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Report to the Users of ATLAS

The full ATLAS system has now been
in operation for more than a year, and
many successful experiments have been
performed with the machine. As the
capability of the system improves, there
is a steadily increasing demand for
running time. Insofar as the accelerator
itself is concerned, the main technical
activity now is the Uranium Upgrade, a
project aimed at extending the mass range
up to the heaviest ions and increasing
beam intensity by two orders of magnitude
for all Ions. All aspects of this work
are progressing on schedule, and we expect
to be ready to start using the first part
of the new injector linac in less than two
years. For the experimental system, our
highest priority now is construction of a
Fragment Mass Analyzer (FNA), which is
awaiting approval by DOE. The combination
of the FMA and the positive-ion injector
of ATLAS are expected to enhance the
research capabilities of the facility
enormously.

I. ATLAS OPERATION AND DEVELOPMENT

A. Operating Experience and Schedule

During 1986, the first year of
operation of the full ATLAS system, the
accelerator was operated on a regular
schedule of 5.5 days of running time per
week. In addition to this scheduled time,
the operation was often extended through
the weekend if needed to make up for
unscheduled down time during the week.
This mode of operation has proved to be
quite effective in allowing users to
complete planned research. However,
financial limitations made it impractical
to enlarge the ATLAS operating 3taff dur-
ing 1986, and consequently the scheduled
running time was not extended to 6 days
weekly, as had been planned. Moreover, it
is not clear that we will be able to
achieve this objective during 1987.

The operation of ATLAS was inter-
rupted in 1986 by two periods of scheduled
down time required to make technical

improvements. One of these improvements,
the installation of an external contam-
ination trap on a helium refrigerator and
a modification of a helium distribution
line, led to unexpected thermo-acoustical
oscillations in the linac, and It took
several weeks to track down and eliminate
this subtle problem. In addition, various
new auxiliary components (such as pulsers
for the VCX fast tuners) failed at an
alarming rate until the weaker elements
were eliminated. In spite of such diffi-
culties, however, ATLAS ran remarkably
well during its first year of operation.

Looking toward the future, we fore-
see almost no need for long periods of
down time until 198'3. The only such
interruption now planned for 1987 is the
installation of a third refrigerator in
September 1987, which may disturb the
accelerator system for about three weeks.
During most of 1988, the accelerator will
also be operated almost continuously for
research. The first planned major inter-
ruption will be in late 1938, when the
Phase I Positive-Ion Injector will be
ready for testing (see Section II).

B. Summary of Recent Accelerator
Improvements

ATLAS is a complete accelerator
that is being operated routinely and
effectively for research. Nevertheless,
to the extent that the operating schedule
permits, many parts of the accelerator are
being steadily improved.

(1) New Beam Sweeper at ATLAS.
A new pulse-removing beam sweeper

has been installed at a location just up-
stream of the ATLAS linac. The new
sweeper is capable of transmitting
selected pulses from the beam when the
pretandem buncher is operating with a
fundamental period of 82.4 ns. The system
was designed to allow the experimenter to
choose the beam-pulse period to be used in
an experiment with complete freedom. That
is, the pulse-removal rate can be as high



as half the incident pulse rate (-12 MH2.)
to as low as one pulse transmitted with an
infinite period between pulses. The
sweeper can be used for experiments at
either Target Area II or Area III.

The sweeper has already been used
in a number of experiments during the past
six months with pulse transmission rates
as high as one in every third pulse, i.e.,
a beam-pulse period of 237.2 ns on target.
The mode in which every other pulse is
transmitted (beam periods of 164.8 ns) has
not been demonstrated so far. This mode
requires a slightly different operating
configuration for the sweeper from all
other modes. Therefore, any group which
would like to make use of this higher duty
cycle should contact the User Liaison
Physicist to discuss their needs and
should plan some additional time in their
experiment to test the sweeper.

(2) Energy Measurement. The time-
of-flight energy-measurement system
described in previous reports continues to
be improved and is now generally accepted
as the primary source of information about
the beam energy. The system now provides
measurements that are continuous, non-
destructive, and accurate to about one
part in a thousand. The technique of
calibrating the device needs- further
refinement, however, in order to be able
to exploit the full potential of the

me thod.

(3) Tandem-Beam Analysis.
Initially the RF chopper in the beam line
was located immediately in front of the
tandem analyzing magnet, where it had no
impact on the spectrum seen by the magnet.
Consequently, there was considerable
difficulty in analyzing the complex charge
spectra associated with doubly stripped
heavy ions. This problem has now been
largely eliminated by moving the chopper
further up stream, where it serves as a
velocity filter that removes unwanted
charge states before the beam reaches the
second stripper.

(4) Tandem-Charging System.
Mechanical problems with the charging

chain of the tandem caused numerous tank
openings during 1986. Some of these
problems (caused by Idler wheels, etc.)
have been eliminated and all are better
understood now. Consequently, the charg-
ing system is not expected to cause much
loss of running time during 1987.

(5) Helium Refrigeration. A
shortage of helium refrigeration capacity
continues to be a limitation on the usable
accelerating field of the ATLAS linac.
This problem will be eliminated or at
least moderated in September 1987 when a
third helium refrigerator is installed.
This refrigerator will also cool the Phase
I injector linac when it comes on line.

During the initial operation of the
full ATLAS system, there was some diffi-
culty in controlling the operation of two
connected refrigerators that serve some-
what different functions. This problem
has now been solved by the design and
installation of a control system that has
removed the need for a human operator most
of the time. This good experience makes
us confident that the third refrigerator
can be connected to the cooling system
without much difficulty.

(6) Liquid-Nitrogen Control. The
liquid-nitrogen-control system associated
with the original booster linac has been
upgraded to the standard of the newer
ATLAS linac during the past year. This
improvement has reduced equipment failure
and resulted in a noticeable reduction in
liquid-nitrogen usage.

(7) Resonator Performance.
During 1986, the operating characteristics
of each on-line resonator was carefully
studied by measuring its Q as a function
of accelerating field. In a number of
units, the Q was found to be much smaller
than had been expected on the basis of
off-line tests. This low-Q behavior led
to the identification of several classes
of component failure. The most serious of
these is the breakage, caused by thermal
cycling, of the thin niobium material in
the neighborhood of ports for RF power
input and phase control. This problem has



been fixed, and hopefully eliminated, by
modifying the mechanical design of the
ports. However, some units that have not
yet experienced this kind of failure are
expected to do so in the future, since
some of the failed units had been in
operation for about seven years before
they failed. An experience like this
makes us glad that we have only 13.3 m of
active length to worry about!

Other problems identified by the Q
measurements were component failures and
design flaws in the RF input and output
probes and in the VCX fast tuner. Design
changes have greatly reduced the power
losses in the input and output probes.
However, the upgrading of the fast tuner
is a more difficult problem that requires
some off-line developmental effort, partly
because of recent changes by the manufac-
turer of the PIN diodes that are the
cri t ical element of the device. The
required developmental work is now in
progress.

(8) Accelerator-Control System.
There is a continuing effort to develop
and perfect the computer-based system that
controls ATLAS and its beam lines. One
feature of special interest is a program
that routinely monitors the operating
phase of each resonator. This program has
detected changes in phase that occasion-
ally cause a change in the operating
energy, a phenomenon that was previously
unexplained.. The mechanism for this
Infrequent effect is s t i l l being
investigated.

