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1.1 GENERAL

The past six-month period saw completion of our program of cyclotron
commissioning, with the extraction on 1992 October 14 of a 3.0 MeV/u beam of
2 3 aU. The commissioning crew of 30, assembled from three branches, took just
over three years to accomplish their goals. In that time they developed the
cyclotron and its subsystems to demonstrate the full range of operating
parameters, and they converted what was, in effect, a prototype accelerator
into a fully engineered, reliable facility. Along the way, they took the
number of available beams from two, when they began, to forty-two today.
Currently, we are adding one or two new beams per month.

In spite of the commissioning activity during the reporting period, the number
of cyclotron-based experiments has increased, although the total number of
hours that cyclotron beams were on target actually decreased slightly to 330.
Reaction studies and atomic-physics experiments dominated. Perhaps the
outcome of broadest interest was the production and detection of secondary
(radioactive) beams downstream from a gold target bombarded by 40 MeV/u 12C
from the cyclotron. This is our first venture of the type, and it is expected
to lead to further applications in future. Including beam development, the
cyclotron operated for 967 hours, or 32% of the total facility beam time,
about the same percentage as in the previous six-month period.

Between July and the end of the year, Tandem beams were used, either for
experiments or development purposes, for a total of 3117 hours. This beam
time was 86% of the scheduled operating time and 71% of the total time
available - a rather lower value than usual owing to an unexpected materials
failure in the conductive-rim chain pulleys of the charging system. The
cyclotron suffered no major breakdowns and, although used only 22% of the
total time, it was operational for 90% of its scheduled time. Viewed as a
whole, the facility operated for 83% of its scheduled time, or 67% of the
total time.

Most of our experiments are collaborative efforts involving university and
other non-TASCC scientists as well as our own staff. This period, the former
contributed 40% of the total laboratory research efforts ard figure
prominently in all nine scientific publications. The numbers and diversity of
our user community continue to increase, particularly in non-nuclear areas:
accelerator mass spectrometry, single event upset and materials science, for
example. We welcome this trend.

1.2 RESEARCH

The greater part of the AMS running time in this reporting period was devoted
to sample measurements. The 36C1 measurements on the Cigar Lake samples were
completed and the first draft of a paper interpreting this work was written.
Effort toward improving reproducibility, sensitivity and accuracy continued on
a number of fronts.

A study was made of resonant transfer and excitation for He-like 33* 79Br ions
channeled along the <110> axis of a thin Si crystal. Measurements were also
made of radiative electron capture by 17.5 MeV/u H-like 34* 79Br ions
channeled along this same axis.
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A first attempt was made at observing differences in the radiative electron
capture of H-like 79Br ions channeled in a thin crystal of the high-Tc
superconductor Y Ba2Cu307.x for temperatures above and below the critical
temperature of this material. The single crystal of Y Ba2Cu307.x was
sufficiently thick that the momentum spectra for the various charge states of
the emergent ions overlapped one another and as a result coincidence
techniques could not be profitably used to select the events of interest.
Thinner crystals are required for a meaningful experiment.

COG-supported radiolysis studies were carried out on water samples at
temperatures ranging from room temperature to 200°C. The results obtained
show that the experimental techniques that are in place yield reproducible and
accurate results. A start was made on studies of systems that are relevant to
reactor chemistry.

The COG-supported studies of deuterium ingress into foils of Zr and its alloys
were extended to studies of uptake in foils of Zr-20wt%Nb and annealed foils
of Zr-2.5wtXNb. In a companion study, the amount of " F retained in the near-
surface region of these same foils was measured by observation of the 874 keV
resonance in the 19F(p,a,7)160 reaction.

The half-lives of 46V and 50Mn were remeasured with a new sealed-window Uitp
counter. Preliminary analysis of the data indicates that this change of the
counter has eliminated the small systematic error that was present in the data
taken with its predecessor.

The on-line isotope separator has been used to measure directly the mass
ratios of the members of the isotopic triplet 117,118,1 19J_ JJ- j s anticipated
that the data will yield 1 1 7I and 118I masses with a precision of -1 ppm.

The experimental study of the 120Ba decay that was done in collaboration with
scientists from the Institute of Modern Physics, Lanzhou, People's Republic of
China has been completed. The analysis of data on the decays of I62.i63xa has
been completed and the results have led to absolute mass values for 9
nuclides. Both works have been written up for publication.

The energies of various species of ions forming the extracted beam from a
FEBIAD ion source have been carefully measured with a view to establishing
whether isotopes of different elements emerge from the source with measurably
different kinetic energies. No convincing evidence was found for differences
at the 0.1 eV level.

Work continued on the search for non-analogue 0+-»0* beta branches in the decay
of 50Mn. A subsidiary experiment on the 32C1 decay veiified that two weak 7
rays appearing in the 50Mn data originate from 32C1 decay. The experimental
limit on non-analogue 0+-»0+ branches in the 50Mn decay now matches theoretical
expectation.

A search has been made for the entrance-channel breakup of 14N into 10B + a in
the reaction of 40 MeV/u 1 4N with Au. There was no obvious signature of such
entrance-channel breakup within the rather limited counting statistics that
were obtained for this reaction channel.
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Work continued on the analysis of the experimental data from the studies of
35Cl+12C and 35Cl+9Be done with inverse kinematics. Some results on pseudo-
temperature are presented.

An experiment was performed at the National Superconducting Cyclotron
Laboratory, Michigan State University with the CRL Forward Array and the MSU
4n array. This combination permitted the study of highly excited nuclear-
matter systems with an exclusive impact-parameter trigger and was an extension
of earlier studies done with this experimental arrangement. The analysis is
in progress.

Several 8jt-spectrometer studies on the high-spin 7-ray spectroscopy of light
Sb isotopes are reported. The work sheds light on shape coexistence in the
A-110 region, the shape-driving influence of the high-j h 1 1 / 2 orbital and is
suggestive of a surprisingly large interaction between neutrons and protons in
high-J orbitals.

The combination of the 8JT >-ray spectrometer with the miniball particle-
detector array was used for a further study of the charged particles
populating the superdeformed band in 152Dy. The new measurements were done
with improved solid-angle coverage for the charged particles and a more
favourable reaction. Analysis is in progress. Other experiments done with
the 89i 7-ray spectrometer and miniball combination include a study of the
effects of intruder states in very light Os-Ta nuclei, searches for
superdeformation in the A-190 region, and a search for highly deformed
rotational bands in u 1Gd.

1.3 IHSTRPHENTATIOH AND FACILITY DEVELOPMENT

Work continued on the program to improve the operation of the helium-jet ion
source for the on-line isotope separator. Mechanical changes were made, aimed
at improving operation, and a series of off-line performance tests were
carried out on the helium-jet ion source and a comparison Bernas-Nier source.
These tests provide some insight on why the efficiency of the two sources
differ. Two papers were written describing the helium-jet source development.

The latest in an on-going series of improvements to the ISOL fast tape-
transport system are described.

The newer of our data-acquisition computers, the CCUR 3280, saw extensive on-
line use during the reporting period. The CCUR 3230 hardware/software is
being upgraded to be compatible with the newer system. A communications
network has been put in place linking the two Concurrent computers and the
SPARC2 workstations. A decision has been made on the graphics software to be
used on the Sun workstations.

A number of special purpose CAMAC modules have been designed and constructed
to meet the specialized needs of various experimental groups and other
electronic additions have been made to the data-acquisition hardware.

The VAXstation control of the cyclotron probes and VAXstation execution of the
associated probe-data analysis are at an advanced stage of development and
have been in routine service for some time. Recently, effort has been
directed at making some operations more user friendly.
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A library of data-analysis software is being built up for the SPARC 2
workstations. The 8n off-line data-analysis software developed on the
VAXstation has been ported to these stations. A graphics package purchased
from UNIRAS is installed and the necessary user-interface is being built up.

A formulation has been developed for calculating the emittance of beams from
the TASCC Tandem accelerator. The operational data that are available for
comparison show too much scatter to allow definitive conclusions to be drawn
about the accuracy of the present model.

A considerable effort has been devoted to a search for an analytic description
of the magnetic field generated by the cyclotron coils which better suits the
needs of the differential-algebra code than the moment expansion derived by
Lee-Whiting.

A secondary beam was used for the first time at TASCC, in this case in the
testing of particle-detector performance. Construction of the third ring of
detectors for the new Forward Array is largely complete with some electronic
construction and some wiring remaining.

The upgraded version of the miniball particle-detector array was commissioned
and used in a number of experiments. The electronics were upgraded in a
number of respects.

The target laboratory continued to meet the needs of the experimental programs
as well as producing targets and foils for commercial sale. The machine shop
and the mechanical-design service were fully used, with design and
construction of a new titanium septum rail for the electrostatic deflector of
the cyclotron providing a major challenge.

1.4 ACCELERATORS

The cyclotron operated for seven research experiments during the period for a
total of thirty-nine days, as well as for four beam-development runs, for a
total of seventeen days. This constitutes a shift towards higher experimental
utilization of the machine, a trend that will doubtless continue. The
experiments utilized beams of chlorine-35 at 35 MeV/u, nitrogen-i4 at 40 HeV/u,
carbon-12 at 40 MeV/u, and bromine-79 at 18 MeV/u. Two runs of four-days-
total duration were set aside for the training of Tandem operators at the
cyclotron. This program component will likely somewhat increase in the next
period, and then disappear.

The major event over the report period was the development of a 238U beam of
3.0 MeV/u. This beam is very difficult for us since the yield of negative
uranium ions from any of our ion sources is so low that beam bunching is
becoming a major challenge. In addition, a uranium beam pushes almost all
subsystems of the cyclotron to their limits: viz. the main magnetic field, the
r.f. system, the extraction-channel coils, and the deflector. We extracted 26
pA of beam, at ~5% extraction efficiency, which constitutes the proof of
principle rather than a beam useful to experimenters. However, with the
anticipated increase in yield of uranium from a new negative surface-ior.ization
source this beam will become useful.

Major component developments over the report period, most not yet concluded,
aimed at upgrading circuits and components in the r.f. system, the fabrication
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of the new BeO-based probe heads, the design of a third mid-plane probe system,
the incorporation of beam-limiting entrance slits for the cyclotron, and a new
beam-energy measurement system.

Substantial progress has again been made with the electrostatic deflector, the
single most important performance-limiting subsystem. Performance above 75 kV
across a gap of 5.0 mm, corresponding to 150 kV/cm, has been reached with both
an all-stainless-steel and a titanium electrode that was directly water-cooled.
Over a 9 mm gap, a gradient of 110 kV/cm was achieved with a leakage current
below 50 *iA. While these numbers do not indicate record gradients (although we
believe they are unsurpassed worldwide under these adverse operating
conditions) the reliability of operation has markedly improved. We are now
working on a deflector model with remotely variable gap size.

The Tandem accelerator operated very well during the period, producing beams
for nuclear-physics experiments in the Tandem-only mode, for beam-development
purposes with the cyclotron and for nuclear-physics experiments with the
cyclotron. Some experiments were carried out at terminal voltages close to
15 MV. In December the Tandem's stripper canal had to be replaced when the
halo of a proton beam (18 JUA on target) melted a 5-cm-long section made from
thick-wall stainless steel. Protective apertures were installed at this point.
At the same time the conductive sheaves of the main chain drive-pulleys were
found to be spark eroded, and fitted with steel shims. Table 1.4.1 shows the
facility's operating record.

Finally, after more than ten years of not having an ion-source test stand
available, a fully suitable small test facility was assembled in December from
existing parts in an astonishingly short two week's time. The facility,
equipped with analysing magnet and emittance-measurement device, has since been
fully commissioned.

TABLE 1.4.1
TANDEM AND CYCLOTRON OPERATING RECORD

1991 JULY 1 - DECEMBER 31

USE

System available

Beam development

Planned shutdown

Forced shutdown

Total elapsed time

TANDEM

2579.1

537.5

801.3

499.1

4417.0

TIME (HOURS)

CYCLOTRON

367.0

600.3

3339.3

110.4

4417.0

FACILITY

2100.9

878.3

848.4

589.4

4417.0
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1.5 POBLICATIONS. REPORTS. LECTURES AND CONFERENCE CONTRIBUTIONS

Publications

MASSES OF 103,104,105In AND 72,73Br
K.S. Sharma, E. Hagberg, G.R. Dyck, J.C. Hardy, V.T. Koslowsky,
H. Schmeing, R.C. Barber, S. Yuan, V. Perry and M. Watson
Physical Review 44C (1991) 2439

DIRECT MASS DETERMINATIONS OF NEUTRON DEFICIENT NUCLEI CLOSE TO 100Sn
K.S. Sharma, G.R. Dyck, R.C. Barber, E. Hagberg, V.T. Koslowsky,
J.C. Hardy, H. Schmeing, V. Perry and M. Watson
Proceedings of the 38th ASMS Conference on Mass Spectrometry and Applied
Topics, May 19-24, Nashville, Tennessee, p. 1081 (1991)

Invited Talks

HIGH SCHOOL STUDENTS IN A RESEARCH LABORATORY
J.C. Hardy
Canadian Research Management Association, 29th Annual Conference, Ottawa,
Ontario, September 22-25, 1991.

STUDIES OF NUCLEI FAR FROM STABILITY
J.C. Hardy
Pre-conference workshop entitled "Workshop on Physics with Radioactive
Beams", 1991 Annual APS Meeting of the Division of Nuclear Physics, East
Lansing, MI., 1991 October 23.

Conference Contributions/Abstracts

INDIRECT MEASUREMENTS OF BEAM ENERGY DIFFERENCES FOR VARIOUS SPECIES OF
IONS EXTRACTED FROM A FEBIAD SOURCE
E. Hagberg, G.R. Dyck, K.S. Sharma, V.T. Koslowsky, J.C. Hardy,
H. Schmeing and R.C. Barber
EMIS-12, Sendai, Japan, 1991 September 2-6

A PIGH TEMPERATURE HE-JET ION SOURCE FOR THE CHALK RIVER ON-LINE ISOTOPE
SEPARATOR
V.T. Koslowsky, M.J. Watson, M.G. Steer, E. Hagberg, W.L. Perry,
J.C. Hardy and H. Schmeing
Proceedings of EMIS-12, Sendai, Japan, 1991 September 2-6

TECHNICAL CONSIDERATIONS IN THE DESIGN OF THE CHALK RIVER HIGH TEMPERATURE
HELIUM-JET ION SOURCE
M.J. Watson, V.T. Koslowsky, E. Hagberg, J.C. Hardy, M.G. Steer,
H. Schmeing and W.L. Perry
Proceedings of the 4th Int. Conf. on Ion Sources, Bensheim, Germany, 1991
September 30-0ctober 4
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STUDIES OP NON-ANALOGUE O*-»O+ BETA TRANSITIONS AND THEIR IMPORTANCE FOR
WEAK INTERACTION STUDIES
E. Hagberg, V.T. Koslovsky, J.C. Hardy and I.S. Tovner
1991 Annual APS Heeting of the Division of Nuclear Physics, East Lansing,
MI., 1991 October 24-26

FIRST OBSERVATION OF THE DECAY OF 50Fe
V.T. Koslovsky, E. Hagberg, J.C. Hardy and H. Schmeing
1991 Annual APS Meeting of the Division of Nuclear Physics, East Lansing,
MI., 1991 October 24-26
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3.1 RESEARCH

3.1.1 Progress In Accelerator Mass Spectrometrv <AMS)

H.R. Andrews, V.G. Da vies, V.T. Roslovsky, N.C. Bray, J.J. Hill,
P.J. Jones, B.V. Luloff, L.V. Smith and T.G. Whan (Nuclear
Physics Branch)
B.P. Greiner, Y. Imahori and J.V. McKay (TASCC Accelerators and
Development Branch)
R.M. Brown, R.J.J. Cornett, Y. Lao and G.M. Milton (Environmental
Research Branch)
J.C.D. Milton (Physical Sciences)

During this reporting period there were three running periods devoted to
sample measurement and two devoted to development. A total of 239
measurements were made on 144 samples including 28 local standards, 5
Rochester standards, 26 Cigar Lake samples, 19 ground-water samples, 9
rock samples, 47 backgrounds and preparation blanks and 9 local
environmental samples. Major effort was centred on improvements in
accuracy, background reduction and completion of the Cigar Lake
measurements. Specific results are discussed in more detail below.

Ion Source and Injector

The modified McMaster ion source has continued to perform reliably with
adequate output currents. With the reduced aperture size, the horizontal
slits described in the previous progress report (PR-TASCC-2: 3.2.6; AECL-
10431) and improved injector stability (believed to be correlated with
reduced electrical interference from the charging system of the Tandem
accelerator), contaminating 35-37cl ions in a 36C1 setup have not been a
serious problem.

The usefulness of scanning the mass of the Injected ion by variation of
the cage voltage has been examined. If implemented, this would speed up
the cycling time among the chlorine isotopes. Computer control of Cage A
high voltage has been instituted. Further tests, including transmission
tests through the Tandem, will be required to determine the reliability of
this approach.

Tandem Accelerator

A major effort was undertaken to track down the instability in the
generating voltmeter (GVM) system described previously (ibid). The
problem was tracked to an impedance mismatch between a signal isolation
transformer in the control room and an amplifier. Reduction of the load
on the transformer rectified the problem completely and GVM stability is
no longer a serious limitation.

Velocity Filter

Work is progressing on a new compact crossed-field velocity filter. It
consists of two quadrupole magnets, modified by the removal of the
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horizontal poles and shaping of the vertical ones. Placed end to end they
provide a vertical magnetic field over an 82-cm length. A 16-cm-long gap
between the magnets is necessary to accommodate the coils. The
homogeneity of the magnetic field in an area ±8 mm vertically and
horizontally is within ±0.001 of the value along the central trajectory.
The electrostatic components consist of two 90-cm-long, straight, parallel
plates 52.3 mm vide and 17 mm apart, contoured to provide a homogeneous
electrostatic field within 0.001 of the desired value (about 60 kV/cm)
over the same ±8 mm area. The expected homogeneity and the electrostatic
field clamps at the entrance and exit will ensure that all ions experience
the same degree of deflection independent of entrance trajectory. The
velocity dispersion should be 7 times greater than that of the present
velocity filter and contaminating 35'37C1 ions at, for example, 100 MeV
vill be displaced by ±6 mm at its image slits (1-lg).

The present status is as follows:

1. The vacuum vessel is presently being constructed. It is oval
in cross section to accommodate the magnet shims and provide
maximum clearance to high-voltage components.

2. The high-voltage and magnet power supplies are completed.

3. The magnet has been sent to the shop for machining.

4. Conceptual design for the electrostatic components has been
completed and detailed design is in progress.

Detector

Detailed design of a new detector is in progress. It will incorporate x
and y position sensitivity and an avalanche stage for fast timing as well
as AE and Bragg sections. It will be constructed to fit into a chamber
resident in the beam line following the gas-filled magnet, BE3. A
prototype avalanche stage was tested in the existing detector, and a
timing resolution of -600 ps was obtained with a thin plastic scintillator
as start detector (A. Galindo-Uribarri et a/., NIM A301 (1991) A57). Such
an avalanche stage used in conjunction with a suitable time-of-flight
Mart detector will give information about the time of flight through the
magnet, which should give additional discrimination against contaminant
3 6S and 3 5- 3 7Cl ions.

The stability of the detector signals has been enhanced by installation of
a 100-Torr head for the regulation system replacing the 1000-Torr head
used previously. (Vith isobutane, the required detector pressures lie in
the range of 50-60 Torr.)

Computer Control

Computer control of the terminal voltage and charging currents has been
implemented, and special touch-panel pages have been set up. This is a
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first step toward a touch-panel system for operation of the accelerator in
AHS. Mimic diagrams will monitor the status on a TV display system. An
evaluation of the feasibility of automated beam set up has begun.

Data Replay and Analysis

With the improved signal stabilities, it has become possible to process
data semi automatically. The replay program has been automated and stores
multiple runs. A program has been written to read histogram files and
calculate lsotopic ratios. In this way, on-line analysis is possible and
the final analysis can be quickly completed.

1) System Stability

Stabilities of ±5Z or better have been obtained in intercomparisons of
various standards and in repeated measurements of individual samples.
Efforts are now directed to determination of the sources of the residual
instabilities and to development of procedures so that 35,36,37ci isotopes
are treated identically.

2) System Backgrounds

Several research areas including the study of rock exposure ages, saline
ground waters and paleolimnology require system background levels of
approximately 1 O 1 S in the ratio 3<C1/C1. Ve have had problems attaining
this level, although on occasion we have reached <5xlO"15. A substantial
effort has been devoted to measurements of blanks from various stages of
the sample-preparation process. The lowest backgrounds were seen with
substances such as KC1, which require minimal processing, and high
backgrounds were seen with rock samples, which require extensive physical
and chemical treatment.

Measurements of local water and air samples have shown levels much higher
than 10~15, presumably due to reactor operation and/or waste management
activities. Possibly samples processed at the CRL site can become
contaminated with 3 6C1. Further work is planned to determine the origin
of these high ambient 36C1 levels.

3) Ion-Source Memory Effects

We have obtained data on source memory effects by inadvertently measuring
samples with levels as high as 2x10* 36C1/C1. These levels are 150 times
higher than any previously used in the ion source and are ~2xlO7 times
greater than our background contamination goal of 10"15 36C1/C1. These
samples were exposed to sputtering for -30 minutes. Following this, a KCL
background sample (originally 7x10"1S 36C1/C1) gave an initial count of
about 3.9 36Cl/s//iA (37C1), compared with an expected <0.002/s//iA (37C1)
based on results before the hot samples were loaded. During the first
hour this rate dropped rapidly reaching a level around 0.2 36Cl/s//tA
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(37C1). In the next two hours the rate decreased about a factor of 2
further and then the source was opened to change samples. The KC1 from
the previous load was found to be at about the same level while the new
KC1 was about 5 times lower at a level of -0.02 36Cl/s/jiA (37C1) - still a
factor of 10 above the value obtained at the beginning of the run before
the hot samples were loaded. These results are being examined in detail
in an effort to understand better the mechanisms of sample cross-
contamination. On the one hand, preliminary analysis suggests that source
cross-contamination from samples below 10 M (-1011 36Cl/Cl) should not be
a serious problem, particularly if the background samples are not measured
immediately following. On the other hand, it is clear that 100 H samples
should be avoided when the lowest samples are to be measured.

4) Cigar Lake Uranium Ore Deposit Samples

Measurements and hydrological analysis have been completed on the Cigar
Lake water samples and the first draft of a paper has been written. The
conclusion is that the residence time of 36C1* anions in the groundvater
within the ore and surrounding geological barrier is >150 000 years. This
demonstrates that over many millennia, including periods of seismic
activity and glaciation, geological barriers have effectively isolated the
mobile radionuclide in the ore deposit and prevented it from mixing with
the regional groundwater flow system.

5) Q3D Test

Tests to determine whether 36C1 ions can be detected with reduced
contamination from 36S 35-37Cl by introducing a thin degrader foil at the
Q3D target position were inconclusive.

3.1.2 Radiative Electron Capture (REC) and Resonant Transfer and
Excitation (RTE) by Highly-Stripped 79Br Ions Channeled in a Thin
Si Crystal

J.S. Forster, G.C. Ball, W.G. Davies and J.S. Geiger (Nuclear
Physics Branch)
J.U. Andersen (Aarhus University)
J.A. Davies (McMaster University)
H. Geissel (GSI, Darmstadt)
E.P. Ranter (Argonne National Laboratory)

The experiment reported earlier (PR-TASCC-1: 3.1.23; AECL-10337) that used
a single 15-cm-long focal-plane counter has been repeated with three, 35-
cm-long resistive-wire counters in the focal plane of the Q3D in order to
detect three emergent charge states simultaneously.

