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Description of the Accelerator

The SuperHILAC accelerator is the only facility in the United States where beams of very
heavy ions (including uranium) can be accelerated to energies above the Coulomb barrier
with high intensity. The accelerator operates as an intrinsic component of the LBL
Bevalac, for which it serves as the heavy-ion injector. The computer-controlled
SuperHILAC can time-share 36 pulses per second with up to three users. Since the
Bevalac can only use 2 pulses per second, 34 are available for local users. Two ion species
at two different energies can be shared locally, providing "prime" beam to one experiment
and "parasitic" beam to another experiment. This efficient time-sharing operation allows
the SuperHILAC to provide very-heavy beams at energies <8.5 MeV/u to local users
without interfering with its mission as an injector to the Bevalac. Indeed, local needs often
motivate improvements that benefit Bevalac injection.

At least half of the naturally-occurring elements have been accelerated at the SuperHILAC,
and new ones are added each year as experimentalists request them. The graph below
shows the number of shifts run for various heavy ions for the year 1986. The fraction of
time devoted to the heaviest beams continues to increase. Isotope separation is performed
near the source and isotopes of >2% natural abundance have been successfully used as
beams. In addition, one injector may utilize expensive separated isotopes and is designed
to recover >80% of the material for reprocessing. = Although the maximum energy beams
available from the SuperHILAC are only 8.5 MeV/u, the wide selection of elements and
isotopes available, the high intensities (i.e. >40 particle nano-Amperes (pnA) of U ), and
the fact that many experiments need energies below 8.5 MeV/u, make the SuperHILAC
ideal for a large class of experiments in heavy-ion physics.

Over the years, a rather stable group of users in atomic and nuclear physics has developed,
about half of whom come from universities and laboratories other than LBL. A liaison
scientist and technician are available to assist users in the planning and execution of
experiments. Besides several facility instruments, an electronics pool and data acquisition
computers are available. Users are assisted with data acquisition needs by computer
programmers who have extensive experience on the system. The SuperHILAC has
developed the infrastructure necessary to provide outside users with the resources needed
to have successful experiments. This success is reflected in the productivity of the
scientists as expressed by their publications.

Number of Shifts

36. 40. 46. 48. 56. 58. 74. 84. 86. 93. 121.142.208.238.
Projectile Mass



Description of Facilities Available at the SuperHILAC

The value of an accelerator laboratory must be judged by the amount and quality of its
scientific output. Besides requiring good performance of the accelerator, the experimental
facilities must be well suited to the available beams. In addition, the physical and
organizational infrastructure must be in place to support both inside and outside research
groups. Over the years, SuperHILAC management has been responsive to users' requests
to develop facilities for researchers using the machine. In particular, emphasis has been
placed on meeting the needs of outside user groups. These needs involve flexible
experimental facilities, the availability of electronics and data acquisition systems, and
dedicated scientific and technical support staff. The satisfaction of our extensive outside
users group attests to the fact that these needs are well met.

The following is a summary of the main facilities available at the SuperHILAC.

Data Acquisition Facilities: Three MODCOMP data acquisition computers are
available. A professional staff familiar with both the hardware and software of these
computers is available to assist users with their data-acquisition needs. The C (for Coulex)
area computer has multiple 6250 BPI tape drives for high-speed data acquisition via a
specialized CAMAC system optimized for the High Energy Resolution Array (HERA).
The A and B acquisition computers are more general, and allow data acquisition via
CAMAC (with or without a STARBURST pre-processor) or a multiplexer system that
operates via Direct Memory Access. The main data acquisition program, CDAS, includes a
high-speed sorting algorithm and extensive sorting and monitoring capabilities. An
additional program, CHAOQOS, is also available. This program is much more flexible for
setting gates and monitor functions, but this flexibility comes at the expense of speed.
Another specialized data acquisition system is attached to SASSY II. The software group
supports these machines as well as the similar machines at the 88" cyclotron. They
continually work on upgrades and improvements to the system. Present development
includes work on a STARBURST-uVAX system that is expected to replace the aging
MODCOMP systems. A prototype is working, and we expect an operational system
during the current fiscal year.

Electronics Pool: The SuperHILAC maintains an extensive users electronics pool that
is constantly being upgraded to reflect the latest in modular electronics for nuclear and
atomic physics applications. Currently, the pool contains several hundred items. Besides
this Nuclear Instrumentation Module (NIM) equipment, the pool contains several
oscilloscopes and multichannel analyzers, two low-pressure gas regulation systems for
gas-filled detectors, and an extensive assortment of cables and connectors.

COULEX: E-11: This area is used for gamma-ray experiments and has been recently
enhanced by the installation of the High Energy Resolution Array (HERA). This
apparatus, constructed by the Diamond and Stephens group at LBL, is now shared between
the 88" Cyclotron and the SuperHILAC. It is an array of 21 Compton-suppressed Ge
detectors designed to provide high efficiency in detecting coincident gamma-rays. There
are only two other similar arrays in the world at present (TESSA 3 in England, and the 8 @
detector in Canada), but only HERA is at an accelerator that can provide the heaviest of
ions. Thus, opportunities exist for unique experiments. There is room inside the array for
particle detectors as needed for transfer and excitation experiments. Ample electronics and
a computer based data acquisition system are a part of this facility.
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OASIS: E-42: The On-line Apparatus for SuperHILAC Isotope Separation (OASIS) is
a target, ion source, magnet, and counting area designed to study exotic isotopes and their
decay modes. Much of the work here has concentrated on discovering 24 new isotopes
near the proton drip line. A recent upgrade of the beam line now allows full-rigidity beams
that may be used to synthesize new isotopes on the neutron-rich side of the line of beta
stability. The low-background counting area contains detectors to measure proton, alpha,
electron, X-, and gamma-ray radiations. A new Total Absorption Spectrometer is being
developed. This instrument will allow the measurement of masses and B-strength
functions. OASIS has dedicated electronics, but uses the common data acquisition facility.

Bio-Medical: E-78: This beam line will be configured for Bio-Medical experiments
during the coming year.

General Use Reactions Area: E-73: This beam line is a general use area with a 60-
inch diameter scattering chamber and accessories that can be configured for a variety of
experiments in nuclear reactions. The 60 inch chamber can be replaced by a smaller
chamber with a time-of-flight arm extension that has been used to measure individual
charge and mass numbers for projectiles in the mass 75 region. This area also uses the
general electronics pool and data acquisition system.

General Use Reactions Area: E-71: This beam line is a general use area that can be
configured to the users' specification. It is currently configured for neutron multiplicity
measurements extending into next year. It uses the general electronics pool and data
acquisition system.

SASSY II: E-47: The Small-Angle Separation SYstem (SASSY II) is a gas-filled
mass separator constructed mainly to search for element number 110, although the
instrument will also be valuable in studying the properties of other very heavy transuranic
elements. This facility has its own dedicated electronics and data acquisition system.