C. Long-Term Improvements in Progress

(1) Beam Bunching. We are contin-
uing to try to improve al l aspects of
beam-bunching technology. This is requir-
ing a step-by-step refinement of all parts
of the accelerator: ion-source operation,
low-energy beam bunching, linac tuning,
rebuncher performace, diagnostic techni-
ques, and al l parts of linac control that
influence operational stabili ty. The
technical improvements and understanding
resulting from this effort are beneficial,
of course, for all aspects of accelerator

operation.

Steady progress is being made in
the quality of pulsed beams delivered to
users. The narrowest pulses obtained now
are 120 ps for l60 and 150 ps for 581U
beams. This level of bunching is turning
out to be extremely valuable in a variety
of fast-timing measurements.

(2) Linac Maintenance. Ever since
our linac began to be in demand as a
research tool, i t has been difficult to
maintain resonators in optimum condition
because of the relatively long time (-10
days) required to enter a cryostat and
then return i t to operation. This problem
will be greatly diminished in late 1987
when an extra linac section (cryostat and
its resonators) is completed. The per-
formance of this extra section will be
perfected off line and then, while s t i l l
cold, i t will be quickly interchanged with
an on-line unit that needs maintenance.
In this way, about half of the linac will
be brought up to a high standard of per-
formance each year. This capability of
interchanging linac sections is important
not only because i t will permit malfunc-
tions to be corrected but also because, as
the technology advances, i t will allow the
whole linac to be gradually upgraded
without a significant loss of running
time.

(3) Parasitic Beams. At the ATLAS
User's Workshop on October 2, 1986, there
appeared to be a strong consensus that
ATLAS should have a parasitic-beam
capability. After some study of user
requirements and technical possibilities,
we have concluded that what is needed, and
what is technically possible, is a systern
of parasitic beams designed to provide a
wide variety of capabilities. Ideally,
such a system might include (a) several
special-purpose facili t ies with low-
intensity CW beams, (b) a facility for
detector development, (c) sharing of beam
between Areas II and I I I , and (d)
micropulse-by-micropulse deflection of the
beam into several of the widely-used beam
lines in Area I I I .



A comprehensive system such as
outlined above has not been practical
heretofore because (a) the bearas available
from the tandem are too weak and (b) some
of the required technology has not
existed. However, the positive-ion
injector for ATLAS will remove both of
these obstacles: the available beam
intensity will be more than can be used in
most experiments and the superconducting
resonators being developed for the injec-
tor llnac could (with a modest change in
design) serve as RF beam deflectors with
exceptional capabilities. Based on these
major advances that are just around the
corner, an attractive conceptual design of
a pulse-by-pulse beam separator has been
developed.

The study of the concept of a
system of parasitic beams if still in
progressE with continuing discussions of
user needs and investigations of technical
questions. Tentatively, our plan is to
develop one or two inexpensive and limited
parasitic-beam capabilities during 1987
and 1988 and, simultaneously, to prepare a
proposal for a comprehensive parasitic-
beam system to be built with later
funding. If anyone is especially
interested in this subject or has need for
a specialized low-intensity parasitic-beam
facility, please contact Bruce Glagola
(312-972-3890).

II. THE URANIUM UPGRADE OF ATLAS

The objective of the uranium
upgrade of ATLAS is to extend the mass
range of projectiles up to uranium and to
increase the beam intensity by at least
two orders of magnitude for all ions.
This will be achieved by replacing the
present ATLAS injector, a tandem
electrostatic accelerator and its
negative-ion source, with a positive-ion
source and a new form of superconducting
injector linac. Since this new approach
is expected to preserve all of the good
qualities of the tandem beam, we believe
that the uranium upgrade will give ATLAS
unique capabilities for research with
heavy-ion projectiles having energies in
the neighborhood of the Coulomb barrier.

Detailed plans for the positive-ion
injector for ATLAS have been developed
during the past year. The layout of the
system is shown in Fig. 1. The source
will be an electron cyclotron resonance
(ECR) source on a 350-kV voltage plat-
form. Both mass analysis and a first
stage of bunching will be carried out on
the voltage platform. A second-stage
buncher will be added in front of the
linac, at ground potential. The source,
which will be ready for testing by the
summer of 1987, will be the first ECR
source operated at high potential.

The injector linac being built to
accelerate the low-velocity ions from the
ECR source will consist of an array of
four different kinds of independently-
phased superconducting structures, all
having 4 accelerating gaps formed by 3
drift tubes. These four classes of units
are sized to be optimum for projectiles
with relative velocities 3 of 0.009,
0.015, 0.023, and 0.037. The first three
of these types will operate at 48.5 MHz
and the last type will operate at 3/2 x
48.5 « 72.75 MHz. In total, the injector
linac will have 18 resonators.

Construction of the positive-ion
injector will be carried out in three
phases. In Phase I, the goal is to build
a small but useful prototype system
consisting of a 3-MV linac and an ECR
source on its voltage platform. The linac
will have just 5 resonators, all but one
of which are being built as prototype
units. The overall length of the linac
will be only 10 ft. Because of the high
charge state of ions from the ECR source,
even this tiny system will be superior to
the present FN tandem as an injector for
ions with A > 40 and will be vastly
superior for two classes of ions: (a)
those (such as calcium) that are difficult
to make with a negative-ion source and (b)
those with A > 80. Phase I will be com-
pleted in late 1988 or early 1989 with
funds now available.

Because of its limited accelerating
power, the Phase I linac will be useful
only for ions with A < 130. In Phase TI,
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Fig. 1. Layout of the positive-ion injector in relationship to the present tandem-linac system.



this upper limit will be extended to
A •" 190 by the addition of seven more
resonators. The availability of energetic
ions in the upper half of the periodic
table will greatl;' strengthen most of the
experimental program by making it feasible
to use inverse reactions (heavy projec-
tiles on light targets). FY 1988 funding
is required for this work.

In Phase III, the objective is to
enlarge the linac enough so that uranium
ions can be accelerated up to the velocity
required for acceptance by ATLAS. This
will be done by adding six more resonators
with funding requested for FY 1989. Our
goal is to complete the work by late 1990.
The resulting 12-MV injector will enable
ATLAS to provide high-quality uranium
beams up to energies of about 8 MeV/A. In
view of the good beam quality, high inten-
sity, easy energy variability, and contin-
uous (CW) character of these beams, ATLAS
will be the ideal machine for the study of
nuclear phenomena involving very heavy
projectiles near the Coulomb barrier.

A primary requirement for the
positive-ion injector is to provide output
beams with quality that is as good or
better than that for beams from the
present tandem injector. Realistic ray-
tracing calculations carried out during
the past year have shown that this re-
quirement can be met. An important
advantage for the injector linac is that
it does not suffer the beam-quality
deterioration associated with the
stripping foil in the tandem terminal.

Work on the positive-ion injector
is proceeding on a broad front, including
construction of the ECR source and its
voltage platform, resonator development,
cryostat design, cryogenic-system design
and fabrication, improvements in phase-
control technology, and building modifi-
cations. Of these, the most notable
progress has been made on the ECR source
and on resonator development. Assembly of
the source will start soon with the goal
of testing it this summer. In linac
development, prototypes of two of the four
classes of resonators required for the

injector linac have been completed and
have demonstrated 6utstanding performance,
and a third type bf unit is being
fabricated. The first of these prototypes
is pictured in Fig. 2.

