreciejewski, Institute for Nuclear Studies, Swierk, Poland (NP, EP)
R. Kupczak, INS, Swierk, Poland (MI)
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L. Käubler, Zentralinstitut fur Kernforschung, Rossendorf, Germany (NP)
J.-L. Laclare, European Syncrotron Radiation Facitily, Grenoble, France (AP)
J.-M. Lefebvre, European Syncrotron Radiation Facitily, Grenoble, France (AP)
P. Lefévre, PS-Division, CERN, Geneva, Switzerland (AP)
S. Lenzi, Universitå di Padova, Italy (NP)
J. Levin, University of Tennessee, USA (AM)
A.E. Livingston, University of Notre Dame, USA (AM)
R. Lovas, ATOMKI, Debrecen, Hungary (NP)
D. Love, Daresbury Laboratory, England (NP)
H. Lundberg, University of Lund, Sweden (AM)
E. Maglione, Inst. di Fisica "G. Galilei", Padova, Italy (NP)
R. McCarroll, University of Paris VI, France (AM)
J. McGuire, Kansas State University, USA (AM)
D. Moehl, PS-Division, CERN, Geneva, Switzerland (AP)
M. Moszynski, INS, Swierk, Poland (MI)
R. Mowat, North Carolina University, USA (AM)
A. Mucha, Zentralinstitut fiir Kernforschung, Rossendorf, Germany (AP)
M. Nadachowski, INS, Swierk, Poland (MI)
W. Nazarewicz, Warsaw Institute of Technology, Poland (NP)
R. Olson, University of Missouri, Rola, USA (AM)
J. Ormes, Goddard Space Flight Center, Maryland, USA (EP)
S. Ovchinnikov, Ioffe Institute Leningrad, USSR (AM)
A. Paal, ATOMKI, DebreSen, Hungary (MI)
J. Palinkas, ATOMKI, Debrecen, Hungary (AM)
E. Paul, SUNY, Stony Brook, USA (MI)
J.O.P. Pedersen, Arhus University, Denmark (AM)
T. Pettersson, PS-Division, CERN, Geneva, Switzerland (AP)
C. Pomar, CNEA, Buenos Aires, Argentina (NP)
H. Prade, Zentralinstitut fur Kernforschung, Rossendorf, Germany (NP)
R. Rivarola, Rosario University, Argentina (AM)
W. Satula, University of Warsaw, Poland (NP)
A. Schempp, Institut fvir Angewandte Physik, Frankfurt am Main, Germany (AP)
H. Schmidt-Böcking, Institut fiir Kernphysik, Frankfurt am Main, Germany (AP)
I.N. Semenyuschkin, Joint Institute for Nuclear Research, Dubna, U.S.S.R. (AP)
D. Seweryniak, University of Warsaw, Poland (NP)
R.T. Short, Oak Ridge National Laboratory, USA (AM)
G. Sletten, NBI, Ris0, Denmark (MI)
G. Székely, ATOMKI, Debrecen, Hungary (MI)
D. Trautmann, Basel University, Schweiz (AM)
P. Trower, Virginia Institute of Technology, Virginia, USA (EP)
E. Träbert, Universität Bochum, Germany (AM) (AM)
H. Tyrroff, Zentralinstitut fiir Kernforschung, Rossendorf, Germany (AP)
W. Urban, KVI, Groningen, The Netherlands (MI)
N. Van Giai, Inst. de Physique Nucléaire, Orsay, France (NP)
T. Vertse, ATOMKI, Debrecen, Hungary (NP)
G. Wintermeyer, Universität Heidelberg, Germany (AM)
D. Wolski, INS, Swierk, Poland (MI)
V. Zelevinsky, Institute of Nuclear Physics, Novosibirsk, USSR (NP)
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