Atomic Physics: E-79: This beam line has a gas-cell, scattering chamber, and
dispersing magnet and is mainly used for coincidence experiments involving ionization of
the projectile. X-rays may be measured in coincidence with particular charge states of the
projectile. This area uses the general electronics pool and data acquisition system.

Atomic Physics: E-84: This area is used for atomic spectroscopy. Equipment
includes a GCA/McPherson curved grating UV spectrometer, a Dual-Johnann
spectrometer, and a charge-dispersing magnet for experiments to study highly-excited
heavy ions. The area has most of its own electronics and data acquisition system.

General Use Gamma-ray Area: E-87: This beam line was constructed for various
types of particle-gamma experiments and can be configured to the specifications of the
user. At one time a 30 inch chamber was used for light-ion emission and gamma-ray
anisotropy experiments. Presently, a small scattering chamber with a stopping ion chamber
and avalanche detector are available for particle-particle-gamma expenments This facility
uses the common electronics and data acquisition system.

Atomic Physics: E-75: This beam line is currently available.

Atomic Physics: E-76: This beam line is currently available.



SuperHILAC Programs,

1982-1987

At the September 1987 expanded meeting of the SuperHILLAC Program Advisory
Committee (SPAC) , the principal investigators were asked to contribute information on
the progress of their programs during the last five years. The format decided upon was
approximately a one page (double spaced) description of their program, including plans for
the near future (3 years); a list of collaborators; and a list of publications. A list of the
attendees of that meeting is on page 5.

In the interest of presenting an easier to read document, these contributions were re-
formatted as follows: All the descriptions of the programs come first so it is easy to obtain
an overall view of the program without sifting through intervening pages. Lists of
collaborators are next, divided into categories of group members, collaborators and
visitors, and graduate students; and lists of publications (journals and published conference
proceedings) are last. Note that some groups only submitted refereed publications and not
conference proceedings, so the total number of proceedings would be much higher if these
were submitted.

For reasons that are only historical, the programs are divided into the topics of 1) nuclear
reactions, 2)nuclear structure, 3) atomic physics, and 4) exotic nuclei; and principal
investigators within these topics are in alphabetical order. One notes some overlap in both
the people involved and the publications produced. This is due to the large amount of
cooperation and collaboration that occurs among users, allowing a pooling of expertise that
well serves the productivity of individual scientists and groups. Complete editing out of
this duplication was considered, but was not done for fear of mis-representing the
contribution of each principal investigator. Publications with an (*) in front of them have
been listed previously. Thus, although re-formatted, the documents represent the actual
contributions of the individual investigators. For purposes of counting, eliminating
duplication, one finds the following:

Principal Investigators: ~20
Research Scientists: ~170
Graduate Students: ~64
Journal Publications: ~150

Published Conference proceedings: >59
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Programs in Nuclear Reactions

Principal Investigator: Professor J. M. Alexander
State University of NY at Stony Brook

There is a great deal of current interest in the evolution of nuclear properties and
behavior as increasingly larger amounts of energy and angular momentum are
introduced. Studies probing these fundamental aspects are presently being pursued in
three energy domains: (a) the region of temperature (T) < 5 MeV where composite nuclei
are held together by their mean field; (b) the intermediate energy region of 5 < T < 20
MeV where unbound nucleonic clusters may briefly exchange energy before shattering
into many particles or fragments; and (c) the relativistic energy region where
subnucleonic particles may be instanteously deconfined. Recent extensive activity in the
intermediate energy region has shown great need for a strong foundation of knowledge
of nuclear properties at lower temperatures (T < 5 MeV) in order to interpret results for
higher temperature (T > 5 MeV). The current scope of our program involves bridging
the gap between these two domains. A variety of accelerators is being used with beams
from near barrier energies to 100 A MeV.

A major theme of our research is the study of nuclear reaction processes near the
limits of stability. One can classify the topics as follows.

Fission processes near the limit of centrifugal stability

Fission and evaporative particle emission near the limits of energy containment.

Evaporative particle emission near and beyond the limits of instability toward fission.

Complete fusion processes.

Blurring of the boundary between complete and incomplete fusion.

Probing the shapes and/or sizes of hot nuclei.

Theory and simulations of fission and evaporation-like processes.

The pursuit of these goals requires a wide range of projectile masses and energies.
Thus many accelerators have been used, Stony Brook, Argonne, Atlas, GANIL, LBL
Cyclotron and SuperHILAC. The very heavy projectiles of A > 80 play a very important
role. In addition to providing for the special aspects of reversed kinematics, these heavy
ions allow one to construct composite nuclei with very high energy and spin. These very
hot and thermalized nuclei are most easily studied at low projectile velocities where the

complications of incomplete fusion and direct reactions are minimized.
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Principal Investigator: Professor Morton Kaplan
Carnegie-Mellon University

The experimental research program at the LBL SuperHILAC is directed towards
gaining an understanding of the behavior of very hot nuclear matter and the transitions
which result in nuclear de-excitation or the formation of new nuclear states. We study the
nuclear reactions between energetic very-heavy-ion projectiles and complex nuclei, and
explore the evolution of reaction mechanisms and decay properties with increasing
excitation energy and angular momentum. Our work emphasizes the exploitation of light-
charged-particle emission as a sensitive probe and indicator of the degree of thermal
equilibrium and collective shape changes achieved at various states of reaction. The current
phase of our program has several major thrusts: (1) studies of particle-particle correlations
and fragment-particle correlations in reversed kinematics; (2) relationships between
evaporated Intermediate Mass Fragments (Li, Be, B, ..., Ne) and proton or alpha emission;
and (3) investigation of alpha and intermediate mass fragment emission during the descent
from saddle-to-scission. In each of these scientific arenas, the experiments are carried out
at the SuperHILAC because very-heavy-mass projectile beams are required with high
intensity.



Principal Investigators: Prof. L. G. Moretto and Dr. G.J. Wozniak
U.C. Berkeley and Lawrence Berkeley Laboratory

The main thrust of our research has been the observation of intermediate mass fragments
(22 Z 2 (Z+Zp)/2 ) utilizing reverse kinematics. Projectiles of 139La, 74Ge, and ?3Nb
from the LBL SuperHILAC bombarded targets of 9Be at energies in the 6-8.5 Mev/u range
and the energy, angle, and charge of the final state products were measured utilizing gas-
AE Si E position-sensitive detector telescopes. The utilization of reverse kinematics, which
focuses the products forward, simplifies detector design, and two new detector systems,
WEDGE and GASP, were developed. The results show that the whole range of fragments
from Z=2 to Z=(Z+Zp)/2 are observed and can be explained by the statistical decay of a
compound nucleus. Besides the intrinsic importance of this work, it was the beginning
point for extensions of the systematics of these reactions to the 11-19 MeV/u energy range
at the GSI Unilac and the 25-50 MeV/u range at the LBL Bevalac.