More details about the progress of
this work will be given in our next issue
of this newsletter.

III. PROGRAM ADVISORY COMMITTEE (PAC)
MEETING

The Program Advisory Committee
(PAC) for ATLAS met on October 4, 1986 at
Argonne to evaluate proposals submitted
for the period January 1 - May 31, 1937.
The PAC members are B. B. Back (ANL), D.
P. Balamuth (U. of Pa.), D. Cline (U. of
Roch.), C. L. Cocke (KSU), J. D. Fox
(FSU), T. L. Khoo (ANL) and L. G. Moretto
(LBL). The Committee is chaired by J.
Schiffer, Scientific Director of the
facility. Of the 133 days requested, 121
were for 29 experiments and 12 were for 3
development runs. A total of 80 days were
recommended for scheduling. Copies of the
approved proposals can be found in the
Physics Reading Room (G wing) and the
ATLAS User Room.

The dates of the next call for pro-
posals and PAC meeting will be decided
upon in the next several weeks. Persons
interested in obtaining information re-
garding the accelerator and the research
facilities at ATLAS should contact Bruce
Glagola [(312)972-3890].

IV. WORKSHOPS

A User Group Workshop was held on
October 2, 1986 in conjunction with an
"Open" PAC meeting and the regular PAC
meeting. The meeting was attended by 79
scientists. The purpose of the meeting
was to consider the experiments which will
be made possible with tbe very heavy beams
available from an upgraded ATLAS. In
addition, there were discussions on the
improvements and additions to ATLAS and
the experimental stations. In particular,
discussions were held about the status of
the proposed Fragment Mass Analyzer



Fig. 2. Ken Shepard with the first prototype of his superconducting
interdigital accelerating structure. The snlit-ring resonators
now used in ATLAS are on the left.



for ATLAS, the need for parasitic beams,
and status reports of the accelerator
Improvements and experimental stations.
The speakers at the workshop were T.M.
Cormier, R.C. Pardo, L.M. Bollinger, D.
Cllne, L.G. Moretto, H. Esbensen and R.W.
Dunford. The meeting was characterized by
very lively participation and contribution
from the attendees. On October 3, 1986
the first ATLAS "Open" PAC meeting was
held to provide the PAC members and users
an opportunity to review the status of the
various experimental programs at ATLAS.

A workshop on the subject of
"Opportunities for Atomic Physics using
Slow, Highly-Charged Ions" was held on
January 12-13, 1987 at Argonne. The
meeting was attended by 52 scientists.
The focus of the meeting was twofold: The
first day was devoted to a vigorous dis-
cussion of the physics questions which
could be addressed by such research while
the second day was devoted to tha tech-
nological issues of the various methods
for producing such ion beams. The latter
area included discussions of once-through
machines, advanced ion sources, recoil ion
techniques, ion traps, and cooler rings.
Persons interested in obtaining a copy of
the Proceedings of this workshop should
contact Bob Dunford [(312)972-4052].

V. ATLAS USER GROUP EXECUTIVE COMMITTEE

During the User Workshop nomina-
tions were accepted for the election of a
new Executive Committee. The election was
held two weeks after the meeting by mail
in ballot. The new ATLAS User Group
Executive Committee consists of T. M.
Cormier (U. of Roch.), J. J. Kolata (U. of
Notre Dame), C. F. Maguire (Vanderbilt
U.), and U. W. Schroeder (U. of Roch.).
As the past chairman T. Cormier serves one
additional two year terra. Shortly after
the election, the Committee appointed J.
Kolata as chairman. We would like to
thank F. Becchetti for his able services
on the past Committee.

VI. NOTES ON RUNNING AT ATLAS

facilities at ATLAS during an experiment,
a group that is coming to Argonne should
be sure to contact Bruce Glagola, User
Liaison Physicist, as early as possible.
This allows us to organize better the
availability of experimental equipment,
computers, electronics, technical support,
housing, etc. The User Handbook contains
a wealth of information that should be
consulted.

The housing facility at Argonne is
used quite heavily by the whole labora-
tory. The earlier a group contacts us
about a visit, the more likely it is that
we can reserve rooms in the on-site
housing. Also, the cafeteria began
serving hot breakfast 5 days a week, and a
limited menu is available for dinner in
Building 617. Unfortunately, there Is
still no food service on the weekends.

The main entrance to the laboratory
has been changed. The East Gate and old
reception center are closed. The main
access to the laboratory is now the North
Gate. The road leading to this gate is on
Cass Avenue just south of 1-55. The new
reception center is located just outside
of the Jiorth Gate.

In order to ease the approval and
scheduling of experiments at ATLAS please
be sure to check that you have COMPLETELY
filled out the data sheets on your pro-
posal. Failure to provide complete Infor-
mation can result in an experiment not
being approved by the safety committee at
ANL. If you have any questions regarding
this information please contact Bruce
Glagola.

VII. UPDATE OF THE USER HANDBOOK

The first update of the User Hand-
book is being mailed along with this
report. This update covers Section II on
the Technical Facilities. One very impor-
tant piece of information in the update is
Table I which covers the beams available
from ATLAS. Table I is reproduced on the
next page.

In order to best utilize the



Table I

Beams Available From ATLAS

Ion

6.7Li

10,U B

12,13C

160

17,180

19 F
2*Mg
2 7A1
28,30* S i

32,34,36S

35,37 C 1

4°Ca
48,50 T i

56,57 F e*

5*Co
58,60,62,64 N 1

63,65 C u

78,80,82s<5

79,80 B r

9 3 N b t

92,93,94,95,96,98Mot

107,109Agt

120 S nt

127-,-t

Maximum3

Energy
Area II

74

116

137

154

177

177

202

252

259

279

387

314

317

319

411

411

411

410

458

458

399

418

404 '

295

251

' (MeV)
Area III

107

176

206

236

270

270

308

394

404

435

448

488

492

495

652

652

652

649

730

730

637

675

635

401

335

Maximum Current®
at Maximum Energy

(pnA)

30

13

70, 30

3

50

9.0, 25.0

10

3

5

10, 5

16, 15, 0.8

12, 6

0.8

3.0, 0.2

1.0, 0.4

4

5, 2, 0.2, 1.3

3, 1

1, 2, 0.3

3.0, 2.4

2.0

0.1, 0.1, 0.1, 0.1, 0.1, 0.2

0.2, 0.2

0.1

0.6

aCotnmas are used to separate values for different isotopes.

*Isotopically enriched source material used. Arrangements should be made
by user.

+Beam8 that have been accelerated but are not considered routine.
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VIII. DAPHNE

The data acquisition system for
ATLAS, DAPHNE, continues to meet the needs
of the experimental programs of ATLAS.
Recent major software upgrades include
linearizations and a faster graphics
software interface for the Tektronics
4115B display terminal. Several copies of
the User's manual exist in draft form and
are available for the experimentalists in
the data room. The process of producing
the manual is converging and the manual
will soon be at the printers. Major
enhancements for the future include
SCATTERPLOTS, PAUSE/RESUME, and the
ability to produce a condensed output tape
from an input tape during replay.