A bean of 18 MeV/u 7 9Br 2 2 + ions from the TASCC cyclotron was stripped to
the 33+ charge state by a foil stripper/degrader placed directly ahead of
bending magnet BE7. The bending magnets BE7 and BE8 then allowed a
variable energy beam of 33+ ions to be selected from the various charge
states exiting the stripper foil. Stripper foils of 1, 2, 3 and 4 mg/cm2
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Al were mounted on a rotatable arm which allowed any one of the foils to
be placed in the beam. A second rotatable arm, of slightly smaller
radius, had foils of 5, 10 and 15 mg/cm2 Al and 0.6 mg/cm2 Be mounted on
it. The arms could also be positioned so that no foil intercepted the
beam. In this way, we were able to degrade the beam from 17.7 MeV/u to
-12 MeV/u with Al foils from 1 mg/cm2 to 19 mg/cm2.

A thin (-900 um) Si crystal with a <110> axis normal to its surface was
mounted on a 3-axis goniometer and aligned with the beam direction. The
Si crystal was cleaned, prior to mounting on the goniometer, by a 60-s
immersion in a \X HF solution followed by a 30 s rinse in distilled,
deionized water to remove the native oxide layer.

Measurements were made at each energy for both random and aligned
orientations of the Si crystal and for two settings of the Q3D magnetic
field in order to detect 31+, 32+ and 33+ ions and 32+, 33+ and 34+ ions,
respectively. With the beam direction aligned along the <110> axis we
obtained a frozen (i.e. 33+ outgoing ions) charge-state fraction of 97.5X,
indicating a clean, high quality crystal. The 32+ (one-electron pickup)
fraction of ions plotted as a function of energy revealed a KLL resonance
at -15.5 MeV/u on a background that followed a 1/E3 distribution; a
corresponding "dip" was observed in the 33+ charge-state distribution.

Separate measurements of the x-ray yield were made at 17.5, 15.2 and
13.8 MeV/u; i.e above, on and below the resonance. A 200 mm2 intrinsic Ge
detector was mounted at 127.5° to the beam direction and recorded x-rays
in singles as well as in coincidence with 32+ ions observed in one of the
resistive-wire counters.

Finally, a beam of 17.5 MeV/u 7 9Br 3 4 + ions was used to bombard the
crystal, when aligned with the beam, to observe radiative electron capture
into the K-, L- and M-shells of the 7 9Br 3 4 + ion; we also observed the
associated Ka, K0, K7 x rays for the He-like Br ion. The width of the K-
REC peak gives important information on the Compton profile (momentum
distribution) of the electrons captured by the channeled 79Br ions.

Detailed analysis of these data is in progress.

3.1.3 Radiative Electron Capture for Heavy Ions Channeled in Thin High
Tc Superconductors

G.C. Ball, J.S. Forster and J.S. Geiger (Nuclear Physics Branch)
R.P. Sharma, J.A. Davies and D. Comedi (McMaster University)
C.R. Vane (ORNL)

Recent experiments in high quality single crystals of YBa2Cu307 x
(R.P. Sharma, L.E. Rehn and P.M. Baldo, Phys. Rev. B43 (1991) 13711) have
shown a temperature dependence in both the minimum yield and critical
angle during ion channeling with 1 MeV protons and 1.5 MeV *He beams.
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This crystal is of interest because it exhibits high-temperature
superconductivity, TC=92°K. To investigate further the structural changes
implied by the low-energy channeling data, we have made measurements of
Radiative Electron Capture (REC) into highly stripped ions of 79Br
channeled in YBa2Cu307.x crystals.

The Q3D scattering chamber used for REC and RTE channeling studies (PR-
TASCC-2: 3.1.3; AECL-10431 and PR-TASCC-1: 3.1.23; AECL-10337) was
modified by installation of a copper shroud, cooled to liquid-nitrogen
temperature, around the crystal target. In addition, a helium cryocooler,
capable of reaching temperatures as low as 50°K, cooled an inner shroud
surrounding the target. These modifications allowed the target to be
cooled to 50°K. A resistor embedded in the braid connecting the target to
the cryocooler allowed the temperature to be adjusted within the range
S I O O

A beam of 18 MeV/u 79Br22+ ions from the TASCC cyclotron was stripped to
34+ in a thin (-0.6 mg/cm2 )Be foil placed directly in front of bending
magnet BE7; bending magnets BE7 and BE8 allowed unique selection of 3A+

ions exiting the Be foil.

REC measurements were made for random and aligned directions in the
YBa2Cu307.„ crystal at room temperature and with the crystal cooled to
50°K. With the detector positioned at 127.5° to the beam direction x rays
were recorded both in singles and in coincidence with 79Br33+ ions exiting
the crystal.

The 79Br ions were observed in three resistive-wire counters located in
the Q3D focal plane such that three charge states, separated by -3% Ap/p,
could be observed simultaneously. This allowed us to make measurements of
the charge-state distributions for both random and aligned orientations of
the crystal. Unfortunately, the crystal thickness (-12 /*m) was such that
the charge states overlapped one another when the crystal was aligned with
the beam, preventing us from selecting x-ray coincidences with the best
channeled particles (lowest energy loss); this fact also prevented us from
normalizing the coincidence data from run to run. Although we could not
fully separate the charge states when the crystal was aligned with the
beam, it was clear that we did not have good "frozen" charge states as
judged by the counting rate of the 33+ ions (one-electron pickup) compared
to the 34+ ions (transmitted beam).

Analysis of the singles and coincidence x-ray spectra showed negligible
change in the width of the K-REC peak whether measured at room temperature
or at 50°K, or whether the crystal was aligned or in a ^andom direction to
the beam. Also, attempts to compare x-ray spectra by normalization to the
target Cu, Y and Ba lines showed no difference in the K-REC yield with
temperature. However, a difference was observed between random and
aligned conditions indicating that the crystal was of reasonable quality
and that cooling it did not cause contaminant layers to build up on the
surfaces.
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Further experiments are planned if a thinner crystal (<5 pm) can be
fabricated.

3.1.4 Temperature Dependence of the G-Values for Water Irradiated vlth
High L.E.T. Radiation

A.J. Elliot, M.P. Chenier and D.C. Ouellette (System Chemistry
and Corrosion Branch)
V.T. Koslowsky and U.G. Davies (Nuclear Physics Branch)

Background

When water is exposed to ionizing radiation, energy is deposited in
tracks, and the density of ionization events depends on a Linear Energy
Transfer (L.E.T.) characteristic of the radiation. Chemical species which
occur homogeneously distributed along the track some 10"6 s after the
event, are given by:

H20 + radn — > e.q- , OH , H , H2 , H2O2 , H02 , H
+ , OH" (1)

where eaq- is the hydrated electron. The yields of these species, which
vary depending on the L.E.T. of the radiation, are expressed as G-values,
which we define for a given species as its numerical yield per 100 eV of
energy absorbed. In pure water, after a sufficiently long equilibration
period (a few seconds), the stable end-products are H2, 02 and H 20 2.

In a nuclear power reactor, primary-heat transport water at a temperature
around 300QC is irradiated with both low L.E.T. -y-rays (0.2 eV nnr1) and
high L.E.T. neutrons (about 20 eV nnr1). Although stable end-products can
be measured out-of-core, the in-core concentration of short-lived species
formed in reaction (1), some of which have been implicated in corrosion
and hydriding of the fuel channel components, can only be estimated by
computer simulation of the radiolysis.

A research program to generate the data base required for such simulations
has been initiated in the System Chemistry and Corrosion Branch (under the
COG WPIR-15-6811 work package). The series of experiments reported here
is aimed at establishing the temperature dependence of G-values for fast
neutron radiolysis.

Procedures

Previous measurements of G-values for high L.E.T. radiation have been
performed at temperatures of less than 100°C (W.G. Burns and H.E. Sims,
J. Chem. S o c , Faraday Trans. 17 (1981) 2803 and A. Appleby and
H.A. Schwartz, J. Phys. Chem. 73 (1969) 193. Generally, large (30 ml)
samples at atmospheric pressure were bombarded with beams from heavy-ion
accelerators. In such experiments, the ion beam entered the solution
through a thin mica window and the beam current was monitored electrically
with a wire pick-up and an electrometer.

In the present experiments, we irradiated water samples at up to 200°C
with ion beams from the TASCC facility at the T2 target location. The
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apparatus was located in air and isolated from the beam-line vacuum vith a
17 mg/cm2 Ni-foil vindov through which the beam passed. In order to
withstand the 1.5 MPa vapour pressures at these high temperatures, the
samples were sealed in Pyrex ampoules prepared from tubing of precise vail
thickness (0.48±0.04 mm). All samples were preheated to reduce delays
during the irradiation period and to test the integrity of the ampoule.
The beam line leading to this target location is equipped vith a fast-
closing valve that isolates the accelerator and beam-line vacuums in the
event that the nickel vindov bursts. During irradiation, the samples vere
placed in a temperature-stabilized copper-block furnace. Beam entered
through an aperture that vas thermally shielded vith a 1.7-mg/cm2-thick Ni
shield. Since the ampoules vere sealed and the furnace grounded, the ion
current could not be directly measured. Instead, it vas monitored vith a
N2-filled gas ionization chamber that vas located immediately ahead of the
Ni heat shield. The ionization chamber offered a current gain of several
thousand and vas calibrated before and after each irradiation vith a
Faraday cup that vas positioned about 1 m ahead of the sample. The
integrated ion-chamber current and a chart recording of the current vere
obtained for each sample irradiation.

To estimate the dose, ve introduced corrections for the energy lost by the
beam in its passage through the Pyrex ampoule. This correction is
reliable provided that the thickness of Pyrex is veil defined, i.e. the
vail thickness must be uniform to about ±10Z and the incoming beam must
not move horizontally off the centre of the ampoule by more than ±2 mm.
The beam spot is less than 2 mm in diameter and, based on collimator, slit
and beam-profile measurements on the adjacent beam-line, it does not
vander significantly. Ve substantiated this further by irradiating an
empty ampoule and examining the size and location of the beam-related
discolouration.

To date, measurements have been made vith deuteron beams of 26 to 27 MeV
from the Tandem accelerator. These beams give an initial L.E.T. of A to
5 eV nm'1 in the sample. During these experiments the samples are
irradiated from 10 s to 1 hour vith about 0.1 nA of beam. Such lov beam
currents are difficult to monitor vith conventional electrometers and,
further, the accelerator voltage stablization control typically requires
at least 10 nA of beam to stablize. In our case, ve passed 10 nA of beam
current to the stabilization-control slits and then obtained a 100-fold
reduction in current by defocussing the beam in the bypass beam-line (a
section of beam line betveen the Tandem and the target) and cropping it
vith 1 mm x 1 mm slits. This provided a nearly parallel beam of about
1 mm diameter at the target location. Tests vith a 500 HeV 1 2C beam from
the cyclotron have produced a beam spot of about 2 mm x 2 mm. Such beams
vould provide L.E.T. values near 80 eV n m 1 .

To measure the yields of the primary species in reaction (1), solutes need
to be added to the solution, either to inhibit further reaction vith the
molecular species, H2 and H 20 2, or to convert the reactive species such as
e,q

- to a stable product vhich can be assayed later. To prevent localized
depletion of the solutes, the ampoule vas spun at 100 r.p.m. and the ion
current vas limited to 0.1 nano-amperes.



3-9

Results

In the last year, chemical techniques and the equipment itself have been
developed and refined and we now believe that ve can obtain accurate and
reproducible results. Ve have reached the point where we have confidence
in our methodology.

The yield of Fe3+ from an oxygen-saturated 0.4 mol L 1 B2SO4 solution
containing 0.01 mol L- * Fe 2 + was periodically used as a reference
solution. This reaction has been studied extensively in the past and say
be regarded as a standard (see Figure 5.1 in A.O. Allen, "The Radiation
Chemistry of Water and Aqueous Solutions" (D. Van Nostrand Company,
Princeton, 1961)). Figure 3.1.4.1 demonstrates the precision of results
obtained in the present measurements at room temperature. The derived
value for G(Fe 3 +) of 12.1 ± 0.3 (L.E.T. of 4 eV nm"l) is within
experimental error of that extrapolated from the data of Allen and Schuler
(R.H. Schuler and A.O. Allen, J. Amer. Chem. Soc. 79 (1957) 1565).

Although the oxygen-saturated solution could not be studied at higher
temperatures (because of the thermal oxidation of F e 2 + ) , degassed
solutions are thermally stable up to 200"C, and were studied as a function
of temperature. Within experimental error, G(Fe3+) was constant at
6.4 ± 0.6 over the 25-180"C temperature range studied. This value is in
good agreement with previously measured values at room temperature
reported in the literature (N.F. Barr and R.H. Schuler, J. Phys. Chem. 63
(1954) 808). The G(Fe2+) value obtained from this solution represents a
measure of the primary species in 0.4 ML" 1 H2SO4 as given by:

G(Fe2+) = 2 G(H202) + G(0B) + G(e,,-> + G(H)

= 2 G(H2) + 2 G(e, q) + 2 G(H) (2)

Since the results on yields of Fe3+ and FeJ* seem to lend credence to our
techniques and interpretation we have begun a study of chemical systems
relevant to reactor chemistry as summarized in Table 3.1.4.1. Quoted
uncertainties are indicative of the observed scatter in our data. The
agreement with results available in the literature is reasonable.
Significantly, there is little temperature dependence for high L.E.T.
radiation, and in this respect there appears to be no qualitative
differences in the behaviour of low and high L.E.T. radiation.

3.1.5 Deuterium Ingress from Solution into Zr-20wtiENb and Annealed Zr-
2.5wtigNb bv Nuclear Reaction Analysis at the Liquid-Solid
Interface

J.S. Forster (Nuclear Physics Branch)
R.L. Tapping (System Chemistry and Corrosion Branch)
T. Laursen and J.R. Leslie (Queen's University)

Our study of deuterium ingress into thin (1.5-4.5 pm) foils of Zr and its
alloys (PR-TASCC-2: 3.1.9; AECL-10431) has been extended to foils of Zr-
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Figure 3.1.4.1 The yield of Fe3+as a function of energy deposited in an oxygen-
saturated solution containing 0.01 mol U1 Fe2* and 0.4 mol L'1 H2SO4. The yields
were checked 3 times during a 24'hour radiolysis experiment: at the beginning of
the experiment (Q), after 5 hours (k) and after 15 hours (V)
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TABLE 3.1.4.1

G-VALUES FOR SEVERAL CHEMICAL SPECIES
AT ROOM AMD ELEVATED TEMPERATURES

10"3

lO"3

lO"3

10"3

10-3

5x10

5x10

10-3

10"3

BOl

aol

aol

aol

BOl

Solution Irradiated

L"

l"

L"

L~

•* aol

"« -ol

•ol

aol

L"

L"

1

»

1

1

L

L

1

1

•oj-, 5x10°

*o3', 5xlO
-3

Bo3". 5xlO"3

•o3", 5xlO'
3

»o3-, 5xl0'
3

"l acrylaaida

"l acrylaaide

BO2"

BO2"

aol

aol

aol

aol

aol

L"1

L-1

L"1

I."1

BFO3"

HPO3"

BPO3-

HPO3-

HPO3-

Teap.

25

95

ISO

25

95

25

95

25

ISO

°C

•c

°C

°C

"C

•c

•c

°c

°c

Speciea
Investigated

••q'

••q"

Hj + H

H 2 + H

"2°2

H2O2

H2

«2

G-Value
Sxp.

1

1

1

1

1

0

0

0

0

.510.1

.610.1

.710.1

.0710.

.1010.

.6910.

.5610.

.5110.

.6310.

03

05

03

03

01

01

Q-Value
Lit.

1.5

1.3

-

0.S10.1

-

0.65

-

20vtZNb and annealed foils of Zr-2.5vtZNb. The experimental conditions
were the same as in the earlier measurements! i.e. the foils vere mounted
in a compact cell in a vacuum chamber and deuterium was introduced by our
etching the native oxide layer vith a solution of 0.1ZNH4HF2 in D20 for 5
minutes followed by thorough flushing vith H20. The D(

3He,p)4He nuclear
reaction was used to measure the amount of deuterium both in-situ as veil
as ex-situ vith the etched surface turned tovard the beam.

Foils of Zr-20vtZNb vere chosen to simulate the Nb-rich, £-phase material
found at the a-grain boundaries in Zr-2.5vtZNb pressure-tube material.
This phase is known to have a higher diffusion rate for hydrogen than the
adjacent a-grains. Cold-rolled Zr-20vtZNb material vas found to have a
mixed a-fi phase structure. Annealing at 600°C for 10 minutes produced a
lOOt 0-phase structure similar to that found at o-phase boundaries.

Zr-2.5wtINb pressure tubes are annealed (stress relieved) for 24 to 48
hours at 400"C in steam. This procedure produces a slightly modified
microstructure in addition to relieving fabrication stresses. In order to
produce this same microstructure, some Zr-2.5vtZMb foils vere annealed at
400°C for 1 hour and some at 400*0 for 24 hours in a vacuum better than
5x10- 7 Torr. X-ray diffraction data indicated that the foil
microstructure vas essentially that of the pressure tube in terms of the
distribution of a and p phases.
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The intent of these measurements vas to ensure that when the foils are
exposed to the etch, the foil microstructure is representative of the
pressure-tube material. The annealed Zr-2.5vtZNb foils accomplish this
for pressure tubes; annealed Zr-20vtZNb foils simulate fi phase and pure Zr
foils simulate a phase. It is of interest to determine if deuterium
ingress and distribution into the phases comprising Zr-2.5vtZNb is a
function of aicrostructure and if annealing has an effect on deuterium
uptake by thin Zr-2.5vtZNb foils.

Analysis of the data is in progress.

3.1.6 A Measurement of 1 9P Uptake In Etched Foils of Zr and Its Alloys
bv Resonance Depth Profiling

J.S. Forster (Nuclear Physics Branch)
R.L. Tapping (System Chemistry and Corrosion Branch)
J.R. Leslie and T. Laursen (Queen's University)

In recent studies of deuterium uptake by thin foils of Zr and its alloys
(3.1.5 of this report and PR-TASCC-2: 3.1.9; AECL-10431), we etched thin
foils in a solution of 0.1Z NH4HF2 in D20. In a complementary study ve
have measured the amount of 1 9F retained in the near-surface region of
these same foils by the observation of the 874 keV resonance in the
19F(p,a,7)ls0 reaction.

The targets were mounted on the tvo-axis goniometer with x-y translation
that vas used for the deuterium ingress studies and a proton beam from the
Queen's University Van de Graaff accelerator vas focussed to a 0.5-mm beam
spot on the foil. Backseattered protons vere detected in a silicon
surface-barrier detector at 170° to the beam direction and vere used to
normalize the gamma-ray data. A 12.5 cm by 17.5 cm Nal(Tl) gamma-ray
detector vas placed at 90" to the beam direction and measured gamma rays
from the 19F(p,a)160 reaction. A vindov vas set across the region of
4 MeV to 10 MeV in the gamma-ray spectrum.

Measurements vere made for proton energies from 858 keV to 890 keV in
steps of about 0.75 keV. As veil as the foils of Zr and its alloys, ve
also made measurements for CaF2 targets of -10 /ig/cm2 and -60 ng/cm2 on
thick Zr foils as calibration for the thinner, etched foils.

Preliminary analysis of the data indicates a linear relationship between
absorbed deuterium and fluorine, i.e. the greater the absorbed deuterium,
the greater the absorbed fluorine. Detailed data analysis is in progress.
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3.1.7 The Half-Lives of <6V. 50Mn and " C o

V.T. Koslowsky, E. Hagberg, V.L. Perry, G. Savard and H.J. Watson
(Nuclear Physics Branch)
H. Schmeing (TASCC Accelerators and Development Branch)
J.C. Hardy (TASCC Division)
P.P. Unger (University of Manitoba)

Systematic errors in our counting equipment have hampered efforts to
determine precisely the half-lives of 4 £V, 50Mn, and 5 4Co. After
electronic difficulties with multiple pulsing vere overcome (PR-PHS-P-9:
3.1.3; AECL-10196) half-life measurements vere repeated. Subsequent
analysis indicated that although x2-fits vere excellent, the resultant
half-life from some runs vould change by as much as 0.5Z if data in the
first fev tens of milliseconds vere ignored in the fitting process. The
effect vas eventually traced to a small time-dependence in the counting
efficiency of the 4x£ counter caused by a momentary gush of air into the
counter as the tape transport system moved a nev counting sample into the
counter (PR-TASCC-2: 3.2.3; AECL-10431). To circumvent this problem, a
nev Unfi counter has been constructed vith sealed vindovs. The half-lives
of 46V and 50Mn vere recently remeasured and preliminary analyses shov the
earlier systematic effect has vanished. Analysis is in progress.

3.1.8 Direct Mass Measurement of ' " ' " ' I

K.S. Sharma, P.P. Unger, J.G. Hykawy and R.C. Barber (University
of Manitoba)
E. Hagberg, V.T. Koslovsky and G. Savard (Nuclear Physics Branch)
J.C. Hardy (TASCC Division)

A direct mass measurement of the mass ratios for members of the isotopic
triplet in.us.ii9i was m a ( j e wltn tne o n_ii n e isotope separator. The
activity vas produced vith a 133 MeV, 160 nA 2 7A1 9 + beam incident on a
2.1 mg/cm2 natural molybdenum target. The thirteen scans made over this
triplet vill allov us to deduce the unknown masses of n 1 ' n ' I from the
known mass of 1 1 9I with a precision of about 1 ppm.

3.1.9 The Decay of 1 2 0Ba

S. Xu, J. Guo, S. Yuan and M. Liu (Institute of Modern Physics,
Lanzhou, The People's Republic of China)
E. Hagberg and V.T. Koslowsky (Nuclear Physics Branch)
J.C. Hardy (TASCC Division)
G. Dyck (University of Manitoba and Nuclear Physics Branch)
H. Schmeing (TASCC Accelerators and Development Branch)

Our experiment on the decay of 120Ba (PR-PHS-P-7: 3.1.17; AECL-9995 and
PR-PHS-P-9: 3.1.11; AECL-10196) has now been written up for publication.
The half-life of 1 2 0Ba has been determined to be 24±2 s and its total
decay energy, Qgc=5.0±0.3 MeV. Eleven excited states have been proposed
in its daughter, 1 2 0Cs, to account for sixteen observed ^-delayed 7-ray
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transitions. Deduced log ft values for the p transition have led to the
assignment of some J* values for the levels in 1 2 0Cs.

This is the first definitive study of the decay of 120Ba.

3.1.10 The Decays of lez.ieaxa and Some Neighbouring Nuclides

E. Hagberg and V.T. Koslowsky (Nuclear Physics Branch)
H. Schmeing (TASCC Accelerators and Development Branch)
J.C. Hardy (TASCC Division)
X. Sun (Institute of Modern Physics, Lanzhou, People's Republic
of China)

The analysis of data obtained during an experiment aimed at investigating
the decays of i«2.i«3Ta (PR-PHS-P-4: 3.1.4; AECL-9680) is now complete.
The a decay energies of 1*2,163Ta nave Deen determined and used to obtain
absolute mass values for 9 nuclides. Improved 7-ray data were obtained
for 1 6 2Ta and 161Hf. Alpha branching ratios were deduced for 8 nuclides.
Our findings have been written up and accepted for publication in Phys.
Rev. C.