As a continuation of earlier work involving the angular momentum transfer and
alignment in heavy-ion reactions, we studied discrete y-rays from the 80Kr + 176Yb
reaction. Six Compton-suppressed Ge detectors were used to measure y-rays in
coincidence with projectile-like fragments detected in a stopping ion chamber and the
kinematic partner in an avalanche counter. This data provided information on the division
of excitation energy as a function of reaction Q-value.

In collaboration with a Stanford group, we have studied the K-shell ionization
probabilities in the reactions of U + U and have used this information as an "atomic clock"
to measure the sticking time of the two nuclei.

An additional experiment searched for ternary fission in 244Cm and determined that
low-Z events observed via radio-chemical procedures are a result of very asymmetric
binary decay rather than ternary as hypothesized from the earlier work. Additional studies
of fission are very attractive utilizing these techniques at the SuperHILAC, and the group
currently has beam time available to pursue this.
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Principal Investigators: Professors W.U. Schroder and J. R. Huizenga
University of Rochester

The fundamental goal of the research program of the University of Rochester group
is to explore the statistical dissipation and equilibration processes occurring in nuclear
systems that are initially far from equilibrium. It is investigated to what extent the
fragmentation of a dinucleus that is formed transiently in a damped reaction is the result of
dynamic and static driving forces. Mass and angular distributions of inherently unstable
composite nuclei that decay in a fission-like mode are studied. It is of interest to explore
what transport processes govern the large-amplitude fluctuations in mass asymmetry in
such reactions and what relaxation times are associated with collective, angular-momentum-
bearing modes of such nuclei excited during their descent to scission. Significant efforts
will be devoted to the investigation of the shape of the dinuclear energy partition function
providing information on the heat convection and other energy equilibration mechanisms in
damped and fusion-like reactions. Advanced experimental technology is applied in
experiments addressing this latter topic by measurement of the joint multiplicity distribution
of neutrons from correlated reaction fragments. The experiments planned for the
SuperHILAC over the next three years comprise a major fraction of the experimental
program of our group. We project a need for two ten-day experiments per year to complete
the above projects.
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Principal Investigator: Professor V. E. Viola
Indiana University

Our investigations of damped collisions have concentrated on obtaining
simultaneous mass and charge distribution measurements as a function of projectile-target
mass asymmetry and projectile N/Z ratio. These measurements have employed a time-of-
flight particle-identification telescope developed by our group for use with the high
intensity beams from the LBL SuperHILAC. In addition to providing high resolution
(~0.6 units in Z and A) data for the study of nucleon-exchange and energy-dissipation
processes, this device has also proven valuable in deriving new results concerning
excitation energy division in damped collisions. By using kinematic coincidence fragment-
fragment angular and velocity correlation techniques, it is possible to obtain simultaneous
determination of both primary and secondary fragment masses, from which fragment
excitation energies can be derived. The present distribution of effort in this program is as
follows:

(1) Experiment - A proposal has been submitted to study nucleon exchange and energy
dissipation as a function of projectile N/Z for 70Ge- and 76Ge-induced reactions, in order to

study the N/Z equilibration process for a non-closed shell projectile.

2) Data Analysis - Excitation energy distributions have been measured for the E/A =
8.5 MeV 74Ge + 165Ho reaction and are presently being analyzed. In addition, data have
been taken on the energy dependence of fragment yields from the E/A = 6.0-13 MeV 56Fe

~+ 238U reaction, at this stage only data at E/A = 8.8 MeV are complete.

3) Theory Comparison - We are presently collaborating with W. U. Schréder and J.
R. Huizenga at the University of Rochester in attempts to interpret our Z and A distribution
data for 38Ni and 64Ni incident on 238U in terms of a statistical nucleon-exchange model.
While qualitative agreement is found, significant differences between theory and
experiment also exist. It is important to understand whether these differences arise from
uncertainties in the theoretical potential energy surfaces, or inadequacies in the dynamics of
the statistical models which form the basis of these calculations. A related question
concerns the conversion of radial kinetic energy into internal fragment excitation and the
time evolution of the equilibration process. Efforts to reconcile our excitation-energy-
distribution results with both theory and the interpretation of nuclidic yield data represent an
important component of our ongoing program relating to damped collisions.



Programs in Nuclear Structure

Principal Investigator: Professor D. Cline
University of Rochester

Coulomb excitation is the preeminent probe of the collective shape degrees of
motion which dominate nuclear structure in the yrast domain. The SuperHILAC coupled
with the HERA gamma-detector array provides a unique facility for exploiting Coulomb
excitation to study these important degrees of freedom. The highest Z beams from the
SuperHILAC are essential for Coulomb excitation work while the HERA array is necessary
to perform the particle-gamma-gamma coincidences required to determine the decay scheme
of the excited nucleus. During the past decade the Rochester-LBL-Uppsala-Warsaw
collaboration has developed the experimental and analysis techniques required to measure
essentially the complete set of =200 E2 matrix elements for the lowest 30 states Coulomb
excited in nuclei. The extent and completeness of the measured data set of matrix elements
adds a new dimension to the study of quadrupole collectivity in nuclei. In particular, it
allows exploitation of the Cline rotational-invariant technique to determine directly from the
data the centroids and fluctuation widths of the quadrupole moments in the intrinsic frame
which are the major shape degrees of freedom. Major technical advances made during
1987 have extended the usefulness of this technique. This research program has
discovered coexistence of differently shaped collective bands in the mass 100 region,
determined for the first time the collective behavior throughout the prolate to oblate shape
transition in the mass 190 region and discovered anomalies in the gamma-band E2
properties in 168Er. Our recent measurements of the E2 and M1 properties of 165Ho and
235U aim to help solve the long-standing problem of attenuation of Coriolis forces in odd-A
deformed nuclei. In addition this program will continue to investigate the limits of validity
of collective models, interplay of single-particle and collective degrees of freedom, shape
coexistence and shape transitions. |

Single-nucleon transfer reactions are the probe of choice for single particle
structure, while two-nucleon transfer selectively studies two-particle correlations in nuclei.
One-and two-nucleon transfer reactions induced by heavy ions provide a means of studying
transfer between high-spin states Coulomb excited prior to transfer. Our Oak Ridge work,
using Sn beams, has shown; 1) that transfer reactions comprise a major fraction of the total
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reaction cross section near the Coulomb barrier, 2) these reactions populate cold states to
spin 30 in the yrast domain of the product nuclei and provide a means of populating high-
spin states in transuranic nuclei unperturbed by the fission decay channel which plagues
most other reactions, 3) the resultant gamma-ray spectra are clean, 4) 2-neutron transfer to
the ground band exhibits an oscillatory behavior with separation distance and is enhanced
by up to a factor of 500 at the largest separation distances. The Rochester-LBL-Knoxville
collaboration is using the unique capabilities of the SuperHILAC plus HERA to study the
spectroscopy of transuranic nuclei and plans on investigating the Coriolis quenching of
pairing at high spin. The possibilities of searching for nuclear Josephson and diabolical

pairing effects are also under consideration.