DAPHNE has been installed on seven
computers which include three user sites,
U. of Michigan, U. of Kansas, and
Tennessee Tech. U. The process of trans-
porting a complex software system such as
DAPHNE is not without challenge, and
problems have been encountered, but it is
heartening to note that at U. of Michigan
where the computer configuration is
similar to that in the ANL Physics
Division the process did go smoothly.
Support, both by telephone and by modem,
has helped the users analyze the problems.

Plans are proceeding to place a
DAPHNE frontend on a microVAX II to serve
both as a replay station and a portable
data-acquisition station.

IX. EXPERIMENTAL FACILITIES

The three major experimental
facili t ies (the split-pole magnetic
spectrograph, the 36" general purpose
scattering chamber, and the the gamma-ray
facility) are operational and are being
continually updated. At the spectrograph
a new focal plane detector which can
handle high count rates (~ 20 kHz) has
been installed, and a Bragg curve detector
with high Z resolution is presently being
developed. The scattering chamber motions
are now fully computer controlled, and
control functions are being implemented

for various aspects of the spectrograph
set up. The status of the Argonne-Hotre
Dame BGO gamma-ray facility and the
proposed Fragment Mass Analyzer are
described below.

A. Status of the Argonne-Notre Dame
Gamma ray Facility

The f irs t phase of the Argonne-
Notre Dame Y-ray facility is now complete
and is being used in roughly a third of
the experiments at ATLAS. Currently there
are 8 Corapton-suppressed Ge detectors
(CSG) outside an array of 14 BGO hexagons.
When complete in the fall of 1987, there
will be 12 CSG's and a sum energy/multi-
plicity spectrometer with 50 BGO hexagons.
The hexagons are close to being ready and
the 4 remaining CSG's have been ordered.
For particle-gamma coincidence measure-
ments a small chamber was constructed by
the Tennessee Tech group, and at Argonne a
larger wedge-shaped scattering chamber is
being constructed and should be ready by
late summer. Facilities are also being
constructed for coincidence measurements
between the CSG's and the Enge split-pole
spectrograph.

Interesting results have already
been obtained with the instrument. Find-
ings include: octupole shapes in tieutron-
rich Ba isotopes produced in spontaneous
fission decay of "*Cf; a transition from
the oblate coupling scheme to a new
collective structure around spin 40 ft
along the yrast line of ^°Gd; a transi-
tion from prolate to oblate and a return
to collective character as the yrast spin
increases in 15*Dy; the tracing of the
gamma deexcitation pathway in "^Dy ancj
the accompanying structural change from
collective to aligned-particle states as
the cascade approaches ~ 1.5 MeV of the
yrast line; lifetimes for states with spins
up to 44 ft, using the Doppler-shift atten-
uation method; new states in fp-shell
nuclei from charged particle-gamma coinci-
dences; and results on the partitioning of
energy between the fragments arising from the
conjectured fusion-fission of 28Si + 2 8Si.
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8. Proposal for a Fragment Mass
Analyzer

A proposal has been submitted to
DOE for constructing a large-acceptance
Fragment Mass Analyzer (FMA) at ATLAS.
Both, ANL staff members and outside users
are involved in this project. The device
will be used to separate nuclear reaction
products from the beam and transport them
to a detector station at the focal
plane. Since the ions will be dispersed
in M/Q (mass/charge), measurements of
position, energy, and energy loss will
enable the nucleon number A and proton
number Z of the particles to be
determined. The solid angle of the FMA
will be quite large, approximately 10 msr,
and a large range of energies and masses
will be simultaneously accepted. The
properties of the FMA are well-suited to
the beams available from ATLAS currently
and in the future.

The versatility of the FMA permits
it to be used in a wide variety of scien-
tific applications. Its high transmission
makes it an ideal tool to search for
superheavy elements. Both neutron-
deficient and neutron-rich nuclei far from
stability can be produced and separated in
numbers sufficient to enable their masses
to be measured. With the FMA serving as a
mass filter in coincidence with detectors
at the target position, an entirely new
class of experiments becomes possible,
aimed at the study of weak nuclear
reaction channels. The FMA can also be
effectively used in the investigation of
many types of nuclear reactions, including
quasi-elastic scattering and transfer
reactions near the Coulomb barrier.

As part of the preparation o\" the
proposal, beam optics calculations using
the MIT program RAYTRACE have been per-
formed. The basis for the design was the
Recoil Mass Spectrometer presently being
built at the Laboratori Nazionali
di Legnaro (LNL) in Padova, Italy. The
FMA utilizes a quadrupole doublet as an
initial focusing element, followed by a
symmetric combination of electrostatic
dipole, magnetic dipole, and electrostatic

dipole. Sextupoles preceeding and
following the magnetic dipole are used,
along with curved magnet pole tips, to
provide second-order corrections.
These rotate the focal plane to a position
perpendicular to the optical axis and also
reduce the second-order energy-dependent
displacement.

The proposed device is approxi-
mately 8 meters in length, and can trans-
mit particles in an energy range of 4:20%,
with a simultaneous mass (actually M/Q)
range of ±5%. The mass resolution is
typically 1/280 for operating conditions
of 5 msr solid angle and 4;10% energy
range. The FMA will pivot about the
target to angles between -15 and +45
degrees.

One of the most outstanding fea-
tures of the proposed FMA is its ability
to make energy measurements using time-of-
flight. The time dispersion of the FMA is
<0.05% for particles of the same mass and
energy, providing an excellent match with
the pulsed beam properties of the ATLAS
accelerator (100-150 ps burst width).
Energy measurements with a precision of
0.1% can thus be made if the mass of the
particle is determined, for instance, by
its position on the FMA focal plane.

Considerable time has been spent in
investigating variations in the original
optical design, with the aim of improving
the performance of the device. Among
these are: a) using multipole lenses in
place of tha sextupoles to provide adjus-
table octupole corrections, b) reducing
the effective length of the first quad-
rupole by 33% in order to increase the
angular acceptance in the vertical direc-
tion, and c) reducing the target-to-first
quadrupole distance by a factor of two in
order to increase the angular acceptance
in the vertical direction. Each of these
changes produces some improvement in the
desired direction, but they are either
costly in terms of resources or produce a
compensating loss in some other parameter.
The results of these calculations indicate
that the design developed for the FMA con-
tains a number of performance compromises,



12

but appears to be close to the optimum in
terms of a general-purpose instrument.

Figure 3 shows a schematic layout
of the proposed FMA. The distance between
the target and the first quadrupole is
currently fixed at 30 cm and the focal
plane can be located anywhere within about
1 meter of the last electrostatic
dipole. There is room at the target
position to place 8 Corapton-suppressed
Germanium spectrometers, plus much of the
BGO array. Figure 4 shows the placement
of the FMA in Target Area III of ATLAS.

It is expected that a number of
ATLAS users will become involved in the
FMA project. During the design stage,
currently going on, users will be asked to
provide input on the target chambers and
the types of detectors needed for proposed
experiments on the FMA. Once these two
areas are finalized, users will be asked
to help in their construction or to pro-
vide specialized detectors, such as
neutron arrays. Any user interested in
providing input to the FMA project is
urged to contact Cary Davids [(312)972-
4062] as soon as possible.