3.1.11 Measurements of Beam-Energy Differences for Various Species of
Ions Extracted from a FEBIAD Source

E. Hagberg and V.T. Koslowsky (Nuclear Physics Branch)
G. Dyck (University of Manitoba and Nuclear Physics Branch)
K.S. Sharma and P.P. Unger (University of Manitoba)
J.C. Hardy (TASCC Division)
H. Schmeing (TASCC Accelerators and Development Branch)

The ISOL direct-mass-measurement program (PR-TASCC-1: 3.1.11; AECL-10377
and PR-PHS-P-9: 3.1.8; AECL-10196) utilizes the ISOL as a mass
spectrometer and thus relates the masses of different nuclides through
comparison of the rigidity of beams of those nuclides. The unknown mass
of one nuclide is derived from comparisons with nuclides that have a known
mass. Because the ISOL is a single focussing instrument (momentum but not
energy focussing) this procedure works in our case only if two conditions
are met: i) different species of ions emerge from the ion source with the
same energy, and ii) the beam energy corresponds exactly to the applied
extraction voltage. Our mass measurements with the ISOL will be affected
significantly if the first condition is not met and to a small degree if
the second condition is not met. Consequently, we have so far restricted
our mass measurements to comparisons of isotopes from the same element,
thus guaranteeing that the first condition is met.

However, we can turn this problem around and measure the mass ratio of
nuclides from different elements but for which both partners have a known
mass. If our measured value does not agree with the known value then it
can be explained by a non-zero beam-energy difference. In our previous
mass measurements of In, Sn and Cd isotopes we obtained mass centroid data
on other isobaric activities. Thus, we can compare pairs of Sn, In, Cd
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and Ag isotopes with known masses and deduce their beam-energy
differences. All three measurements were done with a FEBIAD source
operated with a 40 kV extraction potential.

Our data were divided into two groups. The first group, the control
group, was made up of pairs of isotopes from the same element (Sn-Sn, In-
In, Cd-Cd, Ag-Ag). For this group we expect no beam-energy difference.
The seven pairs of isotopes in this group indeed show beam-energy
differences that are consistent with zero. The second group was made up
of isotopes from different elements (In-Sn, Cd-In, Ag-In, Ag-Cd). The
nine pairs in this group show a beam-energy difference that is, with a few
exceptions, consistent with zero as well. However, it should be mentioned
that we do depend on the accuracy of the tabulated masses. In some cases,
the mass difference between members of a pair can only be deduced with
measured Qa-values for several nuclides in two chains and then a reaction
Q-value to connect the stable nuclides at the end of the chains. In other
cases, the mass difference can be established through a simpler linkage
depending on fewer measured Q-values. If we restrict our data set to
those pairs that are connected by only a few mass linkages, then there is
no evidence for beam-energy differences of ions of different elements at
the 0.1 eV (or 2.5 part per million) level.

A detailed report of our findings was presented at the 12th Internationa]
Conference on Electromagnetic Isotope Separators and will appear in the
conference proceedings, a dedicatad volume of Nuclear Instruments and
Methods.

3.1.12 B Transitions between Non-Analogue 0* States

E. Hagberg, V.T. Koslowsky and G. Savard (Nuclear Physics Branch)
J.C. Hardy (TASCC Division)
J. Hykawy and P.P. Unger (University of Manitoba)
H. Schmeing (TASCC Accelerators and Development Branch)

The analysis of the experiment aimed at observing weak 0+-»0+ B transitions
from 50Mn (PR-TASCC-2: 3.1.5; AECL-10431) is well under way. Two weak 7
rays, with energies of 2720 keV and 3224 keV, were found that could not be
identified and so were candidate signatures of a possible 0+->0+ (non-
analogue) branch. However, because the spectrum was dominated by 7 rays
from 50"Mn and 32C1 (originating from a small sulphur contamination in the
chromium target) it was decided to examine the decays of these nuclides in
more detail. A short experiment on the decay of 32C1, produced by the
bombardment of a PbS target with a proton beam, yielded the same two 7
rays. They must therefore be assigned to the decay of 32Cl although they
have not been seen previously in studies of the decay of this nuclide.
However, they are easily accommodated in the level scheme of 3 2S as weak
transitions from the isobaric analogue state to the second and third
excited states, respectively. This agreement supports our assignment.

Another short experiment, which was aimed at observing the 7 rays from the
decay of 50"Mn and improving the accuracy of their known energies, was
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also made. Samples of 50Mn and 50aMn were produced by bombardment of a
50Cr target with protons. After each irradiation there was a 10 s wait
period to allow the short-lived 50Mn to decay and then the pure 50»Mn
samples were assayed with an HPGe detector. Spectra were recorded from
pure 50"Mn samples as well as samples observed together with a 56Co
standard source. No new 7 rays were observed from 50"Mn but we achieved a
significant improvement in accuracy of the energies of the higher energy y
rays. This will permit us to use the 50"Mn y rays as energy standards in
our main 50Mn decay study.

Because our two potential candidates for a 0+-»0+ (non analogue) transition
from 5 0Mn have now been assigned to 3 2C1, our upper limit for the
branching ratio of such a transition is now AxlO'5, very close to the
theoretical expectations. Once our data from the 50Mn experiment has been
thoroughly analysed, this limit will likely be reduced further.

Another short test aimed at observing an isospin forbidden branch in S4Co
yielded an upper limit of 4xlO~5. A full-scale experiment on the decay of
this nucleus will be performed shortly.

3.1.13 Some Interesting Experiments on Exotic Nuclei with Radioactive
Beams

J.C. Hardy (TASCC Division)

An invited talk was presented to the "Workshop on Physics with Radioactive
Ion Beams" at Michigan State University on 1991 October 23. The talk
focused on the study of nuclei with Z-N between 56Ni and 1 0 0Sn. These
nuclei, which become accessible with radioactive beams, present a
particularly fertile ground for the investigation of Gamow-Teller
quenching, delayed-proton decay and superallowed beta decay.

In the case of superallowed 0-decay, eight 0+-»0+ transitions between
nuclei with A<54 are already known to great precision (see, for example,
J.C. Hardy et ai, Nucl. Phys. A509 (1990) 429). These cases have yielded
a stringent test of the conservation of vector current, and a value for
the vector coupling constant, Gv, the precision of which now depends
mostly on the uncertainty of calculated charge-dependent mixing. Very few
opportunities are currently available to confirm or refine these mixing
calculations through measurements of forbidden 0+-»0+ transitions in the
same nuclei. With the production of heavier N-Z nuclei with higher QEC
values, substantially more such transitions will become available. Their
study would have an impact in reducing the uncertainty in Gv.

Specific experiments were proposed, involving 62Zn and 6*Ge beams: e.g.
3He(62Zn,t)62Ga to measure the 62Ga Q E C value; and H(6«Ge,t)62Ga to
identify excited 0+ states in S2Ga.
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3.1.14 A High-Resolution Studv of the Breakup of 14N Projectiles at
40 MeV per Nucleon

J.-F. Lecolley (Lab. de Phys. Corp. de Caen)
G . C Ball, A. Galindo-Uribarri, E. Hagberg, D. Horn, and
V.I'. Janzen (Nuclear Physics Branch)
J. Pouliot, R. Roy, and C. St-Pierre (Universite Laval)

Based on data from an experiment at HSU, ve have speculated that the 10B-a
breakup channel for 40-HeV/u 1 4N projectiles interacting vith a gold
target could be "prompt" (i.e. an entrance-channel effect) (PR-PHS-P-2:
3.1.1; AKCL-9351). The availability of a 40-MeV/u *«N beam at TASCC has
allowed us to look for this effect in a high-resolution experiment.

Ve used three silicon-CsI AE-E telescopes for a-partide detection,
instead of the array of highly efficient, but nonlinear, phosvich
detectors used in the earlier work. The light-ion telescopes vere
positioned at laboratory angles of +4.5°, -4.5", and -8.5" vith respect to
the beam axis, at a distance of 90 cm from the 9.4-mg/cm2 gold target. An
aluminum absorber, 2.5 mm in thickness, was placed in front of these
detectors to minimize pileup and radiation damage from elastically
scattered beam. Heavy projectile-like fragments vere detected in tvo
silicon telescopes mounted on a variable-angle platform in the scattering
chamber, 35 cm from the target. The angular correlations between the light
and heavy projectile fragments vere measured, vith the heavy-fragment data
taken at four-degree intervals from -28.5* to -8.5" and +8.5" to +28.5*.

A preliminary analysis of the coincidence data has revealed excellent
resolution in the sum-energy spectra of E(10B) + E(a), but rather limited
counting statistics for this reaction channel. So far, no obvious
signature of entrance-channel breakup has been noted. Further analysis
vill be performed to determine whether additional measurements are
varranted.

3.1.15 Inverse Kinematics Studv of Highly Excited Systems

D. Horn, G.C. Ball, A. Galindo-Uribarri, E. Hagberg, and
G. Sheldon (Nuclear Physics Branch)
R. Laforest, and J. Pouliot (Universite Laval)

An experiment using inverse kinematics to focus reaction products into the
angular range of our forvard-angle detector array vas reported in PR-
TASCC-2: 3.1.1; AECL-10431. Analysis of the data from that experiment has
progressed significantly.

Calibration of Phosvich Detectors

Ve have normalized, linearized, and superimposed the E-AE spectra from the
38 phosvich detectors, and on an event-by-event basis ve can nov extract
individual atomic numbers (Z), and their sums (2Z). Analysis of the
phosvich energy-calibration data by the Universite Laval group is also
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complete, and the appropriate calibration coefficients have been Inserted
into the tape-scanning routines.

Evolution of SZ Spectra

Tapes of coincidence data for the 35C1 + 1 2C and 35C1 + 9Be reactions at
35 HeV per nucleon, triggered only by phosvich events (hardware
multiplicities 1, 4, and 7), were analyzed to determine the evolution of
2Z spectra as a function of the calculated (software) multiplicity. The ZZ
distributions were typically double-bumped, with the lower bump
representing events in which a large projectile-like fragment was
undetected, and the upper bump representing events in which the major
projectile-like components were detected. As events of increasing
multiplicity were selected, the distributions moved toward larger values
of 2Z. For the highest multiplicities, the lower lobe of the distribution
disappeared. At multiplicity M=10, for example, only a single bump
centered at 2Z=20 remained. Since this value represents 87Z of the entire
system's atomic charge, such events were clearly among those in which the
greatest amount of the projectile's linear momentum was transferred to the
composite system. Therefore, a combination of multiplicity and 2Z
criteria from the phoswich array was chosen to serve as an impact-
parameter tag to select the most dissipative, or central, collisions.

Telescope Spectra

Spectra from the high-resolution detector telescopes at 14°, 20°, 50°, and
120° were then analyzed as a function of reaction centrality. For
example, proton spectra obtained at $ = 14° peak at a higher energy and
fall off more steeply with increasing energy when they are gated by the
phoswich-array conditions 2Z < 10 and no multiplicity requirement than
when they are gated by ZZ > 20 and M > 4. This is indicative of a fast,
cool, projectile-like source for the peripheral collisions and a hotter,
slower source for the central collisions. In contrast, at 6 = 50° the
high-energy slopes of the spectra are equal for central and peripheral
events, as expected from our earlier work (Pruneau et ai, Nuclear Physics
A534 (1991) 204). The impact-parameter independence stems from the fact
that, at this large angle, only particles emitted from the "mid-rapidity",
or nucleon-nucleon, source frame have the kinematic properties required to
populate the high-energy part of the spectrum.

Pseudotemperatures

The high-energy slopes of proton and alpha-particle spectra recorded at
* l a b = 14° and 20" from the more central collisions were fitted and
compared to simulated spectra generated from Haxwell-Boltzmann sources
moving at the center-of-mass velocity of the nucleus-nucleus system. The
pseudotemperatures required in the simulations to reproduce the data
ranged from 6.0 to 7.3 MeV for the 35C1 + 9Be system and 7.2 to 8.5 MeV
for 35Cl + 12C. The energy deposited into the emitting source, per nucleon
of the source, was 3.9 to 5.7 MeV and 5.5 to 6.6 MeV, respectively, for
the two reactions. Analysis in terms of nuclear level densities for
comparison to other systems is proceeding.
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3.1.16 Extension o£ the Study of Highly Excited Nuclear-Matter Systems
with an Exclusive Impact-Parameter Trigger

G.C. Ball, A. Galindo-Uribarri, E. Hagberg, D. Horn, M.G. Steer
and T.G. Whan (Nuclear Physics Branch)
L. Beaulieu, R. Laforest and R. Roy (Universite Laval)
T. Li, A. Vander Molen, G.D. West fall, J.S. Vinfield, J. Yee and
S. Yennello (NSCL and Michigan State University)

An experiment designed to extend our previous study (Nucl. Phys. A534
(1991) 204) of highly excited nuclear systems was carried out in September
1991 at the National Superconducting Cyclotron Laboratory, Michigan State
University. The experimental configuration included the MSU 4JI array and
the CRL Forward Array, which together served as an impact-parameter
trigger for the study of apparent temperatures in central collisions at
intermediate energies. The Forward Array phototube bases had been
modified by the addition of four capacitors and a large final-stage
resistor to improve responses to large-amplitude pulses. One element of
the 4n array was replaced by a matrix of six high-resolution telescopes.
Three 50-70 /im AE, 5 mm E silicon detector telescopes were positioned at
26.6°, 39.5° and 52.3° to detect heavy ions. Light ions were observed in
three AE-E detector telescopes positioned at the same angles and
consisting of 700-1000/im Si surface-barrier detectors followed by 10 cm of
Csl coupled to large-area photodiodes (PR-PHS-P-7: 3.2.6; AECL-9995).
Beams of 45 and 80 MeV/u 36Ar and 20Ne from the MSU K1200 cyclotron were
used to bombard targets of NaF, Mg, KC1 and Au, permitting comparison of
mass symmetric, asymmetric and very asymmetric systems. A 60 MeV/u 4He
beam, as well as a ThC (8.8 MeV) a-particle source, were used to provide
an energy calibration for the Forward Array and the light-ion telescopes.

The data were obtained in three modes, depending on whether a high-
resolution telescope, the 4n array or the forward array was required to
trigger the acceptance of an event. A total of 17 Exabyte tapes (-42.5 G
bytes) of event-by-event data were obtained.

The data will be analyzed with procedures developed for the previous
experiment (loc. cit.). So far, a new routine has been written to unpack
the event buffers and the energy calibration and particle-identification
algorithms for the high-resolution telescopes are near completion.

3.1.17 Population of the Neutron-Deficient Nucleus 109Sb via the 5aNi +
58N1 and 58Ni + 5«Fe Reactions

V.P. Janzen (TASCC/McMaster University)
H.R. Andrews, A. Galindo-Uribarri, R.V. MacLeod, D.C. Radford and
D. Ward (Nuclear Physics Branch)

We have studied high-spin states of 1 1 3Sb (PR-TASCC-2: 3.1.11; AECL-
10431), 11JSb and ^ S b (see section 3.1.18 of this report) with the 8JI
spectrometer. An interesting aspect of this series of experiments is the
possibility of isolating the interaction between h 1 1 / 2 neutrons and
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protons. A number of models suggest that such an n-p interaction should
increase as the neutron and proton Fermi levels approach each other.
Therefore ve vould like to study the high-spin spectroscopy of the most
neutron-deficient Sb isotopes possible.

Since excited states of A<110 Sb are not known, we have performed short
test runs using the 8x spectrometer and the Array for Light Fragments
(A.L.F.) to identify transitions in 109Sb (see Table 3.1.17.1).

TABLE 3.1.17.1

REACTIOHS USED TO IDENTIFY 7-RAY
TRANSITIONS IR THE NUCLEUS l09Sb

Reaction
58Ni(S8Ni,yp*a)
54Fe(58Ni,ypza)

5''Fe(58Ni,yp*a)

Ebeam
(MeV)

l_ 250
250
235
235

Current
(pnA)

1.0
0.5
0.9
1.3

') Target thickness given in tig/cm2.

Target1)
500
455
455

600/Au

A.L.F.

V
v7

/Au indicates that

HPGe
Trigger

7-7
7-7
7-7
7-7

BGO
Fold
> 10
> 10
> 10
> 9

Events to I
Tape (Hz)

370
360
360
340

a Au backing was applied.

The S8Ni + 58Ni and 58Ni + 5*Fe reactions lead to compound nuclei that are
sufficiently neutron-deficient that they evaporate protons and a particles
almost exclusively. For S8Ni + 58Ni at 250 MeV the most strongly
populated residual nuclei are 112Te (4p exit channel), 1 1 3I (3p), 109Sb
(most interesting to us; a3p) and ii°Te (a2p). We used the upgraded
version of the charged-particle array (see section 3.2.13 of this report)
with 24 Csl detectors covering nearly 90Z of 4* sr. The level structure
of 1 1 2Te is well known and the corresponding transitions were the most
intense in the overall spectrum of 7 rays.

By setting narrowly defined gates on the two-dimensional energy-time
spectra from the elements of the Csl ball, we were able to distinguish
clearly protons from a particles. The bottom panel of Figure 3.1.17.1
shows the 7-ray spectrum we obtained by requiring two or more protons
following the 58Ni + 58Ni reaction (i.e. M,, > 2). If, in addition, we
require a single a particle (% = 1) the spectrum in the top panel is
obtained, which emphasizes a different set of 7 rays. The normalized
difference between the two appears in the middle panel. Positive peaks
may be associated with the ayp channels where y > 2, while negative peaks
are associated with yp channels. Based on the intensity of known 7 rays
in n°Te and 108Sn, it is clear that the a2p and a4p channels are only
weakly populated, and the strongest positive peaks can thus be identified
with transitions in 1 0 9Sb. By comparing the 7-ray spectra obtained by
requiring Mp = 3 and Mp = 4 we were also able to identify approximately 20
transitions belonging to 1 1 3 I .
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For the last run in this series ve acquired -4 x 106 events using the
5«Fe(58Ni,ypza) reaction at 235 MeV, triggering on high-fold y-y events.
Ve used a Au-backed target in order to obtain good energy resolution in
the HPGe spectra for y rays at low-to-medium spin. A candidate vas found
for the xh 1 1 / 2 band in 1 0 9Sb; if that assignment is correct, its relative
intensity appears to be weaker than the corresponding bands in
111,113.lis^b. An experiment involving collaborators from York University
(U.K.)i the University of Liverpool and SUNY Stony Brook is scheduled for
early 1992.

3.1.18 Recent Results from the Investigation of Proton h 1 1 / 2 Intruder

Bands in the Odd-A Sb Isotopes

V.P. Janzen (TASCC/McMaster University)
H.R. Andrews, A. Galindo-Uribarri, D.C. Radford and D. Vard
(Nuclear Physics Branch)
S. Hullins, 0. Prevost, J. Rodriguez and J.C. Uaddington
(McMaster University)
D. Fossan, D. LaFosse and R. Hughes (SUNY Stony Brook)
R. Vyss (JIHIR, Oak Ridge)
R. Vadsworth (York University)
E. Paul (University of Liverpool)
G. Zwartz (University of Toronto)

Our earlier high-spin experiments on 113Sb led to a number of interesting
results (PR-TASCC-2: 3.1.11; AECL 10431). Apart from questions of shape
coexistence in the A-110 region and the shape-driving influence of the
high-j h 1 1 / 2 orbital, our measurements have raised the possibility of a
surprisingly large interaction between neutrons and protons in high-j
orbitals. Ve have begun to investigate the high-spin structure of
io».iu.115,ii7.ii9Sb. the experiments performed are listed in Table
3.1.18.1.

Results from the TASCC 1 0 9Sb tests are reported in section 3.1.17 of this
report. The Stony Brook group has analysed their backed-target data on
in,us,in,ii9sb and produced preliminary level schemes for the low- to
medium-spin states. The TASCC experiments with unbacked targets have
probed states at higher spins (up to 83/2 li in 1 1 1Sb). As a result, the
proton h 1 1 / 2 band has been located in 1 1 1" l l 9Sb, and observed to high
spins in xfi-H5 S b.

115Sb

Approximately 30 x 106 BPGe y-y coincidences were recorded for each of two
beam energies with an event trigger requiring a 7-ray fold of K > 10 in
the BGO ball. Following the first run, at a beam energy of 90 MeV, we
located the *h 1 1 / 2 band built on the known 15/2" state at 2517 keV (Bron
et al. Nucl. Phys. A279 (1977) 365), and observed states up to 47/2 li.
Although the subsequent experiment at 95 MeV was calculated to have more
input angular momentum, the cross-section to 1 1 5Sb was reduced and we were
unable to follow the *h 1 1 / 2 band to higher spin.
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Figure 3.1.17.1 Gamma-ray spectra obtained by gating on two or more protons (top panel) and an alpha
particle plus two or more protons (bottom panel) in the A.L.F. Using the difference spectrum in the middle
panel we can distinguish between y rays associated with yp exit channels (downward peaks) and a yp channels
(upward peaks).
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TABLE 3.1.18.1

REACTIONS LEADING TO ODD-A Sb ISOTOPES

Isotope
i°9Sb

n i S b

113Sb

115Sb

117Sb
U 9 Sb

Reaction
58Ni(58Ni,o3p)

S8Ni(S4Fe,3p)
S8Ni(S4Fe,3p)

58Ni(6°Ni,«3p)
96Ru(19F,2p2n)

92Mo(23Na,2p2n)
94Mo(23Na,2p2n)
94Mo(23Na,2p2n)

luoMo(19F,4n)
1 0 8Pd(»B,4n)
n o P d ( n B , 4 n )
116Cd(7Li,4n)

Edeam
(MeV)

250
235
235
243
90
120
117
117
90
47
45
39

Performed
at

TASCC
TASCC

Daresbury
Dareabury

StonyBrook
TASCC
TASCC
TASCC
TASCC

StonyBrook
StonyBrook
StonyBrook

Comments
- test run, with A.L.F.1)
- test run, backed target
- test run, with R.M.S.2*
- test run
- Pb-backed target3)
- unbacked target
- unbacked target
- Au-backed target5)
- unbacked t" ""t
- Pb-backed target3)
- Pb-backed target3)
- Pb-backed target3)

Reference
Sec. 3.1.17
Sec. 3.1.17

R. Wadsworth
R. Wadsworth

D. LaFosse
this report

past report4)
past report4)

this report
D. LaFosse
D. LaFosse
D. LaFosse

') Charged particles detected in the Array for Light Fragments.
2) Residual nuclei mass-analysed with the Daresbury Recoil Mass Spectrometer.
3) Provided data on low- to medium-spin states only.
4) PR-TASCC-2 3.1.11; AECL-10431.
5) Excited-state lifetimes measured using the Doppler Shift Attenuation Method.

A second rotational band has been found which has comparable intensity at
the highest spins observed. However, it does not retain that intensity as
it de-excites but appears to decay partially through the h 1 1 / 2 band at low
to medium spin, and partially to the known 19/2" isomeric state at
2796 keV. Spins and parities of the states in this new band are not yet
known. The Stony Brook data on ll7Sb have also revealed the presence of
non-h11/2 collective structures. They appear to be based on the positive-
parity proton orbitals calculated to lie near the Fermi surface at
02 - 0.25. However, both the moment of inertia and aligned spin of the
new band in 1 1 5Sb are larger than either those determined for the
positive-parity bands in 1 1 7Sb or for the *h 1 1 / 2 bands in iii-"9sb.

Following the Stony Brook experiment a preliminary level scheme was
established which Included the ith11/2 band up to spin 47/2 h. Subsequent
analysis of the Daresbury 5SNi-on-*°Ni data extended that band by three
transitions (i.e. 6 n). Following the TASCC experiment we were able to
observe transitions up to spin 83/2 n, which is extremely high for nuclei
in this mass region.
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The proton h l l / 2 dynamic moments of inertia for ni.iis.nssb are shown in
Figure 3.1.18.1. Three important features distinguish the lllSb band from
its counterpart in 113Sb.

- The band crossing due to the rotation alignment of a pair of h 1 1 / 2

neutrons, as revealed by the peak in J<2> at ftu - 0.4 MeV, appears
at a lover rotational frequency than in 113Sb (see Figure 3.1.18.1
and the discussion to follow).