It is anticipated that about two to four weeks per year of SuperHILAC beam time
will be needed to continue this program during the next three years.



Principal Investigators: Drs. R. M. Diamond and F. S. Stephens
Lawrence Berkeley Laboratory

During the past two years, our program has made use of two capabilities which
together are unmatched anywhere else in the world, namely the combination of very heavy
ions from the SuperHILAC and the gamma-ray detection properties of HERA, our multi-
Ge, Combton-_suppressed array. The program has three main components.

One has to do with selected topics in high-spin studies making use of the special
characteristics of very heavy-ion beams. This includes magnetic moment and transient field
measurements (which have been done in collaboration with a Chalk River group) and
lifetime determinations using Doppler-shift techniques that exploit inverse reactions to
obtain very large recoil velocities. This year we used the nearly symmetric reaction, 74Ge
+ 828e, to produce the superdeformed band in 152Dy. By comparing its yield to that of the
total 152Dy channel, we were able to show that there is no enhancement in the symmetric
reaction over that of the asymmetric one used by the Daresbury group to discover the band,
namely, 48Ca + 108Pd. A small enhancement observed over our earlier reaction, 40Ar +
116Cd, can be explained by the lower angular momentum obtained in the latter case. So
there is no evidence for an entrance-channel effect as had been suggested.

A second program is a collaborative study with groups from the Universities of
Rochester and Uppsala of multiple Coulomb excitation. Lead, rare-earth, and xenon beams
are run at the SuperHILAC, nickel beams at Rochester, and oxygen at Uppsala. By using
this variety of ions and obtaining data over a wide range of scattering angles, the hundreds
of matrix elements involved in the production of dozens of high-spin states can be
determined model independently by a least-square fit program developed over the past few
years at Rochester. These matrix elements test the available nuclear models in a much more
stringent way than just the determination of the energy levels themselves. We found that
no model can fit all the data obtained for some types of nuclei. This program has now been
broadened to include Coulomb excitation plus particle transfer, with additional
collaborators from the Universities of Tennessee and California. When a large projectile
approaches a target nucleus, there is first Coulomb excitation to excited states and then at
the turning point, particle exchange can occur, followed by additional Coulomb excitation
as the nuclei separate. This process allows for the study of transfer between excited states,
and a comparison of one- and two-particle yields gives information on how the pairing
correlations influence the transfer. We also hope to learn how these correlations change
with spin. These studies are making use of a new six-sided avalanche detector system built
at Rochester that can be used inside HERA.

13
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A third program is a collaboration with a group from Stanford University to study
the 180°-correlated equal-energy photons produced by very heavy ions on similarly high-Z
targets. This is the gamma-ray analog of the narrow positron-electron sum-energy peaks
that have been observed at G.S.1. over the past several years. In an experiment this
Spring, we did observe a narrow sum-energy peak in the gamma-ray spectrum from
uranium ions on thorium targets at 1062 keV. This comes from two equal-energy photons
emitted at 180° to each other, apparently from something traveling with about the center-of-
mass velocity of the system. This energy does not correspond to any known e+ - e- line,
but it is too low to have been observed in those experiments. Thus we are left with an
intriguing experimental result that requires further investigation in the next program period.

We hope to continue all these programs in the coming year, and are making efforts
to improve our experimental techniques in order to solve the exciting problems posed.



Atomic Physics

Principal Investigators: Professors E. M. Bernstein and J. A. Tanis
Western Michigan University

Fundamental atomic interactions involving two or more electrons are investigated
for highly-charged, heavy-ion projectiles from the LBL SuperHILAC incident on gas
targets. The main emphasis is on mechanisms in which electron correlation effects play a
significant role. Coincidence techniques are used to identify and isolate the individual
interaction mechanisms. The coincident pairs detected are: (a) X-rays/projectile ions, (b)
recoil target ions/projectile ions, and (c) X-rays/X-rays. The work done to date has
concentrated on studies of resonant transfer and excitation (RTE) which occurs when
electron capture and projectile excitation take place together in a single collision due to a
correlated electron-electron interaction. These experiments have established the existence
of RTE and indicated a close link between RTE and dielectronic recombination (DR).
Specific studies involving K-shell excitation determined the dependence of RTE on
projectile atomic number (16<Z<23) for He targets and determined the charge-state
depéndence‘ of RTE for calcium ions (q = 10+ to 19+) incident on Hj. These results are in
reasonable agreement with theoretical calculations based on calculated DR cross sections.
Evidence for RTE involving excitation of the pfojectile L-shell has also been obtained.

Our plans for the near future include further studies of L-shell RTE. Other planned
investigations to ascertain if electron correlation effects are present are studies of: (a)
multiple electron capture associated with K-shell excitation and (b) transfer ionization in
which electron capture to the projectile is accompanied by the loss of additional electrons
from the target.

The SuperHILAC is particularly suited for the planned experiments since the

projectile energy and charge state can be varied easily and we are able to obtain high charge
states at relatively low energies. Also, there is a big advantage in having a dedicated beam
line available.

Over the next three years we will require approximately two weeks of beam time
per year at the SuperHIL AC for these studies.
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Principal Investigators: Dr. Daniel Dietrich and Professor J. Silver
Lawrence Livermore National Laboratory and Oxford University

The LLNL heavy ion spectroscopy group has studied relativistic and quantum
electrodynamic effects in very highly ionized atoms with a particular emphasis on multi-
electron effects. To accomplish this we have focused primarily on the n=3 to 2 radiation
from neon-like ions. We have also studied the n=2, An=0 transitions in lithium- and
helium-like ions by observing the XUV radiation emitted by both fast ions and recoil ions.
In addition we have, with the University of Oxford, developed what promises to be the
best technique for the future of precision ground-state Lamb-shift measurements in
hydrogenic systems.

1) Experiment: We have developed a unique dual Johnann crystal spectrometer which
allows broad spectral coverage (25° < @Bragg < 65°) while at the same time maintaining
excellent precision (=100 ppm or 1 eV out of 10 keV). This spectrometer has allowed us to
do pioneering work in the field of precision multielectron spectroscopy. We also have used
this instrument, with the Oxford group, to perform the first simultaneous observation of
Lyman a (n=2 to n=I) and Balmer B (n=4 to n=2) in any ionized hydrogenic system. For
the lithium-like measurements we have used a 2 meter grazing incidence spectrometer,
observing radiation from a fast beam, and the helium-like work was done with Oxford
University by observing recoil ions with their one meter vacuum ultraviolet normal
incidence spectrometer. We are also attempting to improve the precision of our hydrogenic
measurements by utilizing axial observation on both fast ion and recoil ion sources.