He hope to receive approval for the
FMA project this year. Tasks to be accom-
plished in the first year are: develop-
ment and testing of the high-voltage
supplies for the electrostatic dipoles,
finalizing the optics design, and comple-
tion of the engineering design of the FMA
components. When this stage is reached,
the support structure can be designed and
constructed. The procurement process for
the main FMA components and the vacuum
system will take place in 1988. At this
time, engineering design can begin on the
target chambers and detector station,
followed by fabrication. All FMA com-
ponents should be received by the begin-
ning of 1989, and assembly and operational
testing of the system as a whole will
begin. The first experiments using the
FMA are expected to be performed sometime
in mid-1989.

X. RECENT EXPERIMENTAL STUDIES

Following are brief summaries of
some recent experiments for which data
analysis is complete.

X.a. Lifetimes of Continuum States in
1JZDy

R. Holzmann, I . Ahmad, B. K. Dichter,
H. Emling, R. V. F. Janssens, T. L.
Khoo, W. G. Ma, AHL; M. W. Drigert, U.
Garg, U. of Notre Dame; D. C. Radford,
Chalk River Nucl. Lab.; P. J . Daly, Z.
Grabowski, H. Helppi, M. Quader, W.
Trzaska, Purdue U.

For nuclei with a few valence
nucleons outside close shells, the yrast
and near yrast states are dominated by
aligned-particle configurations. On the
other hand, the excited states above the
yrast line in these nuclei reveal collec-
tive properties through the emission of
continuum Y~rays of stretched E2
character. Thus a variation of nuclear
structure with increasing temperature,
i . e . , increasing excitation energy above
the yrast line, is suggested. In recent
experiments we have investigated the
evolution of nuclear behavior with temper-
ature by measuring the total y-ray
spectrum emitted as the nucleus cools down
from the entry states to the yrast line.

Using four BGO Corapton-suppressed
Ge detectors (CSG) of the Argonne-Notre
Dame Y»ray facil i ty, placed at angles of
0°, 45°, 90°, and 150°, we have measured
the Y-contlnuum of " Dy produced in the
76Ge + 80Se reaction at EL b - 330 MeV,
providing a high recoil velocity of v/c •
0.047, The 4n evaporation channel leading
to " Dy was cleanly selected by tagging
on i ts 60-ns isometric state with an array
of 14 Nal scintil lators surrounding the
target. Spectra have been accumulated for
both a thin self-supporting 76Ge target,
allowing the nuclei to recoil into vacuum,
and a gold backed (IS mg/cm2) target,
stopping the nuclei within 1.6 ps.
Similar measurements have been made for
the L2oSn(36Sn,4n)152Dy reaction, using 8
CSG's and an array of 14 hexagonal BGO
scint i l la tors.
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Fig. 3. Schematic layout of the proposed Fragment Mass Analyzer.
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Fig. 4. Placement of the proposed Fragment Mass Analyzer in the Target Area III.
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We have developed a precise unfold-
ing method which enabled us to reconstruct
from the data the primary Y-ray spectrum
emitted by the nucleus and decompose i t
Into four distinct parts1: ( i ) discrete
lines (called 'trees') which deexcite
yrast and near yrast states; (11) sharp
resolved lines ('grass') which are too
weak (I Y < 17.) to be easily assigned in
the level scheme; (111) the smooth under-
lying continuum ( ' s o i l ' ) ; and (iv) the
stat i s t ica l Y-rays fitted here with the
usual functional forta Ey e"EY'T where T =
0.50 HeV. The gross features are similar
to those observed with Mai detectors.
However, as an improvement, apart from the
increased rel iabil i ty due to the much
better energy resolution of the Ge detec-
tors and the high peak/total ratio of the
CSG's, we have now been able to measure
the continuum down to •» 100 keV, compared
to the previous threshold of ~ 350 keV.

From the Y-ray anisotropies we
obtained information on the multipole
nature of the different components of the
spectrum, and from the energy shifts
observed in the backed target spectra we
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Fig. 5. Quadrupole and dipole components
of the 'soil' in 152Dy and 153Ho.

deduced average lifetimes by the Doppler
shift attenuation method (DSAM). Our
results show that the sharp l ines, which
make up the grass component and represent
7% of the total prompt Y-n>ultiplicity, are
of mainly quadrupole nature and are mostly
emitted at rest, i . e . , they correspond to
long-lived states with x > 5 ps. These
states are fed by the |soil which can be
decomposed into a slow"(x > 2 ps) com-
ponent of mixed M1/E2 nature with a =» -0.5
and a dominant fast (T < 0.1 ps) stretched
E2 bump compatible with Qo - 7 eb. The
dipole and quadrupole soi ls are compared
in Fig. 5 with the corresponding data
measured previously1 in 153Ho with the
"•'Sn + 35C1 reaction at Eja b = 165 MeV.
The much stronger E2 bump In 152Dy is pre-
sumably due to the higher average angular
momentum brought Into the 4n channel, I =
55 ft as compared to I =» 43 ft for l 53Ho,
funneling more Y-ray intensity through the
collective deformed configurations. From
these results i t has, for the f irst time,
been possbile to reconstruct the average
decay path in the E vs. I plane (see Fig.
6) , as well as the time ordering of the
continuum transitions feeding the single-
particle yrast states.

*D. C. Radford et a l . , Phys. Rev. Lett.
1, 1727 (1985).
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Fig. 6. Decay path of the Dy nucleus
produced in the 76Ge(S0Se,4n) reaction.
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X.b. Distribution of Reaction Strength In
32g + 182W C o u l s i o n 7

J. G. Keller, B. B. Back, B. G.
Glagola, D. Henderson, S. B. Kaufman,
S. J. Sanders, R. H. Siemssen, F.
Videbaek, B. D. Wilkins, ANL; A.
Worsham, Yale U.

The reaction 32S + 182W has been
studied sc beam energies of 166, 177, 222
and 260 MeV with the aim of accounting for
the distribution of the total reaction
cross section among the main reaction
channels. Cross sections as well as mass
and energy distributions were measured
over the entire angular range from 10° to
170* for elastic (which includes quasi-
elastic and transfer), deeply inelastic,
and fission-like products. Deep inelastic
products are peaked near the grazing angle
and account for a substantial fraction of
the total reaction cross section at al l
energies, in particular, near the barrier.
This is not predicted by current theories
such as the Extra Push Model. The angular
distributions of fission-like products are
more anisotropic than expected on the
basis of the Saddle Point Model indicating
a sizeable contribution from quasi-fission
processes, which is estimated from a quan-
titative analysis of this deviation. Also
the observation of a small, but probably
significant, asymmetry in the mass-sngle
distributions for fission-like products
support this conclusion.

In Fig. 7 we summarize the division
of total reaction strength among various
reaction channels. We find that the cross
sections for deep inelastic scattering and
fission-like processes (solid squares) add
up to the total reaction cross section
obtained from the angular distributions
for elastic scattering (open diamonds).
Although quasi-elastic scattering pro-
cesses are included in the elastic cross
section, this does not alter the fact that
both methods should give Che same result,
as is indeed observed experimentally.
Both estimates of the reaction cross
sections are compared to Optical Model
calculations (dotted curve).