- In the frequency range 0.55 to 0.70 MeV/K the moment of inertia
contains irregularities which are not present in 113Sb. This could
be the effect of interactions with "band-terminating" states, which
are a newly-discovered feature in n».i"i (Z = 53) and ne,i2 2xe
(Z = 54; e.g. Simpson et al. Phys. Lett. B262 (1991) 388).

- At spin 59/2 h the h 1 1 / 2 band splits into two structures. One
appears to be a smooth extension of the low-spin rotational pattern
(basis of dotted curve in Figure 3.1.18.1), while the second branch
appears less regular (not shown). The appearance of this second
branch could also be related to the presence of band-terminating
states.

Further analysis is required before these features can be completely
understood.

Systematic Features of the nh11,2 Bands

At hw -0.4 MeV band crossings occur in the 111»ll3Sb nuclei (see Figure
3.1.18.1) which can be associated with the alignment of a pair of h11/2

quasineutrons. The interaction strength between the crossing bands
extracted from the 111Sb data is -0.9 MeV, similar to that found in 113Sb
and in both cases much higher than standard cranked-shell model
calculations predict. A number of models predict that the strength of
such an n-p interaction should increase as the neutron and proton Fermi
levels approach each other. We will need more data from i°9'115Sb in
order to test that prediction.

The frequency at which the h 1 1 / 2 quasineutrons align appears to be
decreasing for smaller neutron numbers. This is contrary to what theory
suggests, since until now the type of interaction discussed above has
invariably been linked to an increase in crossing frequency. Nonetheless,
the calculations of Wyss et al. (Proc. of JIHIR Workshop-Symposium, Oct.
1991, Oak Ridge) suggest that if the neutron Fermi level is low enough in
the h 1 1 / 2 subshell, the crossing frequency could in fact be lowered.
Because the neutron and proton Fermi levels are relatively close to each
other within the same high-j subshell, the light Sb isotopes are a better
testing ground for these theories than nuclei in heavier-mass regions.

The properties of these *h 1 1 / 2 "intruder" bands may also lend insight as
to the onset of deformation close to the Z = 50 spherical closed shell.
Rotational bands in the even-even Sn isotopes have been known for some
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time. These bands are built on excited 0+ states which have been
interpreted as 2-particle 2-hole (2p-2h) "intruder" excitations across the
large shell gap. The question arises vhether the large deformation of
these h l l / 2 bands (02 - 0.3 in

 113Sb) is due to the deformation-driving
qualities of the proton high-j orbital or to the even-even "core". Some
of the change in deformation may be due to the alignment of neutrons in
the h l l y 2 orbital. Our DSAM data on 113Sb leads us to believe that this
last effect is not important, since the collectivity of the band is not
affected by the h11/2 neutron alignment.

From our recent results on other isotopes ve now know the excitation
energies of the proton h 1 1 / 2 spherical and deformed states in llx-119Sb.
These can be related to the energies of the 0+ intruder states in the
corresponding Sn core nuclei. Figure 3.1.18.2 shows the energies of the
deformed 11/2" states relative to the spherical 11/2" states in Sb nuclei.
Theory predicts that if the h11/2 protons are coupled in a simple way to
the Sn spherical and intruder cores, the difference of the spherical and
intruder band heads in the Sb nucleus will be one half of the difference
of the Sn core states (Heyde et al., Nucl. Phys. A484 (1988) 275). The
good agreement shown in Figure 3.1.18.2 suggests that the onset of
deformation in the odd-A Sb isotopes is closely linked to the Sn 2p-2h
deformed cores.

Figure 3.1.18.2 also indicates that the location of the proton h11/2

states scales with the Sn cores more closely than does that of the g9,2
states. This is likely due to the nearly single-particle nature of the
h11/2 orbital, lying as it does above the pairing gap at low rotational
frequency. By comparison, the g9/2 orbital is situated much closer to the
Fermi surface and is in fact a component in the Sn excited 2p-2h core.
Thus the pairing correlations thought to be responsible for bringing the
deformed core down in energy are very different for the two orbitals.
Apparently, the onset of deformation in the Sb isotopes is partially
blocked by the occupation of the g9/2 orbital, since that orbital Is
involved in the core at fi2 ~ 0.25. By comparison, the ability of a
particle in the h11/2 orbital to couple to the 2p-2h core is relatively
unimpaired. This explanation is also consistent with our potential-energy
surface calculations, which predict a smaller deformation for g9/2 vs.
h11/2 bandheads (PR-TASCC-2: 3.1.11; AECL-10431).

Analysis of the data is continuing and further experiments are scheduled
for i<>9,ii5Sb.
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3.1.19 Study of Charged Particles Populating the 152Dv Superdeformed
Band

A. Galindo-Uribarri, H.R. Andrews, G.C. Ball, D.C. Radford and
D. Ward (Nuclear Physics Branch)
T.E. Drake (University of Toronto)
V.P. Janzen (TASCC/McMaster University)
G. Hackmann, S. Nullins, L. Persson and J.C. Vaddington (McMaster
University)

The evolution of the nuclear shape vith increasing angular momentum and
excitation energy is a topic of major current interest in nuclear
physics. An experiment to search for possible shape effects on the
evaporated charged particles associated vith the population of the
superdeformed band (SDB) in 152Dy was performed vith the 8JI spectrometer
and the "minlball", a 24-element charged-partlcle detector array (PR-
TASCC-1: 3.? B; AECL-10337 and PR-TASCC-2: 3.2.7; AECL-10431). This
experiment: extends the study of charged particles associated with the SDB
in 133Nd (A. Galindo-Uribarri et al. in: Nuclear Structure and Heavy Ion
Dynamics, Inst. Phys. Conf. Ser. No 109, 1990, p. 179) to a nucleus vhose
known SDB has a higher deformation. Previously ve had populated the 1S2Dy
SDB in the charged particle channel (p4n) vith 187 MeV and 195 NeV beams
of 37C1 (PR-PHS-P-8: 3.1.13; AECL-10102 and PR-TASCC-2: 3.1.14; AECL-
10431). Hovever, the statistics were poor and a search for possible shape
effects associated vith SDB in 152Dy was marginal. The intensity of the
SDB in 152Dy is 1Z-2X of the population of the reaction channel (G. Smith
et ai, Phys. Rev. Lett. 68 (1992) 158) and the cross section for making
152Dy in the pxn channel is smaller than it vould be in an xn reaction.

In this experiment, a 187-MeV beam of 37C1 bombarded a 2x0.6-mg/cm2

double target of 120Sn. A nev detector-support structure plus 8 additional
triangular detectors increased the charged-particle solid angle by -3 over
our previous study in 133Nd. Approximatedly 4xl08 events characterized by
tvo-fold and higher Ge coincidences above a multiplicity-10 trigger on the
BGO ball, vere recorded during the 6-day run, of which 2.7xl08

corresponded to 7-7 vith no particle coincidences (leading mainly to 153Ho
and 1 5 2 H o ) , and 1.3xl08 to 7-7-particle (152Dy, 1 5 0 T b ) . Gamma-ray
spectra obtained vith gates on known transitions of the SDB and the low-
deformation prolate band in 152Dy are shown in Figure 3.1.19.1 and Figure
3.1.19.2, respectively. Analysis of the associated particle spectra is in
progress. The effect on the SDB intensity of gating with different
proton energies is being studied.
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Figure 3.1.19.1 Gamma-ray spectrum of I52Dy obtained by a sum of selected gates on
members of the superdeformed band and the requirement of a single proton detected
in the minibaU. A total sum energy H in the BGO ball greater than 19 MeV was
required.
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Figure 3.1.19.2 Gamma-ray spectrum of Dy obtained by a sum of selected gates on
members of the low-deformation prolate band and the requirement of a single proton
detected in the minibaU.
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3.1.20 Study of the Effects of Intruder States in Very Light Os-Ta
Nuclei

S. Pilotte (University of Ottawa)
C.-H. Yu and L.L. Riedinger (University of Tennessee)
H.R. Andrews, A. Galindo-Uribarri, D.C. Radford and D. Vard
(Nuclear Physics Branch)
V.P. Janzen (TASCC/McMaster University)
F. Ingebretsson (University of Oslo)
S. Mullins, D. Prevost and J.C. Vaddington (McMaster University)

An experimental survey of the very light Os-Ta nuclei has been Initiated
beginning with 1690s and 1 S 9Re. High-spin states in 1690s and l69Re were
populated via the 1 4 4Sm( 2 8Si,3n) and x* *Sm(28Si,p2n) reactions
respectively at 140 MeV. The emission of charged particles was dominant
as evidenced by the observed 3-to-l ratio between any charged particle
channel and the neutron-only channel. Relative cross sections observed
were fairly well predicted by the statistical-model code PACE.

Ve accumulated about 150 million events with the 8n spectrometer and
miniball system. The miniball proved to be an excellent tool to select,
or at least enhance, a desired channel from the many reactions present.
In order to study the 1 6 90s nuclei produced in the 3n channel, the
miniball was used to veto charged particle events. This mode of operation
was used here for the first time and proved very successful.

The miniball is not 100% efficient and some charged particles remain
undetected, thereby creating event tags of the incorrect (i.e. lower)
particle multiplicity. Therefore, in order to study 169Re (lp,2n) one has
to identify and subtract the contributions from higher particle
multiplicity e.g. (2p,n) and 3p. Once this step is completed, one can
optimize the channel of interest by applying appropriate H and K cuts (sum
energy and multiplicity detected by the inner BGO ball). The subtraction
became quite involved for 1690s since contaminants from all moderately
strong charged-particle channels had to be removed.

Our motivation for studying the 169Re nucleus was to learn more about
shape-driving effects of intruder states lying relatively close to the
Fermi surface. Recent investigations in 1 7 | - 1 H I r , and 1 7 5Re
(C.R. Bingham, private communication, 1992) have shown that the
deformation of these nuclei depends on two major factors: 1) the
polarizing power of the quasiparticle configuration being occupied, and
2) the scattering of nucleon pairs in deformation-driving orbitals. Both
effects are sensitive to the position of high-j intruder orbits relative
to the Fermi level. Similar effects have been observed throughout this
region for example in m,nsjr (s. Juutineen et al., to be published and
B. Cederwall et al., submitted to Phys. Lett. B) and in m . " 3 R e
(R.A. Bark, et al., Nucl. Phys. A50J. (1989) 157 and L. Hildingsson et al.,
Nucl. Phys. A513 (1990) 394).
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Hovever, it is important to extend such studies to light nuclei. The
analysis of this experiment is in progress and will be the subject of a
later report.

3.1.21 Studies of Superdeformation in the Mass Region A-190

G. Zvartz, M. Cromaz and T.E. Drake (University of Toronto)
H.R. Andrews, G.C. Ball, A. Galindo-Uribarri, D.C. Radford and
D. Ward (Nuclear Physics Branch)
V.P. Janzen (TASCC/McMaster University)
S. Mullins and J.C. Vaddington (HcHaster University)

We used the upgraded 24-element charged-particle detector miniball (PR-
TASCC-2: 3.2.7; AECL-10431) to select cleanly events from the 1 80 + 1 8 6W
reaction by either gating or vetoing on protons and/or alphas detected in
the miniball. This continues a series of experiments exploring the limits
of the superdeformed region for the heavier Hg and Tl isotopes (PR-TASCC-
1: 3.1.22; AECL-10337). Previously we had populated the 1 8 9Hg and 19QHg
superdeformed bands in the 5n and An channels respectively.

A 105-MeV beam of 1 80 was used to bombard a 0.6-mg/cm2 target of 1SSW.
Approximately 1.7xl0s Ge y-y coincidences above a K=6 trigger on the BGO
ball were recorded, of which 75Z corresponded to xn channels leading
mainly to 19ePb, (the miniball used as particle veto). Known decays in the
nuclei 1 9 5Hg and l9SHg were cleanly observed with a gate set on an a
detected in the miniball. The 1 9 8Pb and i95.i96Hg matrices have been
searched for superdeformed rotational bands and to date no candidates have
been observed. The data are being analyzed with the "method of
directional correlations of y rays de-exciting oriented states" (DCO) to
obtain information on the E2/M1 mixing ratios. Analysis is continuing at
the University of Toronto and a high-statistics experiment has been
scheduled.

3.1.22 Search for Highly Deformed Rotational Bands in 141Gd

S. Mullins, J.A. Cameron, A. Omar, L. Persson, D. Prevost,
J. Rodriguez and J.C. Vaddington (McMaster University)
R. Uadsworth (University of York)
D. LaFosse, P. Vaska and M. Waring (S.U.N.Y. StonyBrook)
H.R. Andrews, G. Ball, A. Galindo-Uribarri, D.C. Radford and
D. Ward (Nuclear Physics Branch)
V.P. Janzen (TASCC/McMaster)
M. Cromaz and T.E. Drake (University of Toronto)

In an attempt to bridge the gap between the large-deformation bands in the
A-130-140 region (02-O.4) and the superdeformed bands in the A-150 region
(02-O.6) we have begun a search for large-deformation bands in 141Gd.
High-spin states have been populated following the reactions listed in
Table 3.1.22.1.
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TABLE 3 . 1 . 2 2 . 1

HEAVY-IOH REACTIONS LEADING TO 1*1Gd

Reaction
noCd(35Cl,p3n)
n2Sn(32S,2pn)

n2Sn(33S,2p2n)

(MeV) A.L.F.»
Number of

Events2)
180
155
175

220 x 106

80 x 106

250 x 106

'' Charged particles detected in the Array for Light Fragments.
2) Requiring a 7-ray fold of K > 10 in the BGO ball.

V/e were able to identify 7-ray transitions in 141Gd (p3n exit channel)
following the first reaction, by gating on proton events of different
multiplicity in the A.L.F. miniball. There were no excited states known
previously in this nucleus from in-beam 7-ray spectroscopy. Following the
second experiment a level scheme for 141Gd was produced, which includes
the discovery of a rotational band similar to the large-deformation bands
known in 1 3 1Nd and 139Gd. Calculations predict the existence of an
additional band with a deformation approaching 02~O.5 (i.e. superdeformed)
but only becoming yrast at spins higher than those observed following the
32S,2pn) reaction. Therefore, a third experiment was performed with the
3 3S beam at 175 MeV, in order to bring more angular momentum into the
compound system. Analysis is continuing.

3.1.23 Search for Superdeformed Rotational Bands in 198Bi

G. Zwartz and T.E. Drake (University of Toronto)
H.R. Andrews, D.C. Radford, A. Galindo-Uribarri and D. Ward
(Nuclear Physics Branch)
V.P. Janzen (TASCC/McMaster University)
J.C. Waddington, S. Mullins, L. Persson, T. Parcelli and
D. Prevost (McMaster University)
F. Ingrebretson (University of Oslo)

A 1 8 4W target comprising a 450-f*gm/cnr2-thick metallic foil was bombarded
with a 1 9F beam at 107 MeV incident energy. Gamma-ray spectroscopy was
performed with the 8JI spectrometer; the miniball shell was used to
facilitate removal of the beam to a remote dump. The acquisition rate of
Compton-suppressed HPGe 2-fold coincidences with a 5-fold BGO trigger was
about 600 per second, limited by the count rate in the BGO suppressors.

The residual excitation energy and angular-momentum input were favourable
for populating superdeformed rotational bands in the 5n reaction channel,
i.e. 1 9 aBi. In a replay of the data, a 7-7 coincidence matrix with K>12
(BGO fold) was constructed with 1.54x10* events. To date we have not
found evidence for superdeformation. However, there are interesting
rotational-like structures in 1 9 8Bi. Analysis is continuing.
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3.1.24 Gamma Ray Spectroscopy of 167Hf

M. Cromaz, T.E. Drake and G. Zwartz (University of Toronto)
D. Ward, H.R. Andrews, G.C. B a i l , Â. Galindo-Uribarri and
D.C. Radford
V.P. Janzen (TASCC/McMaster University)
S.M. Mullins, J. Rodriguez and J.C. tfaddington (McMaster
University)

We have attempted to populate the yrast states of hafnium isotopes at very
high spins. Two reactions were used for this purpose. The first vas a
charged particle reaction 139La(37Cl,a xn) at 205 MeV while the second was
a near symmetric reaction 94Zr(76Ge, xn) at 331 MeV. The symmetric
reaction was chosen so that the angular momentum transferred to the system
would be maximized. For the experiment involving the charged particle
reaction, the ALF charged-particle detector array was installed in the 8n
spectrometer. Ve have been able to extend the known level scheme of
167Hf. We have found two new bands in 1 6 7Hf and identified additional
states in the previously reported level schemes. The newly found bands
extend to approximately spin 40 n. In addition, we are presently
searching for evidence of hyperdeformation in the data obtained from the
two experiments described above.

3.2 INSTRUMENTATION AND FACILITY DEVELOPMENT

3.2.1 ISOL Operation

V.T. Koslowsky, E. Hagberg, V.L. Perry, G. Savard, M.J. Watson
(Nuclear Physics Branch)
J.C. Hardy (TASCC Division)

Three experiments were performed with the on-line isotope separator:
1) with the He-jet coupled ion source, to study the effect of ion-source
operating temperature on the yields of short-lived (several second)
isotopes of the elements Mg, Al, Si, P, S and Cl; 2) with the FEBIAD ion
source, to determine the mass differences of ii7,n«,ii9j isotopes (see
section 3.1.8 of this report), and 3) with the He-jet coupled ion source,
to remeasure the half-lifes of 46V and 50Mn (see section 3.1.7 of this
report).

Most of the off-line development work on the separator has been directed
towards: 1) determination of the effects of extraction geometry on the
yield of stable beams from the He-jet coupled ion source; 2) extension of
its cathode life (see section 3.2.2 of this report); and 3) determination
of the origin of small irregularities in the on-line mass-measurement
results by remeasurement, off line, of the mass differences of the stable
Xe isotopes with the FEBIAD ion source.

Recent improvements to the separator facility included the installation of
a remotely-controlled Faraday cup at the end of the separator beam-line,
the installation of a new high-voltage error amplifier that lends itself
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to easy and routine maintenance, a new 4x0-counter that is sealed to
prevent admixture of air into the counting gas, and major modifications to
the fast-cycling tape station that improve its reliability (see section
3.2.3 of this report).

All vacuum pumps, including 7 diffusion pumps, 8 fore pumps, 2 turbo
pumps, 2 Roots Blowers and 2 large roughing pumps, sav their annual
servicing. A third roughing pump, the model E2S0, was returned to
Leybold-Hereaus for repair.

3.2.2 Helium-Jet Ion-Source Development

V.T. Koslowsky, G. Savard, M.J. Watson, W.L. Perry and E. Hagberg
(Nuclear Physics Branch)
J.C. Hardy (TASCC Division)

A new water-cooled extraction electrode has been fabricated and installed
with the He-jet coupled ion-source. The improved cooling was intended to
reduce the amount of sparking between the ion source and electrode when
the ion source is operated above 1700°C. However, no reduction in the
rate or intensity of the sparking was in fact observed.

An improved capillary support has been introduced into the source. Its
function is to provide rigidity, with the He-jet capillary aimed at the
skimming orifice, while allowing a fine adjustment of the alignment during
assembly. The alignment is now unaffected by movements at the far
external end of the capillary, and recent on-line yields testify that the
capillary is in correct alignment.

An important figure of merit for an on-line ion source is its ionlzation
efficiency. We have continued to investigate (PR-TASCC-2: 3.2.2; AECL-
10431) the efficiency of both a Bernas-Nier ion source — an off-line
source commonly used for implantation work — and the He-jet coupled ion
source to determine why the former source provides twice the extracted
36Ar+ current for similar feed-gas and arc-discharge conditions. Table
3.2.2.1 summarizes our observations. The Xe efficiency, of about 10Z,
depends strongly on operating conditions. It can be maximized by reducing
the flow of Ar support gas to the minimum required to support the arc
discharge. It is not yet known if on-line yields follow the same trend.
To simulate the He-jet coupled ior. source, the flat coverplate on the
Bernas Nier source was replaced with the concave plate of the He-jet
source and the anode withdrawn 8.25 mm. The 36Ar+ yield then became
comparable to that of the He-jet source. We are presently testing the
Bernas-Nier source with its usual flat cover plate but with the anode
withdrawn by 8.25 mm to determine separately to what degree cover plate
geometry and anode location affect the source performance.

Some ion sources, like the FEBIAD, are reported to yield higher beam
currents if the ion-source magnet is operated asymmetrically to provide a
more intense field at one end of the anode. This has been tried on both
the Bernas Nier and He-jet coupled ion sources and found not to change the
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performance of the former but improve the extracted 36Ar+ current from the
latter by 50Z. The difference in behaviour is likely due to the 8.25 mm
difference in anode location of the two sources.

Development of longer-life cathodes continues. The commonly used hairpin
filaments last 8-20 hours before sputtering causes the filament to burn
out. The most promising alternative is an indirectly heated cathode vhich
is heated by electron bombardment from a filament operating in a vacuum
rather than in the arc-discharge region. To date, a 34 to 70 hour life
expectancy has been achieved but problems with reliably centering the
filament in the indirectly heated cathode still persist. Initial tests
also shov that the total 36Ar+ current and resolution have also improved
by a factor of two.

Two new current-stabilized power supplies have been purchased. They
provide up to 1A at 1 kV and aic to be used in electron bombardment for
the newly developed LaB6 side-heaters (PR-TASCC-2: 3.2.2; AECL-10431). So
far they trip with transients/sparks when operated on the high-voltage
deck, and hardening of the supplies to electrical interference is
necessary before they are usable.

Operation of the top external anode heater above 500 watts has reduced the
extracted argon beam current (PR-TASCC-2: 3.2.2; AECL-10431) by as much as
a factor of 2. Although the effect is not fully understood, we have
nevertheless eliminated it by thickening the upper partition of the anode
chamber, which is electron bombardment heated, from 1 mm to 5 mm.

Lastly, two papers that report our experiences with this ion source have
been written and accepted for publication. One is entitled "Technical
Considerations in the Design of the Chalk River High Temperature Helium-
jet Ion Source" (TASCC-P-91-14 preprint). It will be published in the
conference proceedings of the 4th International Conference on Ion Sources,
Benshein, Germany, 1991 September 30 - October 4. The second is entitled
"The Chalk River High Temperature Helium-Jet Ion Source" (TASCC-P-91-15
preprint). It will be published in the conference proceedings c* the 12th
international Conference on Electromagnetic Isotope Separators and
Techniques Related to their Applications, Sendai, Japan, 1991 September 2-
6.

3.2.3 Modifications to ISOL's Fast Tape-Transport System

V.T. Koslowsky, J. Albrecht, W.L. Perry, M.J. Watson, and
B.V. Luloff (Nuclear Physics Branch)

The fast tape-transport system consists of a computer-tape transport
modified by removal of all unnecessary read/write hardware (Nucl. Instr.
and Meth. 139 (1976) 355). Over the past four years it has seen major
alterations to improve its reliability in moving counting samples quickly
and frequently (up to 2 Hz) to a counting location about 50 cm away. It
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TABLE 3.2.2.1

"Ar* AND l"Xm* CURRBflTS EXTRACTED
FROM A BERHAS-HIBR AHD A He-JET COUPLED IOM SOURCE

Ion Source Bernas Nier He-jet Coupled1)

Use

Support Gas (Plov)

Arc Conditions

Cathode2 >

Anode Shape31

(Material)

Anode Posit ion4 >

Off line

Ar(0.02 std cm3/s)

A A/50 V

V hairpin

Rectangular or
cylindrical
(graphite)

Centred

Ion Source Cover
Plate
36Ar+ Current

1 2 9Xe + Current5!