2) Theory: When the neon-like measurements were first made the experimental
uncertainties were several times better than estimates of the theoretical accuracies.
However, in the last few years the calculations have been improved and there appears to be
a significant discrepancy arising in the treatment of the self energy of a strongly bound
electron in a multi-electron environment. The hydrogenic theory is felt to be accurate to 25
times the best current experimental uncertainties, hence the effort to improve on hydrogenic
techniques.

3) Future work: In addition to continuing the above mentioned work we are starting a
program to understand population mechanisms by the simultaneous use of high resolution
photon and electron spectroscopy. The aim of this work is to develop new techniques for
measuring cross sections for elementary electron-ion interactions.



Principal Investigator: Dr. Harvey Gould
Lawrence Berkeley Laboratory

We measured electron capture and loss cross sections for Pb (Z=82) and Xe (Z=54)
ions in nitrogen. Cross sections for xenon charge states from 21+ to 45+ were measured
and Pb cross sections from 35+ to 70+ were measured. Energies from 2.4 MeV/u to 8.5
MeV/u were used. We determined the energy dependence and charge state dependence of
the cross sections and compared capture and loss cross sections with semi-classical theory.

The results of these measurements were used to determine the vacuum requirements
for the Bevalac vacuum liner. We found that it would be possible for the Bevalac to
accelerate lower charge state ions than had previously been thought. This mode of
operation yields much higher intensities and is now the standard tuning mode for many
experiments,

The techniques and equipment developed in this experiment were later used for
Bevalac experiments on relativistic few electron uranium.
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Principal Investigator: Professor W. E. Meyerhof
Stanford University

Work at GSI has shown that in U + Th, U + Ta, U + U reactions near 6 MeV/u, at
least three e+e- lines are found which appear to originate from the decay of a neutral
particlé. Theoretically, two- or three-photon decay of this particle should also be possible.

Our main program at the SuperHILAC is a search for 180°-correlated, equal
energy, two-photon events in 6 MeV/u U + Th and similar heavy-ion reactions.

A year ago, a search with two detector pairs from the Stephens-Diamond HERA
array set an upper limit for any correlated two-photon decay. Repetition of this experiment
with seven detector pairs and with longer running time, yielded a summed energy line at
1062 % 1 keV which meets all the criteria for two-photon decay of a neutral object moving
with a mean velocity equal to the c.m. velocity of the nuclear collision, and a velocity
spread approximately 1/3 of this value. In our next experiment, we will examine at least
one other system and search for the 1062 keV line. If it is found, we will start to determine
its excitation function. Unfortunately, each "point" takes approximately two weeks of
SuperHILAC time.

As part of our regular high-energy atomic physics research, we studied the
ionization and capture processes of highly charged Ca ions (Ca20+,19+18+) from the
SuperHILAC passing through various gases. By measuring the charge distribution
emerging from the target region in coincidence with K X-rays from the projectile and the
target, special processes could be selected which present a more severe test of theory than
total cross sections. In future experiments, we intend to determine the impact parameter
dependence of ionization and capture processes. '



Exotic Nuclei

Principal Investigator: Dr. A. Ghiorso
Lawrence Berkeley Laboratory

SASSY II is a second generation gas-filled magnetic separator. It is designed to
isolate evaporation residues made with minuscule cross sections. The chief objective to be
addressed by this instrument is the continued exploration of the region of the heaviest
elements; for this reason it is mandatory to attain an overall detection efficiency that
approaches 100% since the cross sections that will be encountered range from 10-33 cm? to
below 10-36 cm2, The separator is essentially completed and is now undergoing various
tests and calibrations with various heavy-ion reactions that have relatively large cross
sections (~10-30 cm?),

There is an extensive region of the heaviest elements that is accessible to SASSY IL
This region is important because there is now good evidence which indicates that the
fission barriers of the heaviest nuclides are not decreasing as rapidly as previously
predicted and as a consequence many unknown nuclides should be accessible with a high
efficiency instrument. This clearly means that beam currents of very high intensity must be
used, i.e., one particle microampere or more, so that such experiments can be made in
reasonable times. In this country only the SuperHILAC is presently capable of delivering
the necessary high currents of the medium weight heavy ions.
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Principal Investigator: Professor D.C. Hoffman
Univ. of California, Berkeley and Lawrence Berkeley Laboratory

Research at the SuperHILAC has been directed toward the use of deep inelastic
transfer and "cold fusion" processes to produce new isotopes or elements and to obtain an
understanding of the mechanisms involved. Reactions of Kr and Xe projectiles with heavy
actinide targets such as 248Cm and 249Cf have been investigated. Determination of the
mass-yield distributions in the reactions of 40Ar, 84Kr, and 130Xe ions with 238U led to the
confirmation of the deep-inelastic transfer process. A detailed search for Superheavy
Elements in a number of reactions (such as 248Cm + 48Ca) was made. A thorough
investigation of spontaneous fission activities in the region of element 100 to 105 has also
been made. These studies were the basis for the Ph.D. dissertations of Kenton J. Moody,
Robert Welch, and K. E. Gregorich.

Comparisons of actinide production via transfer reactions between 40Ca and 48Ca
projectiles with 248Cm targets are being made using radiochemical separation techniques to
see if production of neutron-rich heavy element products could be enhanced by use of the
neutron-rich projectile 48Ca. To date it appears that 48Ca is no more effective than 180 for
products up to 4 atomic numbers larger than the target, but additional studies will be
required.

New studies of electron-capture delayed fission will be undertaken at the
SuperHILAC on the neutron deficient isotopes of Am. These studies complement work
(on light Bk isotopes) currently underway at the 88-Inch Cyclotron. In both cases, the
nuclei of interest are separated from other activities by fast radiochemistry, and their decay
is observed by various correlation techniques. These two studies should allow us to
conduct investigations into the systematic behavior of delayed fission processes.



Principal Investigator: Dr. J. M. Nitschke
Lawrence Berkeley Laboratory

A total of 24 new B-delayed proton precursors and several new y emitters and new
decay branches in the region of 56 < Z < 72 and N < 82 have been identified with the
OASIS on-line mass separator facility at the SuperHILAC. Proton spectra and half-lives
were measured for all precursors. Additional properties determined for many of the
isotopes include spins and parities of the precursors, final state feedings, proton branching
ratios, (QgC-Sp) energy differences, and new levels in the proton decay daughters. Mixed
R-delayed proton decay from precursor isomers and ground states has been observed. The
proton decay has been compared to statistical model calculations using Gamow-Teller (GT)
B-strength functions obtained from RPA calculations with Nilsson model wave functions.
For the N = 81 precursors 151Yb, 149Er, and 147Dy, pronounced structure in the proton
spectra has been observed. An interpretation of this structure in the framework of
"doorway" states is proposed.