The angle-integrated cross sections
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Fig. 7. Angle-Integra ted cross sections
as a function of center-of-mass
energy. Total reaction cross sections
(O)> fission-like plus deep inelastic
cross sections ( • ) , fission-like
cross sections (• and O) and complete
fusion cross sections (A and A) are
shown. Optical model calculations for
the total reaction cross section is
represented by the dotted curve
whereas the predictions for touching,
capture, and complete fusion reactions
by the Extra-Extra Push Model are
shwon as dash-dotted, dashed, and
full-drawn curves, respectively.

for fission-like processes are represented
by solid (present work) and open circles.
These are compared with the cross sections
for capture reactions (dashed curve) as
predicted by the Extra-Extra Push Model.1

We find that the capture cross sections
calculated in this manner are in good
agreement with the measured cross sections
for fission-like processes. Furthermore,
we find that the complete fusion-fission
cross sections, represented by closed and
open triangles, agree well with the
corresponding predictions (full drawn
curve) from the Extra-Extra Push Model.
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A large discrepancy between the
Extra-Extra Push Model calculations and
the experiment is present for the cross
section for deep inelastic scattering.
the calculations, this cross section is
represented by the difference between the

In

cross section, °touch» ^ o r travers*-n2 t n e

interaction barrier Cdash-dotted curve)
and the cross section for capture behind
the conditional saddle point, o c a p t u r e .
The calculations predict only very small
cross sections for deeply inelastic
processes, whereas large cross sections
ranging from c^jc ~ 175 - 605 tab are
observed experimentally. This observation
clearly represents a challenge for the
theoretical model, possibly suggesting
that the majority of deep inelastic pro-
cesses, in this case, are associated with
trajectories outside the interaction
barrier. Whether the present theories
predict that the friction along such
peripheral trajectories is sufficiently
strong to cause the observed energy
dissipation is not clear.

TTJS. Bj^rnholm and W. J. Swiatecki,
Nucl. Phys. A391, 471 (1982).

X.c. Study of Prompt, Discrete Gamma Rays
From Fission Fragments

Y. Abdelrahman, J. L. Durell, W.
Gelletly, W. R. Phillips, U. of
Manchester; I. Ahmad, R. Holzmann, R.
V. F. Janssens, T. L. Khoo, W. C. Ma,
ANL; M. W. Drigert, U. of Notre Dame

The Manchester group has previously
made extensive studies at Daresbury Labor-
atory of the angular momentum carried by
fission fragments following heavy-ion
fusion reactions by measuring prompt y-ray
multiplicities using Nal detectors. The
19F + L97Au system exhibited a marked
variation in multiplicity with fragment
mass. Within the framework of the statis-
tical scission model this variation could
be related to primary fragment shapes at
scission. However, this variation in
multiplicity could be simply due to
nuclear structure effects in the secondary
fragments, and hence not be related to the
fission process.

In order to investigate this system
in more detail prompt y rays produced in

the bombardment of l97Au by 120-MeV 19F
ions have been studied using the Argonne-
Notre Dame y-ray facility. Gamma-gamma
concidence spectra have been analysed to
establish partial decay schemes for
fission fragments. So far decay schemes
for 30 nuclei have been determined, for
secondary fragments ranging from Se to
Xe. These decay schemes have been
analysed to determine the average angular
momentum at which observed levels are
populated. From statistical evaporation
model arguments it is expected that the
average angular momentum of the primary
fragments at scission can be obtained by
adding the small change in angular momen-
tum brought about by statistical Y ray and
neutron emission. We have observed a
variation in discrete y-ray multiplicity
that correlates well with the overall
prompt multiplicities measured previously,
implying that the number of unobserved
statistical y rays is essentially constant
as a function of mass asymmetry. Further,
the average spins at which the observed
levels of the secondary fragments are
populated are indeed varying with fragment
mass (see Fig. 8). This confirms our

15
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• Ru-Ru
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• Sn-Sr
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Fig. 8. A plot of the sum of the average
angular momentum at which observed
levels in the secondary fragments are
populated against the ratio of the
masses of the associated fragments.
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earlier supposition that the primary
fragments are being formed at scission
with average angular momenta that vary
with fragment mass. This seems most
likely to be a reflection of a variation
in the shape of the hot nuclei produced in
fission.

X.d. 180-Induced Transfer Reactions
Studied with a Superconducting
Solenoid Spectrometer

R. L. Stern, F. D. Becchetti, J. H,
Janecke, P. M. Hater, U. of Michigan;
D. G. Kovar, R. V. F. Janasens, M. F.
Vineyard, W. R. Phillips, ANL: J. J.
Kolata, U. of Notre Dame.

1 ft
We have studied -0-induced trans-

fer reactions on neutron-rich targets,
with the ultimate goal of measuring the
masses of very neutron-rich nuclei pro-
duced via the (180,18Ne) reactions. Our
experiments involved a 106-MeV 0 beam
incident on 26Mg and 5 8M targets and a
100-MeV 180 beam on 26Mg and r i0Pd
targets. The U. of Michigan air-core
superconducting solenoid spectrometer was
used to focus the protron-rich products
(9 = 3° - 6°, dfi= 10 - 35 msr) onto a
detector system which measured AE, E,
position, and TOF (using the beam RF as a
tine marker).

Two different detector systems were
tested. The f i r s t was a two-dimensional
gas proportional counter consisting of two
perpendicular high-resistance wires,
giving x, y, and two AE signals. This was
backed by a large-area silicon stopping
detector which gave E and TOF. The second
system was a Si telescope, with a large
area, thin (28 m) detector for AE and TOF
backed by a special two-dimensional, 300
un thick position sensitive Si E detector
developed in collaboration with the LBL
detector group.

Although data analysis is only par-
tially completed, we have some preliminary
results . Separation of distinct Z groups
is unambiguous, but thre is some overlap
of mass groups due to the limited timing
resolution of 0.6-1.0 ns ("1.0 - 1.5%). A
mass identification spectrum is shown in

Fig. 9 together with a corresponding
energy spectrum for 2 6 M g ( 1 8 0 , 2 0 N e ) ? 4 N e .
[In the Ne spectrum, Ne* is a combin-
ation of ( 2 0Ne g.s. + 2 4 N e 1.98 MeV) and
( 2 0Ne 1.63 MeV + 2 4 N e g.s.).] The energy
resolution, typically ~1 MeV, was also
much worse than expected, due primarily to
spread- in the linac beam, which was tuned
for minimum time spread. On the booster
general purpose beam line we observed
AE(FWHM) x At(FWHM) * 200 keV.ns for the
beam. Thus At b e a n l = 200 ps yields AE = 1
MeV. This has made unambiguous identi-
fication of the very low cross section
products (e.g. l 8 N e , 1 4 0 ) difficult. A
separate start detector would be needed to
permit optimization of both AE and At.

[1] R. L. Stern, et a l . , submitted to Rev.
of Sci. Instr .
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X.e. Level Structure of 148Gd Up to I = 46
M. Piiparinen, P. J. Daly, Z. W.
Grabowski, M. Quader, W. Trzaska,
Purdue U.; M. W. Drigert, U. Garg, U.
of Notre Dame; I , Ahmad, R. R.
Chasman, H. Emling, R. Holzmann, R. V.
F. Janssens, T. L. Khoo, W. C. Ma,
ANL; J. Borggreen, N. Bohr Inst.; D.
C. Radford, Chalk River NL.