Total Extracted
Current

Flat

12-18 nA

150-250 nA

8-9 ,

Focus6» defocussed

On-line

Ar(0.02 std cmVs)

5 A/50 V

V hairpin

Cylindrical
(tungsten)

8.25 mm behind
centre

Concave

6-10 <iA

150-250 nA

5-6 mA

Focussed

1) Results with helium flow turned off

2) Identical cathodes

3) Cylindrical anodes identical in size

4) Position along beam axis; centred means anode is coaxial vith ion
source magnetic field

5) Xe supplied from a 1.6xlO6 std cm3/s test leak

6) At entrance to separator magnet
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is employed for most ISOL experiments. The system now uses a
differentially-pumped vacuum box vhich permits the radioactive mass-
separated beam to be implanted into the tape (or, alternatively, activity
can be blown onto the tape with the He-jet system) and then moved through
slits into a counting location situated in air. Tape guides are now
primarily air bearings rather than rollers, thus significantly improving
the tracking of the tape. The last change to be implemented has been the
replacement of the tape-station tension arms with a vacuum buffer. The
purpose of both devices is to offer a reserve of tape that can be quickly
accelerated.

There is one vacuum buffer for each of the two reels. A servo system
constantly attempts to position the tape midway in the vacuum buffer by
playing tape in or out as necessary. In the case of the tape tensioning
arms, the error signal was supplied by a potentiometer that was attached
to the arm. The potentiometers were somewhat unreliable and the rollers,
which were located on the tension arms, would occasionally dislocate. The
vacuum buffer eliminates the potentiometer and rollers. It senses the
reserve of tape with a pressure transducer through a series of
appropriately spaced sensing holes. The transducer signal is amplified
and returned to the servo motors. The electronic feedback circuit
incorporates a variable-gain amplifier to minimize hunting and overshoot
by reducing the gain as the tape approaches its quiescent position. The
system works well and is seeing routine operation.

3.2.A TASCC Experimental Computing Facility

G.C. Ball, E. Hagberg, R.V. MacLeod, D.C. Radford, F.J. Sharp and
G.A. Tapp (Nuclear Physics Branch)
G. Leblond, R. Roiha and H.A. Thompson (Mathematics and
Computation Branch)

During the past six months, the CCUR 3280 was used extensively for on-line
data acquisition while the CCUR 3230 hardware/software was upgraded to be
compatible with the CCUR 3280. In particular, new Jorway CAHAC driver
interfaces, a redesigned CAMAC FIFO module and associated DMA interface
and a Macrolink 16-line Multiplexer were installed and tested with the
latest revision of the operating system software OS/32 8.3.2.

The Ethernet link between the CCUR 3230 and 3280 computers was established
allowing users to transfer files and to log in to either computer from any
terminal. The SUN workstations were also connected to the same network.
In this case the CCUR 3280 acts as a file server for the SUN workstations.

The Exabyte tape drives on both the 3230 and the 3280 were installed under
dedicated DMA selector channels to improve I/O throughput. These tape
drives are now used routinely for all 8* experiments and for system
backup.

The latest FORTRAN compiler (Revision 6.0) with several new enhancements
was also installed on the CCUR computers. This resulted in a number of
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difficulties with codes that used to run with the old compiler. Most of
the problems were traced to previously unknown errors in the FORTRAN I/O
routines. As a result, Concurrent has asked us to be a test site for
Revision 6.0.1, which should be delivered in February 1992.

After evaluating several graphics software packages, we purchased
AGX/Toolmaster from UNIRAS for the development of on/off-line analysis
routines in the X windows environment for the SUN SPARC2 workstations.
Two 1.2 GB disk drives were also purchased for the SUNs. A prototype bi-
directional CAMAC FIFO module has been built and tested. This will allow
spectra to be transferred directly to the SUNs with a parallel interface
S-BUS module from CoSysterns.

3.2.5 Data Acquisition Hardware Development

F.J. Sharp

In addition to the routine maintenance and upgrading of the TASCC
Experimental Computing Facility (see section 3.2.A of this report) a
number of special-application electronic modules have been assembled and
installed or are in the process of being installed. Special CAMAC modules
include: 1) a microprocessor control and positioning module for the
triple-axis goniometer used by the Atomic Physics group, 2) a 2k 24-bit
multichannel sealer unit for the TSOL experimental group, 3) a stepping-
motor controller for positioning of the AMS ion-source cone-wheel drive,
and A) a general-purpose 16-channel audio trip alarm module.

A new general-purpose 7-decade sealer has been built and tested. The
module was designed to be compatible with NIM or TTL inputs and includes
an overflow indicator and carry output. Five sealer modules are mounted
in one 5"xl9" chassis controlled by the automatics and read out by a
special CAMAC module capable of reading 10 sealers. So far, two chassis
and 7 modules have been built and tested; 3 sealer modules are under
construction. A new switch assembly for the control-room automatics has
also been installed.

The design of the quad Timing Single-Channel Analyzer (TSCA) developed for
the 8* miniball (PR-TASCC-1: 3.2.8; AECL-10337) was completed and six
units were build and tested.

3.2.6 TASCC Experimental Electronics

G.A. Tapp

A new CAMAC 4k FIFO module was built and tested to replace the prototype
unit on the CCUR 3280. Modifications to the router and the commissioning
of a new FIFO for the CCUR 3230 were also completed (see section 3.2.4 of
this report).

The 32-channel Bias Supply/Electrometer designed for the 8TT miniball (PR-
TASCC-2: 3.2.7; AECL-10431) was built, tested and is now in use. A new
optically-coupled IGOR interface has been designed for remote monitoring.
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Two dual 13-bit sealer modules, which can be read as a ADCs by the TASCC
data scanner, were designed, built and commissioned.

A new ECL-NIH-ECL level-convertor module has also been designed to
overcome known problems with the previous version. Fabrication of the
modules is in progress.

Finally, the documentation for TASCC records of a number of specialized
data-acquisition modules built during the past two years is in progress.

3.2.7 Computer Control of the Cyclotron Diagnostic Probes

R.E. Howard

In the original probe-control system two radial probes - the stub probe
and the extraction probe - were controlled by an LSI-11 in a CAMAC crate
tied by a mailbox memory to the PDP-11 accelerator-control computer. Probe
operation was accomplished with the use of the touch panels and MIMIC
diagrams on the PDP-11. Scan data were first transferred from the LSI-11
to the PDP-11, then to the Concurrent 3230 for analysis.

Work started in June of 1990 to move the complete probe control and data
analysis to a VAXstation 3100 M38. Two HYTEC 1365 Ethernet Crate
Controllers were purchased to serve as master controllers in each of the
two CAMAC crates used for the probe systems. The HYTEC driver software for
the 1365 was installed on the VAXstation. The 1365 was a new product and
consequently there were many teething problems, but by March 1991 the new
system was put into service. Since then there have been many modifications
and improvements, but the system has now become fairly stable.

The VAXstation screen is divided into a control display and a data
display. A trackball is used to select control functions and the keyboard
is used for numerical entries. The scan data are displayed as collected on
the display portion of the screen and can be printed on a laser printer.
The scan analysis runs as a separate process and its displays overlay the
control and data displays. The display sets can be toggled between
analysis and control/data. The graphics system used is VWS.

The cyclotron operators seem to be very happy with the new system.

3.2.8 Data-Analysis Software Development

R.V. MacLeod

The 8JT off-line data-analysis software has been ported to the SPARC2
workstations. The graphics package MINIG has been implemented using a
FORTRAN-callable graphics library which is part of a recently purchased
proprietary software library from Uniras Inc. Work has begun on rewriting
MINIG to use X windows, a graphics system that comes with all Unix
workstations. GF2/GELIFT on the VAX and Sun computers was modified to read
data files of the format .SPK and a program was written to convert
standard GF2 files (.SPC/E) to ascii format. Other software installed
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includes GNU Emacs, a powerful editor for both the VAX and Sun computers
and coming soon to the Concurrent systems; GNU Plot, a general purpose
plotting package (Sun only); and Triumf's Plotdata, Opdata and EDGR for
plotting and fitting data, and editing graphics files (VAX only).

Works in progress include:

1) CHAT - a program for examining an 8JT 7-7 matrix with colour mapping.
The program will also interactively slice the matrix parallel or diagonal
to the energy axes. This project is veil underway but further work will
be delayed because of higher priority projects.

2) A menu-driven interactive data display and analysis program
incorporating features of RIP, DAMZ and GF2 to run on the SPARC2's and
other X-wlndovs workstations. The Uniras graphics subroutine library is
being used for the graphics, and a graphical user-interface builder called
OpenVindows Developer's Guide will also be used. This project is being
developed in collaboration with Martin Thompson (Mathematics and
Computation Branch).

3.2.9 The Calculation of the Emittance of Beams from the TASCC Tandem
Accelerator

V.G. Davies

The emittance of ion beams from the Tandem accelerator is observed to be a
complex function of the mass of the ion, its energy and the charge-state
selected (see Tandem Emittances by E.H. Lindqvist, SCC Note (Series II,
#125). Furthermore, there is asymmetry between the horizontal and
vertical emittances, which is also a function of the above mentioned
parameters. Because it is important for efficient calculation of
cyclotron parameters, as well as for the design of certain experiments, to
reliably predict beam emittances, an attempt has been made to understand
their complex behaviour from physical principles.

In principle, the emittance of beams from the Tandem is a composition of:

1) The emittance of the beam entering the Tandem.

2) The multiple scattering of the beam by the stripper. This is
a function of the ion mass, energy, charge-state, and the
stripper thickness.

3) The scaling of the emittance with respect to the initial and
final energy of the beam.

4) Any limiting apertures. The effect of apertures may depend
upon the strengths and positions of focusing lenses in the
Tandem which, in turn, are dependent on the terminal voltage
of the Tandem. Some of these lenses in the Tandem are
asymmetric in x and y focussing.
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Item 2, the multiple scattering, is the most difficult to estimate. The
present work is based on the analysis of Sigmund and Winterbon (Nucl.
Instr. and Meth. J_19 (1974) 541). Although one might expect the multiple
scattering to be different for ions emerging from the stripper with
different charge states, this formulation has no dependence on charge
state. Furthermore, for rarefied gas stripping, such as is used when the
beam is to be injected into the cyclotron, some of the assumptions of the
derivation may no longer hold; the formulation has been tested mainly for
amorphous solids. In our treatment, any charge-state dependence will
arise only through differences in the stripper "thickness" or density. An
arbitrary scaling parameter is introduced to reduce the calculated
multiple scattering for rarefied gases compared with solids.

Estimates of the stripper thickness required to achieve the desired charge
state are based on the work of Betz (Appl. Atomic Coll. Phys. 4 (1983) 1),
in which semi-empirical formulas are given for the equilibrium charge
state, the charge-state distribution about equilibrium, and the
equilibrium stripper thickness. These formulae vere obtained by
comparison with data in solids but may be qualitatively representative for
rarefied gases. For the injection of light ions (A<20) into the
cyclotron, the required charge state is substantially below equilibrium
and the results of Betz are no longer valid. A simplified 3-state model
of atomic excitation has been derived to simulate the population of the
desired charge state as a function of stripper thickness. The charge-
changing cross sections required for the model are obtained from the semi-
empirical formulas for the equilibrium charge state and its associated
charge-state distribution. A 3-state model is the simplest approximation
that will work. In order to use a multi-state model, all the charge-
changing cross sections would be needed for each ion at each energy and
this information is generally not available.

Multiple scattering effects can only lead to symmetric horizontal and
vertical emittances from the Tandem and, as mentioned above, this is
observed not to be the case. The accelerating tubes have much smaller
vertical than horizontal aperture; nevertheless, the vertical emittance is
of the order of twice the horizontal emittance. The apparent
contradiction can be understood as a vertical focusing effect arising in
the aperture lens formed by the first accelerating electrode after the
stripper. The strength of this lens has been calculated as a function of
terminal voltage and charge state, and qualitatively produces the observed
effect. However, to produce the observed asymmetry, it is necessary to
introduce a horizontal restriction. The source of such a restriction, if
it exists, is not understood at this time.

The final results are complicated functions of the projectile atomic
number, Zlt its mass klt the charge state q of the emerging ion, and the
Tandem voltage. Figure 3.2.9.1 shows the horizontal and vertical
emittances for the equilibrium charge state. In these calculations, the
mass of the ion is given by A = 2 Zx + 0.0064 Z{ and the terminal voltage
is 13.13 MV. The gas stripper is always at the equilibrium thickness.
For foils, the behaviour is quite different.
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In view of the scatter present in the accumulated data it is difficult at
this time to draw definitive conclusions. One problem is that the
stripper thickness cannot be measured, although it should be possible to
determine vhen equilibrium is reached. Steering of the beam through the
Tandem also needs to be carefully controlled. It is planned to make more
systematic measurements of emittance as a function of q, terminal voltage
and stripper gas pressure.

3 Projectile Atomic No. Z2

Figure 3.2.9.1 Calculated emittances in mm~ mrad plotted as a function of
projectile charge Z\ for equilibrium stripping. The Tandem terminal voltage was
1313 MV. The solid line shows the "raw" emittance neglecting focusing and
aperture restrictions. The dashed line shows the vertical emittance including the
focusing and aperture effects of the entrance electrode of the high energy
accelerator tube. The dotted line shows the horizontal emittance including the effect
of a reasonable limiting aperture.

3.2.10 Magnetic-Field Model for the Chalk River Superconducting
Cyclotron

V.G. Davies (Nuclear Physics Branch)
S.R. Douglas (Mathematics and Computation Branch)
G.D. Pusch (TASCC Accelerators and Development Branch)

The magnetic-field model for the nev differential-algebra-Lie-algebra
orbit-dynamics code DACYC being developed for the TASCC cyclotron (PR-
TASCC-1: 3.2.22; AECL-10337, and PR-TASCC-2: 3.2.10; AECL-10431) i s
divided into four major sections, namely the field from: 1) the coils ,
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2) the saturated poles, 3) the trin rods, and 4) the yoke. An "exact"
model of the coils has been coded in differential algebra (DA) and is
being tested. A scalar model of the poles is being coded to allow
comparison with the results reported previously (ibid).

The model description of the field from the coils by G. Lee-Whiting
employs a strongly-convergent moment expansion vhich is analytically
involved. Therefore, conversion of the model to DA, vhich is in principle
straightforward, turns out to require tedious bookkeeping. Considerable
effort has therefore been devoted to finding alternative expansions that
might be simpler, more economical, or more easily converted to DA. Most
of this effort has centered around ways of expanding the integral
representation from which Lee-Whiting derives his moment recurrence
relations. Unfortunately, this integrand contains a pole in the complex
plane vhich causes problems near the lower limit of the integration where
the inner coil is only 31 mm from the midplane. Near this limit, our
various approximations to the integral have so far either diverged, or
converged very slowly. Nevertheless, the potential advantages of the
above approach are sufficiently great that we believe it merits continued
study.

Lee-Whiting's derivation of the field from the hill and valley polygonal
prisms has been studied with an eye to streamlining its implementation in
DA. This has included an independent derivation of the field.

To date, no work has been done on the trim-rod expansion. However,
because of similarities between the trim-rod and the coil problems, any
simplification ve achieve there vill be transferable to the trim-rod
model.

3.2.11 Detector Tests and Secondary-Beam Production vith a 40-
MeV/nucleon 1 2C Beam

L. Beaulieu, D. Dore, M. Gourde, R. Laforest, J. Pouliot, R. Roy,
and C. St-Pierre (Universite Laval)
G.C. Ball, E. Hagberg, and D. Horn (Nuclear Physics Branch)

The Universite Laval group is constructing two rings of plastic/CsI(Tl)
phosvich detectors, geometrically compatible vith the existing
plastic/plastic phosvich array (see section 3.2.12 of this report). The
detectors vill be positioned 20 cm from the target, intercepting the
angles from 24" to 34° and 34° to 46°. Each ring will consist of 16
tapered, trapezoidal-section CsI(Tl) crystals, each vith a thin, plastic
scintillator laminated to its front face to provide a fast AE signal.
Combined with the existing array, this will make available a system of 80
detectors, covering the angular range from 7 to 46 degrees with high
geometric efficiency.

Prototype Tests

Six prototype detectors, with and without the thin plastic AE component,
vere tested in-beam at angles from 18 to 46 degrees. Products from the
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reaction of a 40-MeV/nucleon 1 2C beam vith a 1-mg/cm2 gold target were
detected under a variety of conditions of detector bias and QDC gate.
Optimum results were obtained vith prompt gates of 40-ns and 400-ns vidth
for the fast components of the plastic and CsI(Tl) pulses, respectively,
and with a gate, 1200 ns vide, delayed by 1600 ns, for the slov component
of the CsI(Tl) pulse. Under these conditions, ve observed isotopic
resolution for light ions up to 'He, including the 2a ("Be breakup)
channel, vorking only vith the CsI(Tl) pulse-shape discrimination. In
phosvich mode, the heaviest element detected, oxygen, vas resolved from
the neighbouring nitrogen. Since the thickness of the plastic scintillator
mounted on the detectors in this test vas nearly tvice the 80 microns
planned for the production modules, It may be necessary to confirm the
performance of the thinner material as veil.

Secondary Beam Production

To calibrate the detectors, a "cocktail" of secondary beams, all having
the same magnetic rigidity vas transported to the T3 location from a
carbon production target located betveen the superconducting cyclotron and
BE1 (the first dipole in the extraction line). The procedure for obtaining
the secondary beam vas as follows:

1) The entire beam transport system (BTS) vas tuned vith a 40-
NeV/nucleon 12C beam of charge-state 6.

2) The settings for the BTS betveen QE2 and the T3 target location vere
scaled by a constant to transport ions vith a magnetic rigidity
corresponding to 26 HeV/nucleon for fully stripped N=Z ions. This
vas done on the control computer by means of a specialized program
called CYCTOPART.

3) A 305-mg/cm2 carbon degrader vas inserted just before QE2 to reduce
the 1 2C beam energy to 26 MeV per nucleon, and the BTS fine-tuned for
this rigidity. Because the degrader target vas located upstream of a
focus, and because of the momentum spread induced by straggling in
the degrader, a large (>1 cm) beam spot vas observed at T3. For about
100 nA of beam current incident upon the production target, about
0.5 nA of degraded beam reached T3.

4) A 400-mg/cm2 carbon production target vas then inserted before QE2.
This degraded the primary, fully-stripped 1 2C beam to 22 NeV/nucleon,
an energy too lov to pass the BTS. However, a variety of reaction
products (and incompletely stripped 1 2C 5* ions) vere of the correct
magnetic rigidity to be transported to T3.

About 2000 4He ions per second vere observed at an energy of 104 MeV for
an incident 1 2C 6 + beam of 100 nA. Other products vith the same momentum-
to-charge ratio, including ions ranging from 34.7-MeV 3B to 312-MeV 1 2C 6 +,
vere also observed at significantly lover rates. Figure 3.2.11.1 shovs the
prompt vs. delayed light output for a CsI(Tl) detector placed directly in
the secondary beam.
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Calibration Results

The variety of nuclear species and energies produced permitted a rather
complete calibration of the detectors. The formulation for the dependence
of CsI(Tl) scintillation light output on the mass, element number, and
energy of the incident ion, as described in PR-TASCC-2: 3.2.9; AECL-10431,
provided a calibration with a standard error of less than 4 MeV over a
range of 13 different ions.

3.2.12 its to the Forward Phosvich Array

D. Horn, G.C. Ball, A. Galindo-Uribarri, E. Hagberg, G. Sheldon,
H.G. Steer, and T.G. Whan (Nuclear Physics Branch)
H.C. Spenceley (NSSP Branch)

The Porvard Array is being expanded and improved as described in PR-TASCC-
2: 3.2.8; AECL-10431. A phototube type has been selected on the basis of
in-beam tests and the detectors have been assembled. The mechanical
mounting system is complete and there has been significant progress on the
remote bases and the electronic readout system.
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Figure 3.2.11.1 CsI(Tl) spectrum at 8iab=0'°f secondary beams obtained from a
nC beam at 40 MeV per nucleon on a carbon production target. The beam-
transport system was set for fully stripped N-Z ions of 26 MeV per nucleon.
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Photomultlpller Tubes

Two photomultiplier tubes, namely the Phillips XP2972 and XP2982, selected
from the six types initially purchased for evaluation, vere subjected to
ln-beam tests with elastically scattered 35-MeV/nucleon 35C1 ions from the
superconducting cyclotron. The tubes vere coupled to a prototype phosvich
detector and the E and AE signal components vere measured as a function of
bias voltage for a fixed counting rate of a fev hundred ions per second.
Similar measurements vere made as a function of rate for fixed voltage.
For the relatively large amount of light generated in the plastic by the
energetic 3 5C1 ions, the XP2982 appeared to saturate at the voltages
required for good light-ion detection; a rate-dependent saturation was
also observed for this tube. The XP2972 shoved little rate dependence and
a constant ratio between the E and AE signal components for bias voltages
extending to 1700 V, veil in excess of our requirements.

Detector Fabrication

Machining of the scintillators and light guides vas completed and the
resulting modules vere measured to insure that tolerances vere met, both
in external dimensions and in AE thickness uniformity. The standard
deviations in external dimensions vere less than 0.1 mm and the AE
thickness uniformity vas 2.IX or better for the sixteen modules selected.
The light guides and XP2972 photomultiplier tubes vere coupled to the
detector module by optical epoxy, and mu-metal shields vere mounted on the
tubes.

PMT Endcaps and Remote Voltage Dividers

As vith the other 32 detector elements of the array, voltage distribution
to the dynodes of the phototubes is effected by a remote divider chain for
each detector coupled by ribbon cable to a removable endcap on the PMT.
This permits the heat generated by the divider chain to dissipate through
a good thermal contact, rather than simply varming the base/phototube/
detector assembly, vhich could cause the gains to drift. The endcaps have
been completed, the base designs have been optimized for this application,
and the printed-circuit boards laid out. Etching and viring of the boards
remain, as does production of the ribbon cables.

Mechanical Supports

The support structure is described in PR-TASCC-2: 3.2.8; AECL-10431. The
sheet-metal vork has been completed and the 16 individual mounting collars
have been machined. The support for the third ring has been assembled and
integrated vith that for the tvo outer rings. Several completed detectors
vere vrapped in reflecting Tyvek material; a layer of aluminized mylar
formed the front vlndov. The detectors vere then loaded into the support
structure. The fit vith the support structure and the rest of the array
vas excellent.
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Signal Readout System

The new signal readout system described in PR-TASCC-2: 3.2.8; AECL-10431
will improve the performance and ease of operation for the entire 48-
element array. The signal splitter box has been built and tested. Cross-
talk between the 48 channels has been negligible in tests to date.
However, if signals of higher amplitude should present problems, there is
provision to Install extra shielding as needed. The delay box of fifty
130-ns coaxial cables is under construction. With the exception of one
programmable delay unit, all the commercial electronics modules needed to
operate the complete array in CAMAC/ECL mode have now been delivered.

3.2.13 Mlniball Particle Detector Array; Operation

A. Galindo-Uribarri, H.R. Andrews, G.C. Ball, D.C. Radford,
D. Vard, N.C. Bray, J.O. Lori, J. Sharp and G.A. Tapp (Nuclear
Physics Branch)
T.E. Drake (University of Toronto)
J.C. Vaddington (McMaster University)

During the past six months, the upgraded 24-element CsI(Tl) charged-
particle detector array described previously (PR-TASCC-1: 3.2.8; AECL-
10337) and commissioned with beam (PR-TASCC-2: 3.2.7; AECL-10431) was used
in various experiments as summarized in Table 3.2.13.1. Detailed
descriptions of some of these experiments are given elsewhere in this
report.