With the completion of the high rigidity E42 beam-line at the SuperHILAC a new
component will be added to the OASIS experimental program: The production of neutron
rich isotopes via deep inelastic collisions (DIC's). During the next running period the
production of the new isotopes 174Er and 171Ho with beams of 176Yb or-186W will be
attempted. Later, in collaboration with the astrophysics group, a search will be made for a
high spin isomer in 189Lu that could play an important role in the nucleosynthesis of
nature's rarest isotope 180mTa, again using DIC's with 186W on nalW. In the longer term
future, after having gained some experience with this production method, it is planned to
synthesize new actinide isotopes using 238U beams.

An instrument of great importance for future research with OASIS is the new Total
Absorption Spectrometer (TAS). It will allow the measuremen.t of masses and beta-
strength functions specifically of proton-rich nuclei. It will have limited precision due to
the use of Nal(T1), but high sensitivity because of its near 4 geometry. The measurement
of beta-strength functions is particularly important since it determines, in a completely
decoupled way, the entrance channel for beta-delayed proton decay. Presently a theoretical
Nilsson/RPA model by J. Krumlinde and P. Moller is used, which is in dire need of being
checked experimentally. '

The OASIS group consists presently of two graduate students, one post-doc and a
group leader. Collaborations are entertained with researchers from ORNL, U. of South
Carolina, LLNL, U. of Lund (Sweden), and Soreq (Israel).
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SUNY Stony Brook Group
Principal Investigator: Professor J.M. Alexander

J. M. Alexander

G. Auger ,Orsay

H. Delagrange, GANIL

D. Guerreau, GANIL

S. Kox, Grenoble

M. Rajagopalan, industrial position

M. F. Rivet, Orsay

L.C. Vaz

N. N. Ajitanand, Babha Atomic Research Centre, India
D. M. de Castro Rizo, CNRS, France

Collaborators and Visitors
G. Gilfoyle, University of Richmond

L. Kowalski, Montclair State University
P. DeYoung, Hope College
M. Kaplan and Group, Carnegie-Mellon

Graduate Students

J. Boger, current student

A. Elmaani, current student

R. Lacey , Ph.D., 1987

A. Narayanan, current student

G. F. Peaslee, Ph.D.1988, LBL

E. Duek, Ph.D 1983, Brookhaven National Lab



Carnegie-Mellon University Group
Principal Investigator: Professor M. Kaplan

M. Kaplan

M. Kildir, Middle East Tech. Univ. Ankara
D. Eriksen, University of Oslo, Norway
G. La Rana, University of Naples, Italy

D. Logan, IMB Corp.

L. Kowalski, Montclair State College

Collaborators and Visitors

P. DeYoung, Hope College

N. Carjan, CENBG, Bordeaux, France

G. Gilfoyle, University of Richmond

R. McDonald, LBL

M. McMahan, LBL

M. Zisman, LBL

D. Popescu, University of Pennsylvania

N. Ajitanand, Babha Atomic Research Centre, India
J. Alexander and Group, SUNY, Stony Brook

Graduate Students
D. Moses, Ph.D 1985, Carnegie-Mellon

W. Parker, current student
R. Welberry, Industrial Position
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Moretto/Wozniak Group, Lawrence Berkeley Laboratory
Principal Investigators: Professor L.G. Moretto and Dr. G.J. Wozniak

L.G. Moretto

G.J. Wozniak

R.J. McDonald

M.A. McMahan _

R.J. Charity, GSI Darmstadt

D.J. Morrissey, Michigan State

G. Guarino, Univ. of Bari, Italy

L.G. Sobotka, Washington Univ., St. Louis

Collaborators and Visitors
H. Han,Inst. of Atomic Energy, Beijing

K. Jing,Inst. of Atomic Energy, Beijing

Z. Liu,Inst. of Atomic Energy, Beijing

H. Gu,Shanghai Inst. of Nuclear Research
Z. Yao,Shanghai Inst. of Nuclear Research
C. Signarbieux, CEN, Saclay

M.N. Namboodiri, LLNL

D. Sarantities, Washington University

W. Meyerhof and Group, Stanford

R.M. Diamond and Group, LBL

Graduate Students

D.R. Bowman, current Student

L.G. Sobotka, Ph.D. 1984, Washington U.

M.L. Padgett, industrial position

A.J. Pacheco, Ph.D, 1983, Commision of Atomic Energy, Argentina



University of Rochester (Schroder / Huizenga) Group
Principal Investigators: Professors W.U. Schroder and J.R. Huizenga

J. R. Huizenga

W. U. Schroder

W. W. Wilcke, IBM

J. Birkelund, Eastman Kodak

I.M. Govil, Chanditarh Univ, India
W.P. Zank

D.S. Pade

J Toke

Collaborators and Visitors:

Prof. V. Viola and Group, Indiana University

Prof. A. C. Mignerey and Group, University of Maryland
D. Hilscher, HMI, Berlin

Hermann Rossner, HMI, Berlin

Graduate Students
E. Tubbs, Ph.D.1982
P. Kosky, Ph.D. 1984
A. Butler, Ph.D.1985 , Xerox
M. Schmieder, Ph.D. 1986 Dornier, Germany
S. Datta, Ph.D. expected 1988
A. Janick, industrial position
de Souza, Ph.D. 1987

L.
J.

M.
L.
S.

M.
R.T.

J. L. Wile, Ph.D. expected 1989
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Indiana/Maryland Group
Principal Investigator: Professor V. Viola

Indiana University
V. E. Viola

K. Kwiatkowski
R. Planeta

W. G. Wilson
L. Woo

niversity of Marylan
A. C. Mignerey

H. Breuer

F. Khazaie

Collaborators and Visitors
R. J. McDonald, LBL
M. A. McMahan, LBL
S. H. Zhou, Beijing, PRC

Indiana/Maryland Group Graduate Students

D. E. Fields, current student, Indiana University

S. Yennello, current student, Indiana University

S. Bradley,University of Maryland, Ph.D 1986, Industrial Position
W. Kehoe, current student, University of Maryland

C. Merouane,University of Maryland

A. Weston-Dawkes,University of Maryland, Ph.D, 1986

D. Benton, University of Maryland, Ph.D. 1985



University of Rochester (Cline) Group
Principal Investigator: Professor D. Cline

D. Cline

T. Czosnyka
C.Y. Wu

B. Kotlinski

Collabor. Visito

L. Hasselgren, University of Uppsala
C. Fahlander,University of Uppsala

A. Backlin,University of Uppsala

M. W. Guidry, University of Knoxville
J. de Boer, University of Miinich

C. Lauterbach,University of Miinich

R. M. Diamond and Group, LBL

J.O. Rasmussen, LBLL

Graduate Students
A.E. Kavka, Current student

W. Kernan,Current student

K. Helmer,Current student

E. Vogt,Current student

X. T. Liu, University of Knoxville

M. A. Soyer, LBL

L. E. Svensson, University of Uppsala

B. Varnestig, Ph.D, 1987, University of Uppsala



Diamond / Stephens Group, Lawrence Berkeley Laboratory
Principal Investigators: Dr. R. M. Diamond and Dr. F. S. Stephens