The level structure of 148Gd has
been studied by the 116Cd(36S, 4n)
reaction. Gamma rays were detected in the
Argonne-Notre Dame array of Compton-
suppressed Ge detectors with i ts central
ball of 14 BGO hexagons. A total of - 4 x
10 two-fold coincidences involving '•'"Gd
Y rays were recorded. Approximately 200
new Gd y rays were identified and
almost a l l are accommodated in the level
scheme, which is now extended from I = 20
at 6.84 MeV to I = 46 at 19.15 MeV. Level
spin and parity assignments are based
mainly on Y-ray directional correlation
resul ts . Several fast E2 transitions in
the upper reaches of the level scheme were
also identified by a novel application of
Doppler shift techniques.

Calculations of aligned multipart-
icle states in •L*°Gd were performed with
many-body wave-functions and a pairing-
pli's-quadrupole residual interaction.
Energies and deformations were calculated
for selected aligned configurations that
are at or close to the yrast line. An
important point is that neutron p-h
excitations involving promotion of neu-
trons across the N = 82 gap give rise to
moderate oblate deformation (0 ~ -0 .2 ) ; on
the other hand states with the N = 82 core
intact retain approximately spherical
shapes. The many competing decay pathways
in the 7-11 MeV region of the 148Gd
spectrum and the intense feeding of non-
yrast states are ascribed to the coexis-
tence of oblate and spherical shapes near
the yrast line. In Fig. 10, the results
of the calculations are compared with the
experimental energies of strongly popu-
lated high-spin 158Gd levels, and i t is
obvious that the agreement up to I = 38 is
very good.

Above I = 38, the experimental and
calculated level energies diverge and
there are other features, particularly the
observed fast E2 transitions, indicating
the onset of collectivity at the highest
spins. These findings may be explained by
theoretical calculations based on the
Strutinsky method which show a new minimum
developing in the I = 40-50 spin range at
& ~ 0.14, y ~ 10°, becoming yrast at I = 50.
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X.f. Study of the Transfer Reactions in
"the System 3aNi + 2OaPb at 550 MeV

F. L. H. Wolfs, K. E. Rehm, W. R.
Phillips, F- Videbaek, M. Vineyard,
J. L. Yntema, ANL

In continuation of our studies of
the energy, projectile, an<T target depen-
dence of heavy-ion induced transfer cross
sections we have investigated the system
58 N 1 + 208pb a t ,, 10 MeV/rA# o f particular

interest was the evolution of the reaction
strength in increasing the energy from
Elab * 3 4 5 M e V to 5 5° M e V' T h e experiment
was performed in the new split-pole spec-
trograph installed in target area III
utilizing a 58Ni beam from the ATLAS
accelerator.

lOOr
ElQb=55OMeV

1000

10* 20* 30* 40* 20° 30° 40° 5O*

Fig. 11. Angular distributions for various
elements from the reaction 58Ni + 20Spb
at Elafe - 550 MeV.

Individual isotopes of elements
between Z = 16 and Z = 30 could be
resolved in the focal plane detector.
Energy and mass integrated angular dis-
tributions for elements between S and Co
are shown in Fig. 11. Two different
structures can be observed in these dis-
tributions. Elements close to Z = 28 are
dominated by a bell shaped angular distri-
bution peaked around 8

cm
40 super-

imposed on an exponentially decreasing
component. The la t ter component (mainly
associated with large energy losses)
dominates for Z < 20. From a preliminary
analysis of the energy-integrated cross
sections one observes that the neutron
transfer cross section [mainly ( S i ,

Ni)] stays constant within the error
bars in the energy rang from 345 MeV to
500 MeV, while the charge transfer process
increases by a factor of ~ 3.

X.g. Calcium-41 Concentration in Natural
Samples of Terrestrial Origin

W. Henning, P. J . Billquist, B. G.
Glagola, W. Kutschera, Z. Liu, H. F.
Lucas, K. E. Rehm, J . L. Yntema, ANL;
W. A. Bell, ORNL; M. Paul, Hebrew II.

The measurement of natural concen-
trations of 4^Ca (t,f2 = 1.0 x 10^ years)
has been suggested as a new tool for
radiometric dating [1,2] and as a geologi-
cal solar neutrino detector [3] . The
major interest in ^Ca stems from Its
potential for establishing the date of
calcium-containing materials to earl ier
times than is possible with 14C(t,y2

 =

5730 years). However, the natural
Ca/Ca ratio in terrestr ia l samples is

expected to be very low, on the order of
10"14 or less. The long half-life of 41Ca
and i t s decay by electron capture to the
ground 3tate of **K (with only soft X-rays
and Auger electrons around 3 keV energy as
detectable radiation) make decay counting
infeasible. We have therefore used the
highly sensitive method of accelerator
mass spectroraetry (AMS) to detect ^*Ca at
natural levels on earth. By combining
4*Ca pre-enrichment (by about a factor
150) in a Calutron isotope separator with
an AMS experiment at ATLAS we have measur-
ed for the f i r s t time the concentration of
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1000
ANL-P-18,300

41Ca in natural terrestrial samples.

For the AMS measurement at ATLAS
metallic calcium samples were sprayed in
an inverted sputter source with NH, to
produce KH3 ions for injection into the
tandem. (4<^CaH^ beam intensities of about
10 nA were produced in this way.) The
choice of these ions is known to greatly
reduce isobaric interferences from K,
since 41KHj is not stable. After single
stripping and acceleration in the tandem,
the linac booster accelerated the 4 1Ca 1 0 +

ions to 200 MeV, sufficient for unambig-
uous particle identification. Very
efficient suppresion of neighboring stable
calcium isotopes was achieved through the
combined filtering action of the velocity
focusing linac and the magnetic beam
transport system. Particle identification
was' made with a gas-filled Enge split-pole
magnetic spectrograph and a position-
sensitive ionization chamber as focal
plane detector. Figure 12 illustrates the
performance of this detection system and

shows examples of position spectra of
and K yields from various samples
studied.

41 Ca

For the pre-enriched sample of the
contemporary cow bone we measured a
41Ca/Ca ratio of (3.0 ± 0.6) x 10"12

corresponding to an original ratio of
(2.0 ± 0.5) x 1 0 ' 1 4 . Similarly, we
measured for limestone from the surface
and 11 m depth ratios of (8.8 ± 4 . 4 ) x
10"13 and (4.0 ± 1.9) x 10" 1 3 , respec-
t ive ly , which corresponded to original
values of (7.6 ± 4 . 5 ) x 10"15 and (3.4 ±
2.1) x l O " " . The 4*Ca enrichment process
was checked by measuring the 4*Ca/Ca ratio
of a calibration sample (6 x 10"**) before
and after the Calutron enrichment. For a
blank sample no Ca counts were observed.
This sets the present AMS detection l imit
to 41Ca/Ca > 6 x 10" 1 4 .