During this period, the priority in hardware development was to upgrade
the electronics used with the miniball (bias-supply, TSCA, preamplifiers,
discriminators). The new 32-channel bias supply with individual digital
readout (see section 3.2.6 of this report) was tested in an experiment. Up
to 4 different banks of detectors with different bias requirements can be
operated. Tests were done on a prototype timing single channel analyzer
(TSCA) with an LED pulser. Six quad TSCA modules were built to replace the
ORTEC 420 and 455 TSCA's previously in use (see section 3.2.5 of this
report). Work has begun on the design of a dedicated compact unit
containing 50 preamplifier channels. A hybrid preamplifier from eV
products (eV-5092) was selected on the basis of pulser and 7-ray
measurements. Recently, a new hybrid preamplifier was received from the
same company and we will appraise it against the eV-5092. Commercial
discriminators and gate-and-delay generators were ordered to replace the
borrowed units from the general-use electronics pool.

A set of compact connectors was developed to facilitate the removal of the
inner support structure of the miniball. The connectors are attached to a
new aluminum central ring that couples the two identical hemispherical
shells that form the vacuum vessel. The smaller inner sphere, which forms
the support structure for the particle detectors can then be removed,
leaving a general-purpose vacuum vessel of 10.6 cm diameter.
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The d a t a - a c q u i s i t i o n system was modified to accept events without a h i t
r e g i s t e r e d on the c h a r g e d - p a r t i c l e array.

TABLE 3 . 2 . 1 3 . 1

SUMMARY OF EXPERIMENTS DONE WITH THE M1NIBALL

Experiment Results

• 152Dy (p4n)

• 109Sb (3p,3pa)

• 141Gd (2pn)

.198pb> 195H g (6n),(c»ai)

• 169Re (2pn)

.^Cr (2a)

• 167
Hf (o4n)

152Dy (p4n)

81SSr, U7s (2pat),(2pn)

133Nd (2p2n)

SD, study of continuum, analysis
in progress

Spectroscopy, analysis in progress

Spectroscopy, analysis in progress

SD, analysis in progress

Spectroscopy, analysis in progress

Exploratory, analysis in progress

Exploratory, analysis in progress

Galindo-Uribarri et aL
[3.1.19]

Janzen et aL
[3.1.17]

Mullins et aL
[3.1.22]

Zwartz et aL
[3.1.21]

Pilotte et aL
[3.1.20]

Rodriguez et aL
[PR-TASCC-2: 3.1.8]

Cromaz et aL
[3.1.24]

SD observed, analysis in progress

Nuclear structure effects on proton
spectra

First measurement of spectra and
angular correlations of charged
particles associated with SD

Galindo-Uribarri et aL
[PR-PHS-P-8: 3.1.13]

Blumenthal et

GalindoUribarri et aL1)

SD = Study of nuclear superdeformation

• With 4* steradians configuration (June to December 1991)

1) i n : Nuclear Structure and Heavy Ion Dynamics, I n s t .
109, 1990, p . 179.

Phys. Conf. Ser. No.

2) Phys. Rev. Lett. 66 (1991) 3121.
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3.2.14 Target Laboratory

P. Dmytrenko, J. Trochimowski and H.R. Andrews

In the latter half of 1991, the target laboratory has prepared numerous
targets and thin films for nuclear physics experiments carried out at
Chalk River, and collaborative experiments performed at other
institutions. Carbon stripper foils were produced for both the Tandem
accelerator and the superconducting cyclotron. Stable isotopes were
procured and chemically converted to required compounds for TASCC ion
sources. The 8* spectrometer group was supplied with various absorber
foils and BC400 scintillator films for the miniball array. Stretched
polypropylene films were fabricated and conductively coated for the AMS
program. Lanthanum hexaboride powder was hydraulically pressed into
tablet form and sintered for use as an electron generator in the ISOL ion
source. Lithium-6 was deposited on thin polypropylene and installed in a
test cell for a prototype detector being developed for the Sudbury Neutron
Observatory (SNO).

Targets Prepared for the Nuclear Physics Branch

The following targets were produced for nuclear physics experiments:
CaF2, KC1, NaF, Zr-Nb, natural Au, Mo, Sc, Zr, and 50Cr, 5«Fe, 2AMg,
92-100Mo, 58-60Ni, ll2-120Sn, 46Ti, ««.i««y.

Targets for Commercial Sale

Isotopic targets and carbon foils were produced for commercial sales.
Customers included: California Institute of Technology, Yale University,
University of Washington in the U.S.; TRIUMF in Canada; Hahn-Meitner
Institute, Germany; Instituto Nacional de Investigaciones Nucleares,
Mexico; Institut Physique Nucleaire, France; Daresbury Laboratory,
England.

3.2.15 TASCC Machine Shop and Mechanical Design Service

N.C. Bray and A.R. Sprake

Several major jobs highlighted the workload in the machine shop during the
reporting period. Two vacuum buffer units for the ISOL tape station were
completed. Also produced for the ISOL group were a 4JT gas counter and a
number of tape-station air bearings. Precision components for two beam-
pulse-width detectors were machined. A major effort was mounted to assist
in the repair of the MP Tandem gas stripper canal. Thirty-six smaller
jobs, twenty-six for Nuclear Physics Branch, and ten for TASCC A&D were
recorded as completed during the period.

Major jobs currently underway include a new titanium septum rail for the
cyclotron deflector, a precision velocity filter assembly for the AMS
group, a special set of xy slits for the low energy end of the MP Tandem,
a device to insert targets into the beam path at slit location l.lo for
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production of radioactive beams, and a remotely operated tilting foil unit
to provide fine tuning for the beam-degrading assembly used during
channeling experiments at the Q3D spectrometer.

3.3 PUBLICATIONS. REPORTS. LECTURES AMD CONFERENCE COHTRIBOTIOHS

Publicat ions

HIGH SPIN STATES IN 149Gd
S. F l i b o t t e , B. Haas, F. B a n v i l l e , J . Gascon,
D.C. Radford and D. Ward
Nucl. Phys. A530 (1991) 187

P. Taras , H.R. Andrews,

SPIN-STABLIZED DEFORMATION IN TRANSITIONAL NUCLEI
P. Chowdhury, B. C r o w e l l , P . J . E n n i s , C . J . L i s t e r , Ch. W i n t e r ,
H.R. A n d r e w s , D. Horn, D.C. R a d f o r d , D. Ward, J .K . J o h a n s s o n ,
J.C. Vaddington and S. P i l o t t e
Exotic Nuclei Spectroscopy, (1991) 271

LARGE B(M1) STAGGERING AT HIGH SPINS IN 8 6 Zr: BROKEN BOSON PAIRS IN THE
FOUR-QUASIPARTICLE REGIME
P. Chovdhury, C .J . L i s t e r , 0 . Vre tenar , Ch. U in t e r , D.J. Blumenthal,
B. Crowell , P . J . Ennis, H.R. Andrews, D. Horn, D.C. Radford, D. Ward,
J .K. J o h a n s s o n , A. Omar, D. P r e v o s t , J . C . Vadding ton , T.E. Drake,
A. Gal indo-Uribarr i , S. P i l o t t e and V.P. Janzen
Phys. Rev. L e t t . £7 (1991) 2950

IMPACT-PARAMETER INDEPENDENCE OF PARTICIPANT ENERGY SPECTRA MEASURED IN
SYMMETRIC HEAVY-ION COLLISIONS
C.A. Pruneau , G.C. B a l l , E. Hagberg, D. Horn, S. G i l b e r t , L. P o t v i n ,
C. Rioux , C. S t - P i e r r e , T .E . Drake, A. G a l i n d o - U r i b a r r i , G. Zwartz
D.A. C e b r a , S. Howden, J . K a r n , C.A. O g i l v i e , A. Vander Molen ,
G.D. V e s t f a l l , U.K. Wilson and J . S . Winfield
Nucl. Phys. A534 (1991) 204

SPIN DEPENDENCE OF THE GIANT DIPOLE RESONANCE IN Gd ISOTOPES
S. F l i b o t t e , B. Haas, P. Ta ras , H.R. Andrews, D.C. Radford,
J .C. Waddington
Nucl. Phys. A531 (1991) 205

D. Ward and

PROJECTILE EXCITATION ENERGY EVOLUTION IN PERIPHERAL COLLISIONS FOR 1 SO +
197Au AT 32.5, 50 and 70 MeV/N
J. Pouliot, G. Auger, P. Bricault, Y. Chan, D. Dore, S. Groult, D. Horn,
S. Houde, R. LaForest, E. Plagnol, R. Roy and C. St-Pierre
Physics Letters 263B (1991) 18

SOME ASPECTS OF TRIAXIALITY AND SIGNATURE DEPENDENCE
G.B. Hagemann, I. Hamamoto and D.C. Radford
Proceedings of the Int. Conf. on High Spin Physics & >d Gamma-Soft Nuclei,
Pitt/Carnegie Mellon, Pittsburg, 1990 September 17-21 (World Scientific),
p. 329
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MASSES O F i<>3.iO4,io5 I n a n d 7 2 . 7 3 B r

K.S. Sharma, E. Hagberg, G. Dyck, J.C. Hardy, V.T. Koslovsfcy, H. Schraeing,
R.C. Barber, S. Yuan, V.L. Perry and M.J. Watson
Phys. Rev. C44 (1991) 2439

DIRECT MASS DETERMINATIONS OF NEUTRON DEFICIENT NUCLEI CLOSE TO 100Sn
K.S. Sharma, G.R. Dyck, R.C. Barber, E. Hagberg, V.T. Koslowsky,
J.C. Hardy, H. Schmeing, V.L. Perry and M.J. Watson
Proceedings of the 38th ASMS Conference on Mass Spectrometry and Applied
Topics, May 19-24, Nashville, Tennessee, p. 1081 (1991)

TASCC VACUUM-SECTION-CONTROL N.I.M. MODULES
F.J. Sharp and L.H. Bucholtz
TASCC-1-7-2

Invited Lectures

ONTARIO ENERGY POLICY: SOME COMMENTS AND CONCERNS
H.R. Andrews
Presentation to Ontario Minister of Energy, 1991 October 29 on behalf of
Chalk River Chapter of Canadian Nuclear Society

EXPERIMENTS WITH A 4n CHARGED PARTICLE DETECTOR AND THE 8n SPECTROMETER
A. Galindo-Uribarri
Invited paper presented at International School of Nuclear Physics, 13th
Course: "4n High-Resolution Gamma Ray Spectroscopy", Erice, Sicily,
Italy, 1991 September 20-29

RECENT RESULTS WITH A 4n CHARGED PARTICLE DETECTOR AND THE 8* SPECTROMETER
A. Galindo-Uribarri
Lecture given at Instituto Nazionale Di Fisica Nucleare, Laboratorio
Nazionale Di Legnaro, Legnaro (Padova), Italy, 1991 October 1

RECENT RESULTS VITri THE 8* SPECTROMETER
A. Galindo-Uribarri
Lecture given at Instituto Nazionale Di Fisica Nucleare, Laboratorio
Nazionale Del Sud, Catania, Sicily, Italy, 1991 October 4

Conference Contributions/Abstracts

A COMPARATIVE STUDY OF DEUTERIUM INGRESS FROM SOLUTION INTO Zr, ZIRCALOY 2
AND Zr-2.5vtZ Nb BY NUCLEAR REACTION ANALYSIS AT THE LIQUID SOLID
INTERFACE
J.S. Forster, R.L. Tapping, T.K. Alexander, D. Phillips T. Laursen and
J.R. Leslie
10th International Conference on Ion Beam Analysis, Eindhoven,
Netherlands. 1991 July 1-5
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INDIRECT MEASUREMENTS OF BEAM ENERGY DIFFERENCES FOR VARIOUS SPECIES OF
IONS EXTRACTED FROM A FEBIAD SOURCE
E. Hagberg, G.R. Dyck, K.S. Sharma, V.T. Koslowsky, J.C. Hardy,
H. Schmeing and R.C. Barber
EMIS-12, Sendai, Japan, 1991 September 2-6

A HIGH TEMPERATURE HE-JET ION SOURCE FOR THE CHALK RIVER ON-LINE ISOTOPE
SEPARATOR
V.T. Koslowsky, M.J. Watson, M.G. S t e e r , E. Hagberg, W.L. P e r r y ,
J.C. Hardy and H. Schmeing
Proceedings of EMIS-12, Sendai, Japan, 1991 September 2-6

TECHNICAL CONSIDERATIONS IN THE DESIGN OF THE CHALK RIVER HIGH TEMPERATURE
HELIUM-JET ION SOURCE
M.J. Watson, V.T. Koslowsky, E. Hagberg, J . C . Hardy, M.G. S t e e r ,
H. Schmeing and W.L. Perry
Proceedings of the 4th I n t . Conf. on Ion Sources, Bensheim, Germany, 1991
September 30-0ctober 4

MOMENTUM DISTRIBUTIONS IN HIGHLY EXCITED NUCLEAR SYSTEMS
D. Horn, G.C. B a l l , A. G a l i n d o - U r i b a r r i , E. Hagberg, R.B. Walker,
R. Laforest , J . Pouliot
Fall Mtg. of the Div. of Nucl. Phys. of the APS, East Lansing, MI, 1991
October 24-26

STUDIES OF NON-ANALOGUE 0+-»0+ BETA TRANSITIONS AND THEIR IMPORTANCE FOR
WEAK INTERACTION STUDIES
E. Hagberg, V.T. Koslovsky, J .C . Hardy and I . S . Towner
Fall Mtg. of the Division of Nuclear Physics of the APS, East Lansing,
Michigan, 1991 October 24-26

FIRST OBSERVATION OF THE DECAY OF 50FE
V.T. Koslovsky, E. Hagberg, J .C . Hardy and H. Schmeing
Fall Mtg. of the Division of Nuclear Physics of the APS, East Lansing,
Michigan, 1991 October 24-26

DEPTH PROFILING OF HYDROGEN ISOTOPES IN THIN, LOW-Z FILMS BY SCATTSHING
RECOIL COINCIDENCE SPECTROMETRY
J . S . Fors te r , J .R. Lesl ie and T. Laursen
In te rna t iona l Conference on Microanalysis of Light Elements (Hydrogen to
Neon) Using Charged Pa r t i c l e Accelera tors , Namur, Belgium, 1991 July 8-12

LARGE B(M1) STAGGERING AT HIGH SPINS IN 8 6Zr AND BROKEN BOSON PAIRS
P. Chovdhury, C . J . L i s t e r , D. Vre tenar , Ch. Winter, D.J. Blumenthal,
B. Crove l l , P . J . Ennis, H.R. Andrevs, D. Horn, D.C. Radford, D. Ward,
J .K. J o h a n s s o n , A. Omar, D. P r e v o s t , J . C . Waddington, T.E. Drake,
A. Gal indo-Uribarr i , S. P i l o t t e and V.P. Janzen
Fal l Mtg. of the Division of Nuclear Physics of the APS, East Lansing,
Michigan, 1991 October 24-26
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4.1 CYCLOTROH

4.1.1 Operation

H. Schmeing

During the report period, we continued to operate the cyclotron in support of
experiments and in runs devoted to machine development. A total of 11 runs
were scheduled for a total of 60 days of operation. There were seven
production runs (39 days) for experiments and four development runs (17 days)
in addition to four days of operator training. Two new beams were developed,
14N at 40 MeV/u and 2 3 8U at 3.0 HeV/u, bringing the total number of beams
available to experimenters to 42 (see Table 4.1.1). Several previously
established beams were revisited and their extraction efficiency improved. The
outstanding achievement during the period was the development of the 2 3 8U beam
at 3.0 MeV/u, which forced us to operate various subsystems of the machine
close to their design limits. The development of this beam on 1991 October 24
formally concluded the commissioning of the cyclotron which took about 30
commissioning-team members just over three years to accomplish.

Extensive development work continued during the report period, aimed at
improving both the reliability of the machine and providing increased ease of
operation. We are now very satisfied with the reliability of the electrostatic
deflector, the single most critical subsystem. While we did not set new
records, operation up to 140 kV/cm over a 5 mm gap has become routine.
Numerous improvements have been incorporated into the r.f. system, and a firm
decision has been made, after more than one year of evaluation, on the choice
for the next generation of control computer software. Steady progress was also
made on the new beam-dynamics code, which is based on differential-algebra
formalism. Our attention here is now turning toward the proper representation
of the r.f. field; two alternative approaches are currently being investigated.

4.1.2 Electrostatic-Deflector Development

W.T. Diamond, R.E. Milks and R.R. Tremblay (TASCC Accelerators and
Development Branch)
J.F. Mouris (Accelerator Physics Branch)

The electrostatic deflector is used to initiate extraction of an ion beam from
the cyclotron. An electrostatic field deflects the circulating ion beam into a
magnetic channel which completes the extraction. Electric fields of greater
than 140 kV/cm are required to extract some of the ion beams. It is desirable
to attain this with as wide a gap as possible. In practice, we have maintained
this field for several week-long runs with a gap of between 5 and 5.5 mm. This
peak performance is not always achievable, but with careful assembly and
conditioning of the deflector it has become nearly routine to attain electric
fields beyond 130 kV/cm with a 5 mm gap, and with very low leakage current.
Low leakage current is important because electrons are focused by the strong
magnetic field to a location above or below the emitting surface and slowly
melt the metal where they impact. This may eventually coat an insulator or
lead to large damaging sparks, both problems that may require significant
repairs.
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TABLE 4.1.1
CYCLOTBOH BEAMS AVAILABLE FOR EXPERIMENTS AS OF 1991 DECEMBER 31

Number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41*
42*

Ion
12C

12C
12C
12C
12C
«C1
35 Cl
35C1
35C1
35C1
35 Cl
35 Cl
37C1
37C1
"Cu
«cu
"Cu
™Ge
™Ge
™Ge
"Br
"Br
7'Br
"Br
"Br
"Br
"Br
107Ag

i°7Ag
i°7Ag
107Ag

i°7Ag
127J
127!
127j

12^1
1271
127X
i"Au
i»7Au
14 N

2380

Energy
rMeV/ul
50
45
40
30
10
35
30
11
10.25
9.5
8.5
6

22.5
5.5
20
18
10
4.2
4.45
4.2
22.5
20
18
15
13
10
6.5
13
10
6.5
5.6
4.7
19
15
11
10
5.6
5.12
8
5.6
40
3

R.F. Mode
JI

n
%
it
0
X
X
0
0
0
0
0
n
0
0
0
0
ic

X
X

0
0
0
0
0
0
0
0
0
0
0
X

0
0
0
0
0
X

0
0
X
X

Intensity
rnAl
140
260
325
23
0.5

130
260
32
24
45
39
5.5

100
5
33
50
33
18
60
58
7

< 1
120
60
35
55
6
8
8
20
< 1
1.3

42
36

< 1
70
10
6
13
10
45
0.026

* New beam.
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The water-cooled titanium high-voltage electrode that was installed at the end
of the last reporting period was used throughout the last six months. The MACOR
feed insulator was replaced with a new aluminum oxide insulator that has been
recently developed (see section A.1.3 of this report). This combination worked
reliably throughout the period with the exception of one insulator failure.

There was one particular perioc' of very poor operation that occurred after a
failure of the high-voltage cable from the top of the cyclotron to the high-
voltage electrode. This cable is terminated with a stainless-steel dome. A
high-purity water column about 2 cm long provides a large series-resistor
between the cable and the high-voltage electrode to protect the electrode during
sparks. A replacement cable failed almost immediately after installation, and
was replaced by a third cable. It was later found that each of the first two
cables had been measured against the previous length and accumulated errors in
length had reduced the 2 cm water column to less than % cm. The next few weeks
of operation were difficult. Major spark damage was repaired and heavy metallic
coatings on the insulators were removed twice before the problem was diagnosed.
After the cable was shortened to the specified length, operation improved
immediately. The value of the large series-resistance in isolating and
protecting the high-voltage electrode from the capacitance of the cable was
dramatically demonstrated during this period of poor operation.

No real improvement in peak performance was obtained during this report period,
but the reliability of operation at high magnetic fields continued to improve.
Aside from the period of poor operation outlined above, and one failed
insulator, the deflector operated without any other repairs. There were several
occasions when the pole was lowered to change the gap between the high-voltage
electrode and the septum. Work is underway to produce a remotely-moveable
septum so that these openings can be eliminated.

Further improvements in the high-voltage performance of the deflector are
desirable. Research has now shifted to a study of the role of micro-discharge
phenomena in the presence of strong magnetic fields. Electrical breakdown in a
high vacuum is a very complicated field. For gaps from a few mm to one cm, the
primary mechanism that may trigger a discharge changes from field-emitted
electrons (FEE) to micro-discharges. Deflector gaps of 5 to 7 mm fall into this
transition region. The leakage current that had been a major problem during
deflector operation is an example of FEE. For us, this is now a greatly reduced
problem. Micro-discharges are discharges in which a clump of anode material, at
the picogram level, is dislodged from the anode and crosses the gap. Its impact
at the cathode can produce sufficient material to ignite a plasma that leads to
a complete breakdown of the gap. This discharge is now believed to be the main
limiting factor in deflector performance. Decreases in the micro-discharge rate
are a good indication of improvements made during the slow conditioning
procedure that is now routinely used.

The presence of a strong magnetic field at right angles to the electric field
changes both FEE and micro-discharge phenomena because the path of electrons is
radically changed. An experimental program has been started with one dipole of
the Q3D spectrometer to produce a magnetic field of greater than 1 T. First
visual observations with a night-vision scope have shown that the micro-
discharges cross a gap in the presence of a strong magnetic field, even though
the electrons cannot cross the gap. This has a significant impact on the choice
of materials for some parts of the deflector, such as the septum. Materials
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such as molybdenum and copper, which have much better thermal properties than
stainless steel or titanium, show poorer performance as an anode surface, and
greater micro-discharge rates. The anode material facing the ends and the back
of the high-voltage electrode is copper (from the dee). A titanium shield has
been installed between the copper of the dee and the back-side of the high-
voltage electrode. This provides a better anode surface, but it reduces the
clearance between the high-voltage electrode and this region to about 8 or 9 mm
for a 5-mm main gap. This change is being evaluated at present.

The irradiation problems that were reported previously were not as troublesome
during this period because improved deflector operation required less
maintenance after experiments with high-specific-energy beams such as carbon and
chlorine. However, to study the problem, which is sure to recur, several
irradiation experiments were performed with carbon and nitrogen beams. We
measured induced radiation fields from known exposures on materials that are in
common use in the cyclotron mid-plane. These experiments have helped to provide
estimates of the expected radiation fields and a reasonable measure of the rates
of decay of the various activities. The results are being used to set
guidelines on the scheduling of maintenance activities after runs known to
produce high induced activities.

4.1.3 Electrostatic Deflector: Insulators. Water System,
and Intermediate-Electrode Development

C.R.J. Hoffmann and J.F. Mouris (Accelerator Physics Branch)

The development of high-voltage insulators for the electrostatic deflector is
completed. Alumina high-voltage feed insulators, coated with Cr2O3 for control
of secondary-electron emission, have operated very successfully in the cyclotron
and are now the preferred type. They are resistant to thermal damage,
mechanically strong, cheap at $400 each and can be maintained. During
operation, one of them "tracked" at the epoxy interface between the alumina body
and a Teflon liner in the insulator bore. In this instance, the liner-to-body
gap was too small to allow proper flow of epoxy during the bonding of the etched
Teflon liner to the alumina. The liner was machined out and a new one was made
and installed. The insulator operated at -100 kV in a high-voltage test stand
and was returned to service.

Fabrication of components to test a model dpflector that has intermediate
electrodes between the deflector electrode and sparking plates is completed.
The intermediate electrodes are designed to operate at half the voltage of the
main electrode and are driven by a separate power supply. The apparatus was
assembled in the bore of a dipole magnet that could generate a 0.5 T field over
the region occupied by the model. The model deflector had full-size cross-
sectional dimensions, compared with the deflector in the cyclotron, but was 20%
of the full length. Water resistors isolated the electrodes from their power
supplies and high-voltage cables. Short alumina-post insulators (10 mm long)
between the sparking plates and the intermediate electrodes held the electrodes
in place. The model operated up to power-supply voltages of about -100 kV for
the deflector electrode and -50 kV for the intermediate electrodes, with low
leakage currents. The magnetic field had no significant effect on performance.