E.S. Stephens

R.M. Diamond _

M.A. Deleplanque ’ R

J.C. Bacelar, KVI, Groningen, Netherlands :

A.O. Macchiavelli, Commision of Atomic Energy, Argentina
J.E. Draper, Univ. of California, Davis

Collaborators and Visitors:

D. Cline and Group, Univ. of Rochester

D. Ward and Group, Chalk River

W.E. Meyerhof and Group, Stanford University
J.O. Rasmussen and Group, UC Berkeley
M.J.A. deVoigt, KVI Groningen, Netherlands
T.J. Tjgm, Univ. of Oslo, Norway

S.B. Patel, Univ. of Bombay, India

C. Schuck, CSNSM, Orsay

H. Kluge, HMI, Berlin

H. Lindenberger, HMI, Berlin

N. Bendjaballah, Univ. of Algiers, Algeria

S. Shih, Inst. for Nuclear Research, Shanghai, China
H. Hiibel, Univ. of Bonn, Germany

A. Holm, Niels Bohr Institute, Denmark

C. Ellegard,Niels Bohr Institute, Denmark

N. Johnson and Group, ORNL

L.G. Moretto and Group, LBL

J. H. Hamilton and Group, Vanderbilt Univ.

~ B. Herskind and Group, Niels Bohr Institute, Denmark
J. Burde, Hebrew Univ., Jerusalem

R.J. McDonald, LBL

raduate Student
A.O. Macchiavelli, Ph.D., 1984
E.L. Dines, Ph.D. Univ. of Calif. Davis,1985
E.M. Beck, Univ. of Bonn, Ph.D. expected, 1988
C. Duyer, Univ. of Calif., Davis



Western Michigan University Group .
Principal Investigators: Professors E. M. Bernstein and J.A. Tanis

E. M. Bemnstein
M. W. Clark
J. A. Tanis

Collaborator, Visit

W. G. Graham, University of Ulster

M. P. Stockli, Kansas State University

. H. McFarland, University of Missouri

. J. Morgan, Wesleyan University

. R. Mowat, No. Carolina Street University
. W. Mueller, Louisiana State University

. D. DuBois, Pacific Northwest

. H. Berkner, LBL

. J. McDonald, LBL
.S.
w

e

>PARATOA

Schlachter, LBL
. Stearns, LBL

—

.

LLNL / Oxford Group
Principal Investigators: Dr. D.D. Dietrich and Prof. J.D. Silver

D. D. Dietrich

P.O. Egan

C. J. Haliley

R.J. Fortner

R.E. Stewart

J. D. Silver, Oxford University
A. Siminovici,Oxford University

Collaborators and Visitors

J. P. Briand, University of Paris

M. Tavernier,University of Paris

S. D. Rosner, University of Western_Ontario
E. J. Finch, University of Dublin

D. Schnieder, H.M.I. Berlin

R. Marrus, UC Berkeley

R. J. McDonald, LBL

Graduate students :

C. T. Chantler, University of Oxford
A'F. McClelland, University of Oxford
W. A. Hallet,University of Oxford

J. M. Laming,University of Oxford

P. Indelicato, University of Paris

C.J. Foote, Univ. of Calif, Davis

G.A. Chandler,Univ. of Calif, Davis
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Atomic Physics (Gould) Group, Lawrence Berkeley Laboratory

Principal Investigator: Dr. H Gould

Harvey Gould
Jose Alonso

Stanford University Group
Principal Investigator: Professor W.E. Meyerhof

W. E. Meyerhof

K. Danzmann '

R. Anholt, private consultant

Noel Guardala

Ch. Stoller, Schlumberger Well Services
O.K. Baker, LANL

Collaborators and Visitors

S. Andriamonje, University of Bordeaux

J.-F. Chemin,University of Bordeaux

J. Eichler, HMI, Berlin

E. Montenegro, Pontifical Catholic University of Rio de Janeiro
E. Morenzoni, Swiss Institute for Nuclear Research

M. Nessi,Swiss Institute for Nuclear Research

W. Wolfli,Swiss Institute for Nuclear Research

J.-N. Scheurer, University of Bordeaux

X.-Y. Xu, Tsinghua University, Beijing

- Diamond and Stephens Group, LBL

Moretto/Wozniak Group, LBL

R. J. McDonald, LBL

B. S. Rude, LBL

L.G. Sobotka, Washington University

Graduate Students
J.D. Molitoris, Ph.D 1986, LLNL

D.W. Spooner
H. Hiilskotter,
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SASSY Group, Lawrence Berkeley Laboratory

Principal Investigator:

A. Ghiorso

M. Leino, U. of Helsinki, Finland
L.P. Sommerville

S. Yashita

Collaborators and Visitors:
P. Armbruster, GSI

G. Miinzenberg, GSI

Graduate Students

S. Yashita, Ph.D 1983

K. Moody, Ph.D 1983

L.P. Sommerville, Ph.D, 1982

Dr. A. Ghiorso

Hoffman / Seaborg Group, Lawrence Berkeley Laboratory
Principal Investigators: Professors. D. C. Hoffman and G.T. Seaborg

D. C. Hoffman
G.T. Seaborg
D.M. Lee

K.E. Gregorich
M.J. Nurmia

Collaborators and Visitors

H. von Gunten, Universitit Bern

G Herrmann, Kernchemie Universitit, Mainz
N. Trautmann,Kernchemie Universitit, Mainz
Jens Kratz, Kernchemie Universitit, Mainz

H Giggeler,Swiss Federal Institute

S. Chi, Atomic Physics Institute, Beijing

Graduate Students
R. Chadwick, Current student

C. Gannett, Current student

H. Hall, Current student

R. Henderson, Current student

J. Leyba, Current student

A. Turler, Swiss Federal Institute
Yoshimitsu Morita, Ph.D. (1983)

K. E. Gregorich, Ph.D 1985

Robert B. Welch, Ph.D (1985)

Rose Marie McFarland, Ph.D. (1982)
Patrick Lee McGaughey, Ph.D. (1982)
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OASIS Group, Lawrence Berkeley Laboratory
Principal Investigator: Dr. J. M. Nitschke

JM. Nitschke

P.K. Lemmertz GSI
R.B. Firestone

K. Vierinen

Collaborators and Visitors

K.S. Toth, Oak Ridge National Lab

N.M. Rao,Oak Ridge National Lab

Y.A. Ellis-Akovali, Oak Ridge National Lab ’
D.M. Moltz, LBL

F. T. Avignone, III, University of North Carolina
M. D. Cable, LLNL

K. Takashashi,LLNL

P. Méller, Lund University, Sweden

J. Gilat, Soreg, Nuclear Research Center

D. C. Sousa, Eastern Kentucky University

W.-D. Zeitz, HMI, Berlin, Germany

Graduate n
P.A. Wilmarth, Ph.D expected, 1988
R. Chasteler, current student



Publications related to the LBL SuperHILAC (1982-87)

Stony Brook (Alexander) Group Alone
Principal Investigator: Prof. J. Alexander

J.M. Alexander, H. Delagrange, M. Rajagopalan, M.F. Rivet and L.C. Vaz: Anomalous

Behavior of Evaporative H/He from 194Hg Compound Nuclei. Z. Phys A307, (1982),
149-158

L.C. Vaz, D. Logan, J.M. Alexander, E. Duek, D. Guerreau, L. Kowalski, M.F. Rivet,

and M.S. Zisman: Products of 3<7<9 from Long-Lived Intermediates in the Reactions
336 MeV 40Ar + Ag 154Sm and Au. Z. Phys. A311, (1983), 89-98.