The present resul t i s a f i r s t step
towards developing a 41Ca radioisotope
dating method. Although the re la t ive ly
high 4 iCa abundance that we have found in
contemporary bone i s quite encouraging,
this by no means yet assures that * lCa can
be used as a dating too l . 4*Ca, l ike L C,

0.95 1.00 1.05 1.10
(Bp)/(Bp)0

1.15

Fig. 12. Position (Bp) spectra of 4 1K and
Ca ions. (A) Charge state spectrum

of 4 1K after a thin Au foils (B,C)
the same spectrum with 1.0 and 8.0
torr N2 gas in the spectrograph;
(D,E) the yields for a 41Ca calibra-
tion source; (F) spectrum for contem-
porary cow bone. Spectra (E) and (F)
were gated by AE and E signals.
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is produced by cosmic-ray neutron second-
aries. However, the bulk of the Isotope
is made not in the atmosphere, as is the
case with C, but rather in the upper
meter of the soil profile by neutron cap-
ture by ^°Ca. Careful systematic studies
will be necessary to understand the
pattern of global *1Ga distribution.
Improvements in ion-source and accelerator
technology such as expected form the posi-
tive ion injector of ATLAS may well allow
one to perform these systematic AMS
studies on samples without pre-enrichment.

[1] Y. Yamaguchi, Prog. Theor. Phys.
(Japan) jZ9_, 567 (1963).
[2] G. M. Raisbeck and F. Yiou, Nature

(London) 2Z1» 42 (1979).
[3] W. C. Haxton and G. A. Cowan, Science
210, 897 (1980).



XI. Experiments Performed During June 1, 1986 - January 31, 1987

Experiment
Number

Scientists* Institution Experiment Number Beam Energy
of Days (MeV)

163

177

183

168

192

144-2

188

172

Kolata, Vojtech,
Kovar, Rehm

Rehm, Glagola, Ma,
Phillips, Wolfs

Sanders, Back, Dichter,
Henderson, Janssens,
Keller, Kovar, Wllklns

Kovar, Beck, Henderson,
Janssens, Ma, Moog, Sanders,
Vineyard, Wang, Wllklns,
Magulre,
PTOsser

Phillips, Durell, Gelletly,
Drigert,
Ahmad, Holzmann, Janssens

LaVerne, Stelnback

Dichter, Holzmann,
Janssens, Sanders, Wang,
Drigert,
Kiihn

Stern, Becchettl,
Janecke, Liu
Beck, Kovar, Phillips

U. Notre Dame

Vanderbllt U.
U. Kansas

U. Manchester
U. Notre Dame

U. Notre Dame

If. Notre Dame
0. Giessen

0. Michigan
U. Michigan

Ouasielastic Reactions of
Z8S1 with 208Pb

Study of the Two Proton
Transfer Reaction ( 1 6 0 , u C)

Study of Fusion-fission In
* 2 z*

dy

2 28S1 150

5 1 60 80-200

5 32S 120-200
the *2S + System

Evaporation Residue Cross Section 4 0 215
for I 6 0 + 40Ca at E > 10 MeV/A

Gamma Decays In Fission Fragments 3
(1) Spectroscopy of Neutron-rich
Nuclei; ( i t ) Primary Fragment
Shapes

Radiation Chemistry Studies with 1
Heavy Ions

Search for Shape Isomers in *"NI 3

Mass Measurement of Very
Neutron-rich Nuclei Using
180 Induced Reactions and
a Solenoid Spectrometer

19F 120

1 60 160-180

28Si 120

18, 100



XI.(contd.) Experiments Performed During June 1, 1986 - January 31, 1987

Experiment
Number

Scientists* Institution Experiment Number Beam Energy
of Days (MeV>

178X

169

181

189

196X

142-2

190

Rehm, Kanter, Wolfs

Hunt, Dunford, Kutschera,
Pardo, Salehpour

Back, Glagola, Henderson,
Keller, Sanders, Wang, Wllklns

Daly, Pliparlnen, Quader,
Drlgert,
Kiihn,
Holzmann, Khoo, Ma

Davids, Beck, Kovar,
Hagulre,
Prosser

Tanls, Clark,
Schneider,
Graham,
Bernstein,
Dunford, Kanter

Kolata, Drlgert, Gossing,
Khoo, Dichter, Holzmann,
Janssens, Ma,
Quader,
Ronnlngen,
Kiihn

Purdue U.
0. Notre Dame
U. Giessen

Vanderbilt U.
U. Kansas

Western Michigan
Hahn-Meitner Inst
U. Ulster
U. Toledo

U. Notre Dame

Purdue U.
Michigan State U.
U. Giessen

Test of a PPAC Focal Plane
Detector for the Split-pole
Spectrograph

Heavy Ion Induced Desorption of
Organic Molecules

Fiss ion- l ike Products from the
Reaction A8Ti + 1 6 6Er

The Symmetric Fusion ReactionTh
8 2 Se

mme
8 2 Se

usi
164Er* Is

Neutron Evaporation Suppressed?

Test of New Nal Light-ion
Detectors

Resonant Transfer and
Excitation for Highly Charged
Nickel Ions

Origin of Neutron Suppression
in Fusion of Heavy Ions: Spectra
of ( i ) the Low Energy Neutrons;
( i i ) the Excess Gamma-ray Energy

58N1 350-400

1 2 7 I 300

A 8 T1 180-320

82Se 230-360

16, 215

58Nl 630

64Ni 350



XI.(contd») Experiments Performed During Juno 1, 1986 - January 31, 1987

Experiment
Number

Scientists* Institution Experiment Number
of Days

Beam Energy
(MeV)

215 Betts , Dlchter, HoT.ssmann,
Janssens, Khoo, Sanders,
Kiihn,
Drlgert

223X Pardo, Kovar, Kutschers,
Rehm

170 Kozub, Hindi, Shrlner,
Moyers, Bybee,
Kolata, Drlgert ,

. Ahmad, Holzmann, Janssens,
Khoo, Ma

171 Drigert, Beard,
Clzewski,
Ahmad, Dlchter, Janssens, Ma

217X Wllklns, Henderson, Glagola,
Kovar, Beck, Wang

228 Ma, Ahmad, Dlchter, Holzmann,
Janssens, Khoo, Wang

205 Rehm, Kutachera, Wolfs

176 Berry,
Livingston, Zacarlas, tu

U. Glessen
t). Notre Dame

Tenn. Tech. 0.
Tenn. Tech. U.
U. Notre Dame

U. Notre Dame
Rutgers U.

Charged Particle Gamma Ray
Coincidences as a Probe of
Nuclear Structure at High Spin

Calibration of the ATLAS Energy
Measurement System

Electromagnetic Transitions In
Neutron-Rich Nuclei In the A-40
Region via Reactions of 3^S
with 9Be

Study of the High-Spin Structure
219,of 'Ac

Beam Line Test of a Tlme-of-
Flight System

Lifetime Measurements and Nuclear 1
Structure Above 1-44 In 1 5 4

U. Notre Dame

leactlons of 5
58,64N 1 + 208p b a t E n e r g i e 8

Close to the Barrier

Measurement of Atomic Transition 3
Wavelengths in Ni 2 6 +

64Ni 239

many

36 S 100

13C 65-75

3 2S 320

36S 165

58N1 320

58Ni 380

•Names with no a f f i l i a t i o n l i s t e d on the same l ine represent ANL staf f members.