High voltage was provided to the intermediate electrodes via a post insulator
that contained in its bore an isolation resistance formed by a column of high-
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resistivity flowing water. The cross-sectional dimensions of the water-path
components were about half those of the high-voltage feed insulator for the main
deflector electrode. Performance met design expectations. This insulator will
fit into the space in the cyclotron occupied by the existing alumina-post
support insulator. Its successful operation demonstrated a method that could be
used to supply high voltage, with appropriate isolation, to an intermediate-
electrode configuration in the cyclotron, independent of the deflector electrode
supply.

A high-voltage input system, including water header, cable vacuum envelope and
interlock components, was designed and fabricated for a test stand featuring a
full-scale deflector in a dee.

4.1.4 Main-Magnet Controller

4.1.4.1 Main-Magnet Crvostat Manual

J.A. Hulbert (Accelerator Physics Branch)

A manual describing in detail the processes of assembly and disassembly of the
cyclotron cryostat has been compiled and is in printing. The manual is arranged
to provide a reference for access to the principal design drawings of the
cryostat.

4.1.4.2 Main-Magnet Control Software Upgrade

J.A. Hulbert (Accelerator Physics Branch)

Further efforts to complete the debugging of the Version-4 magnet-control
software (which adds remote magnet-setting capability) have demonstrated a major
drawback, of trying to develop large programs on the LSI-11 system. Because the
program fills the limited 16-bit address space of the hardware, minor code
changes lead to memory overflow and then overlays have to be reorganised, which
requires major changes to subroutine structure. It has been decided not to
continue with this development.

Because the program is written in Fortran 77, and only the three CAMAC access
and interrupt subroutines are particular to the LSI-11 and the Interface
Standards Crate Controller, conversion to another processor/crate controller
should require only a small effort. It has also been noted, now that the magnet
power-supply interface has been modified to conform with local standards, that a
duplicate of a standard beam-line magnet controller could be installed and used
for remote control of the cyclotron magnet without interfering with the
protection, lead-flow regulation and logging function of the current Version-3
controller system.

TASCC staff are now reviewing policy for controller development, relative to
current ideas on the selection of TASCC control-hardware systems for the future.
Version 3 of the magnet-controller software, which fills the available program
space, but without overlays, has been corrected and is running the magnet system
reliably once again. Documentation for this version is in preparation.
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4.1.4.3 Magnet Channel Maintenance

J.F. Mouris (Accelerator Physics Branch)

Erratic tripping of the channel-1 power supply was investigated and seemed to
result from noise pickup through the control-system circuity. A filter was
added to the 115 Volt A.C. input line of the control circuity, which reduced
tripping. Filtering will be installed for the remote-control circuitry of the
other channel power supplies.

4.1.5 Foil Changer Upgrade

C.R.J. Hoffmann and J.F. Mouris (Accelerator Physics Branch)

Installation of a replacement foil-identification system is complete. This
system uses a 13-bit absolute optical shaft-encoder to monitor foil position and
an E-PROM with associated electronic circuity to identify which shroud is in
position to intercept beam in the midplane. This system has been commissioned
and is in service.

4.1.6 Radial Probes

R.E. Milks and R.R. Tremblay

The new water-cooled probe-head design has been received from Ceradyne in
California. The metal parts were manufactured in the Building-412 machine shop
and then shipped to Ceradyne to braze the assembly to a beryllia insulator that
had been fabricated for us there. Two new probe-barrel assemblies were also
fabricated in the Building-114 machine shop and the new probe head has been
assembled and bench-tested in preparation for installation in the cyclotron.

The installation will be completed early in the new year during a cyclotron run
so that comparable probe scans can be run on the old and new probes.

4.1.7 Cyclotron Vacuum Systems

R.E. Milks and R.R. Tremblay

A new vacuum controller for the cryostat vacuum system has been designed and
built. Bench-testing of the controller will be completed in the new year.

4.1.8 Cyclotron Openings

R.E. Milks and R.R. Tremblay

The cyclotron lower pole was lowered and raised a total of nine times over the
six-month period. The list of dates and reasons for the openings are given in
Table 4.1.8.1.
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TABLE 4.1.8.1
REASONS FOR LOVERING THE BOTTOM POLE

Date Reason

1991 July 01 Pole lowered during 35C1 35 MeV/u run after failure of the
deflector. The following work was done:
1) Replaced titanium electrode vith stainless-steel

electrode.
2) Removed and cleaned the feed insulator, which had

titanium sputtered onto its surface.
3) Replaced the support insulator.
4) Cleaned the remaining deflector parts.
5) Set the aperture to 4.75 mm.

1991 July 04 Pole lowered after 35C1 35 MeV/u run when only 64 kV could
be achieved on the electrode.
1) Polished the stainless-steel electrode to remove

sparking damage.
2) Removed metal deposits from the feed insulator.
3) Relocated feed insulator water-header to clear the beam

path.

1991 July 23 Pole lowered to repair deflector. The lower-pole jacking
system was jammed and required a realignment of the screws
before the pole could be lowered.
1) Cleaned the deflector feed insulator to remove metal

deposits.
2) Polished and cleaned the electrode.
3) Electro-polished and cleaned the upper and lower

sparking plates.
4) Reassembled the deflector with an aperture of 5.5 to

5.75 mm.

1991 July 30 Pole lowered to do deflector repairs.
1) Replaced the feed insulator.
2) Installed a ws«-~-c-oled titanium electrode.
3) Installed a ns: support insulator.
4) Cleaned remaining components.
5) Set aperture to 5 mm.
6) Widened the high-voltage gap between the high-voltage

cable and the electrode at the deflector end from 2 mm
to 20 mm.

1991 Aug. 02 Pole lowered to repair a midplane water leak.
1) Repaired a water leak in one of the cooling lines to the

hill lenses by resoldering the existing joints.
2) Removed and cleaned clutch assemblies to remove grease

on the clutch faces because the lower-pole jacking
system was again misaligned.
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TABLE 4.1.8.1 continued

Date Reason

3) Realigned the jacking system, raised, lowered and then
raised the pole again to check the operation of the
jacking system.

1991 Aug. 09 Pole lowered to repair deflector during the 79Br 18 MeV/u
run.
1) Replaced the titanium electrode with a stainless-steel

water-cooled electrode.

1991 Aug. 10 Pole lowered again after deflector tests showed no
improvement.
1) Replaced both the feed and support insulators.
2) Reinstalled the titanium water-cooled insulator.

1991 Nov. 21 Lowered pole to change the deflector gap.
1) Set the deflector gap to 8.5 mm for the next chlorine

and silicon runs.

1991 Dec. 06 Pole lowered to change the deflector gap.
1) Set the deflector gap to 5 mm for the next bromine run.

4.1.9 Trim Rods

R.E. Milks and R.R. Tremblay

The new polyethylene 0-ring housing to replace the metal 0-ring housing has now
been installed on five of the eight quadrants. To date, none of the trim rods
have leaked to vacuum because of scratches on the trim-rod-driver shafts as
experienced with previous metal housings.

During the installation of the polyethylene housing it was observed that some of
the trim-rod-driver shafts were also showing signs of corrosion. A new
stainless-steel design is now in the machine shop to replace these corroded
shafts.

An air cylinder and support stand has been ordered to assist the removal and
installation of the lower trim rods for replacing the steel 0-ring housing and
corroded shafts. The remaining three quadrants will be completed when these
items are delivered.
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4.2 RADIO PREQPEHCY SYSTEM

P.J. Bunge, S.G. Whittle, N.A. Towne and G.R. Mitchel

The r.f. system continued to show a high degree of reliability. In addition,
with a reconfiguration of the phase-control system, its performance has been
dramatically improved. However, several problems with the power amplifier had
to be addressed, including the failure of a 100 kW tetrode. Chassis development
has progressed at a modest pace.

4.2.1 Power-Amplifier System

P.J. Bunge, S.G. Whittle and N.A. Towne

The 100-kW tetrode vacuum-tube failed catastrophically by loss of its vacuum.
The immediate cause was probably arcing at the screen-grid electrode, a problem
that had destroyed a tube early in the life of the amplifier. A spare tube was
installed with improved contacts to the screen electrode. New interlock
electronics, which senses screen current, was installed (completed 1991 January)
to detect severe arcing in the plate resonator and prevent damage. A new spare
tube was ordered and received. A test stand for the oft-line testing and
conditioning (without plate voltage) of the tetrodes is under construction.

While the socket cooling for the 100-kW tetrode was greatly increased e year or
so ago, it still appears to be less than optimal. It also appears that the
beryllium-copper electrical contacts are softer than needed, resulting in a
higher contact resistance. As a result, there is evidence that the filament
connections are overheating. Compression of the beryllium-copper electrical
contacts in the plate cavity is inadequate because of alignment tolerances of
the parts, resulting in occasional loss of contact. These problems require
significant modifications that will proceed as time and priorities allow.

Our 80-kW r.f. water load failed during operation. Arcing occurred at a
junction between two 25 ohm water-cooled resistors internal to the load. This
is a known weak point of this particular design. A new 125 kW load has been
ordered.

A failure of filament power connections to the driver-amplifier triode was
repaired. The control of two more of the stepping motors for the tuners of the
power amplifier has been converted to CAMAC stepping-motor-controller modules,
bringing the total number to three. The remaining five stepping motors will be
switched over as stepping-motor controllers are released from other uses.

4.2.2 Cyclotron Control System

N.A. Towne, P.J. Bunge, S.G. Whittle and G.R. Mitchel

The project to replace interlock and cyclotron temperature-monitoring systems is
still under development. The chassis and most modules have been completed.
This project has received relatively little attention because of other
priorities.
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Local computer control of the cyclotron r.f. system has not progressed because
of a lack of functioning hardware and software for the two CAMAC crates. The
original interface board had problems with the hand-shake protocol used to
communicate with the crate controllers and with the clock speed of the 80386-
based PC. It has been replaced with a new interface board intended to be used
with 386-based PCs. A software driver for the board is not yet available.

A chassis that handles r.f. signals from the four capacitive pickups on the
lower-pole dee and the two drive-line directional couplers vas largely developed
by a Waterloo University cooperative student (L. Winger). This chassis houses
multiplexers, detectors, sample-and-hold electronics, and automatic-frequency-
control electronics. Not all testing of the chassis has been completed and the
installation of cables to the lower pole has not been done. The student
released an SCC note (SCC Note (Series II) # 131) on the project.

A modified lower main-tuner drive mechanism that collapses into the lower pole
is in operation. This design uses a single screw to drive the tuner along its
1.2 meters of travel. Though the mode of failure of the first version of the
drive has not recurred with the modifications, there is insufficient reason to
assume that it will not recur. For this reason, a two-screw design, which
retracts into the pole, is Keing developed.

Measurements at the half-scale model of the cyclotron were done that partially
confirmed some of the results of Zhou Xue-Hou (SCC Note (Series II) #17.2). An
SCC note on the new methods used was issued (SCC Note (Series II) #132).
Additional measurements are planned.

4.2.3 Bunchers and Phase-Control System

G.R. Mitchei N.A. Towne, P.J. Bunge and S.G. Whittle

The High Energy Buncher (HEB) amplifier required some repair in 1991 October
after several years of service. Part of its d.c. supply was replaced and it was
put back in service. (A backup amplifier with lower gain and output was used in
the meantime.) No run-time was lost because of this repair. The auxiliary
crate-controller used for tuning and control of the HEB was modified to
facilitate the search for resonances when a new beam is run, and also to
facilitate auto-booting after a complete power failure.

A similar auxiliary crate controller for tuning and running the Low Energy
Buncher (LEB) is now in place, with all control parameters for both bunchers
accessible from the control-room touch panels.

During the report period, operation of the phase-control system has been greatly
simplified, and its sensitivity to weak beam cur -ents improved. The
simplification was achieved by use of a single capacitive probe (CPP1) instead
of the previously used slits-based system. The CPP systew had been a backup for
the latter system and had been shown to lend itself to unambiguous phase control
in the face of large transit-time variations through the Tandem accelerator. In
contrast, the slits-based system could slip in time (phacs) by 1/(2 f) or
1/(4 f), where f is the r.f. fundamental frequency, since the HEB runs at a
multiple of the r.f. frequency. Under the new CPP control, a single reference
is continuously used by a computer program to reset the LEB phase coarsely, when
necessary. Thus when the beam reappears after a dropout, within a few seconds



the computer automatically restores its phase to the right r.f. bucket, or
injection phase to the cyclotron, while the hard-wired feedback systea continues
to provide fast, dynamic control over a few r.f. degrees to conpensate for
normal Tandem transit-time variations. The program now runs in MUMTI on the
main control-computer; work is underway to make it fully accessible from the
control-room touch panels.

Increased low-current sensitivity of the phase-control system has been achieved
by better r.f. shielding at the CPP resonant pickup and its beam-line
electronics, and also by the addition of a filter offering a factor-of-two
enhancement of the CPP signal at the fundamental 30-60 MHz (at the expense of
higher harmonics).

The most notable low-current runs during the period were those in which 238U was
accelerated to 3.0 MeV/u. In the injection beam-line, typically 8 nA of bunched
beam was produced from 16 nA unbunched. While small, this was sufficient for a
proof-of-principle experiment that extracted 2 3 8U at 3.0 MeV/u from the
cyclotron, constituting the final milestone achieved before it vas declared to
be officially commissioned.

4.2.4 Bunched-Beam Diagnostics

G.R. Mitchel (TASCC Accelerators and Development Branch)
J.J. Hill and P.J. Jones (Nuclear Physics Branch)

Measurements have continued to determine the ratio of the current contained in
the beam buncher to the unwanted dark current in the extraction beam-line.
Typical bunch widths on extraction range from 200 ps to 500 ps FWHM, or roughly
1/100 of the r.f. cycle. Using 40 MeV/u U N extracted in early 1991 September,
we measured all but 10"3 of the bunched current to be within 400 ps of the bunch
peak. (FUIIM was 200 ps) with the remainder in a small secondary peak some 1.2 ns
later. The rest of the r.f. period showed no detectable current. This high
signal-to-noise ratio is potentially of great benefit in time-of-flight
experiments, to reduce the spurious count rate.

The capacitive pickups, CPP1 and CPP2, on the injection beam-line provide
signals for phase control at the 30-60 MHz r.f. fundamental, but also have
higher harmonic response. When the bunch length is short compared to the r.f.
wavelength, and short compared to the physical length of the probe, signals at
higher harmonics are generated. Some measurements have been done at high
harmonics (< 10 f) of the CPP2 signal, and there is a clear correlation between
bunch length and high harmonic content. The shorter the bunch, the more power
is spread to high harmonics. We are investigating whether this effect may be
used as a simple qualitative indicator of bunch length and could possibly be
used in the setup of buncher parameters on the injection beam-line or in
monitoring the extracted bunch length and the quality of cyclotron r.f. setups.

Work continues on implementation of an array of three BPD's (beam pulse
detectors) on the extraction beam-line to measure the absolute energy of the
beam. Two of the anticipated three probes have been built and installed. They
have been used at three different stations in sections lp ("BPD4"), 2p ("BPD5")
and 2q ("BPD6") to measure beam energy by bunch tirae-of-flight. The station
separations are 6.76 m (BPD4 to BPD5) and 22.54 m (BPD5 to BPD6); the bunch-to-
bunch separation is typically 1 m. If only two BPD's are used, the measurements
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depend on knowing the absolute momentum to one part in seven. With three probes
(three different times-of-flight between pairs) the error of measurement is
reduced and there is no need to know the bean energy approximately. Our goal is
to measure AE/E to within 10°. A location survey of the detectors has been
performed by M. Goldt of CRL Maintenance and Services, referencing them to other
beam-line elements in the TASCC Phase II surveys to within 2 mm. The time
measurements are thought to be accurate to ±200 ps; work continues on the
investigation of possible sources of systematic error. The first measurements
jf beam energy by this method were done on 79Br at a nominal 18.0 MeV/u, with
the result: 17.87 ± .04 MeV/u (measured from BPD4 to BPD6 on 1991
October 7 - 8 ) .

The final probe, to be installed at station BPD5, is under construction.

4.3 BEAM DYNAMICS

4.3.1 New Beams Calculated

E.H. Lindqvist

Beam-line and cyclotron parameters have been calculated for the beams listed in
Table 4.3.1.1. All of the beams listed have been chosen based on requirements
for physics experiments.

TABLE 4.3.1.1
BEAMS FOR WHICH CYCLOTRON PARAMETERS HAVE BEEN CALCULATED

BEAM

28 Si 6 MeV/u
2ssi 7 MeV/u
28 Si 8 MeV/u

FIELD (T)

2.54
2.74
2.93

* Beam has been accelerated but not

4.3.2 Extraction At Low

E.H. Lindqvist

Main Magnetic

R.F. MODE

0
0
0

extracted

Field

HARMONIC

4
4 *
4

At low main magnetic fields the extraction-channel performance defines one limit
of achievable beams. The extraction system of the cyclotron consists of the
electrostatic deflector, two passive hill-lenses and the superconducting
extraction channel. The extraction channel has three sections (1, 2A and 2B)
for which the coil currents can be adjusted to optimize the horizontal position
of the beam. None of the elements is moveable.

With 90% of the critical current assumed to be the practical limit of the coil
currents in the extraction channel sections, the optimum cnannel-1 settings
cannot be obtained for main magnetic fields below 2.9 T for a 10 MeV/u beam.
This limit is slightly lower for higher-energy beams because channel-1 settings
are not only a function of the main magnetic field but also of the combination



of main-coil currents. In addition, at main nagnetic fields below 2.75 T,
channel-2A cannot be set to its optimum if channel 1 is kept at the 90Z limit.
However, the extraction parameters can still be adjusted to produce a reasonable
beam-path through the extraction system.

An experiment to study extraction at low main magnetic fields has revealed that
a beam at 2.4 T (37Cl at 5.5 MeV/u. qi/qo=3/8) can be extracted with 20*
extraction efficiency if the deflector gap is opened up from a nominal 7 mm to 9
mm. The optimum channel-1 setting would be 110X of the critical current. If it
is restricted to 90Z, then the channel-2A setting would have to increase to
102%. During the experiment, both were restricted to 90X.

Beam extraction at this low main magnetic field is of great importance, as many
beams required by the 8JI spectrometer group give the best stripping efficiencies
at this field level or below.

For now, a main magnetic field of 2.4 T is considered the lowest practical limit
but, as time allows, the study will continue to examine extraction at main
magnetic fields that are even lower.

4.3.3 Evaluation of New Hill-Lens Design

E.H. Lindqvist (TASCC Accelerators and Development Branch)
C.R.J. Hoffmann (Accelerator Physics Branch)

Extensive calculations have been performed to explore the feasibility of
enhancing magnetic deflection in the hill lenses, which would reduce electric
fields required in the deflector for extraction of some ion beams. The results
show that if magnetic-field perturbations added to the acceleration region are
ignored, then deflector electric fields may be reduced significantly for some
beams. However, when the perturbations are included, the radial momentum at the
deflector entrance becomes more negative. For some ions the required deflector
field may increase. In these calculations the beam setup for the case of no
perturbations is used, with the exception that r.f. voltage adjustments are
made. Although the additional perturbing fields are small, they nonetheless
have a strong influence on the beam when added to the perturbations present from
all the other iron elements in the extraction system. Calculations are in
progress to identify the features of the perturbations that need improved
compensation.

4.3.4 R.F. Field Model for the Cyclotron

G.D. Pusch (TASCC Accelerators and Development Branch),
W.D. Davies (Nuclear Physics Branch)

The new differential-algebra/Lie-algebra (DA/LA) orbit code DACYC (PR-PHS-P-
9:3.2.21, AECL-10196) being developed here determines particle dynamics via
Hamilton's canonical equations of motion. Hamilton's equations use the scalar
and vector electromagnetic potentials, V and A, rather than the electric and
magnetic fields, E and B. Since the potentials cannot be measured directly,
they must be inferred from measured or calculated fields.



We had already developed a method for constructing exact 3-D solutions to
Maxwell's equations for use as shape functions for field-fitting; we proposed
that a complete set of shape functions be generated with a Fourier-Bessel (FB)
expansion (PR-TASCC-1:4.3.9, AECL-10337). The PB expansion proved to converge
too slowly to provide an acceptable representation for the magnetostatic field,
and we expect similar problems to arise for the r.f. field. In addition, each
of Che FB-based shape functions has global support, so that uncertainties in a
single measured or calculated field-point will affect the fitted field
everyvhere. Therefore, we are now pursuing alternative field representations.
The two most promising approaches are: 1) local field bumps, and 2) surface-
current models.

Local field bumps were briefly mentioned in the preceding report (ibid). One
chooses an arbitrary "shape function", #„(r); one then employs the recursion
scheme:

0 1 + 1 = ̂  - Bl i k 2
 + a\ + a

2 ] « i t

which will converge in a DA-sense in exactly (_n/2j iterations. The resulting
function, *(r), will satisfy the Helmholtz equation, [V2+k2)*(r)=0, modulo some
technical subtleties involved in the definition of the operator 3~2. Therefore,
the Hertz potentials, !!.,,(£) <x *(r)et, will satisfy Maxwell's equations for
time-harmonic fields exactly. For the choice 0O, a function of x and y alone,
flm will model a predominantly accelerating field, while n. will model a
predominantly vertically-deflecting field. Two interesting choices of bumps are
a) a two-dimensional gaussian, 0o(x,y) « exp(-x

2/2a2x-xy/a
2
y-y

2/2a2 ), and b) a
Fourier-series representation obtained from a two-dimensional electrostatic
calculation of the gap potential at a particular radius r0 (see SCC Note #6,
Series II by E.H. Lindqvist, C. Bieth and U.G. Davies), weighted by a radial
gaussian, exp(-(r-r0)

2/2a2).

The current-sheet model is considerably more ambitious: to develop an r.f. field
model based on an approximation to the actual physical sources of the fields
with the r.f. structure of the superconducting cyclotron, much as we represented
the magnetostatic field by an approximation to its sources. Since one may view
each infinitesimal patch of the r.f. structure as an infinitesimal dipole
antenna reradiating as much power as it absorbs, it follows that, to the degree
to which one can accurately measure or calculate the currents in the dees and
cavity walls, we may determine the fields within the cavity by an integral over
the surface currents, using the free-space Helmholtz-Green function for
standing-wave boundary conditions (i.e., the half-advanced plus half-retarded
solution: G(r,r') = cos(k|r-r'|)/|r-r'| ). Pursuant to this, we are studying
methods for economically representing the surface-current distribution, and for
efficiently evaluating the Green-function integral.

4.3.5 Computation and Code Development

C.R.J. Hoffmann (Accelerator Physics Branch)

A program to plot emittance diagrams, from ray-tracing data generated in
SUPERGOBLIN, has been extended to provide emittance plots from first- and
second-order transfer-matrix data, also generated in SUPERGOBLIN.
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Code was added to SUPBRGOBLIN to calculate beaa co-ordinates for a third
diagnostic probe intercepting the beam. This probe is to be located in the
open-ended dee, which is traversed by the injected beam. The probe path is a
straight line, offset 42 u downstream froa a radial line at azimuth 278.2*.

Another program has been written to plot beam-orbit and phase-space diagrams.
This capability had been re-roved when the computing system changed from KOS/BE
to NOS/VE. The program uses the CA-DISSPLA plotting software available on the
Cyber 990 computer to plot the appropriate data generated in SUPERGOBLIN.