E. Duek, L. Kowalski, and J.M. Alexander: The Code LINDA: A Monte Carlo Reaction

Simulation for Correlated Fragments and Evaporation Residues Formed in Nuclear
Reactions. Computer Phys. Communications 34, (1985), 395-413.

- N.N. Ajitanand, R. Lacey, G.F. Peaslee, E. Duek, and J.M. Alexander: GANES: A
Computer Program for the Simulation of Light Particle Evaporation in Heavy Ion
Reactions. Nuclear Instruments and Methods in Physics Research, A243, (1986), 111-
120.

Carnegie-Mellon (Kaplan) Group Alone
Principal Investigator: Professor M. Kaplan

M. Kaplan, D.J. Moses, D.O. Erikson, M. Kildir, D.R.G. Logan, M.S. Zisman, and

R.J. McDonald: Light Charged-particle Emission and Fission in 238U + 213[1 Collisions
at 1740 Mev., Z. Physik A313(1983) 31

Alexander & Kaplan Groups Together:
Principal Investigators: Professors J. Alexander and M. Kaplan

M. Rajagopalan, D. Logan, J.W. Ball, M. Kaplan, H. Delagrange, M.F. Rivet, J.M.
Alexander, L.C. Vaz, and M.S. Zisman: Charged Particle Emission from 194Hg

mpound Nuclei: Energy an in Dependen f Fission- Evaporation Competition,
Phys. Rev. C25, (1982), 2417-2429.

M.F. Rivet, D. Logan, J.M. Alexander, D. Guerreau, E. Duek, M.S. Zisman, and M.

Kaplan: Energy Equilibration in Composite Nuclei at High Energy and Spin:

Correlations Between Evaporative 1H, 4He. and Fission. Phys. Rev. C25, (1982),
2430-2449.

M. Kildir, D. Logan, M. Kaplan, M.S. Zisman, D. Guerreau, J.M.Alexander, and L.C.
Vaz: Studies of 4He Emission in Both Fusion-Like and Inelastic Reactions of 340 MeV

40Ar + 238U. Z. Phys. A306, (1982), 323-334.
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E. Duek, L. Kowalski, M. Rajagopalan, J.M. Alexander, D. Logan, M.S. Zisman, and
M. Kaplan: Correlations B n Fission Fragments for 172 MeV 20N Au; A

Case Study for Incomplete Fusion. Z. Phys. A307, (1982), 221-235.

E. Duek, L. Kowalski, M. Rajagopalan, J.M. Alexander, T.W. Debiak, D. Logan, M.
Kaplan, M.S. Zisman, and YLeBeyec Coincidence Studies of Heavy Frggmgn; Pairs in

; ¢ Reaction 343 MeV 40Ar + 197Au. Z. Phys. A307, (1982), 237-245.
E. Duek, N.N. Ajitanand, J.M. Alexander, D. Logan, M. Kildir, L. Kovx_'alski, LC

- Vaz, D. Guerreau, M.S. Zisman, and M. Kaplan: New f Interm

Times: Near-scission Emission of 4He for 334 MeV 40Ar + 238(J,  Physics Letters B131
(1983) 297

- M. Kaplan, M. Kildir, N.N. Ajitanand, J.M. Alexander, and E. Duek: Pre-and Near

Scission Emission of Particles in Heavy Ion-Induced Fission. Phys. Rev Lett. 51,
(1983), 1492.

N.N. Ajitanand, J.M. Alexander, H. Delagrange, E. Duek, D.O. Eriksen, D. Guerreau,
M. Kaplan, M. Kildir, L. Kowalski, R. Lacey, D. Logan, D.J. Moses, G. F. Peaslee,
L.C. Vaz, and M.S. Zisman: 1tipliciti I rative 4He Emission in Hi n
Reactions: Relationships to Spin and Lifetime Expectancy of the Composite Nucleus. Z
Phys. A316, (1984), 169-176.

E. Duek, N.N. Ajitanand, J.M. Alexander, D. Logan, M. Kildir, L. Kowalski, L.C.
Vaz, D. Guerreau, M.S. Zisman, M. Kaplan and D.J. Moses: Mechanisms for

Emission of 4He in the Reactions of 334 MeV 40Ar with 238U. Z. Phys. A317,
(1984), 83-99.

M. Kildir, D. Logan, D.O. Eriksen, D.J. Moses, M. Kaplan, E. Duek, L.C. Vaz, N.N.

Ajitanand, and J.M. Alexander: Fission Reactions of 469-MeV 56Fe + 238U. Z. Phys.
A317, (1984), 83-99.

D.J. Moses, M. Kaplan, J.M. Alexander, D. Logan, M. Kildir, L.C. Vaz, N.N.
Ajitanand, E. Duek, and M.S. Zisman: Particle Spectra from Reversed Kinematics:

Powerful Probes of Hot Rotating Nuclei. Z. Phys. A320, (1985), 229-236.

N.N. Ajitanand, G. La Rana, R. Lacey, D.J. Moses, L.C. Vaz, G.F. Peaslee, D.M. de
Castro Rizzo, M. Kaplan, and J.M. Alexander: Clues to the Shapes of Very Hot Nuclei:

Calculated Patterns for Evaporative Emission from Deformed Nuclei. Phys. Rev. C, 34,
(1986), 877-889.

R. Lacey, N.N. Ajitanand, J.M. Alexander, D.M. de Castro Rizzo, G.F. Peaslee, L.C.
Vaz, G. La Rana, M. Kaplan, D.J. Moses, W. Parker, D. Logan, and P. DeYoung:
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Professor A. Mignerey, Univ. of Maryland: Professor Mignery's publications are listed
along with those of Professor Viola with whom she worked as a collaborator.

Drs. David Ward and H.R. Andrews and group, Chalk River: This group worked in close
collaboration with the Diamond and Stephens group, and their publications are included
there.
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