U.U.I Scheduled Maintenance

R.E. HiIks and R.R. Tremblay

All of the 350-h maintenance assignments were completed on both liquefier
engines. As well, the regular 10,000-h maintenance and the 2500-h maintenance
requirements were completed on both liquefier engines. An automatic speed
control for the liquefier engines was designed, build and installed. This
controller will control the speeds of both liquefier engines to within ± 5 rpm
of a set speed. This should eliminate the problem of engine-speed wandering.
In some cases the engines could over-speed and trip the liquefier, which then
could cause a magnet trip. The liquefier cabling has also been repackaged to
the local-control electronics to improve the engine speed stability.

4.4.2 Helium Compressors

R.E. Milks and R.R. Tremblay

The failed original screw compressor has been returned to International Process
Systems (originally known as Koch). The compressor was completely rebuilt with
a new hermetically-sealed compressor and motor assembly, a new gas cooler and a
new oil cooler, all mounted on our original skid. This rebuild has been
completed and the compressor is now going through a 200-h test period. We
expect to receive shipment by the end of 1992 January. The compressor had
failed with a water leak in the oil cooler, causing a three-week shutdown of the
cryogenic system in 1991 May.

The number-4 reciprocating compressor has been out of service now for about six
months. A problem in locating the fault in the compressor was solved only
recently when a crack was discovered in the motor casting near one of the main
bearings. The crack has been welded and the compressor is now being reassembled
in the Building-409 machine shop.
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4 . 5 COMPUTER COWTROL

B.F . Gre iner and D . J . C a s v e l l (TASCC A c c e l e r a t o r s and Development
Branch)
U.F. siater and T.G. Whan (Nuclear Physics Branch)

Although the increasing age of the control-system computers resulted in a
slightly increased incidence of hardware failures, the redundancy of the
computers provided the customary 99Z availability for operation of the
accelerators. The worst failure, resulting in a one-hour delay in restoring
beam production, was caused by a disk failure following a lightning-induced
pover failure. The excellent availability was maintained in spite of a major
rebuild of the operating system and the control software.

In mid-December, the upgraded software was installed on the production system
and the computer configuration returned to two PDP-11 computers which can
operate interchangeably from either of two identical disks. This redundancy had
to be partially compromised while the software was upgraded to utilize more
reliable disks and cut the maintenance costs in half, but is essential for
reliability in a system that is required to be available round-the-clock every
day of the year.

The Hall-probe controllers for the inflection magnet in the cage-B injector and
fhe Y-magnet suffered from upsets again in the autumn of 1991. Further software
changes eliminated the upsets for a few weeks, but instabilities eventually
returned. The root cause of the upsets was actually seen as an unreasonably
regular train of pulses on one phase of the 440 V service for the cage-B
injector, but was misinterpreted as an artifact of the power-line monitor. Only
when the Tandem became inoperative in October did the result of the failure of a
50-kV suppressor supply become apparent. In hindsight, ve determined that the
pulse train that was upsetting the Hall probes originated from sparks between
Pelletron cylinders and the drive wheels of the low-energy charging hardware in
the Tandem. The sparks eventually weakened the surface of the wheels and the
Tandem became contaminated with fine, electrically-conductive dust. Minor
discharges in the Tandem are the most likely cause of continuing, occasional
upsets of the Y-magnet, through its sensitive Hall-probe controller, but the
pressures of running beams continue to limit opportunities and manpower for a
concerted attack on the problem.

4.5.1 Control System Upgrade

B.F. Greiner and D.J. Caswell (TASCC Accelerators and Development
Branch)
W.F. Slater and T.G. Whan (Nuclear Physics Branch)

At the end of the construction period of TASCC, a set of the most modern disk
drives that the operating system would support were purchased to improve the
reliability of the control system and to cut the hardware-maintenance costs in
half. The changeover to the new disks required a complete re-configuration of
the operating-system software and a reorganization and rebuild of the control
software. The initial verification of this process was to run the control desk
in 1990 August. The full changeover has now been completed and software is in
the final debugging stage. Since this changeover utilized a large portion of
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the very limited software manpower of the control group, a brief review of the
entire process follows as an explanation of the time taken to complete the job.

As is typical of software of its vintage, reconfiguration of the operating
system of the control computers to utilize new hardware (known as a "system
generation") is considered extremely unfriendly by modern standards- Even after
the system manager has spent the two or three weeks necessary to have confidence
in the integrity of one system generation, there are so many details involved
that even as little as two months later a significant re-learning process is
required if the process has to be repeated. The system generation had to be
repeated several times after 1990 August, for the following reasons:

- the version of the operating system used in 1990 had a
serious error in the terminal-handling software, which was
corrected by a new release of the operating system;

- there was different terminal hardware in the two PDP-11's,
with which a single system could not work and a circuit board
was purchased to make the systems compatible;

- there were different amounts of memory in the two computers,
and an error was made in the generation of a system that was
intended to work with both sizes of memory;

- just after the memory configuration was resolved, the older,
smaller memory in one of the computers failed twice in rapid
succession and the difficulty in obtaining replacements
convinced us that it was time to upgrade the memory and
generate a new operating system.

None of these developments was foreseen, and most of them were not predictable.

The second and much larger job required to create a new version of the control
system was the rebuilding of the control software that runs in the environment
provided by the operating system. Each time the operating system is modified,
the entire repertoire of control programs also has to be rebuilt to be
compatible with the new host software. There are some 50 major control programs
and 20 smaller ones with several-hundred modules of code as the component parts.
While a semi-automated system that was capable of re-creating all of the
programs existed at one time, this system has never been edited to work on the
TASCC computers.

The 1990 upgrade was done piece-by-piece, on the assumption that the process
would likely not be repeated. This approach produced a number of errors and
omissions that became clear as soon as the software was tested, and the problems
were corrected with the system in operation. Once the requirement to repeat the
rebuild became clear, work began to adapt the automatic system to the TASCC
environment, as an investment in the quality of the finished product. In
hindsight, the effort required to automate the software rebuild was certainly
repaid because of the number of times that it has been utilized since it was
completed. An additional complication of the rebuild is the requirement for the
software to determine automatically which of the two, slightly different, CAMAC
interface boxes it is connected to, and to include the appropriate version of
the CAMAC handler during a system startup.

The third and still larger job required to create new control software was the
collection and merging of the private disk files that are supported as part of
the system. There are several individuals in TASCC who have private disk
accounts and the control personnel maintain several accounts for on-going
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software projects. The general user account, containing the MUMTI programs and
data files, consists of several thousand files. There were at least two and as
many as four versions of each of these accounts as a result of the prolonged
upgrading process. There is a small consolation in the fact that the merging of
these versions was done only once, at the end of the entire procedure.

It is hoped that it will not be necessary to upgrade the PDP-11 computer systems
again. The intention is to build up a replacement system while the present PDP-
11 disks are still serviceable.

A.5.2 A Replacement for the TASCC Control System

B.F. Greiner and D.J. Caswell (TASCC Accelerators and Development
"ranch)
V.F. slater and T.G. Uhan (Nuclear Physics Branch)

"Vsystem", the commercial control package from VISTA Control Systems Inc. of Los
Alamos, was configured to control the TASCC injectors and the low-energy beam
line and was tested first in 1991 Hay. The performance of the package was
impressive, but serious problems were uncovered with: the operator-interface for
control functions; the potentially-very-useful alarm software; the response of
the CAMAC handler to hardware errors; and the ability of the software to run
continuously in a production environment.

In the summer and autumn of 1991, the software supplier modified the control
graphics and the alarm handler. The reliability of the package was also
corrected as part of a major contract between the supplier and a large U.S.
manufacturer. An in-house program was written to adapt further the alarm
handler to the situation at TASCC, and Vsystem was put into service again in
August and November for further production tests.

In the first test of the summer, Vsystem effectively gathered statistics on
injector upsets. The same information would have required a custom program and
a significant portion of the computing power of the existing control system.
Modifications to the CAMAC-interface hardware in the injectors were made, partly
as a result of the new data. The upsets were reduced by the hardware
modifications, but disappeared only when problems with the Tandem were
corrected.

The November test of Vsystem utilized a new version of the software that
included corrections to the problems noted previously. Operator acceptance of
the package and its modifications was very positive, and the revised control
functions were used easily and effectively, in conjunction with the alarm
handler, to provide instant diagnosis and rapid correction of spark effects in
the A injector during an AMS run.

During 1991 November, a breakthrough was made in locating reproducible effects
of the CAMAC-handler errors. The supplier had been unable to reproduce the
error but TASCC suffered from a genuine CAMAC error that announced its presence
approximately every ten minutes. This error frequency was just right to allow
useful production tests to be made without interference, but also provided real-
error conditions while avoiding long periods of testing. VISTA is utilizing the
new information to debug its software and to remove the last serious obstacle to
the use of Vsystem in TASCC.
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As a result of the positive experience with Vsystem to date, a decision was made
to begin the ambitious task of replacing the PDP-11 computers and the present
software with VAX computers and Vsystem.

4.6 HEGATIVE-IOW INJECTORS

4.6.1 Operation and Development

J.W. McKay and Y. Imanor!

A vide variety of beams was generated and injected into the Tandem during the
reporting period. Of the 21 beams developed, a uranium beam is of particular
note and vas used in the final cyclotron-commissioning run. Table 4.7.1.1.
lists all the beams produced.

The HcMaster University prototype source, introduced for use in AMS studies (see
PR-TASCC-2, section 4.6.1), has become our standard workhorse for this project.
Design work is nearly complete for a more refined version of the source.

The new cesium canal for the "860" sputter sources is now in regular use. Tince
the introduction of this design change, useful source lifetime has doubled,
source reliability has improved and intense beams have become easier to produce.

The problem of persistent CAMAC trips has been largely eliminated with the
introduction of "latched" DAC modules on the injector decks. Drifts of the Y
injection magnet continue to be an intermittent problem.

The duoplasmatron ion source has been revitalized and has produced 6 /iA of beam
at Faraday cup 1.1c. A spherical-ionizer version of the 860 sputter sources has
been assembled and tested, producing beams of 10 /iA of protons and 8 nk of
carbon at Faraday cup l.Ad.

In an important development, largely spearheaded by U.T. Diamond, a new ion-
source test stand has been assembled from an old pumping stand as a base and a
collection of old power supplies and spare components. Care has been taken to
comply with CRNL-200 (High Voltage Safety Code). The AMS source has been run on
the stand and we will now be able to test source developments off-line without
compromising operational efficiency. A study of ion-source parameters has begun
with a view to producing a higher quality beam for injection.

4.7 TANDEM ACCELERATOR

4.7.1 Operation

J.U. McKay

Beam availability from the Tandem was 58.4Z during the reporting period.
Problems with the charging system resulted in unscheduled downtime of 11.32.
The variety of beams provided by the Tandem continues to increase. Beams
accelerated through the Tandem are listed in Table 4.7.1.1.
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TABLE 4.7.1.1
BEAMS ACCELERATED BY THE HP TANDEM*

Isotope Max
at

Protons
Deuterons
Carbon-12
Nitrogen-14
Oxygen-18
Fluorine-19
Sodium-23
Aluminum-27
Silicon-28
Phosphorus-31
Sulphur-32
Sulphur-33
Chlorine-35
Chlorine-37
Nickel-58
Copper-63
Bromine-79
Iodine-127
Erbiuin-166
Gold-197
Uranium-238

Ion Current
Cup l.Ad (nA)

30,000
8,800
4,000
2,600 (CN-
540
680
42
720

8,800
240

1,200
420

4,000
7,300
750
500

3,500
600
490
650
100

Max Beam Energy
(MeV)

26
26
29

) 93
105
107
125
133
140
150
169
170
163
205
250
240
118
240
20
300
46.3

Charge
State

1+
1+
2+
6+
7+
8+
7+/9+
9+
9+
+8/12+
9+/13+
9+/13+
11+

9+/15+
13+/19+
11+/19+
8+
12+/20+
4+
13+/24+
7+

Max Analysed
Current (nA)

15,000
50

1,300
900
120
115
34
300
800
71
140
120

1,700
1,250

84
38
940
220
33
30
20

Note: Small quantities of 3 6C1 and 3 6S were also accelerated in the
Accelerator Mass Spectrometry program. They are not included in this
list.

4.7.2 Generator

J.W. McKay

The performance of the conductive-rim chain pulleys deteriorated rapidly during
the past six months. Spark erosion of the rims caused a fine carbon dust to be
spread throughout the machine. After a number of attempts to cure the problem
by careful maintenance of all parts of the system, it became apparent that there
was a problem with the pulley material. New rims were installed at the base
ends and metal side-shims were reinstalled on all rims to establish electrical
contact between the chains and '-he rims. This work was done at the end of
December and is expected to alleviate the problem.

A high-intensity proton run (18 /iA on target) ended abruptly in mid-December
when the beam disappeared. The entrance to the terminal stripper-canal in the
Tandem had been melted by the intense beam halo. Repairs were made and an
additional aperture was installed to protect the stripper canal. Modifications
were made to the terminal steerer to help improve beam transmission.
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4.7.3 Sulphur Hexafluoride (SF6) Gas System

J.W. McKay

Thirty cylinders of SF6 gas were added to the system during this period. A
systematic search for leaks was done and work orders have been issued to correct
some of the problems. Changes in operating procedures have been initiated to
minimize the loss of gas. The gas is inert and the leakage does not present a
serious hazard to personnel, but it is expensive.

4.8 BEAM TRANSPORT SYSTEM

4.8.1 Magnets

B.V. Luloff (Nuclear Physics Branch)

The beam-transport system ran quite reliably during the period because routine
preventive maintenance is performed regularly. Several unreliable, original
power-supply water-flow sensors have been replaced with less costly, readily-
available sensors which have been 100Z reliable. A few Variac carbon rollers
are wearing out. Suitable replacements must be found because there are many
carbon rollers in the beam-transport system.

4.8.2 Vacuum System

J.J. Hill and P.J. Jones (Nuclear Physics Branch)

The beam-line vacuum system has performed well, requiring only minor servicing.
The vacuum control electronics from the Tandem to the second element of the
analysing-magnet system have been hardened against disruption caused by
accelerator sparks.

4.8.3 Beam-Diagnostic Devices

G.L. Backmeier (TASCC Accelerators and Development Branch)
J.J. Hill and P.J. Jones (Nuclear Physics Branch)

Touch-panel-controlled horizontal slits with "V"-shaped jaws have been added to
the cyclotron injection line to attenuate the beam after the phase-control
system when low intensities are desired in the cyclotron. A second Chalk River
version of a beam-pulse-width detector has been built and installed.

4.8.4 Beam-line Modifications

R.E. Milks

A new xy steerer was installed on the cyclotron injection beam-line to replace
the original x and y steerers, which had required operation at their limit for
some beams.

The new xy steerer has an aperture about 20? larger than the original steerers;
this should eliminate beam scraping which may have occurred on injection into
the cyclotron.
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Two technicians from Federal Pioneer in Hississauga were brought in for a day to
do preventive maintenance on the cyclotron switch-gear. They recommend another
overhaul in three years and at that time they also recommend replacing the
contacts on the three switches.

4.9 BDILDING SERVICES

4.9.1 De-ionized Water System

L.V. Thomson

The de-ionized water system has caused less trouble since the main control valve
was repaired early in this reporting period. The problem of control oscillation
has been greatly reduced but not yet eliminated. Leaks have continued to be a
problem in many parts of the system. Requests for quotation have been issued
for new expansion joints for the main header-line, and other changes are being
studied.

4.9.2 Electr ical Systems

J.W. McKay

The electrical supply to the laboratory was the source of a few problems this
past six months. Power "bumps" caused our control and data computers to shut
down on one occasion and caused the failure of a power supply on a different
occasion. Four power outages occurred, one lasting 70 minutes. Two of the
outages were caused on-site.

4.9.3 Process Air System

J.W. McKay

An 11-hour beam outage was caused by a loss of plant air pressure in July.

4.9.4 Safety

W.T. Diamond and S.G. Whittle

Public address speaker 126B failed and is being replaced with a new 100-watt
"super speaker". A modification was made to the detector amplifier-module
circuit to stop it from going negative: the buffer amplifiers, A4 and A7, were
replaced by single-rail amplifiers. This will stop most of the false high
readings.

4.10 OPERATOR TRAINING

E.H. Lindqvist

During the last 18 months, seven different 1%-h lectures in cyclotron theory and
operation have been given to the five TASCC operator shifts. All lectures have
been videotaped for later reference.
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The material covers: stripping, including identification of charge-states;
injection; r.f. acceleration; isochronous field; extraction, including resonance
extraction, extraction elements and diagnostics; internal vertical deflection
and its cures; magnetic harmonics; centering; r.f. heating of the magnet; the
mass-energy diagram; betatron oscillations; emittance and beam-line matching;
keeping the beam on target; documentation; and turn patterns as a diagnostic
tool. The lectures include easy-to-follow recipes to be followed during "hands-
on" sessions.

In addition to the seven different lectures, a number of refresher lectures are
in progress. In a l l , a total of 50 lessons have been given. The course will
end with a written test.

In conjunction with the course, a glossary of 150 entries on ion-optics and
cyclotron theory has been ini t ia ted. Each entry has a brief description,
sometimes followed by an example. The "hands-on" sessions continue with
approximately two days of training per month.

4.11 SAFETY AND LICENSING

W.T. Diamond, R.L. Brown

AECL-MISC-263, The Tandem Accelerator Superconducting Cyclotron (TASCC) Facility
Safety Report, is the primary safety document covering the operation of the
TASCC facility. The latest revision (Revision 1) was prepared in 1989 for the
AECL Accelerator Safety Committee as part of the approval process for operation
of the TASCC Facility in Phase 2. This document is undergoing another major
revision to reflect experience gained during Phase 2 operation and the
commissioning of the cyclotron. A first draft of the revision has been
completed and reviewed by R.L. Brown, who has undertaken the task of editing and
assembling the final document. The changes should be completed by the summer of
1992.

4 . 1 2 PUBLICATIONS. REPORTS. LECTURES AND CONFERENCE CONTRIBUTIONS

L.W. Thomson

Twenty SCC Notes (Series II) have been written and distributed. Seven new TASCC
Instructions have been released during the period and three have been revised.
Monthly issues of the TASCC Newsletter continue to be written, with a current
mailing list of 130 recipients, about 95 being off-site.

OPERATIONS PLAN, IMPELA 10/50 E-BEAM SERVICES, CRANBURY, NEW JERSEY
L.W. Thomson, Co-author
AECL-Proprietary 101367
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Conference Contributions

THE CHALK RIVER SUPERCONDUCTING BOOSTER CYCLOTRON
H. Schmeing
Symposium of North-Eastern Accelerator Personnel (SNEAP),
Sante Fe, New Mexico, 1991 Oct. 15-19.

TANDEM ACCELERATOR SUPERCONDUCTING CYCLOTRON 1991 REPORT TO SNEAP
J.W. McKay ;
Symposium of North-Eastern Accelerator Personnel,
Sante Fe, Nev Mexico, 1991 Oct. 15-19.

DIFFERENTIAL ALGEBRAIC COMPUTATION OF HIGH-ORDER GENERATING FUNCTIONS VIA THE
HAMILTON-JACOBI EQUATION
G.D. Pusch
Workshop on Nonlinear Dynamics in Nuclear and Accelerator Physics
1991 October 27-28
Michigan State University,
East Lansing, Michigan.

STATUS OF THE SCC AT CHALK RIVER
Canadian Accelerator Conference
1991 September 25 - October 02
H. Schmeing
TRIUMF,
Vancouver, B.C.

STATUS OF THE DIFFERENTIAL ALGEBRA CODE DACYC
G.D. Pusch
1991 Canadian Accelerator Conference
1991 October 01-02
TRIUMF,
Vancouver, B.C.

SCC Notes
(SCC Notes are available for internal use, CRL).

RESULTS FROM VARIOUS R.F. CALCULATIONS CURRENTLY USED IN PROGRAM GOBLIN
E.H. Lindqvist (TASCC Accelerators and Development Branch)
C. Bieth (GANIL)
V.G. Davies (Nuclear Physics Branch)
SCC Note (Series II) # 6

RUN DIARY: CL-5.5 AND SI-7 DEVELOPMENT, BR-18 PRODUCTION
(1991 December 2 - 1 1 )
L.W. Thomson
SCC Note (Series II) # 70.7

CYCLOTRON RUN LIST (1985 thru 1991 December 13)
L.V. Thomson
SCC Note (Series II) #102.1
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RUN DIARY: CL-35 PRODUCTION OF CL-35, DEVELOPMENT OF CL-39, N-AO
(1991 June 0 6 - 2 4 / J u l y 03)
L.W. Thomson
SCC Note (Series II) # 111.2

MODIFICATIONS TO THE TRIM-RODS AND DRIVE SYSTEM
R.E. Milks
SCC Note (Series II) # 112

INDUCED RADIATION IN THE MIDPLANE DURING CYCLOTRON RUNS
W.T. Diamond
SCC Note (Series II) # 114

ACCELERATION OF SOME DIFFICULT LIGHT-ION BEAM£ (35CL-35, 12C-45 & 12C-50)
E.H. Lindqvist (TASCC Accelerators and Development Branch)
SCC Note (Series II) #118

CLEARANCES BETWEEN R.F. COPPER LINERS AND HILL FACES
R.E. Milks
SCC Note (Series II) # 119.1

TAHDEM EMITTANCES: A DERIVATION OF SEMI-EMPIRICAL FORMULAS
E.H. Lindqvist
SCC Note (Series II) # 125

A COMPARISON OF DECENTERING BEFORE AND AFTER PARTIAL CRYOSTAT WARMUP
E.H. Lindqvist
SCC Note (Series II) # 127

RUN DIARY: REDEVELOPMENT OF CL-8.8, PRODN OF CL-35 & DEVELOPMENT OF N-40
(1991 July 14-21)
L.W. Thomson
SCC Note (Series II) # 128

RUN DIARY: PRODUCTION OF N-40 (1991 July 28-August 2)
L.W. Thomson
SCC Note (Series II) # 128.1

RUN DIARY: PRODUCTION OF N-40 (1991 August 19-25)
L.W. Thomson
SCC Note (Series II) # 128.2

RUN DIARY: REDEVELOPMENT OF N-40; DEVELOPMENT OF " 8U-3
(1991 September 3-8)
L.W. Thomson
SCC Note (Series II) # 130

RUN DIARY: REDEVELOPMENT OF U-3, C-10 (1991 October 21-27)
L.W. Thomson
SCC Note (Series II) # 130.1

TASCC R.F. MULTIPLEXER CHASSIS
L. Winger
SCC Note (Series II) # 131
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TWO METHODS OF MEASURING CAVITY-GAP VOLTAGE RATIOS
N.A. Towne
SCC Note (Series II) # 132

COLLECTED CYCLOTRON LITERATURE
L.W. Thomson
SCC Note (Series II) # 135

ATTEMPT TO CALCULATE DEE-VOLTAGE VS RADIUS FOR C-10 AT 42.7 MHZ
E.H. Lindqvist
SCC Note (Series II) # 136

RUN DIARY: PRODUCTION OF C-40 (1991 November 13-17)
L.U. Thomson
SCC Note (Series II) # 137

TASCC Instructions

VENTING OF MIDPLANE VACUUM (REVISION 5)
R.E. Milks
TASCC Instruction 1.2.01

TRANSFER TUBE VACUUM SYSTEM PROCEDURES
R.R. Tremblay
TASCC Instruction 1.2.09

EMERGENCY CRYOGENIC PROCEDURE FOR POWER OUTAGES (REVISION 4)
R.R. Tremblay & L.W. Thomson
TASCC Instruction 4.2.21

CYCLOTRON STARTUP AFTER A POWER FAILURE
L.W. Thomson
TASCC Instruction 4.3.05

BEAM DEVELOPMENT CHECKLIST
E.H. Lindqvist
TASCC Instruction 4.3.06

TO CALCULATE TRIM-ROD AMPLITUDE AND PHASE WITH "CYCRODS"
D.J. Caswell
TASCC Instruction 4.7.06
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